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Thesis Summary 
Wine is a product with a complex composition that undergoes a diverse number of 

processes during its production that will eventually impact on the final chemical and sensory 

profiles. Those processes can and will change depending on the geographical area so that grape 

growing and winemaking practices can account for unique regional features, such as the biome 

associated with the vineyard, the logistical and technological inputs at the winery, and the social 

environment involved with wine commercialisation. Consequently, when a certain wine style is 

achieved, it will inevitably carry a connection with its provenance that can be expected to be 

expressed through sensory traits. Conveying unique features that are connected to the wine’s 

place of origin can be defined as wine typicity. Over the years, wine typicity has been increasingly 

established as a concept to consider in the market and can also be an important factor for the 

consumer’s purchase decision. However, wine typicity is still concept with a broad definition that 

has been tailored throughout the years to suit different research purposes. 

Considering provenance connection and the notion of unique expression, this thesis 

starts by reviewing the literature that covers the wine typicity concept and the influencing factors 

around it (Chapter 1). After reviewing the literature around wine typicity, a concept is proposed 

encompassing aspects that are considered for the purposes of this thesis: “Wine typicity can be 

defined as a juxtaposition of unique traits that define a class of wines having common aspects of 

terroir involving biophysical and human dimensions that make the wines recognisable, and in 

theory, unable to be replicated in another territory.”. The literature review also covers consumer 

perspectives regarding the concept of wine typicity and details previous studies that have reported 

the importance of typicity for consumer behaviour and purchase decisions. 

Similarly, to other nations, wine producing regions in Australia are divided into 

Geographical Indications (GIs) that relate wine to it geographical production area. Among all the 

red varieties produced in those GI, Cabernet Sauvignon is the second most important to the 

Australian industry, and is an internationally renowned variety. Thus, the different research 

studies reported in this thesis (Chapter 2 to 5) aimed to offer a better understanding of the 

sensory aspects involved with the typicity of Australian Cabernet Sauvignon wines from different 

GIs. Notably, different Cabernet Sauvignon producing regions of Australia are included 

throughout the studies in this thesis, namely Coonawarra, Margaret River, and Yarra Valley. 
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Additionally, as the birthplace of the Cabernet Sauvignon variety, Bordeaux in France was also 

included for benchmark purposes. 

The first research publication (Chapter 2) used a web-scraping software and content 

analysis to investigate over 2,500 web-based Cabernet Sauvignon wine reviews from established 

Australian wine writers, including their tasting notes and overall scores. Sensory analysis was also 

conducted with a set of 84 Cabernet Sauvignon wines using 11 industry experts, who provided 

freely chosen descriptors. A sensory lexicon was created using the content analysis software and 

the frequencies for each term were statistically analysed. Correspondence analysis showed 

descriptors that were associated with the sensory profiles of the studied regions along with 

descriptors that were most commonly associated with assigned quality scores. When both data 

sets were compared, a higher agreement was shown for quality assessments than for 

regional profiles, whereby wine writers and expert panellists had a better alignment with 

descriptors that were associated with low and high quality wines. 

Using the same expert panel and the set of 84 Cabernet Sauvignon wine samples, the 

second research publication (Chapter 3) combined a variant of rate-all-that-apply and a sorting 

task data with a separate descriptive analysis conducted by a panel of 10 trained tasters using a 

subset (n = 52) of the initially-studied wines. The sorting task data demonstrated that the sample 

segregation undertaken by the expert panel was mainly based on sensory profiles rather than 

regionality, although there was a clearer segregation on the Bordeaux wine samples. Both panels 

(expert and trained panel), however, raised multiple sensory attributes associated with the 

regional profile of wines from the four wine regions specified earlier. Some of the attributes, such 

as ‘minty’, ‘cooked vegetables’ and ‘floral’, were in close agreement between the two sensory 

cohorts. 

Understanding what represents sensory regionality (regional typicity) for the Australian 

Cabernet Sauvignon wines is important, so procedures and environmental characteristics that 

influence regional typicity can be pinpointed. However, for the commercialisation of the product, 

comprehending the target market and how consumers behave is also an important tool for the 

industry. Therefore, the third research publication (Chapter 4) dealt with consumer perspectives 

around the wine typicity concept and the impact of provenance information when tasting wine. 

Red wine consumers (n = 112) were recruited to taste a restricted subset of samples (n = 8) drawn 

from the previous studies. The participants were divided into two groups: one group received 

origin information of the wine prior tasting and the other tasted the samples blindly. With the 
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chosen experimental design, this study was able to demonstrate that provenance information had 

a positive impact on consumer hedonic scores even though both groups essentially perceived the 

sensory profiles of the wines in the same way. A survey conducted with these consumers about 

the wine typicity concept showed that many were familiar with the typicity term, and for a 

moderate number, typicity was deemed to be important for their purchase decision. 

The last manuscript (Chapter 5) aimed to verify if the sensory traits found in Chapters 2, 

3, and 4 were important for Coonawarra typicity. Additionally, this manuscript explored the 

possible association between spectrofluorometric analysis, as a highly selective and sensitive 

methodology, and sensory traits of Coonawarra Cabernet Sauvignon wines. Thus, commercially-

produced but unfinished Cabernet Sauvignon wines from different vineyards of the Coonawarra 

GI were evaluated through rate-all-that-apply (RATA) sensory testing (n = 60), along with basic 

chemistry, and spectrofluorometric analysis. The sample set was clustered into five distinctive 

sensory profiles through agglomerative hierarchical clustering (AHC) analysis that were modelled 

against fluorescence data with extreme gradient boosting discriminant analysis (XGBDA), a 

machine learning technique. This enabled classification of the wines according to their sensory 

clustering with 100% accuracy using excitation and emission matrices (EEMs) from 

spectrofluorometric analysis. Four main fluorophores characterising the sample set were 

tentatively identified through parallel factor analysis (PARAFAC) and associated with 

classes of phenolic compounds commonly present in red wine. Even though it is likely to be 

an indirect association, the EEMs of those four fluorophores were tentatively associated with the 

sensory descriptors found through the RATA assessment. The sensory panel ratings for 

perceived astringency mouthfeel were also predicted (68.1% of confidence) through a partial 

least squares regression model that explained 84.8% of the variance in the results. Considering 

the optimistic nature of the task described in this manuscript promising results was found, 

showing that fluorescence analysis might be the key to predict sensory traits from a small 

number of wine compositional factors. 
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Thesis Structure 
As outlined below, the thesis is structured as a compilation of manuscripts 
presented in chapters, beginning with a literature review that is followed by four 
original research chapters. The thesis culminates with conclusions and 
suggestions for future work. 

Chapter 1 - Review article 
This paper explores the wine typicity concept, reviewing different 
methodologies for studying wine typicity and understanding consumer 
perspectives towards this concept. It considers articles from 2010 until the date 
of publication in late 2020. Research questions, aims, and objectives of the 
overall thesis are included at the end of the chapter. 

Chapter 2 - Original research article 
Aiming to investigate different sensory profiles of wines according to online 
sources in a rapid timeframe. Content analysis was applied to more than 2,500 
web-based tasting notes from renowned Australian wine writers obtained 
through web-scraping. The same content analysis approach was used for expert 
panel free hand tasting notes on 84 Cabernet Sauvignon wines from 
Coonawarra, Margaret River, Yarra Valley and Bordeaux.  

Chapter 3 - Original research article 
The expert panel from Chapter 2 also performed a sorting task and rate-all-that-
apply assessment on the 84 Cabernet Sauvignon wines. The results were 
compared with descriptive analysis performed by a trained panel on a subset of 
52 wines from the previous sample set, to examine sensory attributes associated 
with each region evaluated. 

Chapter 4 - Original research article
Exploring consumer opinions about typicity, a subset of 8 wines from the 
previous study was chosen to be evaluated by wine consumers to assess their 
liking and sample characterisation through rate-all-that-apply methodology. 
Region of origin information was tested as a factor by segregating the panel into 
informed and uninformed groups. Consumers were also asked about 
perspectives of the typicity concept and aspects related to purchase decision.  

Chapter 5 - Original research article
The final study used unreleased Cabernet Sauvignon wines from Coonawarra 
to further examine regionality with less influence from winemaking processes. 
The relationship between sensory traits from a rate-all-that-apply tasting and 
fluorescence measurements was explored as a rapid methodology for 
investigating sensory typicity and linking sensory traits to the underlying 
chemical composition of the wines. 

Chapter 6 - Conclusion and Future remarks 
Based on the four research studies, overall conclusions about the sensory 
typicity of Australian Cabernet Sauvignon wines are summarised. Research 
gaps and future studies have been identified to aid with further understanding 
the relationship between the expression of wine typicity and provenance. 
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Research Questions 
There is a current industry drive to better understand the influences on style and quality of 

unique Australian terroirs as outlined in the Wine Australia Strategic Plan 2015-2020. This is 

coupled with the need to determine how regional influences can be enhanced or preserved, and 

utilised to improve Australia’s international reputation as a fine wine producing nation. 

Therefore, the following research questions arise: 

Question 1: What are the sensory traits that characterise the regional profiles of Australian 

Cabernet Sauvignon wines?  

Previous work on a small number of Cabernet Sauvignon wines from different Australian 

Geographical Indications (GIs) has been undertaken. That work assessed two to three wines from 

each region and made inferences about the sensory characteristics that may or may not be 

specifically attributable to the region. However, it remained to be determined whether there are 

sensory attributes that can characterise the regional style of Australian Cabernet Sauvignon wines. 

Question 2: What are the unique sensory descriptors that represents the typicity of Australian 

Cabernet Sauvignon wine?   

The distinction between regions in Australia based on sensory profiles is proven to be possible 

but the specific attributes that drive the distinctiveness of regional Cabernet Sauvignon wines still 

remained unclear. In other words, traits that represent typicity for Cabernet Sauvignon wines 

from different Australian GIs neede to be determined. 

Question 3: What are consumer perspectives and expectations around wine typicity and its 

connection with the region of origin?   

According with the literature cited, origin is one of the components that forms the consumer 

purchase choice. Nonetheless there was still a gap regarding the link between consumer 

preference and sensory drivers of typicity and how provenance information can modify their 

purchase behaviour.  
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Question 4: How can the sensory traits connected with wine typicity be further verified and 

interpreted from the chemical composition of the wine and its connection with the terroir?   

It is clear in the literature that terroir, including viticultural and winemaking techniques, can 

have a significant impact on wine sensory attributes and chemical composition. However, to 

explore whether sensory typicity can be verified for a specific Australian GI (Coonawarra) and 

whether the connection with the chemical composition existed based on spectrofluorometric 

analysis and chemometric modelling. 
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Summary of research aims 
This project aims to understand the representation of typicity for Australian Cabernet Sauvignon 

wines at a sensory level and use it to understand influences of terroir so the industry can have an 

improved their knowledge around their unique regional style, and offer consumers a consistently 

high quality wine that attends to their desires and expectations of that region. This aim will be 

met through the following objectives:  

1. Identify the sensory attributes that characterise the regional style for Australian Cabernet 

Sauvignon wines by undertaking content analysis of wine writers’ reviews available on-

line and compare the outcomes with an extensive sensory tasting with industry experts on 

a sample set of wines. 

2. Verify the sensory attributes that represent the typicity of Australian Cabernet Sauvignon 

wine through a sorting task with industry experts linking those results with a 

comprehensive sensory assessment with a trained panel (descriptive analysis) and a 

specific attributes list. 

3. Explore consumer knowledge of wine typicity and purchase behaviour through a survey, 

and identify regional sensory traits correlated with consumer preference through a 

consumer liking task in conjunction with rate-all-that apply (RATA) exercise. 

4. Examine the correlation between sensory and chemical composition of regional Cabernet 

Sauvignon wines from Coonawarra through RATA assessment and spectrofluorometric 

analysis. Additionally, attempt to verify sensory traits found to be related with typicity 

found by previous study and explore their influence on terroir by assessing unreleased 

Cabernet Sauvignon wine. 
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Table S1. Sample code, appellation and composition of the blend for Bordeaux wines used for the sorting task. 
Sample 
code 

Appellation Blend 

d1 St-Julien 75% Cabernet Sauvignon, 17% Merlot, 8% Cabernet Franc 
d2 Cantenac-Margaux 65% Cabernet Sauvignon, 35% Merlot 
d3 Pauillac 72% Cabernet Sauvignon, 28% Merlot 
d4 St-Julien 60% Cabernet Sauvignon, 30% Merlot, 4% Cabernet Franc, 6% Petit Verdot 
d5 St-Estephe 60% Cabernet Sauvignon, 30% Merlot, 6% Cabernet Franc, 4% Petit Verdot 
d6 St-Julien 66% Cabernet Sauvignon, 27% Merlot, 7% Petit Verdot 
d7 St-Julien 60% Cabernet Sauvignon, 30% Merlot, 4% Cabernet Franc, 6% Petit Verdot 
d8 Margaux 70% Cabernet Sauvignon, 25% Merlot, 5% Petit Verdot 
d9 Pauillac 72% Cabernet Sauvignon, 28% Merlot 
d10 Haut-Medoc 60% Cabernet Sauvignon, 30% Merlot, 10% Petit Verdot 

 

Table S2. Basic chemical measures of the 86 samples evaluated by the expert panel and results 
of one-way ANOVA based on the regions. 

Samples pH1 TA1 
Alcohol  
(% v/v)2 

Total phenolics (au)3 
Total anthocyanins 

(mg L-1)3 
Hue3 

Mean SD Mean SD Mean SD 
a1 3.61 5.9 13.8 63 2 124 11 0.94 0.00 
a3 3.58 5.9 14.2 70 3 139 9 0.83 0.00 
a4 3.54 6.5 14.3 72 2 82 3 0.91 0.01 
a5 3.60 6.2 14.6 76 2 160 6 0.80 0.00 
a6 3.56 6.7 15.9 46 1 80 8 0.86 0.00 
a7 3.52 5.9 13.7 63 3 130 11 0.89 0.00 
a8 3.55 6.5 13.5 67 3 88 20 0.89 0.00 
a9 3.60 5.8 13.6 64 1 100 3 1.00 0.00 

a10 3.57 5.8 13.8 62 2 135 11 0.79 0.00 
a11 3.60 6.1 14.7 79 2 145 15 0.83 0.00 
a12 3.59 5.5 14.4 74 3 132 8 0.80 0.00 
a13 3.54 6.0 14.0 73 3 148 13 0.86 0.01 
a14 3.67 5.7 14.5 64 2 144 14 0.84 0.00 
a15 3.57 5.8 13.7 65 3 138 10 0.89 0.00 
a16 3.49 5.7 13.6 63 2 110 3 0.87 0.00 
a17 3.64 5.9 13.9 65 3 158 20 0.85 0.00 
a18 3.47 7.3 13.5 80 3 94 6 0.89 0.00 
a19 3.65 5.8 14.2 73 4 93 9 0.94 0.00 
a20 3.54 6.2 13.5 74 2 149 16 0.83 0.00 
a21 3.63 5.4 13.7 77 3 117 5 0.88 0.01 
a22 3.62 5.8 13.4 69 2 120 5 0.89 0.00 
a23 3.34 7.7 14.4 63 2 94 5 0.91 0.00 
a24 3.51 6.7 14.1 80 3 125 3 0.88 0.00 
a25 3.60 5.5 14.0 67 2 145 9 0.92 0.00 
a26 3.53 5.8 13.9 70 1 125 6 0.81 0.00 
a27 3.60 6.0 13.9 71 3 202 15 0.83 0.00 
a28 3.54 6.1 13.6 74 2 91 6 0.88 0.00 
a29 3.54 6.1 14.5 62 3 113 12 0.88 0.00 
a30 3.40 6.8 14.2 69 1 99 6 0.88 0.00 
a31 3.61 5.6 14.5 74 2 142 7 0.80 0.00 
a32 3.57 6.2 14.6 73 3 92 10 0.92 0.00 
a33 3.67 6.0 13.9 64 3 156 10 0.90 0.00 
a34 3.44 6.3 14.0 69 2 79 7 0.81 0.00 
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Table S2. contd. 

Samples pH1 TA1 
Alcohol 
 (% v/v)2 

Total phenolics (au)3 
Total anthocyanins 

(mg L-1)3 
Hue3 

Mean SD Mean SD Mean SD 

a35 3.55 6.1 14.0 71 2 139 24 0.78 0.00 
a36 3.66 5.9 14.9 72 9 213 45 0.87 0.00 
b1 3.62 6.1 14.4 48 1 83 10 0.90 0.01 
b2 3.82 5.1 13.8 62 1 141 7 0.89 0.01 
b3 3.70 5.1 13.2 53 1 107 8 0.89 0.00 
b4 3.76 5.4 13.5 60 3 148 23 0.93 0.00 
b5 3.62 5.6 14.3 56 3 94 14 0.89 0.00 
b6 3.68 5.6 14.2 56 2 171 12 0.87 0.00 
b7 3.66 6.2 14.7 48 1 103 9 0.88 0.00 
b8 3.65 5.1 14.2 46 1 41 14 0.86 0.00 
b9 3.77 4.9 14.4 70 2 165 9 0.86 0.00 

b10 3.54 5.3 13.9 51 1 184 10 0.78 0.00 
b11 3.60 5.7 13.4 68 3 144 13 0.90 0.00 
b12 3.66 5.2 13.8 61 3 199 18 0.87 0.00 
b13 3.57 5.9 13.7 58 2 167 13 0.83 0.01 
b14 3.56 5.8 14.0 56 2 166 9 0.81 0.00 
b15 3.76 5.6 14.3 64 1 128 4 0.87 0.00 
b16 3.73 5.1 13.7 42 1 78 9 0.96 0.00 
b17 3.61 5.5 13.6 45 1 81 14 0.88 0.00 
b18 3.45 6.0 14.1 57 2 122 10 0.86 0.00 
b19 3.53 5.5 14.3 51 2 146 12 0.79 0.00 
b20 3.56 5.5 15.1 56 1 75 18 0.84 0.00 
c1 3.52 6.3 14.0 79 4 56 15 0.96 0.00 
c2 3.66 5.5 14.5 70 1 124 21 0.85 0.01 
c3 3.51 6.1 13.6 73 3 92 5 0.87 0.00 
c4 3.49 5.6 14.0 62 5 138 26 0.79 0.00 
c5 3.68 5.9 13.9 60 1 131 19 0.92 0.00 
c6 3.61 5.4 14.2 61 1 72 9 0.75 0.00 
c7 3.61 5.9 14.0 72 2 130 6 0.88 0.00 
c8 3.83 5.2 13.7 64 1 180 9 0.95 0.00 
c9 3.65 6.2 15.3 65 1 41 4 0.97 0.00 

c10 3.47 5.9 14.6 67 2 111 5 0.82 0.00 
c11 3.46 5.9 14.8 63 1 63 9 0.88 0.00 
c12 3.64 5.2 13.4 61 1 142 4 0.85 0.00 
c13 3.48 5.8 14.0 70 3 159 29 0.87 0.00 
c14 3.61 5.7 13.4 57 2 141 11 0.88 0.00 
c15 3.56 6.4 14.6 82 2 166 17 0.83 0.00 
c16 3.62 5.5 14.0 73 1 127 10 0.83 0.00 
c17 3.49 5.6 14.8 61 1 174 6 0.82 0.00 
c18 3.57 5.8 13.7 61 1 100 9 0.91 0.00 
c19 3.64 5.9 13.9 66 1 86 2 0.95 0.00 
c20 3.74 5.5 13.6 62 2 182 12 0.86 0.00 
c21 3.64 5.4 14.0 64 2 176 11 0.85 0.00 
d1 3.60 5.6 13.3 55 1 139 2 0.87 0.00 
d2 3.90 4.5 14.4 53 1 139 9 0.87 0.01 
d3 3.72 4.9 14.0 64 2 191 9 0.85 0.00 
d4 3.68 5.2 13.4 60 1 158 5 0.87 0.01 
d5 3.71 5.1 13.4 64 1 177 8 0.83 0.01 
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Table S2. contd. 

Samples pH1 TA1 
Alcohol 
 (% v/v)2 

Total phenolics (au)3 
Total anthocyanins 

(mg L-1)3 
Hue3 

Mean SD Mean SD Mean SD 

d6 3.58 5.6 14.4 67 3 181 13 0.79 0.00 
d7 3.77 5.1 13.6 62 3 177 56 0.82 0.00 
d8 3.81 4.6 14.6 72 3 194 17 0.83 0.00 
d9 3.78 4.8 14.0 54 2 154 13 0.93 0.01 

d10 3.80 4.8 13.9 68 2 130 13 0.89 0.00 
Pr > F < 0.0001 < 0.0001 0.19 < 0.0001 0.007 0.83 

1Obtained with a Mettler Toledo T50 autotitrator 
2Obtained with an Anton Paar Alcolyser 
3Obtained by modified Somers assay performed with a SpectraMax M2 microplate reader in triplicate 

 

Table S3. Tasting sheet used for RATA evaluation of the groups sorted by each expert panellist 
from 84 Cabernet Sauvignon wines. 

Rate only those attributes that appear in each group (Please Circle all that apply) 
Group Number:  Judge Name: 
Aroma/Flavour 

1 
Dark fruit (e.g., blackberry, blackcurrant, plum, dark 
cherry...) 

Low Low-Med Med Med-High High 

2 
Red fruit (e.g., raspberry, strawberry, red cherry, red 
currant...) 

Low Low-Med Med Med-High High 

3 Dried fruit (e.g., prune, raisins, fig and dried apricot) Low Low-Med Med Med-High High 
4 Fresh Jam Low Low-Med Med Med-High High 
5 Confectionery/Lolly/Musk/Bubblegum Low Low-Med Med Med-High High 
6 Floral/Perfume Low Low-Med Med Med-High High 
7 Blue Flowers/Violets Low Low-Med Med Med-High High 
8 Mint Low Low-Med Med Med-High High 
9 Eucalypt Low Low-Med Med Med-High High 
10 Green pepper/Capsicum/Green bean Low Low-Med Med Med-High High 
11 Herbaceous/Leafy/Herbal Low Low-Med Med Med-High High 
12 Stemmy/Stalky/Tomato leaf Low Low-Med Med Med-High High 
13 Cooked vegetables (cabbage and beans)/Reductive/Sulfide Low Low-Med Med Med-High High 
14 Pepper (black or white) Low Low-Med Med Med-High High 
15 Spice (anise, clove, cinnamon, liquorice, nutmeg) Nutty Low Low-Med Med Med-High High 
16 Savoury/Meaty/Gamey/Salami/Olive Low Low-Med Med Med-High High 
17 Forest floor/Mushrooms Low Low-Med Med Med-High High 
18 Barnyard/Horsey/Roasted vegetables Low Low-Med Med Med-High High 
19 Earthy/Dusty Low Low-Med Med Med-High High 
20 Leather Low Low-Med Med Med-High High 
21 Chocolate Low Low-Med Med Med-High High 
22 Toasty/Smoky/Charry/Burnt Low Low-Med Med Med-High High 
23 Vanilla/Coconut/Sweet oak Low Low-Med Med Med-High High 
24 Woody (cedar, pencil shavings) Low Low-Med Med Med-High High 
25 Aged Character (cigar box, tobacco) Low Low-Med Med Med-High High 
Taste 
26 Bitter Low Low-Med Med Med-High High 
27 Sweet Low Low-Med Med Med-High High 
28 Sour Low Low-Med Med Med-High High 
Mouth Feel  
29 Body Low Low-Med Med Med-High High 
30  Alcohol/Heat Low Low-Med Med Med-High High 
31 Astringency Low Low-Med Med Med-High High 
32 Puckering/Grippy Low Low-Med Med Med-High High 
33 Fine sandy suede like tannin Low Low-Med Med Med-High High 
34 Coarse grainy tannin Low Low-Med Med Med-High High 
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Table B.1 
Demographic characterisation of the consumer panel that evaluated Cabernet Sauvignon wines from 
different regions either without (uninformed) or with (informed) origin information. Values in bold are 
significantly different between the two groups. 

Uninformed % 
(n = 56) 

Informed %  
(n = 56) 

Total % 
(n=112) 

Age Range 
18-34 32 16 24 
35-49 23 23 23 
50-64 20 36 28 

Over 65 25 25 25 
Gender 

Male 43 45 44 
Female 57 54 55 

Prefer not to specify 0 2 1 
Education Level 

High School Graduate or Equivalenta 7 29 18 
Trade, Technical or Vocational Training 11 5 8 

Diploma, Advanced Diploma 11 14 13 
30 25 28 

Doctorate or Master Degree 41 27 34 
Household Income 0 

Under $50,000 43 27 35 
$50,000 to $99,999 34 32 33 

$100,000 to $199,999 16 36 26 
$200,000 and over 7 5 6 

Wine consumption 
Daily 16 13 14 

A few times a week 54 63 58 
Once a week 21 16 19 

Once a fortnight 5 7 6 
Once a month 5 0 3 

Once every 2 months 0 0 0 
Once every 6 months 0 0 0 

Once a year 0 0 0 
Cabernet Sauvignon wine consumption 

Daily 0 0 0 
A few times a week 20 16 18 

Once a week 25 32 28 
Once a fortnight 21 29 25 

Once a month 21 21 21 
Once every 2 months 9 0 4 
Once every 6 months 4 2 3 

Once a year 0 0 0 
How much are you willing to pay for your bottle of 

wine? 
$15 or less 13 14 13 

$16-$25 63 54 58 
$26-$49 23 25 24 
$50-$70 0 7 4 
$71-$99 2 0 1 

$100 or more 0 0 0 
aChi-square test for significance (p = 0.03) with z- . 
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Table B.2 
Demographic characterisation of the consumer panel that evaluated Cabernet Sauvignon wines from 
different regions with segmentation based on the fine wine instrument. Values in bold are significantly 
different between the segments. 

Wine Enthusiasts 
% (n= 45) 

Aspirants 
% (n=50) 

No Frills 
% (n= 17) 

Total % 
(n=112) 

Age Range 
18-34 11 30 41 24 
35-49 20 24 29 23 
50-64 36 24 18 28 

Over 65 33 22 12 25 
Gender 

Male 53 36 41 44 
Female 47 62 59 55 

Prefer not to specify 0 2 0 1 
Education Level 

High School Graduate or Equivalent 16 22 12 18 
Trade, Technical or Vocational Training 7 10 6 8 

Diploma, Advanced Diploma 13 10 18 13 
24 32 24 28 

Doctorate or Master Degree 40 26 41 34 
Household Income 0 

Under $50,000 31 36 41 35 
$50,000 to $99,999 31 36 29 33 

$100,000 to $199,999 31 24 18 26 
$200,000 and over 7 4 12 6 

Wine consumption 
Daily 20 10 12 14 

A few times a week 62 62 35 58 
Once a week 13 22 24 19 

Once a fortnighta 2b 4b 24a 6 
Once a month 0 0 6 3 

Once every 2 months 0 2 0 0 
Once every 6 months 2 0 0 0 

Once a year 0 0 0 0 
Cabernet Sauvignon wine consumption 0 

Daily 0 0 0 
A few times a week 22 18 6 18 

Once a week 36 26 18 29 
Once a fortnight 27 24 24 25 

Once a month 13 22 41 21 
Once every 2 months 0 8 6 4 
Once every 6 months 2 2 6 3 

Once a year 0 0 0 0 
How much are you willing to pay for your bottle of 

wine? 
$15 or less 7 16 24 13 

$16-$25 60 56 59 58 
$26-$49 22 28 18 24 
$50-$70 9 0 0 4 
$71-$99 2 0 0 1 

$100 or more 0 0 0 0 
aChi-square test for significance (p = 0.03) with z-test for multiple  Values in a row sharing 
the same letter are not statistically different. 
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Table B.3 
Mean values for liking of Cabernet Sauvignon wines from different regions showing overall liking and 
scores segregated between the groups (uninformed and informed). The p-values are based on 
information condition with significant differences for a given wine shown in bold (repeated measures 
ANOVA). 

Samples 
Overall mean liking 

(n = 112)a 
Mean liking by condition 

Informed (n = 56) Uninformed (n = 56) p-value

bor1 6.0ab 6.4 5.6 0.024 
bor2 6.2a 6.3 6.0 0.393 

coo1 6.6a 7.0 6.2 0.012 
coo2 6.5a 6.8 6.2 0.028 
mr1 6.0ab 6.1 5.9 0.589 

mr2 6.1ab 6.6 5.6 0.004 
yv1 6.7a 6.8 6.6 0.579 

yv2 5.2b 5.3 5.1 0.619 
aRepeated measures ANOVA (p < 0.0001) with alues in a 
column sharing the same letter are not statistically different. 

Table B.4 
Mean values for overall sample familiarity of Cabernet Sauvignon wines from different regions. Values 
sharing the same letter are not statistically different (Tukey HSD test, 0.05). See Table A.1 of 
Appendix A for the repeated measures ANOVA result for sample familiarity. 

Sample Sample familiarity 
coo1 2.6a 
coo2 2.4ab 
yv1 2.2abc 
mr1 2.2abc 
bor2 2.1bc 
bor1 2.0bc 
mr2 2.0bc 
yv2 1.9c 
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INTRODUCTION

Wine is a luxury product with a highly complex 
composition that can be affected by the 
environment in which the grapes are grown 
as well as techniques applied in the vineyard 
and winery. The intrinsic complexity of wine 
has necessitated the development of various 
techniques to obtain an in-depth understanding 
of grape and wine metabolites and control points 

Relating compositional and technological factors 
with the sensory expression of a wine, which is 
a determining factor for the overall consumer 
experience, remains an ongoing focus of 
research. Being able to link chemical and sensory 
information with the practices and techniques that 
wine endures during production would ultimately 
equip practitioners with the ability to make 
more precise decisions for producing targeted  
wine styles.

Multiple methodologies are available for 

will depend upon the requirements of the study.  
Rate-all-that-apply (RATA) is a quantitative 
sensory methodology that is rapid and 
effective for wine sensory characterisation 
(Danner et al., 2018), as shown by its successful use 
in different studies (Franco-Luesma et al., 2016; 
Mezei et al., 2021; Nguyen et al., 2020). 

chemical composition that underpins sensory 
traits. A common approach has therefore been to 
combine sensory data with a number of chemical 
analysis techniques to predict and classify wine 
sensory characters (Niimi et al., 2018), explore 
distinctiveness (Geffroy et al., 2016), comprehend 
the impact of storage and packaging conditions 
(Hopfer et al., 2013), and understand quality drivers 
(Gambetta et al., 2016; Hopfer et al., 2015).  
Many studies rely on analytical methodologies 
that are time-consuming, expensive, and 
relatively intricate (e.g., HPLC or GC with mass 
spectrometry), requiring personnel with specialised 
skills. There is room, however, for more accessible 
approaches (usually spectroscopy-based) that can 
provide chemical information more simply and 
rapidly. As reviewed by Ranaweera et al. (2021a), 
there are various spectroscopic approaches and 
each differs in terms of compounds measured, 
sensitivity, and advantages/disadvantages, among 
other aspects. The choice of methodology should 

objectives of the study.

has often been applied to the analysis of food 
products because of its time- and cost-effective 
nature, and its high selectivity and sensitivity 
(Ranaweera et al., 2021a). It can provide a unique 
three-dimensional excitation and emission matrix 

(Coelho et al., 2015; Ranaweera et al., 2021b). 
This technique can be a useful tool to authenticate, 
distinguish and classify different food products 

vitamins, and aromatic amino acids) present at 
different concentrations depending on the product 
(Karoui and Blecker, 2011). This methodology 
is also highly applicable to wine, which contains 

has been applied to wine for authentication and 
discrimination of samples based on variety, 
origin, or vintage (Ranaweera et al., 2021b; 
Ranaweera et al., 2021c; Sádecká and 
Jakubíková, 2020; Suciu et al., 2019), to analyse 
oxidative changes and sulfur dioxide addition 
(Coelho et al., 2015), and to quantitatively assess 
polyphenol content (Cabrera-Bañegil et al., 2017).

In the quest for a rapid technique that could 
link wine composition and sensory properties, 
this study aimed to explore 1) the association 
between sensory descriptors obtained by RATA 

Cabernet-Sauvignon wines from the Coonawarra 
Geographical Indication (GI), and 2) the 
dominant sensory traits of such regional wines. 

using EEMs with machine learning modelling for 

investigated the relationship between the main 

(PARAFAC) and sensory descriptors using 
multiple factor analysis (MFA), and assessed 
partial least squares (PLS) regression models to 
predict sensory attributes.

MATERIALS AND METHODS 

1. Sample selection

Unreleased vintage 2020 Cabernet-Sauvignon 
wines were sought from commercial producers 
using fruit from the Coonawarra GI of South 
Australia. Most of the wines were monovarietal 
and had only undergone alcoholic and malolactic 
fermentation and racking, with minimal oak 
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In total, 26 Cabernet-Sauvignon wine samples  
(6 × 750 mL bottles of each wine) were obtained 
from 8 wineries/vineyards within the GI 
(Supplementary data, Table S1).

2. Sensory evaluation

Prior to formal evaluation, the wines were tasted by 
 et al. (2002) consisting 

of academics and postgraduate oenology students 

mouthfeel with a free text assessment followed by 
a discussion of the wines. This informal tasting 
was used to evaluate whether the sample set was 
appropriate for a naïve panel to assess (considering 
that they were not commercially-released wines), 
to ensure that the samples could be differentiated, 
and to decide on the sensory attributes that should 
be included in the formal RATA evaluations.

Naïve wine consumers (n = 60; 27 females and  
33 males from 18 to 77 years of age) were recruited 
based on being 18 years of age or older and 
having consumed red wine at least once a month. 
Evaluations were conducted in a purpose-built 
sensory laboratory at the University of Adelaide’s 
Waite Campus, in individual booths equipped with 

at room temperature (22–23 °C). Samples (20 mL) 
were served at room temperature in clear stemmed 
ISO wine glasses coded with a random four-digit 
number and covered by a petri dish. 

Due to the number of samples and to avoid palate 
fatigue, assessments were divided into three 

second, and 8 samples in the last session. The 
samples were randomly presented monadically for 
each subject within a session and the same panel 
was used for all three sessions. RATA methodology 
was used to characterise samples by rating the 
intensity only of the attributes that applied from 

and mouthfeel descriptors (Supplementary data, 
Table S2) on a 7-point scale (from “extremely 
low” to “extremely high”). Between samples, the 
panellists were forced to have a 1-min break and 
could cleanse their palate with deionised water and 
unsalted crackers. A 5-min break was enforced at 
the mid-point of the tasting (between samples 
4 and 5). Data were collected with RedJade 
software (2016, Redwood City, USA). Informed 
consent was obtained from panellists and this 
study was approved by the Human Research 
Ethics Committee of the University of Adelaide 
(approval number: H-2019-031).

3. Chemicals

HPLC grade absolute ethanol and analytical grade 

from Chem-Supply (Port Adelaide, SA, Australia). 
High purity water was obtained from a Milli-Q 

Australia).

After sensory analysis, the remainder of each wine 
was subsampled into a 4 mL centrifuge tube that 

at 4 °C until measurements were performed. 
After warming to room temperature, samples 
were centrifuged at 9300 × g for 10 min and 

diluted 150-fold (Ranaweera et al., 2021c), and 
analysed in a Hellma type 1FL (1 cm path length) 
Macro Fluorescence cuvette (Sigma-Aldrich, 
Castle Hill, NSW, Australia). Samples were 
prepared in duplicate and two measurements 
of each sample were undertaken with a Horiba 

® spectrophotometer (version 
4.2, Quark Photonics, Adelaide, SA, Australia). 
The excitation wavelength ranged from 240 to 
700 nm with an increment of 5 nm under medium 
gain and 0.2 s integration time and the emission 
wavelength ranged from 242 to 824 nm with 
an increment of 4.66 nm. Data acquisition was 
controlled with Origin software (version 8.6, 
OriginLab® Corporation, Massachusetts, USA) 
and EEMs were normalised using water Raman 

effects, solvent background, dark detector signals, 
and Rayleigh masking (Gilmore et al., 2017).

5. Basic analytical measurements of pH, TA,
ethanol, and SO2

Sample pH and titratable acidity (TA) were 
obtained with a T50 auto-titrator (Mettler 
Toledo, Melbourne, VIC, Australia). Ethanol 
was measured in triplicate by HPLC analysis 
(Li et al., 2017) of undiluted samples that were 
centrifuged at 9300 × g for 10 min. Separation 
was performed with an Aminex HPX-87H column 
(300 mm × 7.8 mm, BioRad, Hercules, California, 
USA) thermostatted at 60 °C using 2.5 mM H2SO4 

. 
Peaks were detected with a refractive index 
detector (RID-10A, Shimadzu, Kyoto, Japan) 

prepared in model wine using ChemStation for 
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LC 3D Systems software (Agilent Technologies, 
Santa Clara, CA, USA). Free and total SO2 
concentrations were determined in duplicate using 
the method described by Iland et al. (2004). 

6. Statistical analysis

two-way analysis of variance (ANOVA) with 

between the samples. Attributes that presented 

hierarchical cluster (AHC) analysis of all samples 
with an automatic entropy truncation and Euclidean 
distance using Ward’s method or unweighted 
pair-group average (UPGMA). With a superior 
cophenetic correlation (0.676 for UPGMA versus 
0.511 for Ward’s method), UPGMA was chosen 

classes. Correlation principal component analysis 

that arose for different clusters based on the AHC 
analysis. 

EEM data were unfolded using unfold multiway 
(mode 1) in Solo software (version 8.7.1, 
Eigenvector Research, Inc., Manson, WA, USA). 

by AHC analysis, extreme gradient boosting 
discriminant analysis (XGBDA) was conducted 
(Ranaweera et al., 2021c) using pre-processing 
with mean centring, PLS compression to yield 
a maximum of 25 latent variables (LVs), and 
decluttering with generalised least squares 
weighting at 0.2 for calibration and cross-
validation (k = 10, Venetian blinds procedure). 
Confusion matrix score probabilities were used 
to assess the model effectiveness. PARAFAC was 
performed with a non-negativity constraint in all 
modes imposed and the model was validated by 
split-half analysis (Murphy et al., 2013).

Loadings for the components determined by 
PARAFAC were analysed in conjunction with 

model was created with PLS1 regression of 
sensory scores for perceived wine astringency and 
the EEM data to predict astringency ratings. The 
model was optimised through assessment of LVs, 
root mean square error of calibration (RMSEC), 
root mean square error of cross-validation 
(RMSECV, Venetian blinds with 10 splits), and 
root mean square error of prediction (RMSEP).

ANOVA, PCA, AHC, and MFA were performed 
with XLSTAT (version 2019.4.1, Addinsoft, New 
York, USA). XGBDA, PARAFAC, and PLS 
regression analysis were conducted with Solo 
software (version 8.7.1).

RESULTS AND DISCUSSION

Unreleased Cabernet-Sauvignon wines sought for 
the study went through minimal post-fermentation 

and were bottled at early stages of production so 
that the impact of the Coonawarra GI could be 

winemaking operations. Basic analytical 
measurements were within the normal range for 
red wines at such a stage of production. The total 
and free SO2 content ranged from 0.4 to 70.8 mgL-1 
and 0.4 to 33.4 mgL-1, respectively, TA ranged 
from 5.6 to 7.5 gL-1, pH values ranged from 3.40 
to 3.87, and ethanol concentration ranged from 

wines

Of the 53 sensory attributes rated by panellists 

1 mouthfeel attribute (Supplementary data, 
Table S3). The means of the 20 descriptors were 
analysed through a correlation PCA (Figure 1) 
following the AHC analysis (Supplementary 

Cluster 1 (shown in red, 7 wines) appeared on the 
right side of F1 and spread across both segments 
of F2, with 5 samples in the upper half and 2 in the 
lower half. Cluster 2 (green, 14 samples) mostly 
presented near the origin, with 11 samples on the 
left and 3 samples on the right of F1, and a more 
or less even spread across F2. Cluster 3 (cyan, 
2 samples) was found on the left side of F1 and 
upper half of F2, and Cluster 4 (pink, 1 sample) 
was separated from the rest in the bottom right 
portion of the plot. Squared cosine values for 
samples in Cluster 5 (data not shown) indicated 
a higher representation on F3, in the lower half as 
seen in Figure 1B.

In terms of the sensory descriptors, ‘barnyard’ 

were plotted on the right side of F1 and lower part 
of F2; ‘minty’, ‘cooked vegetables’, ‘dark fruits’, 

and ‘savoury’ aromas, and acidity were plotted 
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FIGURE 1.
versus F2 and (B) F1 versus F3. 

Colour coding represents the clusters resulting from the agglomerative hierarchical cluster analysis (Supplementary data, Figure S1), 
with samples in the same cluster bearing the same colour. Cluster 1, red; Cluster 2, green; Cluster 3, cyan; Cluster 4, pink;  

on the right side of F1 and upper half of F2; and 

and sweetness were plotted on the left side of 
F1 and upper half of F2 (Figure 1A). The aroma 

represented in the upper half of F3 (Figure 1B).

(Supplementary data, Figure S1) 
could be explained through different 

Cluster 1 was characterised by savoury characters 
including ‘earthy’ and ‘tobacco’, along with 
‘oaky’ and ‘dark fruits’ aromas, and higher 
acidity, whereas Cluster 2 on the opposite side 
was generally characterised by a lack of those 
characters. Considering that these were young 
wines, the results might indicate the presence of 
some oak contact during fermentation for most 
samples in Cluster 1 as opposed to no oak contact 
for samples in Cluster 2 (Crump et al., 2015). 
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Cluster 3 was associated with higher sweetness 

and astringency. Cluster 4 was characterised 

higher bitter taste and astringent mouthfeel, and a 
lack of sweetness. Cluster 5 was especially related 

have similarly been used in the past for regional 

wines (Souza Gonzaga et al., 2019; 
Souza Gonzaga et al., 2020) and Australian Shiraz 
and Chardonnay wines (Kustos et al., 2020). 
Those studies with commercial wines reported 
that some distinctive sensory traits can be more 

wine-producing region, with the current work on 
unreleased wines also indicating the existence of 
perceived differences within a GI according to 
Figure 1.

The main differences reported previously for 
Cabernet-Sauvignon wines were the duality 
between ‘green’ and ‘fruity’ related characters 
and between ‘oak’ related traits and ‘eucalyptus’ 
or ‘minty’ attributes (Heymann and Noble, 1987; 
Souza Gonzaga et al., 2020). In the present study, 
the contrast was between ‘barnyard’, astringency 
and bitterness attributes, and ‘cherry cola’, 
‘vanilla/chocolate’, and sweetness. Oak-related 
and savoury attributes and the ‘minty’ trait were 
found in the same quadrant, not in direct contrast, 
and the same was evident for fruity and vegetal 
characters (Figure 1A). Considering the samples 
were dominated by or exclusively produced 
from Cabernet-Sauvignon (Supplementary 
data, Table S1) and were all from the same GI, 
albeit from different vineyards and wineries, the 

work might be associated with differences in the 
winemaking processes, as seen previously by 
Kustos et al. (2020) with Australian Chardonnay 
and Shiraz wines. Additionally, the wines in the 

less than 5 months) or other maturation treatments 
compared to commercially released red wines, 
which might have allowed sensory traits that 
could be attributed to aspects of terroir (e.g., soil, 
topography, and vineyard management practices) 
to be more perceivable, such as the ‘minty’ and 
fruity attributes.

Some samples in Cluster 2 indicated that 

although in general not much difference was 
seen between the samples (Figure 1A). A ‘minty’ 
character has been reported previously for 
Coonawarra Cabernet-Sauvignon wines, which 
might indicate this as a dominant trait for the 
Coonawarra region (Robinson et al., 2011; Souza 
Gonzaga et al., 2019; Souza Gonzaga et al., 2020). 
Characters described as ‘minty’ and ‘eucalyptus’ in 
Cabernet-Sauvignon wines have been associated 
with the presence of eucalyptol (i.e., 1,8-cineole) 
and hydroxycitronellol, and although ‘eucalyptus’ 

Table S3), studies have shown that they might be 
interchangeable and indistinguishable by a sensory 
panel (Capone et al., 2012; Robinson et al., 2011; 
Souza Gonzaga et al., 2020). The current study did 
not explore the presence of volatile compounds so 
the link between ‘minty’ and ‘eucalyptus’ from 
both sensory and chemical viewpoints is open 
for further examination. Among the possibilities, 
the occurrence of 1,8-cineole in wine has been 
related to the presence of Eucalyptus trees within 
the vineyard environment (Capone et al., 2012), 
whereas some studies report the presence of ‘minty’ 

proportion of Cabernet-Sauvignon in the blend 
(Picard et al., 2015; Picard et al., 2016b). Mint 
aroma in that case has been associated with the 
presence of piperitone (Picard et al., 2016a). 
Considering that the present study examined 
young Cabernet-Sauvignon wines, it seemed 
unlikely that piperitone or other limonene-derived 
compounds (Picard et al., 2017) were responsible 
for the presence of the ‘minty’ attribute, although 
further investigation is required to clarify the role 
of various monoterpenoids in the perception of 
mint-related characters.

To examine whether sensory information could 

results from AHC (Supplementary data, Figure 
S1) were modelled in conjunction with the EEMs 
of the wine samples through machine learning with 
the XGBDA algorithm. Various algorithms and 

based on EEM data, such as soft independent 
modelling of class analogy and support vector 
machine, but XGBDA performs well when 
analysing a complex heterogeneous matrix with 
uneven class distribution (Babajide Mustapha 
and Saeed, 2016). The analysis was undertaken 
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after PLS compression, used to improve the 
stability of the model by making it less disposed to 

in Figure 2 shows each cluster (denoted using 

by AHC. The model attempted to predict the class 
(cluster) to which each sample belonged, based on 

data. Figure 2 and the confusion matrix obtained 
from cross-validation (data not shown) highlighted 

with a discrete segregation between the classes in 
the cross-validated model. This result indicated 
that the underlying composition of the wines 

might be driving the sensory differences of the 
clusters determined from RATA evaluation.

spectroscopy have been previously applied for 
wine varietal, vintage and origin authentication 
(Ranaweera et al., 2021b; Ranaweera et al., 2021c; 
Sádecká and Jakubíková, 2020; Suciu et al., 2019), 
which tends to yield similar or even better 
performance compared to other spectroscopic 

methods like UV-vis, near-infrared, mid-infrared, 

(Mandrile et al., 2016; Riovanto et al., 2011; 
Tan et al., 2016). Ultimately, studies involving 

demonstrated the approach as a valid tool for 
authenticating wine, and along with the present 
work, highlight the extent to which this type of 
data can be used to understand important traits 
related to wine chemical and sensory properties.

3. Using PARAFAC to identify main

Attempting to shed light on the relationship 

PARAFAC was performed on the EEM data to 

samples. The percentage of core consistency of the 
data can be applied in combination with split-half 
analysis to assess the model suitability, especially 
with high complexity matrices such as wine 

(Airado-Rodríguez et al., 2011; 
Murphy et al., 2013). The split-half analysis 
compares the similarity between each half of 

FIGURE 2. 
modelling for the set of Cabernet-Sauvignon wines (n = 26). 
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the data set, and like with core consistency, a 
higher percentage is desirable when deciding 
on the number of components for the model 
(Murphy et al., 
PARAFAC model generated a core consistency 

residuals of the samples showed that three (CS2, 
CS7 and CS26) of the 26 wines were outliers 
and presented equally high residuals for the 
four determinations (i.e., duplicate readings 
of duplicate samples) compared to the other 
samples. Based on the available data, no possible 

samples as outliers. Although sample CS7 was the 

alcoholic and malolactic fermentation, which 
might indicate a possible factor, that was not 
the case for the other two outlier samples.  

Nonetheless, PARAFAC modelling was performed 
again without the outlier samples, this time 

components (Figure 3).

From PARAFAC it was possible to identify 
ex em) for the 

four components as demonstrated in Figure 3, 
and therefore to tentatively assign chemical 
compound classes that are naturally present 
in wine (Airado-Rodríguez et al., 2011; 
Airado-Rodríguez et al., 2009). Such 
spectral data can typically be related to 

(Christensen et al., 2006) and especially phenolic 
compounds (Schueuermann et al., 2018). For 
PARAFAC component 1, maximum intensities of 

ex em = 310 nm were tentatively 

FIGURE 3. 
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FIGURE 4. Multiple factor analysis biplot of the four components from PARAFAC (in grey, ) using 

wine samples (excluding CS2, CS7 and CS26).

(including tannin). Component 2 peak intensities 
ex em = 375 nm and can 

be proposed to result from phenolic aldehyde 
related compounds. Component 3 peak intensities 

ex em = 335 nm and were 
considered to be associated with anthocyanins. 
Finally, component 4 peak intensities were 

ex em = 375 nm and tentatively 
assigned to stilbenoids such as trans-resveratrol. 

Ranaweera et al. (2021c) and Airado-
Rodríguez et al. (2009) proposed similar 
assignments for PARAFAC model components 
in red wine, which are reasonable considering the 
main compounds (i.e., catechins, anthocyanins, 
and other phenolics) expected to be abundant 
in red wine. It is noteworthy that compound 
classes assigned from the PARAFAC modelling 
(i.e., phenolics) were not necessarily driving the 
sensory characters themselves, but could act as 
indirect markers that indicated compositional 
aspects of the wines that were not essentially 

gene copies responsible for the biosynthesis of 
important wine compounds such as anthocyanins 
in grape berry can belong to multicopy families, 

(Kuhn et al., 2013). In contrast, there could be 
a direct relationship with compounds associated 
with aspects such as the taste and mouthfeel of 
the wine, as explained in more detail in the next 
section.

4. Relation between PARAFAC components
and RATA results according to MFA

Considering the compound classes tentatively 

by implying an indirect correlation), the relative 
loadings of the four classes were analysed in 
conjunction with RATA results through MFA. 

descriptors and means of the four compound 
class loadings from 23 wines (excluding CS2, 
CS7 and CS26) were used for the analysis 

of 0.232 between both sets of data, an RV 

between the RATA data and the MFA model.  
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right side of F1 and the upper portion of F2, C2 
and C3 were explained entirely along F1, with C3 
on the right side and C2 on the left side, and C4 
was plotted on the left side of F1 and lower part of 
F2, more or less opposite to C1 (Figure 4).

Catechin monomers associated with C1 are usually 
extracted from grape skin and seed and can increase 
the bitter taste of wine (Fischer and Noble, 1994) 
whereas polymers of catechin (e.g., tannins), 
extracted from the same sources, are related with 
astringency (Waterhouse et al., 2016a). Figure 4 
shows C1 was associated with ‘dark fruits’ and 

‘savoury’ aroma, which is likely to be an indirect 
relationship as mentioned in the previous section. 

(p = 0.313), thus indicating that there might not be 
an association. In contrast, the correlation between 

moderate association. This implied that polymers 

than monomers, which would be reasonable given 
their relative concentrations in red wine.

by the origin of wood (usually oak) incorporated 
either during fermentation or maturation and 
can vary in concentration depending on ageing 
time — such compounds can be responsible for 
some oak-related aroma traits (e.g., vanillin) in 
wine (del Alamo Sanza et al., 2004). Other oak 
compounds (e.g., volatile phenols, hydrolysable 

undoubtedly be extracted as well. C2 was related 

aroma. Anthocyanins assigned to C3 are pigments 
present in red grape skins that are important to the 
colour of red wine (He et al., 2012). Anthocyanins 
might also be responsible for an increase in 
the ‘fullness’ of a wine (Vidal et al., 2004), as 
well as perceived astringency and bitterness 
(Ferrero-del-Teso et al., 2020; Paissoni et al., 2018). 
Additionally, as explained in the section 
dealing with PARAFAC, genes involved in 
the biosynthesis of anthocyanins in grapes 
are expressed through pathways that coincide 

volatile compounds (Czemmel et al., 2012; 
Kuhn et al., 2013). This could explain why 
anthocyanins could act as markers for compounds 

 et al., 2010) 

From the MFA, C3 was linked to ‘cooked 

assigned to C4 are compounds that can be found 
in grape berry skins and are extracted into wine 
during fermentation (Waterhouse et al., 2016b). 
Stilbenoids, especially trans-resveratrol, are 
responsible for the antioxidant characteristics 
of red wine and its association with the 
prevention of age-related diseases in consumers 
(Pawlus et al., 2012). According to Gaudette and 
Pickering (2011), trans-resveratrol seems to have 
minimal impact on the sensory qualities of wine 
(when spiked at less than 200 mgL-1). Figure 4 
shows that C4 was associated with ‘barnyard’ 

example of an indirect relationship between the 

It is worth noting that the associations between 
sensory traits and tentative compound types 
found through PARAFAC do not allow for 
strict conclusions. It is possible, considering the 
complexity of what is being modelled, that some 
relationships may arise due to chance, and more 
in-depth research is necessary to better understand 
and explain the proposed relationships.

5. Regression model for astringency prediction

Considering that most of the compounds detected 

affect basic mouthfeel and taste attributes in 
wine, PLS regression was performed with the 
two mouthfeel and three taste attributes described 
by the sensory evaluation of the 26 wines. 
Astringency was the only attribute that could 
be well modelled from the EEM data without 

An optimal model was generated with eight LVs, 
giving RMSEC = 0.085, RMSECV = 0.132, 
RMSEP = 0.222, R2 calibration = 0.936,  
R2 cross-validation = 0.848, and  
R2 prediction = 0.681. The model was thus 

samples and able to predict the results with 

low value for RMSECV indicated that the error 
associated with the prediction of astringency 

used (7-point), demonstrating that the model 
appeared to be suitable. This outcome showed 

capabilities for predicting a perceived mouthfeel 
attribute rating for this data set, which was 
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encouraging given the simplicity of the approach 
and the complexity of what was being modelled.

The chemical composition of Cabernet-Sauvignon 
wines has also previously been used for sensory 

described by Niimi et al. (2018) explaining 

mouthfeel. In that work, the model for predicting 
perceived astringency score involved anthocyanin 
concentration and colour measures, both of which 
can be determined using the A-TEEM approach 
and used in combination with a multi-block 
analysis (Ranaweera et al., 2021c) to add 
information beyond that encompassed in the 
EEM data alone. Notably, the present study is the 

the outcomes are positive, further work with 
additional samples will be necessary to improve 
and extend the modelling. Furthermore, different 
spectroscopic methods have been validated 
before for determining phenolic compound 
concentrations in a way that is less time consuming 
and more cost-effective than other options, and 
such approaches could become a valuable tool for 
assisting winemakers in monitoring and controlling 
phenolic composition (Cozzolino et al., 2008; 

Cozzolino et al., 2004; Dambergs et al., 2012; 
Janik et al., 2007; Ranaweera et al., 2021c). 
Fluorescence spectroscopy in particular can 
quantify compounds that are present in the sample 
at a lower concentration than other spectroscopic 
methods (Gilmore and Chen, 2020), thus providing 
an attractive option for additional development  
in future. 

CONCLUSIONS 

This study aimed to explore the association 

data of unreleased, commercially produced 
2020 Coonawarra Cabernet-Sauvignon wines. 

using a machine learning algorithm, and examined 

compounds via regression modelling. Thus, 

explained by the sensory results of the RATA 
evaluation. Cluster 1 wines were characterised 
by savoury-related characters, Cluster 2 by 
‘minty’ traits and a lack of the savoury-related 

low bitterness and astringency, Cluster 4 by higher 

FIGURE 5. Correlation between the predicted and measured ratings for perceived astringency according 
to partial least squares regression modelling for Cabernet-Sauvignon wines (n = 26). 
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Additionally, the EEM data analysed through 

demonstrating that there might be a good 
association between the EEMs and sensory ratings 
(whether direct or indirect). After excluding three 
outlier samples, PARAFAC analysis showed 

to explain the data set, with compound classes 
tentatively associated with the intensity readings 
being catechins (C1), phenolic aldehydes (C2), 
anthocyanins (C3) and stilbenoids (C4). MFA 
was used to identify associations between the 
PARAFAC components and the sensory ratings, 
revealing that C1 was associated with ‘dark fruits’ 
and ‘savoury’ characters, C2 was associated with 
‘barnyard’, C3 was related to ‘cooked vegetables’ 
and ‘vanilla/chocolate’, and C4 was related with 
‘barnyard’ but more characterised by the lack 
of attributes associated with C1. However, the 
nature of any relationship between the proposed 
compound classes and perceived sensory attributes 
requires further study. PLS regression resulted in a 
suitable model that was able to predict perceived 

no suitable model was found for the other sensory 
attributes. Overall, the correlation of sensory 

optimistic feat, yet the results from this study were 
promising. This work may inspire further research 
that is designed to better understand the chemical 

factors throughout wine production using a rapid 

the inclusion of a small selection of compositional 
variables.
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Concluding & Future 
Remarks Perspectives 

Let’s wrap it up! 
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6.1 Concluding Remarks 
The focus of this thesis was to better understand the sensory typicity of regional Australian 

Cabernet Sauvignon wines through different methods of sensory evaluations. An additional 
aspect was exploring the applicability of spectrofluorometric analysis to comprehend and predict 
sensory profiles of Cabernet Sauvignon wines from Coonawarra using unreleased commercial 
wines. 

6.1.1. Understanding wine typicity  

Typicity is a term that captures the expression of unique compositional traits in a food 
product that are shaped by the region of origin including, environmental, agricultural, industrial, 
and social conditions involved during production. Over the past 10 years, the concept of typicity 
has progressively grown in significance for food researchers, and this assertion applies similarly 
to the wine research field. Chapter 1 provides a systematic review of the subject in relation to 
wine, proposing a defined concept for wine typicity: 

“Wine typicity can be defined as a juxtaposition of unique traits that define a class of 
wines having common aspects of terroir involving biophysical and human 
dimensions that make the wines recognisable, and in theory, unable to be replicated 
in another territory”. 

When commercialising a product that has a strong connection with its origin such as wine, 
it is important to enhance consumer engagement and be able to effectively communicate 
information about typicity and origin in order to build a connection, increasing their trust and 
confidence. In accordance with the literature review in Chapter 1, the region of origin of a wine 
is used as a quality indicator and as a factor for the price that consumers are willing to pay for a 
bottle of wine. The expression of typicity is also an important factor for consumer when the 
expectations around a category of wine are built. Additionally, the literature review also revealed 
the importance for wine brands and wine producing regions to create a solid bond between their 
product and its provenance through strategies (e.g. wine tourism) that expand the involvement 
between consumers and the business.  

6.1.2. Using content analysis of wine writers’ online tasting notes to profile regional wines 
validated by industry expert sensory evaluation 

In Chapter 2, content analysis was used as a novel approach to analysed a large data set 
of readily available wine writers’ reviews and tasting notes to characterise regional Australian 
Cabernet Sauvignon wine. Another aim of the content analysis performed on the wine reviews, 
was to support the sample selection process. This ensured that wines purportedly characteristic 
of a region, were selected without the necessity to purchase and screen hundreds of wines using 
sensory evaluation being a cost effective and rapid tool. A web-scraping software was used to 
extract over 2,500 wine reviews publicly available from highly regarded wine writers. A content 
analysis with a text mining tool was used to create a lexicon and to analytically explore the data. 
Furthermore, an expert sensory assessment was performed and permitted validation and 
comparison of the findings above with data from an actual sensory evaluation on a selected set 
of wines. For the expert sensory assessment, a selected sample set of 84 commercial Cabernet 
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Sauvignon wines from different Australian geographical indications (Coonawarra, Margaret 
River, and Yarra Valley) and Bordeaux were selected to be free-handed evaluated by a panel of 11 
industry experts. Distinctive regional profiles were observed using the content analysis approach 
on the tasting notes of both date sets (wine writers’ reviews and expert panel), indicating that 
terroir, viticulture, and winemaking practices, that vary between GIs, can influence and 
distinguish the final composition of Cabernet Sauvignon wines.  

The content analysis methodology was also useful to understand wine quality drivers 
using as a proxy overall quality scoring (100 points for wine writers’ reviews and 20 points for 
expert panel) that were further divided into medal assignments. A clearer distinction was 
apparent between the high and low end of assigned medals for high industry involvement subjects 
that participated in this study. Based on multiple factor analysis (MFA), wine writers’ and the 
industry expert panel displayed good agreement (RV = 0.826) when analysing wine quality, and 
considered ‘complexity’ and ‘dark fruits’ to be terms associated with high quality wine whereas 
‘green’ related to lower quality examples. A moderate agreement (RV = 0.440) was noted when 
considering GI, but it did provide better understanding of the relationship between regional 
profile and quality parameters.  

Overall, this study was able to established content analysis as an effective methodology to 
investigate analytical features, such as sensory characterisation in wine, using big data sets 
generated online. The proposed methodology could also assist wine sample selection for further 
in-depth sensory and chemical studies, thereby minimising the costs and optimising the time 
required for performing large scale research. The knowledge gained from this study also served 
as a foundation for selecting a sample set that could be further analysed through subsequent work 
(Chapter 3, 4, and 5) and provided insights for better understanding the drivers for the sensory 
typicity represented in the four GIs analysed. 

6.1.3. Combining an industry expert sorting task and a descriptive analysis with trained panel 
to understand regional traits 

With the objective of exploring the sensory traits responsible for the Australian Cabernet 
Sauvignon typicity the study conducted for Chapter 3 was composed of a free sorting task in 
combination with a variant of the rate-all-that-apply (RATA) exercise. The exercise was performed 
by an industry expert panel with a sample set of 84 commercial Cabernet Sauvignon wines that 
were selected from the study in Chapter 2. The wines studied were from Margaret River, Yarra 
Valley, Coonawarra, and Bordeaux and were all from the 2015 vintage. These results were 
compared with those of a sensory descriptive analysis (DA) performed by a trained panel on a 
subset of the wines (n=52). The free sorting task performed by the industry experts did not 
demonstrate region of origin as a clear driver for the wine segregation, potentially as a result of 
the high number of samples and/or by the open interpretation nature of the study. The fact that 
it was a free sorting task meant that the panellists were responsible for choosing their own sorting 
criteria. Nonetheless, it was interesting to explore the four main groups that experts used to 
categorise the wine and their related sensory traits. The first group comprised wines that 
presented a lack of ‘fruity’ characters and the presence of developed ‘savoury’ characters, the 
second group had the presence of ‘fruity’ and ‘floral’ attributes, the third group was defined by 
‘fresh green’ terms such as ‘green pepper’ and ‘herbaceous’, and the fourth group was associated 
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with developed ‘vegetal’ terms (e.g. ‘cooked vegetables’) and also lacked the ‘floral’ and ‘fruity’ 
characters.    

By analysing the sensory results from the DA panel with the expert’s RATA evaluation, it 
was clear that the biggest difference in sensory profile was seen between the Australian GIs and 
the Cabernet Sauvignon dominant red blends from Bordeaux. This indicated that differences in 
practices and natural conditions between the New World and Old World wine regions and 
targeted styles potentially have a large impact on sensory characteristics. Despite different 
methodologies being used to assess the wine samples (i.e. RATA by experts vs DA by trained 
panel), common descriptors were found to be important for each region. Altogether, Coonawarra 
wines were typified with a significant presence of a ‘minty’ attribute, Margaret River wines were 
represented by the presence of ‘floral’ attribute, and the wines from Yarra Valley and Bordeaux 
had ‘savoury’/’cooked vegetables’ as important characters. The outcomes from these sensory 
cohorts give rise to the possibility of identifying specific sensory characters that are representative 
of the sensory typicity concept from the region analysed.   

The study reported in Chapter 3 highlights the importance of using multiple sensory 
methodological approaches to understand compositional traits of a highly complex product such 
as wine and especially to examie a multilayered concept such as typicity. Although variability was 
observed between the different assessments, a general tendency was detected for the regional 
sensory profiles, and more importantly, some of the outcomes noted in Chapter 2 were 
confirmed.  

6.1.4. Consumer liking evaluation with rate-all-that-apply assessments to explore level of 
regional engagement and purchase behaviour 

Understanding wine sensory typicity is important for the wine industry when trying to 
create or preserve a regional style. However, comprehending how this concept can influence 
consumer purchase behaviour and opinion is also imperative as part of the overall goal when 
producing a wine, as shown in Chapter 4. Assessing a subset of the same regions as described in 
Chapters 2 and 3, a pre- and post-tasting survey was performed with 112 red wine consumers that 
were also segmented based on their involvement with the wine industry. According to the 
computed answers, Australian consumers were fairly familiar with the connotation behind the 
typicity concept and its association with a product’s provenance. However, the expression of 
typicity appeared to be an external idea instead of being expressed through distinctive sensory 
profiles.  

The consumers involved in this study indicated that origin information stated on a wine 
bottle can have a positive impact on their purchase decision and on the price they were willing 
to pay. When actually tasting the wine samples, being informed about the wine provenance 
beforehand had a positive impact on the liking scores. Although the liking score was influenced 
by the information condition, it was interesting to observe that having such information did not 
translate when characterising the sensory traits of the samples. In other words, consumers that 
had wine provenance information liked the wine more when compared with the uninformed 
panel but both used the same sensory descriptors for the samples. Sensory familiarity was also 
assessed, with the scores having a different impact depending on the samples evaluated, whereby 
provenance information had a negative influence over the familiarity scores except for samples 
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from Coonawarra in which information had a positive impact. The RATA exercise highlighted 
the distinctive regional profile and the sensory terms associated with each region analysed, 
reinforcing the findings outlined in Chapters 2 and 3. Sample liking was again associated with 
wines that were characterised by ‘minty’, ‘herbaceous’, ‘dark fruits’, and ‘jammy’ descriptors, as 
well as samples that had a fuller body.  

6.1.5. Exploring spectrofluorometric data to model and predict sensory traits of Cabernet 
Sauvignon wine 

In order to understand and connect results found in the studies discussed in Chapters 2, 
3, and 4 to compositional traits present in the wine, a set of unfinished wines that had a limited 
influence of winemaking processes (e.g., maturation, oak contact, or blending) from the 
Coonawarra GI was selected. The wines were assessed through a RATA exercise generating 
sensory profiles and through spectrophotometric analysis generating excitation-emission matrices 
(EEMs) for each sample, as described in Chapter 5. Using agglomerative hierarchical clustering 
(AHC) analysis, the sensory characterisation was used to segregate the sample set into five clusters 
that were further modelled with EEMs data. The sensory analysis showed ‘minty’ as an important 
character for Coonawarra wines, confirming what was shown in Chapters 2, 3, and 4. Using the 
EEM data, extreme gradient boosting discriminant analysis (XGBDA) (a machine learning 
technique) was able to classify the wines with 100% accuracy according to the five sensory clusters 
established by AHC, indicating a possible direct or indirect correlation between those two sets of 
data.  

Taking this further with parallel factor analysis (PARAFAC), four main fluorophores 
(Components 1, 2, 3, and 4) were tentatively identified and associated with different classes of 
phenolic compounds. The compound classes that may be responsible for specific sensory traits 
according to the literature were further analysed with the sensory profile found by the RATA 
exercise. Through multiple factor analysis (MFA) between EEM signals and RATA results, 
component 1 was assumed to be related with catechin (including tannin) and was associated with 
‘dark fruits’ and ‘savoury’ characters, component 2 was deemed to arise from phenolic aldehydes 
and was related with ‘barnyard’ attribute, component 3 was tentatively assigned to anthocyanins 
and was associated with ‘cooked vegetables’ and ‘vanilla/chocolate’ terms, and finally, component 
4 was assumed to involve stilbenoids and was related with ‘barnyard’ character and a lack of 
sensory descriptors associated with component 1. Notably, these associations were more likely to 
be an indirect correlation instead of a causative correlation and further research is necessary to 
understand how those fluorophores could serve as drivers for the sensory traits found above.  

Partially addressing the existence of direct correlations, the use of spectrophotometric 
data to predict sensory attributes was explored through partial least squares (PLS) regression 
modelling. No suitable model was generated for any sensory term apart from perceived 
astringency. The appropriate model was able to predict with 68.1% confidence the astringent 
mouthfeel rating and was able to explain 84.8% of the variance in the sample set. Considering 
the novelty and how ambitious it was to associate compositional traits identified by 
spectrofluorometric analysis with product characterisation according to sensory analysis, the 
results presented in this study were quite promising and laid the foundation to better understand 
the role of fluorescence analysis in predicting sensory traits.  
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6.2 Future Perspectives 
Wine typicity is a concept that is important for the wine industry, not only from the 

production perspective but also from a commercialisation standpoint when considering 
consumer purchase behaviour, as reviewed in Chapter 1. However, the challenging task for the 
industry is being able to express their own regional typicity while preserving their unique 
branding style, assuming it exists, while preserving their wine quality and concurrently being 
mindful of consumer expectations. The industry also needs to be flexible and able to adjust 
and/or evolving taking into consideration how dynamic consumer behaviour can be. Therefore, 
there will always be gaps for more in-depth research to better comprehend what typicity represents 
for consumers, for individual brands and for delimited wine producing regions. Ultimately, 
further outputs are necessary to aid the wine sector in connecting the typicity expression with the 
natural and social dimensions involved in the wine production, eventually providing tools to 
manipulate and encapsulate that expression. 

Different methodologies are available to assess a wine’s sensory profile as demonstrated 
in Chapters 2, 3, and 4. Different variations of these methodologies also open new possibilities 
to further evaluate regional sensory profiles. In Chapter 2, content analysis was used for Cabernet 
Sauvignon wines from selected regions and it would be worthwhile exploring whether this 
methodology can be applied to other GIs and for other varieties produced in Australia and even 
for other viticultural regions around the world. It will also be interesting to explore the content 
analysis methodology as a way to link scientific and production information with wine sales and 
popularity in order to understand drivers for quality perspectives. In Chapter 3, a free sorting 
task was performed with industry experts that provided valuable results about the large sample 
set assessed, but more relevant results could perhaps have been achieved using a variation of this 
methodology. In this case, pre-defined regional groups could be established before the sorting 
task to decrease the complexity involved. A comparative study between both method variations 
including a set of pre-defined rules and the impact a sorting task could be useful for selecting the 
most appropriate methodology. 

Dealing with complex constructs such as consumer opinions and expectations is a 
challenge not only for the research field but also for the industry. In Chapter 4 liking evaluation 
with different participant contextual conditions (with wine origin information and without wine 
origin information) was performed, but opportunity still remains to explore consumer 
segmentation and knowledge about the intrinsic expression of regional typicity as well as their 
capability to identify and differentiate wines that come from a protected (e.g., Protected 
Designation of Origin, PDO) region. Additionally, a cross-cultural work would also be interesting 
considering that there could be differences between New World and Old World consumer 
behaviour and sensory ability and that this thesis was focussed on Australian (New World) 
consumers. Further investigation is also needed to assess whether the difference in results 
between liking scores without an evident difference according to RATA characterisation for the 
two conditions was caused by an assimilation effect or because the panel was performing two 
contrasting methodologies, being a holistic test (liking) and an analytical evaluation (RATA). It 
would be informative to explore whether the results are replicable in different tasting contexts 
and whether different emotions are evoked. Additionally, there are new possibilities to further 
understand how the meaning of typicity is formulated in the consumer mind, using content 
analysis of open-ended questions. It was shown in Chapter 4 that consumers stated region 
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information as a positive influence over their purchase behaviour – more realistic projection 
assessments involving real purchases could be performed to verify this. In that same study 
(Chapter 4) a small (n = 8) sample set was used, which could be implied as a limitation for the 
sample representativeness, and for that reason this sort of study could be replicated with a larger 
sample set. 

In Chapter 5, the possibilities around the association between sensory profile and 
spectrofluorometric data were demonstrated and future investigations are essential to better 
understand how those two data sets are correlated. There are new possibilities by using 
reconstituted samples with important chemical compounds that are associated through 
spectrofluorometric analysis and whether those are translated to the perceived sensory profile 
(whether marker compounds exist). Reconstituted samples can also be used to further improve 
prediction models for sensory traits such as the astringency mouthfeel that was studied in 
Chapter 5. 

As elaborated throughout this thesis, sensory evaluation is an important component 
when understanding the sensory typicity and that concept is translated into the consumer 
perception. However, it is not enough to comprehend in depth the sensory expression of the 
wine typicity and how practices can be implemented to preserve or enhance regional 
distinctiveness. Analytical instrumentation (e.g., HPLC, GC-MS) is necessary to help identify and 
quantify important chemical compounds. The identification of the chemical constituents 
responsible for regional uniqueness is a step forward to directly connecting vineyard and 
winemaking practices and environmental conditions with the typicity expression.  This would 
lead to the ultimate goal of providing the industry with enough knowledge to be able to modulate 
their wine style while guaranteeing its uniqueness.  
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SENSORY CHARACTERISATION AND CONSUMER PERSPECTIVES OF AUSTRALIAN CABERNET 
SAUVIGNON WINE TYPICITY 

Lira Souza Gonzaga, Dimitra L. Capone, Susan E.P. Bastian and David W. Jeffery* 
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and Wine, The University of Adelaide, Waite Campus, PMB 1, Glen 

Osmond, South Australia 5064, Australia 

*Corresponding author: david.jeffery@adelaide.edu.au

Abstract 

Aim: To identify the sensory attributes responsible for the typicity of Cabernet Sauvignon wines from three 
Australian Geographical Indications (GIs) and to explore consumer purchase behaviour and preference with 
regard to regional wines. 

Methods and Results: Descriptive analysis (DA) was applied to identify the sensory profiles of vintage 2015 
Cabernet Sauvignon wines from Coonawarra (n = 24), Margaret River (n = 10), Yarra Valley (n = 13), and Bordeaux 
(n = 5). A trained panel (3 males and 7 females) rated 45 aroma, flavour, and mouthfeel attributes, of which 19 
were found to be significantly different among the wine samples. Results from canonical variate analysis 
demonstrated that Bordeaux wines had a more distinct sensory profile compared to the Australian regions; 
within the Australian regions, wines from Margaret River had a closer profile to those from Yarra Valley than 
Coonawarra. Of the wines that underwent DA, two from each region were chosen for a study involving 
consumers (n = 112) that were divided into two groups. One group was informed of the regions prior to tasting 
each sample and the other group had no information about region. Consumers were surveyed about their wine 
purchase behaviour, knowledge of wine typicity, preference for the wines, and sensory profile of each wine using 
rate-all-that-apply methodology. 

Conclusions: Bordeaux wines had a more distinct sensory profile compared to the Australian regions, and were 
associated with developed characters including ‘savoury’, ‘tobacco’, and ‘earthy’. Wines from Margaret River 
were deemed to possess a fruit-forward profile along with ‘floral’ characters. With a similar profile to Margaret 
River, Yarra Valley wines were also found to have a greater incidence of ‘red fruits’ and ‘cooked vegetables’ 
attributes. Coonawarra wines were characterised by ‘chocolate/vanilla’, ‘mint’, and ‘mallee leaf’ attributes and 
were rated low in ‘cooked vegetables’. When consumers were informed of the wine region of origin there was 
an apparent increase in their liking scores, with the effect seeming to be positively related to familiarity with the 
region.  

Significance and Impact of the Study: Well-established for “Old World” wine producers, typicity is a concept that 
incorporates aspects of cultivar and terroir of a wine, and acts as a wine quality indicator. Australia also has a 
range of terroirs contributing to the characters of regional wines, and knowing more about the drivers of 
distinctiveness can help harness terroir in the promotion of fine Australian wines at an international level. This 
extends to understanding wine consumers’ behaviours, and being able to attend to their expectations in an 
objective manner. 

Keywords: Descriptive analysis, hedonics, typicality, regionality, consumer preference
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Introduction 

Wine is a product that endures extensive effects during its entire production, from the environmental conditions 
during grape cultivation and origin of the raw materials through to different practices used in the vineyard and 
winery. The combination of these influences can drive the typicity of wine through their impacts on aromas and 
flavours. Put simply, typicity can be defined as the expression of a specific sensory profile that can be attributed 
to a delimited geographical area with influences from the grape variety and its terroir (Cadot et al., 2012). 

Provenance and typicity are prized characteristics that help a high quality wine to be recognisable in the market 
(Maitre et al., 2010). These traits are also responsible for the consumers’ quality expectation construct, and will 
eventually impact their purchase decision (Boncinelli et al., 2016; Schamel, 2006). Studies indicate Australian 
consumers depend upon the origin indication presented on wine labels to make a choice and to define their 
concept of a fine wine (Kustos et al., 2020). Furthermore, the Australian wine industry seeks to emphasise 
regional branding to promote Australian wines of provenance, with the aim of making provincial styles more 
recognisable domestically and internationally (Wine Australia, 2015).  

Considering the needs of both consumers and the industry, this study aimed to characterise unique sensory 
profiles of Australian Cabernet Sauvignon wines and understand consumer perspectives and behaviours towards 
the concept of wine typicity with an emphasis on regional profiles.  

Materials and Methods 

The first sensory study involved descriptive analysis (DA) of 52 commercial Cabernet Sauvignon wines that 
followed the criteria established previously by Souza Gonzaga et al. (2019) and Souza Gonzaga et al. (2020). The 
samples were from Coonawarra (n = 24), Margaret River (n = 10), Yarra Valley (n = 13), and Bordeaux, France (n 
= 5). They were evaluated by a group of 10 panellists (3 males and 7 females) that were trained for 9 × 2 h 
sessions, following the methodology established by Lawless and Heymann (2010). After the significance of 
panellist by sample interaction was minimised, formal evaluation sessions were conducted in individual sensory 
booths. In total, 21 aroma, 23 flavour, and 3 mouthfeel attributes were assessed using a 100 mm line scale.  

The second sensory study was conducted with a subset of the samples mentioned above (2 samples from each 
region) using a panel of 112 red wine consumers. The panel was divided into two groups: one group received 
prior information about the region of origin of each wine and the other group evaluated each sample in the same 
way but without the region information. The consumers were asked about their wine liking (using a 9-point 
hedonic scale) and purchase behaviour, and then assessed the sensory profile of the wines using rate-all-that-
apply (RATA) methodology (Danner et al., 2018). Statistical analyses were performed using XLSTAT (Addinsoft, 
New York, USA, version 2019.4.1) and sensory data was collected using Red Jade software (2016, Redwood City, 
USA). 

Results and Discussion 

Of the 47 attributes evaluated by the DA panel, 21 were found to be significantly different (two-way ANOVA, α 
= 0.1) between the 52 wines. Canonical variate analysis (CVA) of the significant data showed that there was good 
separation between the Australian wines and the wines from Bordeaux (Figure 1a). For the wines from Australia, 
Margaret River had aspects that were similar to Coonawarra and Yarra Valley, whereas Coonawarra and Yarra 
Valley were less similar in sensory profile. Figure 1b displays how each region could be characterised based on 
the sensory attributes determined by the DA panel. This revealed that Bordeaux wines were more closely related 
with developed characters like ‘savoury’, ‘earthy’, and ‘yeasty’, whereas Coonawarra presented ‘minty’, ‘green’, 
‘chocolate and vanilla’ characters. Margaret River was characterised by fruit-forward and floral attributes as well 
as higher sweetness, and Yarra Valley was related with ‘red fruits’ and ‘cooked vegetables’ traits. Along with the 
developed characteristics, Bordeaux wines presented a lower perception of ‘floral’ and fruity characters, 
potentially due to the ‘savoury’ traits supressing the fruit-related ones (Botha, 2010). 
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Figure 1: Canonical variate analysis plots from the DA study showing (a) region centroids as triangles and sample 
range as circles, and (b) factor loadings of significantly different sensory attributes (α = 0.1); aroma (A); flavour 
(F); taste (T); mouthfeel (MF). 

Similar regional profiling using a different approach was presented previously by Souza Gonzaga et al. (2019). In 
that work, Bordeaux wines were found to be related to ‘savoury’ attributes, Margaret River was related with 
‘floral’, Yarra Valley with ‘herbal’, and Coonawarra with ‘minty’ attributes.  

Consumer preference trials on two wines from each of the four regions demonstrated that information on 
provenance had a significant impact (repeated measures ANOVA, α = 0.05) on preference scores (Table 1). When 
the consumer panellists were informed about the region of origin of the wine, they tended to ascribe a higher 
liking score, with a larger impact when familiarity with the region was significantly higher (Tukey’s HSD, α = 0.05, 
data not shown). This was especially evident in the case of the Coonawarra region (Table 1). Importantly, as 
shown by Kustos et al. (2019), regionality is a concept that Australian consumers understand, and it can be an 
important purchase driver by indicating wine quality. In addition, the region familiarity impact in the present 
work appeared to reinforce the notion that perceived value can increase when wine is connected to its region of 
origin (Boncinelli et al., 2016). 

Table 1: Consumer liking mean scores and p-values for Cabernet Sauvignon wines from different regions 
evaluated with or without region of origin information. Bolded values are significantly different between the two 
conditions (Tukey’s HSD, α = 0.05). 

Sample Liking (Informed, n = 56) Liking (Uninformed, n = 56) p-value

Bordeaux 1 6.1 5.4 0.024 
Bordeaux 2 6.2 6.0 0.393 
Coonawarra 1 7.0 6.3 0.012 
Coonawarra 2 6.8 6.1 0.028 
Margaret River 1 6.0 5.9 0.589 
Margaret River 2 6.5 5.5 0.004 
Yarra Valley 1 5.3 5.1 0.619 
Yarra Valley 2 6.8 6.6 0.579 

The RATA results demonstrated that the preference scores between the two consumer groups (Informed and 
Uninformed) did not have an impact on the sensory attributes (repeated measures ANOVA, α = 0.05), meaning 
that both groups profiled the wines similarly (data not shown). Overall preference showed a correlation with 
‘dark fruits’ and ‘jammy’ attributes, and fuller body wines. Furthermore, the panel appeared to be more familiar 
with samples that exhibited ‘herbal’ and ‘minty’ characters, which may be relevant to other studies that recruit 
panellists from within the general region of at least some of the wines under evaluation.  

Conclusions 

The DA study was able to distinguish Cabernet Sauvignon wines from the four regions based on sensory 
composition, with the largest difference obtained between wines from Bordeaux and from the Australian 
regions. In addition, the consumer study provided insights into the importance of being informed of the region 
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of origin, whereby preference was significantly increased when wine provenance was known. Furthermore, this 
aspect of the study provided some understanding of the preferred sensory attributes for this cohort of 
consumers. Overall, the outcomes generated from these two sensory studies will be built upon to assist the wine 
industry to better understand their regional styles, to gain insights into consumers’ preferred wine sensory traits, 
and to increase understanding of their target audience. 
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Abstract 

Aim: To define the uniqueness of Australian Cabernet Sauvignon wines by evaluation of the chemical 
composition (volatile aroma and non-volatile constituents) that may drive regional typicity, and to correlate this 
with comprehensive sensory analysis data to identify the most important compounds driving relevant sensory 
attributes. 

Methods and Results: A range of specialised analytical methods have been optimised to quantify more than 70 
volatile aroma compounds in Cabernet Sauvignon wine. These methods examine a diverse array of metabolites 
that originate from the grape, fermentation, maturation and oak maturation. Examination of a variety of non-
volatile compounds such as tannins, basic chemistry and non-volatile secondary metabolites were also 
undertaken. These analytes were quantified in 2015 commercial Cabernet Sauvignon wines (n = 52) originating 
from Coonawarra, Margaret River, Yarra Valley and Bordeaux. Multivariate statistical analysis of chemical 
datasets and sensory ratings obtained by a trained descriptive analysis panel identified compounds driving aroma 
attributes that distinguished wines from the different regions. Some compounds, such as dimethyl sulfide, which 
arises from a grape amino acid and is described as ‘black currant or olive’ at low concentration and ‘canned 
vegetables’ at high concentration, were not statistically different amongst regions. In contrast, compounds such 
as 1,4-cineole (‘mint’ and ‘bay leaf’ aroma), 3-isobutyl-2-methoxypyrazine (‘green capsicum’ aroma) and 4-
ethylphenol (‘earthy’ and ‘band-aid’ aroma) were able to differentiate the wines. 

Conclusions: For the first time, this work has revealed various wine chemical constituents, both volatile and non-
volatile, that have been linked with results from comprehensive sensory analysis to determine the important 
drivers of regional typicity of Australian Cabernet Sauvignon wines. Identifying these candidates will lead us to 
the next step of identifying which viticultural and/or winemaking practices can influence these compounds to 
meet target styles for wines of provenance. 

Significance and Impact of the Study: Identifying the chemical markers that characterise Cabernet Sauvignon 
regional typicity will lead Australian producers one step closer to having the tools to preserve the ‘uniqueness’ 
of their regional wines. A greater understanding of chemical drivers of wine sensory traits will keep the industry 
at the forefront of the field internationally and will provide producers with knowledge that can be used for 
promoting their wines and enhancing sales. 

Keywords: Regional typicity, chemical markers, wine sensory traits, Cabernet Sauvignon
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Introduction 

Cabernet Sauvignon is a popular grape variety grown in almost all wine producing regions around the world. 
Originating in Bordeaux in the 1700s (Anderson et al., 2013), it is an important variety to Australia where it 
represents approximately 18% of Australia’s vineyard area (Wine Australia, 2020). Learning more about the 
influences of terroir to understand what drives the regional distinctiveness of this important varietal is imperative 
for helping maintain Australia’s reputation as a fine wine producing and exporting nation. 

It is well known that aroma and flavour are responsible for a consumer’s enjoyment of wine (Ristic et al., 2019), 
and with over a thousand volatile compounds having been identified in wine to date, the complexity of this matrix 
becomes evident. Not all of these compounds are present in any one wine, and a much smaller number of them 
play a vital role in wine flavour (Ferreira et al., 2009). These compounds originate from various sources including: 
the grape berry itself either directly or via precursors (including varietal-specific compounds); alcoholic or 
malolactic fermentation; oak wood contact; and oxidation and ageing, plus exogenous sources. In previous 
studies, sixty-nine (Tao et al., 2008) and seventy-four (Gürbüz et al., 2006) volatile compounds were identified in 
Cabernet Sauvignon wines. These mainly consisted of higher alcohols, acetates, fatty acids and ethyl esters and 
to a lesser extent terpenes, a norisoprenoid, carbonyls and phenols. 

Varietal-specific compounds originate in the grape berry: a classic example is the methoxypyrazines (MPs), which 
can impart characteristic aromas of ‘green capsicum’, ‘asparagus’ and ‘green beans’. These characters are well 
known for their sensory contribution to wines produced from Cabernet Sauvignon and Sauvignon Blanc 
(Robinson et al., 2014). If present at low ng/L concentrations, MPs are considered desirable and characteristic of 
the grape cultivar, but at higher concentrations they become unpleasant. 3-Isobutyl-2-methoxypyrazine (IBMP) 
is the most important of the MPs and is thought to originate from enzymatic methylation of hydroxypyrazines, 
(Dunlevy et al., 2013; Guillaumie et al., 2013). A range of factors, including climate, grape maturity, light 
exposure, various viticultural management practices, and crop yield can affect IBMP concentration. In addition, 
MPs are easily extracted into must and increase during fermentation on skins (Sidhu et al., 2015). They are among 
the very few wine aroma compounds where the concentration can be predicted from berry homogenates (Ryona 
et al., 2010). 

Varietal thiols, another group of varietal character impact compounds, contribute characteristic wine aromas of 
‘tropical fruit’, ‘passionfruit’, ‘citrus’, ‘grapefruit’ and ‘box hedge’. Having extremely low odour detection 
thresholds (low ng/L range), the three most common varietal thiols are 3-sulfanylhexan-1-ol (3-SH), 3-
sulfanylhexyl acetate (3-SHA) and 4-methyl-4-sulfanylpentan-2-one (4-MSP) (Roland et al., 2011). Their 
importance in Sauvignon Blanc is well known (Roland et al., 2011) and recently their significance in Chardonnay 
wine has been reported (Capone et al., 2018). These compounds were identified in Bordeaux red wines over two 
decades ago (Bouchilloux et al., 1998), but minimal data has become available since then. This is most likely 
attributable to the challenges associated with developing adequate methods to measure these reactive 
compounds at ultratrace concentrations (Capone et al., 2015). Varietal thiols originate from grape berry-derived 
odourless cysteinylated and glutathionylated precursors and are released enzymatically during fermentation. As 
such, there can be significant yeast strain effects, and ripening and post-harvest conditions during winemaking 
can affect the concentration of thiol precursors (Capone et al., 2012c; Chen et al., 2019). 

1,8-Cineole, commonly known as eucalyptol, is another relevant compound that has an aroma described as 
‘fresh’, ‘cool’, ‘minty’ and ‘camphoraceous’. Elevated levels of 1,8-cineole in wine may be attributable to matter 
other than grapes (MOG), in particular material from surrounding Eucalyptus trees grown in close proximity to 
grapevines (Capone et al. 2012b). From a large survey of commercial Australian red wines (n = 150) including 45 
Cabernet Sauvignon wines, it was shown that 40% of the red wines contained concentrations of 1,8-cineole 
above its aroma detection threshold and that the concentration increased during fermentation with skin contact 
(Capone et al., 2011). Furthermore, studies showed that once present in wine, 1,8-cineole is extremely stable 
(Capone et al., 2012b). Sensory evaluations of the isomeric compound 1,4-cineole revealed descriptors of ‘hay’ 
and ‘dried herbs’, both independently and in the presence of 1,8-cineole. Quantitative analysis revealed higher 
concentration of 1,4-cineole in Margaret River Cabernet Sauvignons compared with Barossa Valley, McLaren 
Vale, and to a smaller degree, Coonawarra Cabernet Sauvignon wines, suggesting this aroma compound could 
assist with characterising terroir (Antalick et al., 2015). Interestingly 1,4-cineole was not present in any of the 
samples above its aroma detection threshold of 0.6 µg/L (Antalick et al., 2015). 
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Oak volatiles, of which several hundred have been identified in wine (Pollnitz et al., 2004), are related to terroir 
through human intervention, particularly in the winery. These compounds may originate by extraction directly 
from oak wood, interactions between wood constituents and wine constituents, or through chemical or 
biological reactions of wood constituents. Only a few of these oak volatiles are thought to be important for wine 
aroma, with the most noteworthy including cis- and trans-oak lactone, guaiacol, 4-ethylphenol, 4-
methylguaiacol, 4-ethylguaiacol, eugenol and vanillin (Pollnitz et al., 2004). The isomers of oak lactone, arguably 
the most significant of the oak volatiles, exhibit aromas of ‘coconut’, ‘vanilla’, ‘woody’, ‘citrus’ and ‘red berry’ for 
the cis-isomer and ‘coconut’ and ‘celery’ for the trans-counterpart (Gunther et al., 1986; Wilkinson et al., 2004). 
Oak used in commercial winemaking can originate from different sources, the most popular being from France 
and America, adding another layer of terroir impacting on the oak volatile concentrations. For example, it has 
been demonstrated that 10:1 and 1:1 ratios of cis:trans oak lactone are indicative of American and French oak, 
respectively (Waterhouse et al., 1994). 4-Ethylphenol (4-EP) and 4-ethylguaiacol (4-EG) are not so desirable and 
result from microbial spoilage (Brettanomyces bruxellensis). This slow growing yeast can cover a barrel and reside 
in between staves and reproduce when the barrels are refilled with wine. In addition, Brettanomyces can be 
present on the grapes, in soil and water, and in the winery environment, and could therefore also be considered 
as being related to terroir (Rayne et al., 2007). 4-EP and 4-EG have aromas that can be described as ‘leather’, 
‘horse stable’, ‘band aid’ and ‘spice, clove’, with a ratio of 8:1 of 4EP:4-EG being indicative of Brettanomyces 
spoilage (Chatonnet et al., 1995). 

Non-volatile compounds are another class of components present in wine that are important to taste and 
mouthfeel properties. These include things like tannin, polysaccharides, polyols, and organic acids. Only a few of 
the compound groups are considered here. With a multitude of compounds being present in any one wine, 
determining the most important ones responsible for characteristic sensory attributes is undoubtedly a 
challenge. Chemometric methods for analysis of the different datasets are crucial, and partial least squares 
regression (PLSR) has been adopted as a technique of choice for linking the chemical and the sensory data (Lee 
et al., 2006). This statistical approach enables the determination of which compound(s) are related to particular 
sensory attribute(s), and helps to identify the basis for any differentiation of wines from various regions of origin. 
PLSR was thus applied to a suite of chemical data originating from various sources in 52 Commercial Cabernet 
Sauvignon wines from four different wine producing regions, along with the data obtained from the sensory 
descriptive analysis (DA) of the same wines. Preliminary results are presented and discussed in relation to 
differentiating the regions under investigation. 

Material and Methods 

Fifty-two commercial 2015 vintage Cabernet Sauvignon wines from Coonawarra (n = 24), Margaret River (n = 10), 
Yarra Valley (n = 13) and Bordeaux (n = 5) were analysed for a range of compound groups. SIDA-SPME-GCMS 
methods were optimised for the quantification of C6 compounds (Capone et al., 2012a), 1,4- and 1,8-cineole 
(Antalick et al., 2015; Capone et al., 2011), DMS (Segurel et al., 2005) and a range of fermentation derived 
volatiles (Wang et al., 2016). Oak volatiles were measured utilising liquid injection based on the published 
method (Pollnitz et al., 2000). IBMP was quantified utilising a SIDA-SPME-GC-MS/MS method adapted from 
Dunlevy et al. (2013). Varietal thiols were quantified by HPLC-MS/MS (Capone et al., 2015). Tannin and total 
phenolics were determined by AWRI Commercial Services and non-volatile profiling of secondary metabolites 
was undertaken through Metabolomics Australia. Basic chemical parameters were analysed as described in 
Ranaweera et al. (2020). All wines underwent sensory profiling using descriptive analysis (DA) as described in 
Souza Gonzaga et al. (2020). 

Results and Discussion 

Concentrations of a selection of volatile compounds that originate from different sources for the 52 Cabernet 
Sauvignon wines from four regions are presented in Figure 1. Varietal thiol 3-MH was found at similar 
concentrations in the Bordeaux and Coonawarra wines, with approximately 250-350 ng/L (Figure 1a). 
Significantly higher concentrations were measured for Margaret River and Yarra Valley wines, at approximately 
280-400 ng/L (Figure 1a). The concentration of 3-MH in all wines was well above the aroma detection of 60 ng/L
(determined in a hydroalcoholic solution) (Roland et al., 2011), meaning that 3-MH could contribute to the ‘berry
jam’, ‘earthy’, ‘plum’ and ‘soy’ aroma of the wines, as recently reported by Garrido‐Bañuelos et al. (2020).
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The results for 1,4-cineole (Figure 1b) were in reasonable agreement with the previous findings that highlighted 
1,4-cineole as being characteristic of Margaret River Cabernet Sauvignon wines. Furthermore, a broader 
distinction between Bordeaux and the Australian regions existed on the basis of 1,4-cineole concentration 
(significant differences among the means, α = 0.05), but there was no statistical difference between Yarra Valley 
and Coonawarra wines. The concentrations of 1,4-cineole shown in Figure 1bwere below the aroma detection of 
this compound, which again was in agreement with the previous study (Antalick et al., 2015). In contrast to 1,4-
cineole, whose origins are not yet defined, 1,8-cineole has been previously found to be increased by aerial 
transfer of volatiles from Eucalyptus trees to the grapes when vines are planted in the vicinity of the trees, and 
especially by the presence of MOG (particularly Eucalypt material) ending up in a ferment. Although the 
concentrations of 1,8-cineole were quite variable, mean values were < 5 μg/L, and there were no significant 
differences amongst the Australian regions (Figure 1b). Bordeaux wines were found to have < 1 μg/L, but the 
mean value was only significantly different to that for Coonawarra. 

The data for IBMP, an important varietal compound for Cabernet Sauvignon, is shown in Figure 1c. The 
concentration of IBMP was mostly below the aroma detection threshold of this compound in red wine (10 ng/L 
(Kosteridis et al., 1998)). At these low concentrations, it would be expected that IBMP would not impart any 
undesirable green characters to the wines. There were no statistically significant differences between the means 
of IBMP for the Australian regions, whereas Bordeaux was significantly lower than the amounts determined for 
Coonawarra and Margaret River. This may be attributable to the Bordeaux wines having a lower relative amount 
of Cabernet Sauvignon in the blend (minimum of 60% vs minimum of 85% for the Australian wines). 

The data obtained for cis- and trans-oak lactone, 4-ethyl phenol and 4-methylguaucol can be seen in Figure 1d. 
There was no significant difference amongst the regions for trans-oak lactone but the cis-oak lactone 
concentration did vary. Interestingly, the ratio of cis-oak lactone:trans-oak lactone was around 1:1, which is 
indicative of the predominant use of French oak. Only a few samples had slightly higher ratios, which could infer 
there was some percentage of American oak being used. Perhaps unsurprisingly, both 4-ethylphenol and 4-
ethylguaiacol were significantly higher in Bordeaux wines compared with the Australian wines. These compounds 
are usually present in higher concentrations as a result of microbiological activity of Brettanomyces spp during 
oak maturation (if the impact of smoke taint can be ruled out). The characteristic ratio of 4-EP:4-EG that is 
symptomatic of Brettanomyces spoilage (Chatonnet et al., 1995) appeared to be the reason for the presence of 
these volatile phenols in the Bordeaux wines (i.e., approximately 8:1 in most of these cases). Notably, one of the 
Bordeaux samples had 4-EP at up to 378 µg/L, which would undoubtedly have imparted an evident ‘band-aid’ or 
‘barnyard’ aroma in that wine. 
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Figure 1: Concentration of a) 3-mercaptohexan-1-ol (3-MH), b) 1,4- & 1,8-cineole, c) 3-isobutyl-2-
methoxypyrazine (IBMP), and d) cis- and trans-oak lactone, 4-ethylphenol and 4-ethylguaiacol in Cabernet 
Sauvignon from Bordeaux (BDX) (n = 5), Coonawarra (CW) (n = 24), Margaret River (MR) (n = 10) and Yarra Valley 
(YV) (n = 13). Error bars indicate the standard deviation and different letters above the error bars denote 
significant differences among the means according to Tukey’s post-hoc test (α = 0.05). 

To examine any relationships between the regions studied and to determine whether chemical components are 
able to explain particular sensory attributes, the chemical data generated so far (including non-volatiles, data 
not shown) was analysed against the sensory DA data using PLSR (Figure 2). With an optimum number of two 
factors for the preliminary model, the variation of the sensory data was not explained to a high degree (16%) but 
it gave the first insight into potential regional differences. This will likely be significantly improved once all 
chemical data is available. From the scores plot, partial separation of the regions was achieved although there is 
some overlap with certain wines (Figure 2a), which may be expected on the basis of winemaking and style. The 
Bordeaux wines were clearly separated from the other Australian regions, a large cluster from Coonawarra was 
separated from Yarra Valley wines, whereas Margaret River seemed more closely related to wines from both 
Coonawarra and Yarra Valley. Figure 2b indicates that the chemical constituents 4-ethylphenol and 4-
ethylguaiacol were driving the separation of the Bordeaux wines, and these compounds were closely related to 
‘earthy’ and ‘yeasty’ aromas. This relationship could be expected based on the chemical data presented earlier 
(Figure 1d). A cluster of some of the Coonawarra wines was related to ‘minty’, ‘liquorice’, ‘dark fruit’ and ‘spice’, 
with these sensory traits being associated with hexanol, 1,8-cineole, ethyl propanoate and ethyl butyrate, and a 
range of other compounds to a lesser extent. A cluster of Yarra Valley wines was related to ‘red fruit’ and ‘jammy’ 
characters, and associated with 1-octanol, 2-octanone and DMS. A cluster of wines from Margaret River were 
characterised by ‘grassy’, ‘eucalypt’, ‘savoury’ and ‘chocolate’ aromas and were associated with ethyl decanoate, 
butan-1-ol, (Z)-3-hexen-1-ol and ethyl-3-methyl butanol.  

161

Appendix C | Conference Proceedings



Figure 2: Plot of scores and loadings from PLSR (two factor model) using significant (P < 0.1) chemical data (X-
variables) and sensory attributes (Y-variables) for the commercial Cabernet Sauvignon wines (n = 52). For the 
sensory attributes, A = aroma, F = Flavour and MF = Mouthfeel.  

In addition to the quantitation of volatiles, elemental analysis data obtained by ICP-MS showed similar trends to 
those previously reported by (Ranaweera et al., 2020). It appeared that separation of Bordeaux wines was driven 
by the elements K, Sc, Ti, V, As, La, W and Pb, whereas Coonawarra seemed to be higher in Se, Li, Ca and Sr, 
Margaret River in Co, and Yarra Valley in Mg, Ba, Cs and Rb. Previous research by others has also revealed Sr to 
be a good marker for authenticating wine (Ranaweera et al., 2020). 

Conclusions 

This work has explored various volatile and non-volatile wine chemical constituents that have been related with 
sensory descriptive analysis to determine the significant drivers of typicity of regional Cabernet Sauvignon wines. 
Preliminary data provided examples such as 4-ethylphenol and 4-ethylguaiacol being linked with ‘earthy’ and 
‘yeasty’ aromas and driving the separation of the Bordeaux wines from the others. Additionally, 1,4-cineole was 
successful at distinguishing the Australian regions, particularly Margaret River. The varietal compound 3-MH was 
found to be significantly different in the Bordeaux and Coonawarra wines compared with Margaret River and 
Yarra Valley, with the amounts being above the aroma detection threshold of this compound. Interestingly, the 
other varietal compound IBMP, which is an impact compound in Cabernet Sauvignon wines, was lowest in 
Bordeaux wines. Finalising the remaining chemical data and identifying candidate compounds that differentiate 
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the regions will lead to the next stage, being the of identification of viticultural and/or winemaking practices that 
can influence wine chemical profiles so that target styles can be met while preserving or enhancing the terroir of 
the regions. 
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