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Abstract 

Over the past 20 years, the level of alcohol in wine has increased in most winemaking 

regions, raising a number of issues related to consumer health including increased calorie 

intake and risk from alcohol-related illness and disease, tax policy interventions and wine 

sensorial quality. The adoption of lower alcohol wines (broadly defined as containing 

5.5-11% v/v alcohol) is one solution to addressing these challenges, thus still allowing 

the enjoyment of wine. However, these wines have not been well received by consumers, 

in part because the flavour of wine is negatively affected when alcohol is removed, and 

green-grassy characters may dominate when the wines are produced from grapes 

harvested at an early stage of ripening. To narrow the sensory gap between lower alcohol 

and standard alcohol wines and producing more balanced wines with lower alcohol 

levels, three experiments were planned and conducted in the 2014-15 and 2015-16 

growing seasons.   

Prior to this investigation, there was little information, if any, in the literature on the 

chemical and sensory effects of blending finished wines to produce lower alcohol wines.  

The initial experiment was conducted in the 2014-15 growing season on Verdelho and 

Petit Verdot grapes from the Mudgee Region (NSW). To produce finished wines 

containing less than 11% v/v alcohol, sequential harvests of grapes were undertaken two 

weeks apart respectively, and equivalent volumes of the resulting wines were blended. 

For a better understanding of the effect of the practice adopted, the volatile composition 

of wines was analysed using an established headspace solid-phase microextraction (HS-

SPME) method combined to gas chromatography-mass spectrometry (GC-MS). The 

sensory profile of wines was evaluated using a descriptive analysis. The GC-MS results 

indicated that blending had an averaging effect on most of the analytes. In addition, it 

was observed that the blended Verdelho treatment (8.8% v/v) did not significantly differ 

from the mature fruit wine (10.3% v/v) for the majority of sensory descriptors while no 

significant differences were found between the blended treatment (11% v/v) and the 

mature Petit Verdot wine (12.6% v/v). Partial least square regression (PLS2) showed 

positive correlations between sensory attributes and compositional data. Overall, wine 

blending allowed the production of lower alcohol wines while exhibiting similar sensory 

profiles to wines produced from the mature grapes.    
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A second experiment was conducted in the 2015-16 growing season. The aim of this 

study was to assess the changes in volatile composition and sensory attributes of Verdelho 

and Petit Verdot wines produced from early harvest and late harvest grapes and 

dealcoholisation process. A laboratory scale combined reverse osmosis-evaporative 

perstraction process was used for dealcoholisation. Early harvest and dealcoholised wines 

had 9% and 10.5% v/v alcohol for Verdelho and Petit Verdot respectively. GC-MS 

analyses showed significant differences between early harvest and dealcoholised 

treatments. In particular, the concentration of ethyl esters was significantly lower in 

dealcoholised than early harvest wines. This was mainly due to the significant loss of 

these compounds, which were removed from the original wines during dealcoholisation. 

For both varieties, the sensory attribute ratings for ‘overall aroma intensity’ and ‘alcohol’ 

mouthfeel also decreased following dealcoholisation. Despite this, the biggest differences 

were found between the sensory attributes of early harvest and late harvest wines. 

Dealcoholisation appeared to be more suitable for red than for white wine, however, 

dealcoholised wines were distinctively different from both early harvest and late harvest 

wines even though these wines had similar alcohol level to early harvest wines. 

The findings obtained from the first and second experiment were further expanded in the 

last experiment in which a different grape variety and alcohol ranges were involved. 

Wines were produced from Shiraz grapes from a single vineyard (Gundagai, NSW) using 

three methodologies:   

• timing of harvesting;  

• blending finished wines produced from fruit harvested several weeks apart;  

• dealcoholisation (–3% and –6% v/v alcohol).  

Two alcohol levels were targeted, 10.5% and 13.5% v/v, both of which are considerably 

lower concentrations than the commercial wine (up to 17% v/v) produced from this 

vineyard site. Aside from performing univariate analyses, the ComDim approach was 

used to identify the analytes that brought about the perceived sensory differences in 

wines. One of the main results was that dealcoholisation caused a significant loss of 

several esters and alcohols (different from ethanol), while blending was confirmed to 

have an averaging effect on many analytes. The sensory analysis of 10.5% v/v Shiraz 

wines indicated that the perception of a ‘grassy’ attribute was significantly lower in the 
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dealcoholised treatments compared to the early harvest wine, while that of ‘dark fruit’, 

‘raisin/prune’, ‘astringency’ and ‘alcohol’ attributes were higher. On the other hand, no 

significant differences were found among the 13.5% v/v wines, except for ‘alcohol’. 

Importantly from a sensory perspective, it was observed that ‘alcohol’ was the only 

sensory attribute significantly different between dealcoholised and original wines (16.3% 

v/v) produced from overripe grapes. These findings suggested that a 3% v/v 

dealcoholisation did not negatively affect the sensory quality of finished wines.  

The objective of this body of research was to evaluate the changes on volatile composition 

and sensory attributes in lower alcohol wines produced by grape harvest options, wine 

blending and dealcoholisation strategies. Insights from this research will provide 

knowledge that may be applied to control or moderate the dearth of ripe fruit attributes 

in wines and narrow the sensory gap between lower alcohol and standard alcohol wines 

by producing more balanced wines with lower alcohol levels. 
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Chapter 1 - Introduction 

The Australian wine industry is the world’s fifth largest wine producer. The total 

production of Australian wine during the 2015-16 growing season was about 13 million 

hectolitres (OIV, 2017). However, the Australian wine industry, as well as that of many 

other countries, is facing a series of challenges related to climate change and new market 

trends. 

Over the last few decades, Australian winemaking regions have experienced earlier vine 

phenology and grape ripening as an effect of global warming and frequent heatwaves 

leading to an asynchronous development of grape flavour and sugar accumulation (Webb 

et al., 2012). A consequence is a greater difficulty to harvest grapes at the most suitable 

aromatic and phenolic maturity, which lead to delays in harvesting. While the harvest 

dates of different grape cultivars were previously spread over a manageable several 

weeks, they are now compressed, applying logistical pressure on the limited capacity of 

wineries. Under these conditions, grape ripeness at harvest can easily exceed the targets 

of wine producers, leading to higher than desired berry sugar levels and therefore higher 

alcohol wines (Petrie, 2016).  

Global warming leading to higher levels of fermentable carbohydrates in grapes is not 

the only cause of higher alcohol wines. There is also an apparent market demand for wine 

with intense, riper flavours which typically develop during grape ripening. This 

inadvertently leads to grapes with higher sugar concentrations and, therefore, higher 

alcohol wines.  

These climate and market factors contributed to the raise of alcohol in wine by up to 1% 

per year over the past two decades (Alston et al., 2015). It was also reported that 

Australian red wines are among the most alcoholic in the world, with a mean in alcohol 

content typically greater than 13.5% v/v (Alston et al., 2015). This can lead to negative 

financial implications for wine producers because of higher taxes (Sharma et al., 2014). 

Pricing and taxation policies are effective tools that many governments use to reduce the 

overall alcohol consumption in the population and their level worldwide differ greatly 

(Anderson, 2014). 
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A number of issues related to consumer health such as risk from alcohol-related illness 

and disease can also arise from higher alcohol production. Alcohol is also the main source 

of caloric content in wine and nutritional mandatory labelling is occurring in many 

countries such as South Africa, France and Germany (Annunziata et al., 2016). Although 

warning health labelling in some countries such as the United States is currently 

voluntary, for large chain restaurant nutritional labelling is likely to be mandatory for all 

foods and beverages served. This development is likely to impact the export market with 

analytical information as well as a reason to reduce alcohol content in wine to be 

competitive with other products. Moreover, in order to stay within the safe blood alcohol 

range, consumers will need to drink smaller volumes, reducing wine sales and producer 

profitability. Alcohol excess can also alter the sensory quality of wine by increasing the 

perception of hotness and roughness while decreasing fruity aroma (King et al., 2013). 

The adoption of lower alcohol wines could be a solution to addressing these issues, thus 

still allowing the enjoyment of wine while maintaining industry profitability.  

Despite a small to moderate demand for lower alcohol wines by a segment of consumers 

in some markets such the United Kingdom (Bruwer et al., 2014), these products have had 

variable consumer acceptance due to the unsatisfactory organoleptic attributes. For 

instance, a white wine following a 3% v/v dealcoholisation was found to have reduced 

overall aroma intensity (Meillon et al., 2010). However, an Australian study predicted 

that acceptance of lower alcohol wine would rise from 16 to 40% if taste attributes were 

comparable to those of standard alcohol wines (Saliba et al., 2013). 

Several methods have been implemented to reduce wine alcohol content. The most 

common way to adjust alcohol content is through water addition. For example, it was 

shown that diluting a Cabernet Sauvignon must from 30 to 24 Brix resulted in wines with 

similar sensory profiles to wines made from fruit harvested at the lower sugar 

concentration (Heymann et al., 2013). However, a different result was obtained when a 

portion of a Merlot must was replaced by water, diluting the total soluble solids from 25 

to 20 Brix (Casassa et al., 2013). In this case, saignée/water-back tended to accentuate 

the perception of vegetal and earthy notes while reducing that of astringency and 

bitterness.  Within the Australian context, on 9 February 2017, an amendment was made 

to standard 4.5.1 of the Australia New Zealand Food Standards Code (FSC) to expressly 

permit the limited addition of water to high sugar must and juice to reduce the chance of 
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problems arising during fermentation. The amendment establishes that water may be 

added to grape juice or must to reduce the sugar level of the juice or must to a minimum 

of 13.5 °Baumé. Although the reduction of wine alcohol content via water addition may 

offer promising solutions, due to legal restrictions in countries other than Australia mean 

that winemakers are unlikely to rapidly adopt this practice world widely. 

One of the most widely accepted practices to reduce wine alcohol content is the removal 

of alcohol from wine at a post-fermentation stage (dealcoholisation) (Schmidtke et al., 

2012). Among the dealcoholisation processes, membrane filtration, such as reverse 

osmosis and evaporative perstraction (membrane contactor), is one of the most widely 

employed. However, these processes also cause significant losses of important volatile 

compounds such as esters, which are known to confer fruity aromas to wine (Motta et al., 

2017).  

Aside from chemical and sensory alterations in wine, dealcoholisation requires a high 

capital outlay and has poor eco-sustainability because of high energy inputs and water 

requirements (Margallo et al., 2015). A more attractive and environmentally friendly 

approach would be to harvest grapes at an early stage of ripening, when fruit naturally 

contain lower concentrations of fermentable sugars. Unfortunately, insufficiently ripened 

fruit may not have adequate phenolic and aromatic profiles to produce commercially 

acceptable wines (Kontoudakis et al., 2011). Early harvested grapes tend to produce 

wines with high levels of acidity, and lower levels of yeast-contributed and grape derived 

aroma compounds (Bindon et al., 2013). This combination typically results in wines with 

undeveloped, green sensory flavours (Bindon et al., 2014).  

A better understanding of how changes in aromatic compounds, particularly fermentative 

by-products and grape derived compounds, arise during dealcoholisation or blending 

processes and how these changes impact the sensory profile of reduced alcohol wines is 

lacking. Research on the reduction of alcohol content has mainly focused on small 

decreases in alcohol content (1-2% v/v), with minimal emphasis on understanding how 

chemical changes in wine affect sensory characteristics at greater alcohol reductions. 

Analysis of the volatile composition of wines before and after each treatment has allowed 

the identification through multivariate analyses such as partial least square regression 

(PLS2) and the Common Dimension (ComDim) approach of the analytical attributes that 

were responsible for the perceived sensory differences in wines. 
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To summarise, the main aims of this thesis were to: 

• Aim 1: Evaluate wine blending as tool to produce wines with more balanced, riper 

flavours and lower levels of alcohol;  

• Aim 2: Assess the effect of dealcoholisation on the volatile composition and sensory 

profile of wines produced from mature fruit; 

• Aim 3: Identify potential differences in the volatile and sensory composition of 

wines produced from early harvest regimes and dealcoholisation strategies;  

• Aim 4: Understand how changes in chemical composition during alcoholic 

reduction impact the sensory profile of wine. 

These gaps in knowledge have been addressed in this study and presented in four peer 

reviewed journal articles. Preliminary results leading to these articles have been presented 

at two different conferences and workshops and in an industry article. 

The thesis contains the following chapters: 

• Chapter 1 contains an introduction to the research and outline of thesis structure. 

• Chapter 2 contains a literature review covering different alcohol reduction 

processes, wine chemical and sensory changes related to alcohol reduction. 

• Chapter 3 details the study of harvest date and blending on the volatile composition 

and sensory properties of Verdelho and Petit Verdot wines. 

• Chapter 4 details the study of early harvest and dealcoholisation on the volatile 

composition and sensory properties of Verdelho and Petit Verdot wines. 

• Chapter 5 details the study of harvest timing, blending and dealcoholisation on the 

volatile composition and sensory properties of Shiraz wines. 

• Chapter 6 gives the overall conclusions of the thesis. Research opportunities arising 

from the findings of the research are outlined in this chapter.  
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2.1 Introductory Comments 

Chapter 2 provides a critical review of a number of selected published studies, starting 

from the mid 2000 up to late 2015, on the effects of most commercially employed 

methods for alcohol reduction on the non-volatile and volatile matrix of wines, the 

associated changes in sensory attributes and the possible factors contributing to the 

reported changes. In the section entitled ‘Consequences of ethanol removal on volatile 

composition’, changes known to occur in red and white wines following dealcoholisation 

by membrane-based technologies and vacuum distillation are described in detail. This 

section, and the section entitled ‘Sensory properties of reduced-alcohol wines’, are 

directly related to the original research content of this thesis. After the published review, 

there is a brief summary of key papers published since the literature review was 

submitted.  
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2.2 Review Paper 
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2.3 Review of Selected Literature Published Since Early 2016  

Over the last few decades, membrane technologies have become an important tool for 

wine alcohol reduction. One of the most promising technologies is known as evaporative 

perstraction (El Rayess, and Mietton-Peuchot, 2016). This process is based on a wine 

stream and a stripping (water) stream flowing in counter-current mode on either side of a 

membrane contactor. In this circumstance, it is possible that water could diffuse from the 

stripping stream side to the wine stream side. This was investigated in depth as the 

movement of exogenous water into the wine stream may have legal significance 

(Ferrarini et al., 2016). Demineralised water and two glycerol solutions (15.5% and 

20.7%) were employed as stripping agents to dealcoholise a red wine and model 

solutions, reducing the alcohol content from 14% to 7% v/v. It was shown that alcohol 

removal from wine by polypropylene membrane contactors, using water and glycerol 

solutions as the stripping agents, to some extent alters the oxygen isotopic ratio (18O/16O) 

of the wine water. However, only small volumes of water (50-80 mL per litre of alcohol 

removed) passed from the stripping fluids towards the wine, suggesting that the isotopic 

water exchange is practically independent of the presence of other solutes both in the 

wine compartment and in the stripping phase.   

A study on rosé and red wines compared the physicochemical and volatile composition 

of wines that were dealcoholised to 5% v/v by vacuum distillation or membrane contactor 

filtration to be potentially used as blending material (Motta et al., 2017). The main 

difference between the two techniques concerned the final concentration of non-volatile 

compounds such as organic acids, cations, polyphenols and anthocyanins. In both cases 

the concentration of these compounds increased. However, the final content of non-

volatile compounds in the fraction obtained by the vacuum distillation was 5-6 times 

higher than that obtained by membrane contactor filtration. This was attributed to water 

loss during the vacuum distillation process, in addition to the concentrating effect 

produced by alcohol removal. Regarding the volatile composition, the fractions 

dealcoholised by vacuum distillation were richer in ethyl esters and poorer in alcohols 

than the fractions dealcoholised with the membrane contactor. Although blending the 

original wine with dealcoholised fractions could be used by the wine industry, one 

limitation of this practice is the high cost of producing these dealcoholised fractions (5% 

v/v), which could restrict this practice to high-volume operations.  
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Another study compared the effects of three alcohol reduction techniques on the chemical 

composition and colour characteristics of a Barbera red wine (Rolle et al., 2017). The 

three alcohol reduction techniques employed were:  

• pre-fermentation addition of liquid derived from grape must (reverse osmosis by-

product); 

• mixed fermentations with strains of Starmerella bacillaris (synonym Candida 

zemplinina) and Saccharomyces cerevisiae;  

• dealcoholisation of wine post-fermentation with a polypropylene membrane 

contactor.  

The microbiological approach produced wines with a minimal reduction in alcohol 

content (0.2-0.3% v/v).  However, partial replacement of grape juice with the reverse 

osmosis by-product reduced the alcohol concentration by up to 2% v/v while maintaining 

a similar chemical composition and chromatic characteristics to the control. In contrast, 

the use of membrane contactor influenced negatively the composition of Barbera wines 

by significantly reducing the concentration of esters by up to 60% and anthocyanins by 

up to 17%, independently of the dealcoholisation level (0.5%, 1%, 2% v/v). A rigorous 

evaluation of these approaches with regard to their sensory impacts is needed, in 

particular to consider the incorporation of reverse osmosis-by-products into juice pre-

fermentation and co-fermentations with non-S. cerevisiae strains. 

Schelezki et al. (2018) attempted to produce Cabernet Sauvignon wines with full 

polysaccharide and phenolic maturity, but with reduced alcohol contents, through the pre-

fermentative substitution of juice with either “green harvest wine” or water. The “green 

harvest wine” consisted of a wine obtained from grapes that had been thinned at veraison 

(8.1 °Brix) and made odourless and colourless via extensive treatments with activated 

charcoal and bentonite. The “green harvest wine” or water were used to dilute increasing 

volumes of unfermented juice which was subsequently fermented. Wines were also made 

from fruit collected at consecutive earlier harvest time points to produce wines 

comparable in alcohol to the blended wines. Although the tannin concentration and colour 

density did not change significantly in the wines with modified alcohol content, even at 

higher juice substitution rates, differences in polysaccharide and tannin composition 

indicated variability in extraction dynamics according to substitution rate and type of 
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blending component (i.e. “green harvest wine” or water). Although the reduction of wine 

alcohol content via water addition may offer promising solutions, legal restrictions on 

water addition mean that winemakers are unlikely to rapidly adopt this practice 

worldwide.  
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3.1 Introductory Comments 

As mentioned in Chapter 1 and reviewed in Chapter 2 many of the previous studies 

pertaining to the production technologies for reducing wine alcohol content showed that 

most commercially accepted processes, particularly membrane-based filtrations, can alter 

the volatile composition and sensory attributes of resulting wines. Membrane-based 

filtrations also require a high capital outlay and have poor eco-sustainability because of 

high-energy inputs and water requirements. These considerations stimulated a greater 

need to investigate new strategies.  

In the study described in Chapter 3, the effects of a blending approach on Verdelho and 

Petit Verdot wines produced from grapes harvested in two occasions respectively, were 

investigated. The volatile composition of wines was quantified using an established solid 

phase microextraction (SPME) and gas chromatography-mass spectrometry (GC-MS) 

method on wine samples adjusted to a common alcohol concentration. In addition, the 

sensory properties of wines were evaluated using descriptive analysis and trained 

panellists. Partial least squares regression (PLS2) were the multivariate data analysis 

method selected to identify potential relationships between the analytical and sensory 

data sets.  
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3.2 Research Paper 
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Addendum: In the version of the originally published article, it was inadvertently inverted 
the order of ‘crusher’ and ‘destemmer’ terms (Winemaking Section, Pages 34-35). It 
should have read: destemmer/crusher. 

To simplify the calculation of harvesting date: Verdelho 1st Harvest (H1) was carried out 
on the 28th day of year; Verdelho 2nd Harvest (H2) on the 39th day of year; Petit Verdot 
1st Harvest (H1) on the 53rd day of year and Petit Verdot 2nd Harvest (H2) on the 78th 
day of year. 
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Supplementary Table 1. Summary of F-ratios from the ANOVA carried out on the Verdelho DA data using all three main effects (judge J, treatment T, 
replicate experiment R) and all two-way interactions (judge*treatment J×T, treatment*replicate experiment T×R, judge*replicate experiment J×R) in a fixed-
effect model at P ≤ 0.05. Significance is annotated with an asterix. 

 Attribute J T R J*T T*R J*R 
df=11 df=2 df=2 df=22 df=4 df=22 

Pear/apple 4.67 * 11.96 * 0.44  2.84 * 3.93 * 1.87 * 

Tropical 20.92 * 4.45 * 2.67  3.56 * 3.46 * 1.67  

Rockmelon 22.78 * 4.93 * 3.42 * 3.69 * 0.59  1.28  

Citrus 6.82 * 11.00 * 0.07  1.68  1.28  0.49  

Floral 21.01 * 0.16  1.42  3.10 * 1.13  1.26  

Hay 12.35 * 5.61 * 1.99  3.07 * 1.08  1.12  

Herbaceous 45.60 * 14.58 * 1.02  8.67 * 2.28  2.24 * 

Acidity 8.14 * 200.51 * 1.07  9.03 * 1.00  2.46 * 

Bitterness 20.58 * 7.31 * 1.34  4.17 * 0.85  1.59  

Alcohol 14.63 * 92.95 * 1.26  4.55 * 0.59  1.04  

Sweetness 17.52 * 43.79 * 2.74  3.03 * 1.41  2.37 * 
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Supplementary Table 2. Summary of F-ratios from the ANOVA carried out on the Petit Verdot DA data using all three main effects (judge J, treatment T, 
replicate experiment R) and all two-way interactions (judge*treatment J×T, treatment*replicate experiment T×R, judge*replicate experiment J×R) in a fixed-
effect model at P ≤ 0.05. Significance is annotated with an asterix. 

  
 Attribute 

J T R J*T T*R J*R 
df=13 df=2 df=2 df=26 df=4 df=26 

Dark fruits 6.98 * 21.60 * 0.04  1.34  3.06 * 1.61  
Red fruits 4.07 * 11.85 * 0.10  1.15  1.51  1.22  
Black cherry 10.61 * 3.37 * 0.14  0.90  0.10  0.62  
Plum 10.98 * 16.10 * 2.53  1.76 * 1.33  1.00  
Floral 2.60 * 1.28  0.23  0.82  0.84  0.57  
Black pepper 52.27 * 5.93 * 0.02  1.64  1.80  1.84 * 
Green olive 12.61 * 1.49  0.09  1.58  1.68  1.09  
Menthol 23.47 * 1.88  1.71  1.42  1.67  1.29  
Green pepper 17.96 * 4.76 * 0.97  0.97  1.22  0.74  
Tomato leaf 4.86 * 5.24 * 0.31  0.84  3.27 * 1.16  
Acidity 12.98 * 23.79 * 2.78  2.56 * 1.51  1.78 * 
Alcohol 8.00 * 28.04 * 4.25 * 1.36  1.31  1.80 * 
Astringency 29.06 * 4.89 * 2.30  1.45  1.81  2.09 * 
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4.1 Introductory Comments 

One result of the initial study conducted in the 2014-15 growing season and described in 

Chapter 3 was that the volatile composition and sensory profiles of Verdelho and Petit 

Verdot wines significantly changed between the first and second harvest. A significant 

sensory result was that Verdelho wines produced from the mature fruits were associated 

with ‘tropical fruit’ and ‘rockmelon’ aromas, while wines produced from mature Petit 

Verdot fruits were described by ripe fruit characters including ‘dark fruit’, ‘black cherry’ 

and ‘astringency’ attributes. The volatile compounds that mostly contributed to the aroma 

of mature Verdelho wines were those typically conferring fruity aromas such as ethyl 

esters and higher alcohol acetates. In addition, ethyl-2-methyl butyrate, ethyl isovalerate 

and γ-nonalactone appeared to be positively related to the ‘dark fruit’ aroma of mature 

Petit Verdot wines.  

The fact that Verdelho and Petit Verdot wines produced from the riper fruits were 

associated to ripe-fruit characters gave us the opportunity to refocus the attention on these 

two grape varieties in order to investigate potential detrimental effects from 

dealcoholisation.  

Based on the results from the first experiment, two further sequential harvests were 

conducted in the 2015-16 growing season for Verdelho and Petit Verdot respectively. The 

aim of this study was firstly to evaluate the effect of dealcoholisation (reverse osmosis 

followed by evaporative perstraction) on the volatile composition and sensory profile of 

mature fruit wines; secondly, to compare the dealcoholised wines with those produced 

from the early harvest grapes. To provide optimal conditions for comparison between the 

dealcoholised and early harvest treatments from an analytical and sensory perspective, a 

similar alcohol content was achieved for both treatments (i.e. 9% and 10.5% v/v for 

Verdelho and Petit Verdot respectively). Approximately 25 L of wine were produced for 

each replicate from each harvest date. These winemaking volumes were sufficient to 

ensure no influence on the chemical and sensory outcomes. GC-MS and sensory 

descriptive analyses were performed on the resulting wines. In addition to univariate 

analyses, the ComDim approach was used to identify the compositional attributes that 

were responsible for the perceived sensory differences in the wines.  
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4.2 Research Paper 
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Supplementary Table S1. General parameters for juice. 

Attribute Verdelho Petit Verdot 
 EH (34th day) LH (54th day) EH (55th day) LH (68th day) 

TSS (°Brix) 17.2 ± 0.5 23.3 ± 0.3 21.4 ± 0.4 23.6 ± 0.5 
TA (g/L) 14.2 ± 0.2 7.70 ± 0.35 10.7 ± 0.6 6.63 ± 0.15 
pH 2.95 ± 0.08 3.34 ± 0.05 3.17 ± 0.04 3.67 ± 0.15 
Malic acid 7.05 ± 0.17 2.40 ± 0.01 3.89 ± 0.01 2.80 ± 0.02 
FAN (mg/L as N) 197 ± 17 221 ± 19 135 ± 10 215 ± 6 
Ammonia (mg/L as N) 198 ± 7 131 ± 7 232 ± 8 99 ± 27 
YAN (mg/L as N) 361 ± 19 330 ± 24 326 ± 16 296 ± 26 

Verdelho EH (early harvest) occurred on 04/02/16 (34th day of year); Verdelho LH (late harvest) occurred 
on 24/02/16 (54th day of year); Petit Verdot EH (early harvest) occurred on 25/02/16 (55th day of year); 
Petit Verdot LH (late harvest) occurred on 09/03/16 (68 day of year). Data are expressed as the mean of 
three replicate experiments ± the standard deviation.; TSS, total soluble solids; FAN, free amino nitrogen; 
YAN, yeast assimilable nitrogen; TA, titratable acidity. 
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Supplementary Table S2. Sensory descriptors and standards used for panel training. 

Attribute  Reference standard* 

Verdelho  
Aroma 

 
 

Tropical fruit ½ tsp fresh banana, ½ tsp fresh pineapple, small piece of fresh passion 
fruit skin and pulp (circa 3 seeds) and ½ tsp fresh red papaya  

Buttery/nutty 1/2 tsp margarine (Nuttelex Food Products Pty Ltd., Windsor, 
Victoria, Australia) 

Hay 1 tsp horse chaff  
Citrus ½ tsp g fresh grapefruit and ½ tsp g fresh lime 
Peach/apricot 1 tsp fresh peach and 1 tsp fresh apricot  
Herbaceous 1/2 cup fresh, cut grass 
Floral 3 drops rosewater (Queen Fine Foods Pty Ltd., Alderley, Queensland, 

Australia) 
Apple/pear 1 tsp fresh apple and 1 tsp fresh pear 
Overall aroma intensity verbal description 
  
Taste/mouthfeel  
Bitterness 0.1 g/L quinine sulfate (Univar, Downers, Illinois, US) dissolved in 

standard solution 
Alcohol 20 mL 68% v/v grape spirit (Tarac Technologies, Nuriootpa, South 

Australia, Australia) in standard solution  
Sweetness 15 g/L (D)-fructose (Sigma) dissolved in standard solution 
Acidity 1.5 g/L tartaric acid (Univar, Downers, Illinois, US) dissolved in 

standard solution  

Petit Verdot 
Aroma 

 
 

Eucalyptus 2 drops Eucalyptus oil (The Cottage Oil Company, Salisbury, 
Queensland, Australia)  

Green pepper 0.15 g green pepper slice 
Red Fruit 2 slightly mashed frozen strawberries + 2 slightly mashed frozen 

raspberries 
Floral 3 drops rosewater (Queen Fine Foods Pty Ltd.) 
Raisin/prune 3 dried raisins, halved (Woolworths) and 5 mL canned prunes juice 

(SPC Ardmona Limited, Shepparton, Victoria, Australia) 
Dark fruit ½ tsp blackberry/wild blueberry jam (St Dalfour SAS, Chemin de 

Cazeaux, Marmande, France), ½ tsp black currant jam (Woolworths) 
and ½ tsp plum jam (Woolworths) 

Black pepper 3 whole black peppercorns (MasterFoods, Wyong, New South Wales, 
Australia) 

Cooked ½ tsp canned potato water (Woolworths, Bella Vista, New South 
Wales, Australia 

Overall aroma intensity Verbal description 
  
Taste/mouthfeel  
Acidity 1.5 g/L tartaric acid (Univar) dissolved in standard solution  
Alcohol 20 mL 68% v/v grape spirit (Tarac Technologies) in standard solution 

Astringency  100 mg/L quertannin (Laffort, Bordeaux, France) dissolved in 
standard solution 

All standards were freshly prepared in standard tasting glasses (ISO 3591) with glass lids.  
*In 50 mL 50:50 filtered water:base wine (dry white and red wine, Berri Estates, Glossop, South 
Australia. 
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Supplementary Table S3. Summary of F-ratios from the ANOVA carried out on the Verdelho DA data using all three main effects (judge J, treatment T, replicate 
experiment R) and all two-way interactions (judge*treatment J×T, treatment*replicate experiment T×R, judge*replicate experiment J×R) in a fixed-effect model at p ≤ 
0.05; *, **, *** and n.s. represent significance at p ≤ 0.05, 0.01, 0.001 and not significant.  

Attribute 
J T R J*T T*R J*R 

df=11 df=2 df=2 df=22 df=4 df=22 

Tropical fruit 4.27 *** 8.09 *** 1.09 n.s. 1.83 * 1.34 n.s. 1.47 n.s. 

Buttery/nutty 5.44 *** 9.74 *** 0.06 n.s. 1.73 n.s. 0.97 n.s. 1.19 n.s. 

Hay 6.60 *** 3.86 * 0.08 n.s. 1.40 n.s. 1.40 n.s. 0.94 n.s. 

Citrus 3.86 *** 0.92 n.s. 1.01 n.s. 2.08 * 0.42 n.s. 1.08 n.s. 

Peach/apricot 2.47 * 6.48 ** 0.55 n.s. 0.83 n.s. 1.28 n.s. 0.54 n.s. 

Herbaceous 5.06 *** 6.02 ** 0.88 n.s. 1.75 n.s. 1.05 n.s. 0.35 n.s. 

Floral 2.00 n.s. 4.16 * 0.31 n.s. 1.30 n.s. 1.75 n.s. 0.91 n.s. 

Apple/pear 4.68 *** 0.50 n.s. 0.10 n.s. 1.30 n.s. 0.40 n.s. 0.61 n.s. 
Overall aroma intensity 1.60 n.s. 7.98 *** 0.03 n.s. 1.40 n.s. 0.73 n.s. 0.61 n.s. 
Bitterness 13.66 *** 4.18 * 3.67 * 2.61 ** 2.68 * 2.00 * 

Alcohol 12.31 *** 37.81 *** 2.78 n.s. 2.38 ** 1.67 n.s. 0.84 n.s. 

Sweetness 19.15 *** 8.20 *** 1.06 n.s. 3.91 *** 0.54 n.s. 0.84 n.s. 

Acidity 1.47 n.s. 1.60 n.s. 0.09 n.s. 0.95 n.s. 0.23 n.s. 0.34 n.s. 
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Supplementary Figure S1. Correlations between all sensory and analytical parameters for Verdelho D, 

EH and LH treatments. The numbered sensory, volatile and wine chemical attributes are listed in Table 1. 
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Supplementary Figure S2. Correlations between all sensory and analytical parameters for Petit Verdot 

D, EH and LH treatments. The numbered sensory, volatile and wine chemical attributes are listed in Table 

1 
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Addendum Table S4: Odour thresholds and aroma descriptors of identified volatile compounds as reported 
from the literature.  

Compound Odour Threshold (µg/L) Aroma descriptor † 
Alcohols   
C6-alcohols   
1-hexanol 80001 resin/floral/herbaceous 
trans-2-hexenol - herbaceous 
trans-3-hexenol - herbaceous 
cis-3-hexenol 4001 herbaceous 
   
Higher alcohols   
isobutanol 400001 wine/solvent/bitter 
isoamyl alcohol 300001 whiskey/malt/burnt 
phenylethanol 140001 honey/spice/rose/lilac 
   
Esters   
Ethyl esters    
ethyl butyrate 201 apple 
ethyl hexanoate 51 apple/peel/fruity 
ethyl octanoate 21 fruity/fat 
ethyl decanoate 2002 grape 
ethyl dodecanoate 6403 oily/fruity/floral 
ethyl isobutyrate 151 sweet/rubber 
ethyl-2-methyl butyrate 11 apple 
ethyl isovalerate 32 fruity 
ethyl leucate - fruity 
ethyl phenylacetate  734 rose/honey/tobacco 
ethyl propionate 21005 sweet/ethereal/fruity 
ethyl cinnamate 1.12 honey/cinnamon 
ethyl dihydrocinnamate 1.62 flower 
   
Acetates    
propyl acetate - solvent/fruity 
isobutyl acetate 21005 solvent/fruity 
butyl acetate 18305 solvent/fruity 
isoamyl acetate 301; 8605 banana 
hexyl acetate                        6705 fruity/apple 
cis-3-hexenyl acetate - fruity 
phenylethyl acetate 2501 floral 
   
Lactones    
γ- nonalactone 306 coconut/peach 
γ- decalactone 107 coconut/fat 
γ- undecalactone - - 
γ- dodecalactone 78 sweet/fruity/floral 
   
Monoterpenes    
β-citronellol 1001 citronella  
trans-geraniol 301 rose/geranium 
1,8-cineole 3.29 eucalyptus 
1,4-cineole - minty/camphoraceous 
4-terpineol - - 
α- terpinene - - 
γ- terpinene - - 
terpinolene - - 
linalool 25.22 floral/rose/lavender  
α-terpineol - floral/lilac 
trans-geranyl acetone - floral/fruity 
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C13-Norisoprenoids    
β -ionone 0.052 seaweed/violet/flower/raspberry 
β-damascenone 0.091 apple/rose/honey 
α-ionone - - 

 

1 Guth (1997), this odor threshold was determined in model wine solution (10% v/v alcohol). 
2 Ferreira et al. (2000), this odor threshold was determined in model wine solution (11% v/v alcohol, 7 g/L 
glycerin, 5 g/L tartaric acid, pH 3.4.) 
3 Salo (1970), this odor threshold was determined in model wine solution (9.5% v/v alcohol). 
4 Tat et al. (2007), this odor threshold was determined in red wine. 
5 Pineau et al. (2009), this odor threshold was determined in dearomatized red wine.  
6 Nakamura et al. (1988), this odor threshold was determined in white wine. 
7 Moyano et al. (2002), this odor threshold was determined in model wine solution (14% v/v alcohol, pH 
3.5). 
8 Engel et al. (1988), this odor threshold was determined in water. 
9 Herve et al. (2003) this odor threshold was determined in red wine. 

† Taken from: 
Francis, I. L. and J. L. Newton (2005). Determining wine aroma from compositional data. Australian 
Journal of Grape and Wine Research 11(2): 114-126. 
Bakker, J. and R. J. Clarke (2012). Wine: flavour chemistry, Second edition, UK: John Wiley & Sons. 
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5.1 Introductory Comments 

The preliminary trials described in Chapter 4 indicated that removal of about 4.5% and 

2.5% v/v alcohol from Verdelho and Petit Verdot wines respectively, significantly 

reduced the concentration of esters and alcohols by up to 80% from their original content. 

These observed decreases, however, were greater for Verdelho than Petit Verdot wines. 

However, not all compounds were lost during the dealcoholisation process. For example, 

in Petit Verdot the concentration of most of the monoterpenes and C13-norisoprenoids 

did not appreciably changed. Aside from chemical changes, sensory alterations of the 

wines were observed. The perception of ‘tropical’, ‘overall aroma’, ‘bitterness’ and 

‘alcohol’ attributes significantly decreased in the Verdelho dealcoholised wine compared 

to the original wine, as well as perceived intensities of ‘overall aroma’, ‘alcohol’ and 

‘astringency’ decreased in Petit Verdot. Other observations included the perception of 

‘buttery/nutty’ aroma which was scored significantly higher in early-harvest Verdelho 

compared to dealcoholised wines. Comparatively, for Petit Verdot the perception of ‘red 

fruit’ was more intense in early harvest than dealcoholised wines, while that of ‘dark 

fruit’ was significantly lower. The ComDim approach performed on the analytical and 

sensory data showed that yeast-contributed and grape derived aroma compounds had the 

greatest impact on perceived sensory differences, suggesting that patterns of sensory 

changes during dealcoholisation may be dependent on the ripeness of the original grape 

material.  

The study outlined in this Chapter builds on our previous findings described in Chapters 

3 and 4. In Chapter 5, the effects of harvest timing, dealcoholisation and blending were 

further investigated. Reduced alcohol Shiraz wines from a single vineyard in the 

Gundagai Region (NSW) were produced by:  

• timing of harvesting;  

• wine blending;  

• dealcoholisation of wine using a combined reverse osmosis and evaporative 

perstraction process.  

Two alcohol levels were targeted: 10.5 and 13.5% v/v. In Australia and internationally, 

an alcohol content of 10.5% v/v is considered to be a lower alcohol content. An alcohol 

content of 13.5% v/v is typical of Australian commercially produced red wines. In some 
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instances, alcohol contents can be considerably higher, for example, in the Gundagai 

Region wines can contain up to 17% v/v alcohol. Sensory profiles and volatile 

composition of wines were analysed and results were subjected to univariate and 

multivariate analyses (ComDim). 
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5.2 Research Paper 
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Table S1. General parameters for Shiraz must. 

Parameter 
Harvest date 

EH (19th of year) MH (40th of year) CH (59th of year) 

TSS (°Brix) 19.3   ± 0.01 24.0 ±  0.10 29.3 ± 0.45 
TA (g/L) 10.6   ± 0.46 5.40 ±  0.10 3.83 ± 0.12 
pH 3.11   ± 0.03 3.49 ±  0.02 4.09 ± 0.03 
FAN (mg/L as N) 103   ± 9.3 101 ±  5.9 171 ± 15.1 
Ammonia (mg/L as N) 54  ± 10.3 45 ±  3.2 52 ± 1.53 
YAN (mg/L as N) 147   ± 19.5 138 ±  8.5 214 ± 16.6 

EH (early harvest) occurred on 20/01/16 (19th day of year); MH (middle harvest) occurred on 10/02/16 (40 
days from 01/01/16); CH (commercial harvest) occurred on 29/02/16 (59 days from 01/01/16);  
Data are expressed as the mean of three replicate experiments ± SD. EH, early harvest; MH, middle harvest; 
CH, commercial harvest; TSS, total soluble solids; FAN, free amino nitrogen; YAN, yeast assimilable 
nitrogen; TA, titratable acidity. 
 

 

Table S2 Exhaustive initial list of descriptors for Shiraz wine. 

Eucalyptol  

Menthol 

Dark fruit 

Green olive 

Dry straw 

Black cherries 

Mint 

Red fruit 

Candy 

Strawberry 

Floral 

Chocolate 

Liquor 

Raisin 

Black pepper 

Tomato leaf 

Green pepper 

Lavender 

Raspberry  

Beans 

Dried leaves 

Grass 

Nutmeg 

Black tea 

Almonds 

Plum 

Nutty 

Orange 

Coffee 

Prune 

 

 



   83 

Supplementary Table S2. Summary of F-ratios from the ANOVA carried out on the Shiraz DA data using all three main effects (judge J, 
treatment T, replicate experiment R) and all two-way interactions (judge*treatment J×T, treatment*replicate experiment T×R, judge*replicate 
experiment J×R) in a fixed-effect model at P < 0.05; *, **, *** and ns represent significance at P < 0.05, P < 0.01, P < 0.001, and not significant.  

  J T R J*T T*R J*R 
Attribute df=11 df=6 df=2 df=66 df=12 df=22 

Eucalyptus 30.4 *** 1.90 ns 0.29 ns 1.36 ns 0.97 ns 0.83 ns 
Red fruit 31.3 *** 1.68 ns 0.04 ns 1.98 *** 1.52 ns 1.22 ns 
Dark fruit 20.08 *** 12.7 *** 2.07 ns 1.85 ** 2.44 ** 0.69 ns 
Nutty/almonds 17.29 *** 0.91 ns 0.28 ns 1.08 ns 0.44 ns 0.86 ns 
Raisin/prune 32.82 *** 6.41 *** 0.75 ns 1.77 ** 1.72 ns 1.35 ns 
Black pepper 61.10 *** 5.82 *** 1.69 ns 1.94 *** 1.45 ns 1.19 ns 
Herbaceous 12.78 *** 6.66 *** 0.36 ns 1.49 * 1.23 ns 1.20 ns 
Green olive 9.24 *** 0.19 ns 0.08 ns 0.85 ns 0.72 ns 0.60 ns 
Floral 9.07 *** 0.57 ns 1.42 ns 1.34 ns 0.40 ns 1.32 ns 
Plum 22.95 *** 1.93 ns 0.92 ns 1.42 * 0.84 ns 0.83 ns 
Overall aroma intensity 8.73 *** 11.11 *** 2.42 ns 1.25 ns 1.27 ns 1.29 ns 
Acidity 7.72 *** 6.56 *** 1.01 ns 2.42 ns 2.31 * 0.81 ns 
Alcohol 15.10 *** 39.33 *** 1.63 ns 1.65 ** 1.58 ns 1.44 ns 
Astringency 15.70 *** 10.92 *** 2.61 ns 1.44 * 2.12 * 2.97 ns 
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Chapter 6 – Overall Conclusions and Further Opportunities 

6.1 Overall Conclusions 

The objective of this body of research was to investigate the changes in volatile 

composition and sensory profiles of lower alcohol wines produced by picking grapes at 

earlier ripening stages, blending or dealcoholisation strategies. Dealcoholisation was 

conducted using identical equipment consisting of a laboratory scale combined reverse 

osmosis-evaporative perstraction process. A series of studies were designed and carried 

out during the 2014-15 and 2015-16 growing seasons to address specific knowledge gaps 

to this topic. In this chapter, the aims of the research are restated, and the main 

conclusions are summarised. Finally, potential areas of further research are outlined. 

Insights from this research will provide knowledge that may be applied to control or 

moderate a lack of mouthfeel or dominant herbaceous characters in lower alcohol wine 

and narrow the sensory quality gap between lower alcohol and standard alcohol wines by 

producing more balanced wines with lower alcohol levels. 

To summarise, the main aims of this thesis were to: 

• Aim 1: Evaluate wine blending to produce wines with more balanced, riper flavours 

and lower levels of alcohol;  

• Aim 2: Assess the effect of dealcoholisation on the volatile composition and 

sensory profile of wines produced from mature fruit; 

• Aim 3: Identify potential differences in the volatile and sensory composition of 

wines produced from early harvest regimes and dealcoholisation strategies;  

• Aim 4: Understand how changes in chemical composition during alcohol reduction 

impact the wine sensory profile.  
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6.1.1 Evaluation of blending as a tool to produce wines with more balanced, 

riper flavours and lower levels of alcohol 

In the first experiment (Chapter 3), the blend of a Verdelho wines produced from less ripe 

grapes (14.6 °Brix) and riper fruits (19.5 °Brix) resulted in a wine without significant 

differences from the ripe fruit wine for any of the sensory descriptors, except for some 

mouthfeel attributes. While the perceptions of ‘acidity’ and ‘bitterness’ were scored 

significantly higher in the blended wine compared to the ripe treatment, the perception of 

‘alcohol’ was significantly lower. An even more positive outcome was achieved with the 

second cultivar tested. In this case, the blend of a Petit Verdot wine produced from less 

ripe grapes (19.6 °Brix) with that made from riper fruits (22.1 °Brix) produced a product 

which did not differ from the ripe treatment for any of the sensory attributes. Blending 

trials were repeated in the last experiment (Chapter 5) on Shiraz wines produced from 

grapes picked at three ripeness stages that were grown in a single vineyard located in a 

warm-climate area (Gundagai, NSW). The blend of Shiraz wine produced from less ripe 

grapes (19.3 °Brix) with that made from fruit picked at commercial ripeness (29.3 °Brix) 

resulted in a product which did not differ from the later harvest treatment for most of the 

sensory attributes. However, the perceptions of ‘raisin/prune’ and ‘alcohol’ attributes 

were scored significantly lower in the blended wine treatment.  

The blending procedure described in Chapters 3 and 5 allowed the production of wines 

with reduced alcohol content, while retaining similar sensory properties of the riper fruit 

wines. The proposed procedure is easy to apply, does not require specific equipment and 

offers a means of addressing the problem of overly alcoholic wines because of overripe 

grapes. However, wines produced from early harvest grapes had higher levels of organic 

acids, particularly malic acid. This would be a problem particularly for white wines where 

malolactic fermentation is not generally carried out. Thus, it would be worth considering 

deacidifying the wines to an acceptable commercial level prior to blending.  

6.1.2 Assessing the effect of dealcoholisation on volatile composition and 

sensory profile of wines produced from mature fruit 

During the second experiment (Chapter 4), two wines, a Verdelho and Petit Verdot 

containing 13.5% and 13% v/v alcohol were dealcoholised to 9% and 10.5% v/v 

respectively, using a reverse osmosis-evaporative perstraction combined process. A 
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notable outcome from the removal of alcohol was that concentrations of highly 

hydrophobic compounds such ethyl esters, particularly ethyl hexanoate, ethyl decanoate 

and ethyl dodecanoate, decreased by up to 80% from their original concentration. These 

decreases were more evident in white than red wine. Not all free volatile compounds were 

affected by dealcoholisation. For example, it was observed that concentrations of most of 

the monoterpenes and C13-norisoprenoids did not significantly decrease in Petit Verdot 

dealcoholised wines. This was mainly explained by the ability of the red wine’s non-

volatile components (e.g. phenolic substances) to retain monoterpenes and C13-

norisoprenoids (Rodríguez-Bencomo et al., 2011). Aside from changes in the volatile 

composition of wines, the perceptions of ‘tropical’, ‘overall aroma’, ‘bitterness’ and 

‘alcohol’ attributes significantly decrease in Verdelho dealcoholised wines compared to 

the original samples. The perception of ‘overall aroma’ attribute also decreased in Petit 

Verdot dealcoholised wines, together with ‘alcohol’ and ‘astringency’ mouthfeel 

attributes. Dealcoholisation trials were also carried out in the third experiment (Chapter 

5) using Shiraz wine (13.6% and 16.3% v/v) produced from grapes harvested at two 

different occasions as experimental material. The Shiraz wine containing 13.6% v/v 

alcohol was dealcoholised to 10.3% while the 16.3% v/v treatment was dealcoholised to 

13.5% and 10.5% v/v. The concentrations of esters and alcohols (C6-alcohols, higher 

alcohols) were the most significantly decreased. On the contrary, the concentration of 

most of the monoterpenes and C13-norisoprenoids remained unchanged with 

dealcoholisation. In particular, the concentration of β-damascenone remained unchanged 

independently from the original wine material (13.6% and 16.3% v/v Shiraz wine) or 

dealcoholisation extent (-3% and -6% v/v). These results, consistent with the previous 

findings described in Chapter 4 for Petit Verdot, confirmed that the matrix composition 

of initial red wine could facilitate the retention of terpenoids in the wine (Rodríguez-

Bencomo et al., 2011). Importantly from a consumer perspective, it was observed that 

dealcoholised Shiraz wines were able to retain the majority of the sensory attributes of 

original wines even at the greatest extent of dealcoholisation level (-6% v/v). An expected 

result observed in the Shiraz trial was that the perception of ‘alcohol’ significantly 

decreased in all dealcoholised samples when compared to the original wines. Also 

perceived ‘astringency’ decreased when the 16.3% v/v wine was dealcoholised to 10.5% 

v/v. Although reduced perceptions of ‘alcohol’ and ‘astringency’ mouthfeel were a 

consistent trend between Petit Verdot and Shiraz wines, predicting the dealcoholisation 

effect on the sensory profile of wines is a complex matter. This is in part due to the matrix 
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composition of the initial wine and the dealcoholisation operating conditions which can 

be extremely different from one wine to another. Particularly for red wines, this research 

has highlighted the key role of non-volatile compounds such as polyphenols exerting a 

retention effect towards volatile compounds; their possible interaction with monoterpenes 

and C13-norisoprenoids could explain the unaltered perception of some ripe fruit 

descriptors such as the dark fruit aroma after dealcoholisation of both Petit Verdot and 

Shiraz wines (Escudero et al., 2007; Pons et al., 2008). 

Although dealcoholisation by reverse osmosis combined with evaporative perstraction 

offers promising solutions in particular for red wines, these results are merely of academic 

interest, in part because in many jurisdictions dealcoholisation is permitted up to a 

maximum of 20% of the initial alcoholic content (Resolution OENO 394B-2012).   

6.1.3 Identifying potential differences in the volatile composition and sensory 

profile of wines produced from early harvest and dealcoholisation  

In the second experiment (Chapter 4), a Verdelho and Petit Verdot wine containing 9% 

and 10.5% v/v alcohol respectively, were produced using two methodologies: 

fermentation of early harvest grapes and dealcoholisation of wines produced from riper 

fruits. GC-MS analyses on wine samples indicated that the total concentration of ethyl 

esters was significantly higher in both Verdelho and Petit Verdot early harvest wines with 

respect to the dealcoholised treatments. This was attributed to the significant removal of 

ethyl esters during the dealcoholisation process in the same way as alcohol. Other 

important results were that the total concentration of C13-norisoprenoids in Petit Verdot 

dealcoholised treatments was higher than the early harvest wines. Importantly from a 

sensory perspective, no significant differences were found between the dealcoholised and 

early harvest Verdelho wine, except for the ‘buttery/nutty’ aroma, which was perceived 

significantly higher in the dealcoholised treatment. For Petit Verdot, the perception of 

‘red fruit’ aroma was significantly higher in early harvest wines, while that of ‘dark fruit’ 

was significantly lower. Comparisons between dealcoholised and early harvest wines 

containing a similar level of alcohol were also evaluated in the third experiment (Chapter 

4). In this study, Shiraz wines containing 10.5% and 13.5% v/v alcohol were produced 

by harvest timing and dealcoholisation. Among the wines containing 10.5% v/v alcohol, 

early harvest treatments had significantly higher concentrations of C6-alcohols 

(particularly cis-3-hexenol), higher alcohols and ethyl esters. From a sensory perspective, 
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most differences were found between early harvest and the dealcoholised wines which 

was produced by removing 6% v/v alcohol from the later harvest wine (16.3% v/v). The 

perception of unripe characters such as ‘grassy’ and ‘acidity’ were significantly higher in 

early harvest wines compared to the dealcoholised (-6% v/v) treatments, while that of 

‘dark fruit’, ‘raisin/prune’, ‘black pepper’, ‘overall aroma’, ‘alcohol’ and ‘astringency’ 

were significantly higher. In the same experiment (Chapter 5), a moderate alcohol level 

of 13.5% v/v was targeted which is considerably a lower concentration than the 

commercial wine (up to 17.0% v/v) produced from this vineyard site. Descriptive sensory 

analysis of 13.5% v/v Shiraz wines produced by dealcoholisation and blending showed 

that the wine produced from grapes picked to achieve 13.5% v/v alcohol was not 

sensorially different from the dealcoholised treatment for any of the sensory attributes. 

Nevertheless, the dealcoholised wine was the most similar to the wine produced from 

grapes picked at commercial ripeness (29.3 °Brix), differing only for a lower ‘alcohol’ 

perception.  

The experiments described in Chapters 3 and 4 showed that dealcoholised and early 

harvest wines can possess a different sensory profile as observed for the 10.5% v/v Shiraz 

wines, inferring that other components, different from alcohol, such as yeast-contributed 

and grape derived aroma compounds, can have a larger impact on some of the aroma 

attributes. Finally, anticipating the harvest date in order to controlling or moderating the 

levels of alcohol could be one solution in particular for smaller wineries that struggle to 

benefit from dealcoholisation technologies because of the initial and running costs of the 

equipment (Margallo et al., 2015). 

6.1.4 Understand how changes in chemical composition during alcoholic 

reduction impact the sensory profile of wine 

Correlations between sets of sensory and analytical data as derived with the aid of 

multivariate statistical procedures were used to improve our current understanding of 

alcohol reduction effects. Partial Least Square Regression (PLS2) and the Common 

Dimension (ComDim) approach were selected for the multivariate data analysis. In the 

first experiment (Chapter 3), PLS2 regression exposed a clear separation of each 

treatment for Verdelho and Petit Verdot respectively, with earlier harvest wines clearly 

parting from the ripe fruit treatments. Accordingly, the blended samples of each grape 

variety were located around the centre of the plots between the two harvest treatments. 
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PLS2 outcomes infer that blending results in an averaging effect of their analytical and 

sensory measures. PLS2 models also revealed that ethyl esters and higher alcohol acetates 

contributed differently to Verdelho and Petit Verdot sensory profiles. Whereas esters 

were associated to ‘tropical fruit’, ‘rockmelon’ and ‘pear/apple’ aromas of the ripe 

Verdelho wines, they were linked to ‘red fruit’, ‘tomato leaf’ and ‘green pepper’ 

perceptions in early harvest Petit Verdot, together with cis-3-hexenol and 1-hexanol. Cis-

3-hexenol and 1-hexanol have also been identified as key aroma contributors to the fresh, 

green character of strawberries (Jetti et al. 2007). Another noteworthy finding was the 

strong associations between ethyl-2-methyl butyrate, ethyl isovalerate and γ-nonalactone 

with perceived ‘dark fruit’, ‘black cherry’ and ‘plum’ aromas in ripe Petit Verdot wines, 

confirming previous findings for other red wines (Pineau et al., 2009; Lytra et al., 2012). 

In Chapters 4 and 5, the analytical attributes that were responsible for the perceived 

sensory differences in the wines were identified through the ComDim approach which 

enabled several blocks of chemical data to be explicitly linked to sensory properties 

(Bouveresse et al., 2011). Whereas the PLS2 models described in Chapter 3 were 

developed using only the analytical and sensory attributes that differed significantly 

across the treatments, the ComDim plots included all quantified variables to ensure that 

no important associations were overlooked. Similar to the previous findings obtained 

from the 2014-15 growing season, the esters of Verdelho and Petit Verdot wines from the 

2015-16 trial were projected opposite each other along the horizontal axis of the ComDim 

plots. While this trend likely reflects the origin of esters, either directly from the grape or 

as a product from yeast metabolism (Antalick et al., 2014), similar sensory relationships 

to those observed in the previous growing season were revealed. An important finding, 

however, was the association of the C13-norisoprenoids β-ionone, α-ionone and β-

damascenone to perceived ‘raisin/prune’, ‘dark fruit’ and ‘overall aroma intensity’ in the 

ripe Petit Verdot treatment. Contributions of β-ionone and β-damascenone in red wines 

has previously been reported (Pons et al., 2008; Escudero et al., 2007). β-Ionone has been 

also identified as key odour in two blackberry varieties (Marion and Black Diamond) (Du 

et al., 2010). Since the concentration of β-damascenone and the perception of ‘dark fruit’ 

aroma did not significantly change with dealcoholisation, it was also hypothesised that 

this C13-norisoprenoid may have contributed to the perception of ‘dark fruit’ in the 

dealcoholised Petit Verdot.  
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In the last experiment (Chapter 5), it was possible to observe by means of the ComDim 

approach that the chemistry data block, which included acetic acid, pH and glycerol for 

example, contributed to the higher proportion of variation, thus to the separation of the 

treatments in the respective 10.5% and 13.5% v/v ComDim plots. The greatest separation 

among the 10.5% v/v Shiraz wines was along the horizontal axis of the plot with the early 

harvest replicates being clearly separated from the -6% v/v dealcoholised samples. A 

separation along the horizontal axis was also observed among the 13.5% v/v wines with 

the treatment produced by harvest timing being clearly separated from the -3% v/v 

dealcoholised replicates. The extent of dealcoholisation and the original wine 

composition were greater contributors to the sensory differences than the final alcohol 

content. 

In summary, the ComDim approach appears to be a suitable multi-block analysis method 

to describe several data blocks observed for the same sample set. However, aroma 

reconstitution and omission studies are warranted to confirm our results. 
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6.2 Further Opportunities 

The production of lower alcohol wines is a matter of current interest to the winemaking 

industry and this body of research offers promising solutions. Further areas of research 

that warrant investigation are however apparent following the analysis of data from this 

investigation. Given the importance of green characters, and their greater impact on wines 

made from an earlier harvest date, analysis of methoxypyrazines would provide 

additional information about the sensory quality of these wines, particularly where grape 

varieties such as Cabernet Sauvignon and Sauvignon blanc will be taken in consideration. 

While polyphenols were not object of study in this research, they are of particular interest 

to winemakers in determining perceived wine quality. The potential use of a blending 

practice on wines produced from different harvest dates as an easy-to-adopt, flexible and 

cost-effective alternative to deal with increasing levels of alcohol and aspects of phenolic 

based analytes deserve particular attention. The results of this research could be specific 

to unoaked and young wines. However, given that many highly alcoholic wines are often 

treated with oak, it would be interesting to expand these studies to a range of wine styles 

and wine age. A more comprehensive investigation comprising significantly more 

samples derived from a number of harvest dates, vineyard sites and grape varieties of 

economic importance ho such as Cabernet Sauvignon, Merlot, Pinot noir, Chardonnay, 

Riesling and Sauvignon blanc, is warranted. Dealcoholisation experiments could be 

targeted to a broader range in grape ripeness degrees to further examine the importance 

of harvest date on the specific dealcoholisation process. This study showed that 13.5% 

v/v Shiraz wines produced by selecting a specific harvest date, blending or 

dealcoholisation did not differ for any of the sensory attributes examined. It would be 

worthwhile to investigate consumer liking responses to these wines to provide further 

insight at the commercial scale.  
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