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Abstract 

The production of wines with a reduced ethanol content has become a matter of interest 

in all wine making world due to the climate change and to the negative effect associated 

on alcohol consumption (Pickering, 2000). Several techniques have been developed to 

reduce ethanol level in wine before, during or after the fermentation. However spinning 

cone column and membrane based technologies (reverse osmosis, pervaporation and 

perstraction) seem to be the most suitable processes for the final product as they mainly 

preserve the original wine aroma. A common approach used in Australia is a membrane 

processing technology that combines reverse osmosis and evaporative perstraction 

(Memstar, 2013). 

In the present work this technique has been used to reduce the alcohol content of two 

Shiraz wines made from grapes cultivated in the same vineyard, but harvest at different 

level of maturity (Mature and Post-mature), to 10 % and 8 % ethanol. Moreover two 

samples were made blending the original wines with the wines reduced to 8 % to obtain 

a wine with 10 % ethanol. 

The effects of the grape maturity level on wine composition (ethanol, pH, titratable 

acidity and SO2 content) and colour (CIELab coordinates) were measured. Moreover the 

ethanol content in the stripping solution has been measured. 

A sensory evaluation has been also performed by university students in viticulture or 

wine science to verify if a difference between wines made from grapes harvested at 

different time and with a range of ethanol content exists and which wine type was 

preferred. The students also participated in a survey to made a demographic analysis 

and to determine other attitudes relevant for the present study. 

The wine composition did not significantly change with ethanol reduction in both wines 

with different grape maturity level. Lightness (L*) increased in the reduced wines, 

however the total color difference (ΔEab*) between the different wines treatments 

(unmodified, reduced to 10 %, reduced to 8 % and blended to 10 %) was less than 5 

therefore tasters were not able to distinguish their (Pérez-Magariño & Gonzalez-San 

Jose, 2006).  
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Ethanol content decreased during the process with a rate that decreased with processing. 

In strip water ethanol level increased during the first hour of process and then decreased 

slowly. 

The findings of the survey showed that viticulture and wine students had a higher 

awareness of the ethanol content in the wines that they usually drink and also they 

considered as low alcohol wine a wine with a higher the ethanol content compared to 

general consumers. It has been also found that participants with a high involvement 

level on wine product consumed wine more frequently and with a higher ethanol 

content and considered LAW wines more alcoholic than low-involvement students. The 

participants showed a low interest in low alcohol wine production, however that interest 

rose if the taste of the LAW is the same as a standard wine. Finally it has been found 

that low-involvement students had a significant higher interest on low alcohol wine than 

high-involvement participants. 

The sensory analysis showed that a significant difference between the two grape 

maturity level existed just for a great ethanol reduction (8 %). Finally the wine sample 

resulted as preferred was the Shiraz post-mature fruit made blending the unmodified and 

the 8 % wine, while the less preferred were both wine samples reduced to 8 %. These 

results indicated that the changes in wine sensory profile that occur during the ethanol 

reduction process may be compensate just blending the dealcoholised wine with the 

unmodified wine. The finding from the triangle tests showed that the grape ripeness 

degree seems to have a significant effect on wine ethanol reduction process only for a 

relative greater reduction (8 %). Moreover the wines produced from the blending of 

original and reduced 8 % wines did not show a significant difference comparing with 

the wines reduced to 10 %. 

However in the ranking test the wine sample produced by the blend of Post Mature fruit 

original wine and Post Mature fruit 8 % wine was the most preferred wine. While the 

less preferred wines resulted the two samples reduced to an ethanol level of 8 %. These 

results indicated that the aroma losses that occur during the ethanol reduction process 

may be compensated for by blending the dealcoholised wine with the unmodified wine 

even when the reduction is great (8% ethanol). 

The results of the present study gave an outline of the effects of grape maturity level on 

the ethanol reduction process, but many other works are needed to improve the quality 
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of the final products using for example different grape varieties or changing some 

operating conditions. 
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Riassunto 

La produzione di vini con un ridotto contenuto alcolico è divenuto un argomento 

d’interesse in tutto il mondo della produzione vitivinicola a causa degli imminenti 

cambiamenti climatici, ma anche a causa dei negativi effetti associati al consumo di 

alcol (Pickering, 2000). Svariate tecniche sono state sviluppate per poter ridurre in 

livello di etanolo nei vini prima, durante o dopo la fermentazione alcolica. Tuttavia le 

tecnologie dello spinning cone column e quelle basate sui sistemi a membrane (osmosi 

inversa, pervaporazione e distillazione osmotica) sembrano essere i processi più adatti 

per la qualità del prodotto finale in quanto sembrano preservare meglio gli aromi deò 

vino originale. Un approccio comunemente utilizzato in Australia è una tecnica a 

membrana che combina osmosi inversa con distillazione osmotica (Memstar, 2013). 

Nel presente lavoro questa tecnica è stata utilizzata per ridurre il contenuto alcolico di 

due vini Shiraz prodotti da uve coltivate nella stessa area, ma raccolte a diversi livelli di 

maturità (Mature e Post-mature), fino a 10 % e 8 % di etanolo. Inoltre due campioni 

sono stati prodotti unendo assieme i vini originali con quelli ridotti a 8 % così da 

ottenere un campione di vino con 10 % di etanolo. 

Gli effetti del livello di maturità delle uve sulla composizione del vino (etanolo, pH, 

acidità titolabile e contenuto in SO2) e sul colore (cordinate CIELab) sono stati valutati. 

Inoltre è stato misurato anche il contenuto in etanolo della soluzione di strippaggio. 

È stata anche eseguita una valutazione sensoriale da degli studenti universitari di 

viticoltura o enologia così da verificare se esiste una differenza tra vini prodotti con uve 

raccolte in momenti diversi e con diversi contenuti in etanolo e quale fosse la tipologia 

di vino preferita. Questi studenti hanno anche preso parte ad un’indagine per effettuare 

un’analisi demografica e determinare altre attitudine rilevanti per il presente studio.  

La composizione del vino non è cambiata in modo significativo con la riduzione 

alcolica per entrambi i vini con diverso livello di maturità delle uve. L’indice luminosità 

(L*) è aumentato nei vini nei quali è stato ridotto il grado alcolico, tuttavia la differenza 

totale di colore (ΔEab*) tra i diversi trattamenti dei vini (controllo, ridotti a 10 %, ridotti 

a 8 % e tagliati a 10 %) era minore di 5 e pertanto gli assaggiatori non sono stati in 

grado di distinguerli (Pérez-Magariño & Gonzalez-San Jose, 2006).  
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Il contenuto in etanolo è calato durante il processo con una velocità che è calata durante 

il processo. Nell’acqua di strippaggio il livello di etanolo è aumentato durante la prima 

ora di processo ed è poi calato lentamente. 

I risultati  del questionario hanno mostrato che gli studenti in viticoltura ed enologia 

avevano una maggiore consapevolezza del contenuto in etanolo de vino che bevono 

solitamente ed inoltre considerano come vino a basso grado alcolico un vino con un 

maggiore contenuto in etanolo rispetto ai consumatori generici. È stato anche trovato 

che i partecipanti con un elevato livello di coinvolgimento per il prodotto vino 

consumavano vino più frequentemente e con una maggior contenuto alcolico e 

consideravano come vino a bassa gradazione alcolica vini più alcolici rispetto agli 

studenti con basso grado di coinvolgimento. I partecipanti hanno mostrato un basso 

interesse per la produzione di vini a bassa gradazione alcolica, tuttavia tale interesse è 

aumentato se il gusto del vino a bassa gradazione alcolica è lo stesso del vino non 

trattato. Infine è stato trovato che gli studenti con basso grado di coinvolgimento 

avevano un interesse significativamente superiore verso il vino a bassa gradazione 

alcolica rispetto ai partecipanti con alto grado di coinvolgimento. 

L’analisi sensoriale ha mostrato che esisteva una differenza significativa tra i due livelli 

di maturità dell’uva solamente nel caso della riduzione alcolica pi spinta (8 %). Infine il 

campione di vino che è risultato come preferito è stato lo Shiraz Post-mature prodotto 

unendo il vino non trattato con il vino ridotto a 8 %, mentre i vini meno graditi sono 

stati entrambi i campioni ridotti a 8 %. Questi risultati hanno indicato che i cambiamenti 

nel profilo sensoriale del vino che si verificano durante il processo di riduzione alcolica 

possono essere compensati unendo vini ridotti e vino non trattati.  

I risultati dai test triangolari hanno mostrato che il livello di maturazione dell’uva 

sembra avere un effetto significativo sul processo di riduzione alcolica solamente per 

riduzioni elevate (8 %). Inoltre i vini prodotti dal taglio di vini originali con vini ridotti 

a 8 % non hanno mostrato una differenza significativa rispetto ai vini ridotti a 10 %. 

Tuttavia nel ranking test il campione di vino prodotto dall’unione del vino controllo 

Post mature e del vino post mature ridotto a 8 % è stato il preferito. Mentre I campioni 

meno graditi sono risultati quelli ridotti a 8 %. Questi risultati indicano che le perdite di 

aroma che si verificano durante il processo di riduzione alcolica possono essere 



11 
 

compensate unendo vini trattati con vini non trattati anche quando la riduzione alcolica 

è consistente (8 % etanolo). 

Il risultati del presente studio hanno dato un’idea degli effetti del livello di maturità 

dell’uva sul processo di riduzione alcolica, tuttavia molti altri lavori sono necessari per 

migliorare la qualità dei prodotti finali usando ad esempio diverse varietà d’uva o 

cambiando alcune condizioni operative.  
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1. Introduction 

Wine is a popular beverage that contains an alcohol content from 8.5 % to more than 15 

%  depending on the grape variety, region and wine style (OIV, 2012a). In the last 

decades the alcohol content of wine has risen due to climate change and to human 

behaviour as many producers extend grape maturity to achieve a more complex taste in 

the final product (Economists, 2011). This increase varied among different countries, 

showing lower for countries in the Old World of Europe than for the New World 

producers, mainly in the Southern hemisphere and the United States. In particular in 

Australia the ethanol content of the red wines has increased from 12.4% to 14.4% in 25 

years (Godden & Muhlack, 2010). In the last years also the awareness of the negative 

effects of alcohol has increased. Increasing alcohol content increases the risk of some 

health problems, the risk of driving accidents and can have a negative effect on the 

social behaviour (Greenfield & Rogers, 1999; Gronbaek, 2009; Smart, 1996). For all 

these reasons the production of wine with a lower ethanol content has become a matter 

of interest for all wine industry. Lower alcohol wine is also attractive to wine makers in 

some jurisdictions because they can pay less tax for this product compared to wine 

containing less than or equal to 5.5 % ethanol (Pickering, 2000). Consequently, wine 

producers see the opportunity to sell greater volumes of wine with increased 

profitability. 

There are several techniques to produce wine with a reduced ethanol content. However 

spinning cone column and membrane based technologies (reverse osmosis, 

pervaporation and perstraction) seem to be the most suitable processes for the final 

product as they mainly preserve the original wine aroma minimizing aroma losses 

(Catarino & Mendes, 2011). Indeed these technologies are performed at low 

temperature, minimizing thermal impact on the final product, and have also a relative 

low energy consumption (Catarino & Mendes, 2011). Therefore at the present moment 

membrane separation processes, such as a process that combines reverse osmosis and 

evaporative perstraction, are the most used techniques to reduce the ethanol level in 

wine (Schmidtke, Blackman, & Agboola, 2012). Combinations of these two processes 

are used to produce a final product with a better sensory quality as well as to avoid the 

wine dilution that is not permitted in almost all wine producers countries (Pickering, 

2000). An innovative approach commercially used in Australia is post-fermentation 

removal of ethanol using membrane processing units combining reverse osmosis and 
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evaporative perstraction (Massot, Mietton-Peuchot, Peuchot, & Milisic, 2008; Memstar, 

2013). 

Nevertheless these processes also cause alteration or loss of volatile compounds during 

ethanol reduction that might affect wine aroma as well as the overall taste of wine 

(Catarino, Mendes, Madeira, & Ferreira, 2007; Diban, Athes, Bes, & Souchon, 2008). 

Another important factor that has to be taken into account is the effect of a different 

ethanol concentration on wine aroma composition. Indeed it has been reported that a 

change in wine ethanol content modifies the headspace concentration of volatile 

compounds and may affects wine aroma (Villamor & Ross, 2013; Voilley, Beghin, 

Charpentier, & Peyron, 1991). 

Several research studied different ethanol reduction technology developments (Saha, 

Torley, Blackmann, & Schmidtke, 2013; Schmidtke et al., 2012). Other works showed 

that wines with a reduced ethanol content are perceived as different and depreciated 

compared to untreated wines and the consumers’ liking also decrease with ethanol 

reduction (Meillon, Urbano, Guillot, & Schlich, 2010; Saha, 2013). Moreover the 

minimum alcohol content of wine has been recently reduced from 8 % to 4.5 % under 

Australia and New Zealand food standards in order to meet EU export requirements 

(ComLaw, 2011). Therefore at the present moment improve the sensory quality and the 

consumers’ acceptability of the reduced ethanol wines seems to be the most important 

matter in low alcohol wine industry. 

Several studies compared wines made by different grape varieties to understand which 

are the most suitable varieties for ethanol reduction process (Gambuti, Rinaldi, Lisanti, 

Pessina, & Moio, 2011; Saha, 2013). However other factors affect the style of the final 

wine and therefore its suitability for alcohol reduction. For example grape maturity level 

at harvest time has a huge influence on wine style, changing its chemical and sensory 

profile (Bindon et al., 2014; Heymann et al., 2013). Therefore grape maturity degree 

may affect also the characteristics of wines treated to reduce their ethanol content. This 

research was developed to evaluate the effect of ethanol reduction over a range of 

ethanol concentration of wines, made with the same grape variety, but harvested at 

different time from an analytical chemistry and sensory evaluation perspective. In this 

way it could be estimated which grape ripeness degree is the most suitable to produce a 
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reduced alcohol wine. In this introductive section the main technologies that can be 

used in to reduce the ethanol content of the wine will be described. It also contains a 

brief description of the volatile composition of wines and their interaction with ethanol 

and other major wine compounds. Finally, this part discusses the effect of the alcohol 

reduction and the different ethanol concentration on the wine headspace and liquid 

composition and on the wine sensory profile. Finally will be presented the effect that 

grape maturity level at harvest time has on the wine chemical and sensory 

characteristics. 

1.1. Technologies used to reduce ethanol content in wine 

Nowadays several methods to produce wines with a reduced alcohol level are available, 

however all these techniques have a more or less important effect on wine sensory 

profile. Therefore in the last years many researches are looking for develop new 

techniques or improve those current, so as to reduce wine alcohol content and maintain 

as much as possible the original aroma of the wine. These technologies can be divided 

in three group based on the winemaking stage (Schmidtke et al., 2012): 

• Pre-fermentation technologies 

• Fermentation technologies 

• Post-fermentation technologies 

The most common methods to produce a wine with a reduced alcohol level are briefly 

presented in Table 1.1. 
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Table 1.1: Technologies to reduce wine ethanol content (modified from Joshi et al. 2011). 

Winemaking Stage Principle Technology 

Pre Fermentation  Reduce 

fermentable sugars 

content in grape 

juice 

Adjusting the vine leaf area to crop ratio  

  Early grape harvest 

  Grape juice dilution 

    Must nanofiltration 

    Glucose oxidase enzyme 

Fermentation Reduce ethanol 

production 

Early arrest of fermentation  

  Use of novel or genetically modified yeast 

strain 

    Ethanol removal from fermenting must 

Post-Fermentation Ethanol removal 

from wine 

Thermal distillation 

  Freeze concentration 

    Spinning cone column 

    CO2-Supercritical fluid extraction 

    Membrane base technologies (reverse 

osmosis, pervaporation, osmotic distillation)     

1.1.1 Pre-fermentation technologies 

The pre-fermentation methods, used to reduce the ethanol level in wine, have the aim of 

decrease the content of fermentable sugars in the grape juice, as ethanol in wine is 

mainly produced by the alcoholic fermentation of sugar. Among these technologies 

adjusting the vine leaf area to crop ratio is a promising viticultural approach to reduce 

fermentable carbohydrates in the grapes, however further studies are required to 

determinate the optimum conditions that allow a balance between carbohydrate 

accumulation and the sensory maturity of the grapes (Schmidtke et al., 2012). 

It is also possible to use unripe grapes, containing less fermentable sugars, but unable to 

achieve an optimal phenolic and aromatic maturity, resulting in a bitter and herbaceous 

wine (Kontoudakis, Esteruelas, Fort, Canals, & Zamora, 2011). Another technique is the 

addition of water or low Brix° grape juice to the grape must before fermentation. 

However this practice is not permitted for wine production in many countries 

(Pickering, 2000). 

The nanofiltration of must is a pre-fermentation method to produce grape juice with a 

low sugar concentration and therefore a wine with a reduced ethanol level. When must 
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is nanofiltrated just a small portion of its fermentable sugars can pass through the 

membrane into the permeate due to the molecular weight cut-off of the membrane. The 

final permeate has therefore a low sugar concentration and can be blended with the 

retentate or the original must thus creating a grape juice with less sugars (Garcia-Martin 

et al., 2010). Using this technique wine ethanol level can decrease up to 3.3% v/v 

compared to the untreated wine. However this process has some problems as the 

membrane fouling due to solid compounds suspended in the must (e.g. pectins, proteins, 

tannins). To reduce this undesirable phenomenon grape juice has to be previously 

treated with pectinolytic enzymes or filtered through a higher molecular weight cut-off 

membrane (Garcia-Martin et al., 2010). When must is nanofiltered, the resulting wine 

contains lower concentrations of phenolic compounds and therefore a reduced colour 

intensity. Furthermore there was a decrease of volatile compounds and aroma intensity 

in the treated wine (García-Martín et al., 2011). 

1.1.1.1 Treatment with glucose oxidase (GOX) 

Glucose oxidase (E.C.1.1.3.4) is an enzyme which catalyses the oxidation of glucose to 

gluconic acid and the reaction is the following: 

 

2 Glucose + O2                          2 Gluconic Acid + H2O2 

Grape juice can be treated with this enzyme to reduce the ethanol content of the wine, as 

gluconic acid is not fermented by yeasts (Schmidtke et al., 2012). Normally glucose 

oxidase treated juice is also treated with catalase to remove the hydrogen peroxide 

(H2O2) produced by glucose oxidase (Schmidtke, et al., 2012). Glucose represents half 

part of total fermentable sugars contained in grape must, thus the maximum ethanol 

reduction should be 50%, compared to untreated wine. Despite this, the treatment with 

glucose oxidase (GOX) gives an alcohol reduction of less than 4% up to 40% as the 

efficiency of glucose conversion is influenced by enzyme concentration, juice pH, 

reaction time, oxygen concentration, total acidity and temperature (Amerine & Roessler, 

1976; Pickering, 2000; Pickering, Heatherbell, & Barnes, 1999a, 1999b). 

Glucose oxidase treated juice produces a wine with a taste imbalance mainly due to the 

high level of gluconic acid and the resulting high acidity (Pickering et al., 1999a). 

Glucose oxidase 
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Furthermore treated wine presents a deeper colour and a premature browning due to 

increased flavonoid production compared to original wine (Pickering et al., 1999b). 

In conclusion this technique is very attractive for wine ethanol content reduction, but is 

not permitted in many countries and further researches are required to improve it 

(Pickering, 2000). 

1.1.2 Fermentation technologies 

During the fermentation process some approaches can be used to adjust the alcohol 

level in wine. Among these, the most common are the early arrest of fermentation, the 

use of novel and genetically modified yeast strains and the removal of a portion of 

ethanol from the fermenting must. Arresting the alcoholic fermentation before its 

conclusion can be produced a wine with a reduced ethanol content. This wine contains a 

high level of residual sugars and has to be pasteurized to ensure the microbiological 

stability (Clarke & Bakker, 2004; Pickering, 2000; Schmidtke et al., 2012). Some recent 

techniques, such us ultra-high pressure treatment or high hydrostatic pressure, have 

been developed to improve wine microbial stability and seem more sensitive on wine 

sensory quality (Buzrul, 2012). Despite this, the sensory profile of wines that do not 

complete the fermentation process remains not acceptable. 

Another technique to adjust the alcohol level in wine is the removal of ethanol in the 

fermenting must using the vacuum distillation or gas stripping (Aguera, Bes, Roy, 

Camarasa, & Sablayrolles, 2010). This technique consists in remove 2% ethanol when 

the fermentation reached 6% ethanol. However ethanol removal during fermentation 

causes the loss by 25 to 40% of some important volatile compounds, causing a less 

intense aroma and taste compared to untreated wine (Aguera et al., 2010). 

1.1.2.1 Use of modified yeast strains 

Selecting yeast strains with a lower fermentative ability is possible to produce wines 

with reduced ethanol content. Indeed these yeast’s strains are able to covert less 

fermentable sugars into ethanol and more into glycerol, gluconic acid and acetaldehyde. 
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Some variability in ethanol production by different wine starter cultures of 

Saccharomyces cerevisiae has been already found, but the ethanol reduction in the final 

wine was modest (Schmidtke, et al., 2012). Hence some non-Saccharomyces yeast 

strains have been evaluated. Strains of Pichia and Williopsis have been used to produce 

a low alcohol wine that seemed to have acceptable organoleptic characteristics (Erten & 

Campbell, 1953; Schmidtke et al., 2012). However the use of these yeasts causes a 

slower fermentation rate and a high level of residual sugar, modifying wine sensory 

profile and causing sometimes the production of off-flavour (Heard, 1999). From these 

finding many studies started to develop several approaches for genetically modify S. 

cerevisiae to produce less ethanol. The most common genetic modifications allow yeast 

to produce more glycerol or glucono-δ-lactone and gluconic acid (Lopes, Van Broock, 

Querol, & Caballero, 2002; Malherbe, Du Toit, Otero, Van Rensburg, & Pretorius, 

2003) or to reduce the concentration of NADH (Heux, Sablayrolles, Cachon, & Dequin, 

2006). These genetic manipulations, however, do not permit an adequate ethanol 

reduction and, modifying yeast metabolism, cause some undesirable effects in the final 

wine such as high concentration of acetic acid or acetaldehyde (Lopes et al., 2002; 

Malherbe et al., 2003). Moreover the changed composition may alter wine sensory 

profile. Finally this process is very expensive and not yet accepted in many countries 

(Schmidtke, et al., 2012). 

1.1.3 Post-Fermentation technologies 

At the present moment, the post-fermentation technologies are the most used for ethanol 

reduction. The operating principle of the ethanol reduction techniques used after the 

fermentation process is the physical removal of ethanol from the wine. 

The post-fermentation technologies are primarily divided in thermal processes, such as 

thermal distillation, liquid extraction and freezing, and non thermal processes such as 

reverse osmosis, osmotic distillation, pervaporation or spinning cone column. Moreover 

many processes that combine more post-fermentation technologies have been recently 

developed to minimize volatile aroma compounds losses and to avoid the wine dilution 

that is not permitted in almost all wine producers countries (Pickering, 2000). Most of 

these combined processes have the aim of recover the aroma compounds and the water 

lost in a first process in the final wine. 
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1.1.3.1 Thermal distillation 

A popular post-fermentation technology to reduce ethanol content in wine is thermal 

distillation, where wine is warmed up till high temperature to allow the ethanol 

evaporation. However some other important volatile compounds evaporate with ethanol 

at atmospheric pressure changing the sensory profile of the final wine (Pickering, 2000). 

To minimize this undesirable effect, thermal distillation is usually performed under 

vacuum and at low temperature. The dealcoholized wine produced by the process 

contains low levels of volatile compounds, however it can be blended with a higher 

ethanol wine to get a reduced ethanol content wine with acceptable sensory 

characteristics. It is also possible to recover and concentrate the aromatic condensed 

fractions from the distillate (high ethanol) stream by distillation to eliminate the ethanol, 

then reincorporate the aroma fraction back into the dealcoholized product to get low 

ethanol wine without any modification to the organoleptic characteristics of the final 

product (Gomez-Plaza, Lopez-Nicolas, Lopez-Roca, & Martinez-Cutillas, 1999). 

1.1.3.2  Spinning cone column 

The spinning cone column technique is a common technique used in food and drink 

industries to extract volatile flavour components and that is also used to reduce ethanol 

level in the wine. 

The column contains a vertical rotating shaft that support 22 upward facing cones and a 

casing wherein are fixed inverted cones, each one placed between a pair of rotating 

cones (Schmidtke et al., 2012). The liquid that has to be treated flows down from the 

top of the column, while the stripping gas flows up from the base (Pyle, 1994). 

Operating under vacuum, this technique permits the transfer of the volatile aroma 

compounds to gas phase at low temperature, reducing the thermal impact on the wine 

(Schmidtke, et al., 2012). 

The spinning cone column process consists in a first stage at low temperature (~28°C) 

where fragile components, as volatile compounds, are stripped and a second stage where 

the column is warmer (~38°C) and the ethanol is removed. The final dealcoholized wine 

is produced by blending the recovered aroma with the wine produced by the second 

stage (Pyle, 1994; Schmidtke, et al., 2012). This technology presents some advantages, 
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such as low residence time, high contact area between liquid and vapour, low pressure 

drop in the column and moderate temperatures, which reduce the thermal impact on the 

wine (Catarino & Mendes, 2011). However during the spinning cone column process a 

portion of the volatile components is removed with the ethanol affecting the sensory 

attributes of the final product (Catarino & Mendes, 2011). 

1.1.3.3  Freeze concentration 

Freeze concentration is another thermal process to reduce ethanol content in wine, even 

though is not commonly used in wine industry. During this process the wine is brought 

to low temperature until part of the water contained in the wine freezes. Through this 

process a low ethanol frozen fraction is obtained and this can be blended with the 

original wine producing a low alcohol wine without damages on the sensory profile 

(Vella, 1984). Despite this the freeze concentration process is still very expensive 

because of the high energy consumption. 

1.1.3.4  CO2-Supercritical fluid extraction 

Carbon dioxide can be exploited for separation or liquid extraction and so also for low 

alcohol wine production, as it becomes a supercritical fluid when it is compressed at 

temperature above its critical point (31°C) (Schmidtke et al., 2012). This technique 

avoids thermal degradation of the final product and the use of toxic substances (Medina, 

Martínez‐Ansó, Vazquez, & Prieto, 1997; Schmidtke et al., 2012). 

A counter current column is used for the CO2-supercritical ethanol extraction. CO2 is 

injected into the bottom of the column while the wine that has to be treated enters the 

column at the top. Ethanol and some other volatile compounds are CO2 soluble, 

therefore they move to CO2 flow. When this flow arrive at the top of the column the 

pressure decreases, causing the division between CO2 and the extracted substances 

(Schmidtke et al., 2012). The resulting mixture of ethanol and volatile aroma 

compounds is then dealcoholized with a further supercritical CO2 extraction process or 

by distillation and added back into the wine, allowing a good aroma recovery (Fornari, 

Hernández, Ruiz-Rodriguez, Javier Señorans, & Reglero, 2009; Medina et al., 1997). 

Unfortunately the dealcoholised wine resulting from this process does not have an 

acceptable sensory profile. Moreover the equipment required for this technique is very 
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expensive. For all these reasons CO2 supercritical fluid extraction is not commonly used 

in winemaking industry (Schmidtke, et al., 2012). 

1.1.4 Membrane technologies 

Several types of membranes are used to separate compounds or micro-organisms from 

foods and beverages. These physical processes allow a perfect sterilization of the 

product, minimizing thermal damages, energy consumption and without the use of any 

chemical compounds (Catarino et al., 2007). Membrane technologies present also some 

disadvantages, as they require a high capital investment and at the present moment 

cannot totally avoid some aroma losses during the process. 

In the last years the use of the membrane separation for ethanol reduction in wine has 

become widespread, as membranes that are very selective for ethanol and that maintain 

wine volatile aroma compounds have been developed (Catarino et al., 2007). Generally 

these membrane allow water and ethanol to pass through the membrane, due to their 

molecular weight, while retain almost all the other wine constituents. The most common 

membrane technologies used for ethanol reduction in wine are reverse osmosis, 

pervaporation and osmotic distillation (Catarino & Mendes, 2011; Pickering, 2000; 

Schmidtke et al., 2012). 

1.1.4.1  Reverse osmosis 

If a pure solvent is separated from a solution that contains soluble molecules and ions 

by a semi-permeable membrane, there will be a concentration or pressure gradient. 

Thank to a phenomenon called osmosis, the pure solvent naturally tends to cross the 

membrane and move to the other solution so as to reach the osmotic equilibrium. 

However when a sufficient pressure is applied on the solution this tendency can be 

inverted and the water contained in the solution can move to the pure solvent by a 

process called reverse osmosis (Meier, 1992; Schmidtke, et al., 2012). An outline of the 

osmosis and the reverse osmosis processes is represented in Figure 1.1. 
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Figure 1.1: Schematic representation of Osmosis and Reverse osmosis processes (modified from 

Ribérau-Gayon et al., 2006). 

Reverse osmosis process can be easily exploited for the production of wines with 

reduced ethanol content as showed in Figure 1.2  Passing throughout the semi-

permeable membrane the feed stream (wine), is separated into two streams, a retentate 

(concentrate) and a permeate (filtrate) (Schmidtke et al., 2012). The driving force that 

allow this separation is the trans membrane pressure and the flux that passes through the 

membrane depends on the pressure applied, but also on the membrane resistance (e.g. 

pore size, fouling, permeate viscosity) (Catarino et al., 2007; Schmidtke et al., 2012). 

To ensure this separation and so the crossing of ethanol and water throughout the 

membrane, the wine, that has an osmotic pressure of over 200 psi (14 atm), is pumped 

at pressure of nearly 600 psi (40 atm) or more (Schmidtke et al., 2012). The retentate is 

returned to the wine tank and circulates until the desired ethanol level is achieved. On 

the other hand the permeate is usually thermally distilled by a rectification column to 

eliminate the ethanol and then is added back to the wine tank (Schmidtke et al., 2012). 

This membrane process allow an ethanol reduction in the wine from 15% to less than 

0.5% v/v combining two stages of reverse osmosis (Schmidtke et al., 2012). 

     Applied Pressure

Reverse Osmotic Process

Saline Solution Pure Solvent

Osmotic Process

Saline Solution Pure Solvent
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Figure 1.2: Schematic for dealcoholization of wine using a closed-loop reverse osmosis process. 

Wine is pumped under high pressure (1) through a semi-permeable membrane (2), and is separated 

into 2 streams, permeate (3) and retentate (4). A rectification column (5) is used to thermally distil 

the permeate with the water (6) added back to the wine and ethanol (7) collected as a by-product 

(from Schmidtke et al., 2012). 

 

The selection of the membrane type strongly influences the performances of a specific 

membrane process. High permeability for ethanol, high permeate flux and maximum 

rejection for aroma and other desirable compounds are the characteristics searched in a 

good membrane used for the ethanol reduction in wine (Catarino et al., 2007). The 

typical reverse osmosis membranes are asymmetric and contain a porous thin skin, 

made of a highly hydrophilic polymer, supported by one or more layers of micro-porous 

polymeric substance, usually polysulphone (Noble & Stern, 1995). The most common 

membranes used for reverse osmosis are made of cellulose acetate or cellulose 

triacetate. Indeed these membranes seem to be suitable for the wine ethanol reduction as 

they have a high ethanol permeability, while are impermeable for volatile aroma 

compounds and other important high molecular weight compounds (e. g. proteins, 

polyphenols, colour compounds). 

There are also some parameters such as feed pressure, operating temperature and feed 

flowrate which influence the process response very much. A higher feed pressure or a 
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higher temperature  increases the ethanol flux, but also the aroma compounds losses. 

The lowest operating temperature gives the highest aroma compound rejection 

(especially for esters), although the permeate flux decreases. Incremental increases in 

feed flow rate increases the permeate and ethanol fluxes, and decreases the aroma 

rejection very slightly (Catarino et al., 2007). Therefore in addition to the membrane 

selection it is important to find the working conditions that can maximize the process 

performances and thus the final product quality (Catarino et al., 2007). Reverse osmosis 

has low energy consumption, minimizes thermal degradation of aroma compounds and 

so preserves the sensory characteristics of wine along with ethanol removal (Catarino et 

al., 2007; Labanda, Vichi, Llorens, & Lopez-Tamames, 2009). On the other hand, some 

researchers argue that the production of low ethanol beverages by reverse osmosis units 

is not commercially feasible because the production cost and energy consumption 

increases with incremental increases in osmotic pressure (Pilipovik & Riverol, 2005). 

1.1.4.1.1 Single stage reverse osmosis 

Membrane fouling is a big problem in the reverse osmosis process, as it substantially 

reduces the operation efficiency. However this phenomenon can decrease operating in 

cross-flow mode. In this type of filtration the feed solution is pumped tangentially to the 

membrane surface and is separated in permeate, that passes the membrane, and 

retentate, that remains on the feed side (Cuperus & Nijhuis, 1993). The retentate is 

swept away by the inflow of fresh feed material, and is collected continuously at the 

down-stream side of the reverse osmosis unit. Compared with the classic filtration 

(dead-end mode), where the feed is pumped perpendicularly to the membrane, the cross-

flow mode reduce the membrane fouling (Cuperus & Nijhuis, 1993). Cross-flow 

filtration is often combined with a back flushing procedure, whereby the filtration flow 

is reversed for a short period of time, disturbing the particles concentrated in the 

membrane surface (Cuperus & Nijhuis, 1993). These procedures allow higher filtration 

efficiency and for this reason are commonly used in reverse osmosis. 

Ethanol removal from wine can be carried out using either batch or continuous reverse 

osmosis. However, it is not possible to make dealcoholized wine using only reverse 

osmosis. The original wine is just separated into permeate (an ethanol rich stream that 

also contains a portion of the original aroma compounds) and retentate (the rest of the 

wine; the concentration of many solutes is increased by the reverse osmosis process). 
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Neither of these streams has the sensory characteristics of the original wine. Moreover 

the retentate contains a significant proportion of the water originally in the wine. 

Water could be added to feed wine before the reverse osmosis process (Schmidtke et al., 

2012). However, addition of water to wine is strictly forbidden by the European 

Commission regulation (Catarino & Mendes, 2011) and so this approach cannot be used 

commercially. Therefore additional processing is required to produce a finished wine 

with desirable sensory characteristics, for example by recovery of aroma compounds 

from the permeate for reincorporation into the wine, or addition of low Brix grape juice 

to the retentate (Catarino, Mendes, Madeira, & Ferreira, 2006; Catarino et al., 2007). 

1.1.4.1.2  Combined reverse osmosis processing 

An additional process has to be combined with the reverse osmosis to produce a 

finished wine with desirable sensory characteristics. One method to recover the aroma 

compounds in the treated wine is the combination of two reverse osmosis processes. 

The first reverse osmosis system should retain the ethanol while the second should be 

permeable to ethanol. At the end of these processes the high and the low ethanol 

permeates produced are exchange between the two reverse osmosis systems in order to 

produce a low alcohol wine along with and an alcohol-enriched wine (Bui, Dick, 

Moulin, & Galzy, 1986). 

Another method to recover the water and the aroma compounds in the wine treated with 

reverse osmosis is to distill the permeate stream with a high energy distillation column. 

In this way the ethanol is removed while water and aroma compounds are retained and 

can be added back to the feed wine to produce a reduced ethanol wine with acceptable 

sensory characteristics (Schmidtke et al., 2012). 

Reverse osmosis can be also combined with evaporative perstraction system. In this 

process the feed solution, that is the permeate stream produced with reverse osmosis, is 

circulated through a hydrophobic hollow fiber membrane contactor, while the stripping 

solution (water) flows along the downstream side of the membrane. Thanks to vapour 

diffusion the ethanol contained in the permeate passes through the membrane into the 

stripping liquid (Diban et al., 2008). Finally the treated permeate is added back to the 

RO retentate to recover the lost water and aroma compounds. 



27 
 

1.1.4.2  Pervaporation 

Pervaporation is one of the most effective membrane processes for aroma recovery in 

beverages and it is also used to reduce the ethanol content in the wine (Catarino & 

Mendes, 2011). Pervaporation process allows the separation of one or more compounds 

from a liquid by partial vaporization through a semi-permeable membrane. Indeed part 

of the feed stream (permeate) vaporizes crossing the membrane, while the material 

retained remains in liquid phase. The permeate is then condensed and can be replaced 

into the final product (Noble & Stern, 1995). 

Depending on the type of membrane used, the pervaporation can be exploited for the 

permeation of the water or other organic compounds. The most suitable membranes for 

the permeation of organic compounds are the membranes composed of hydrophobic 

polymers such as poly (dimethylsiloxane) or poly (trimethylsilypropyne) (Börjesson, 

Karlsson, & Trägårdh, 1996). 

On the other hand the most suitable membranes for the permeation of water are made 

from a hydrophilic polymer, such as poly(vinyl alcohol). Hydrophobic membranes have 

been successfully used to separate ethanol from wine, but the final product had a 

sensory profile less intense compared to the untreated wine. Instead hydrophilic 

membranes are very permeable for the water, have an intermediate permeability for 

ethanol and are impermeable for aroma compounds. Moreover hydrophilic membranes 

ensure a good ethanol transfer as the water flux through the membrane decreases when 

there is water vapour on the other side while the ethanol flux does not change. A study 

conducted on Chardonnay wine using this technique to reduce ethanol content leaded up 

to a final concentration of 0.5% v/v, maintaining most of the volatile aroma compounds 

(>80%) (Börjesson et al., 1996). 

Pervaporation has been also used to extract aroma compounds from wine or beer before 

the ethanol reduction with another technique as the spinning cone column distillation 

(SCC) because some pervaporation membranes are very selective for many wine aroma 

compounds (Catarino & Mendes, 2011; del Olmo, Blanco, Palacio, Pradanos, & 

Hernandez, 2014). Using this approach the aroma could be reincorporate in the 

dealcoholized beverage (Catarino & Mendes, 2011). However this technique requires a 

high energy consumption and cannot totally avoid some aroma losses (Takacs, Vatai, & 
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Korany, 2007). Further studies are necessary to find the most suitable operating 

conditions (feed temperature, feed flowrate and permeate pressure) to produce a reduced 

ethanol wine with an acceptable sensory profile. 

1.1.4.3  Osmotic distillation 

Another membrane process that can be used to reduce the ethanol content in wine is 

osmotic distillation, also called isothermal membrane distillation or evaporative 

perstraction. In this process two streams flow through a microporous hydrophobic 

membrane contactor and the partial pressure or vapour pressure differences between 

these two streams allows the moving of the volatile compounds (Varavuth, 

Jiraratananon, & Atchariyawut, 2009). In particular the volatile compounds pass from 

the liquid with higher vapour pressure to the one with lower vapour pressure. 

Osmotic distillation technology is common for the wine ethanol reduction and seems to 

have minimal effects on product sensory profile. Indeed aroma volatile compounds are 

more soluble in ethanol/water solution than in water solution and so their vapor pressure 

is low (Hogan et al., 1998). For this reason aroma compounds are retained in the final 

wine, while ethanol, that is the most volatile component in wine, rapidly moves through 

the membrane from the feed solution (wine) to the stripping solution (Schmidtke et al., 

2012). Figure 1.3 showed the osmotic distillation process used to reduce the ethanol 

content in wine. 
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Figure 1.3: Basic principle of ethanol removal by vapor pressure differential across a semi 

permeable membrane. Osmotic distillation employs a stripping phase of degassed pure water: 

pervaporation uses an inert gas with water vapor. Ethanol migrates through the membrane in a 

gaseous phase and recondenses within the stripping phase as permeate. Source: (Schmidtke et al., 

2012). 

This technique avoids the use of toxic and expensive solution in the stripping phase and 

commonly uses water as stripping solution. 

Changing some working condition, such as the feed and stripping flowrate, the 

temperature and the pH is possible to vary the rate of ethanol removal. However an 

increase of working temperature and time causes the losses of some aroma volatile 

compounds and may affects the wine sensory properties. Therefore it is advisable to 

maintain a low temperature and change other operating condition to increase the rate of 

ethanol removal, using a higher membrane area (Varavuth et al., 2009). 

In a recent work the ethanol content of three wine varieties (Xarelo, Garnacha and 

Tempranillo) has been partially reduced by osmotic distillation using a polypropylene 

hollow fiber membrane contactor (Diban et al., 2013). Diban and co-workers (2013) 

tried to modify some operating conditions and observed that, decreasing the flowrate 

and the pH of the stripping solution and increasing the feed/stripping volume ratio, the 

process performance was improved. In particular the best result was a loss of aroma 

volatile compounds of below 20% with a 2%v/v dealcoholization (Diban et al., 2013; 

Liguori, Russo, Albanese, & Di Matteo, 2013). 
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1.2. Effect of partial dealcoholization on wine chemical and sensory 

profile 

Wine is a very complex alcoholic beverage and contains many chemical compounds 

that contribute to its organoleptic characteristics throughout their own aroma but also 

throughout the interaction with other components of the wine matrix. The most plentiful 

among these compounds is ethanol and many studies have highlighted its effect on wine 

composition and aroma (Demiglio & Pickering, 2008; Fischer & Noble, 1994). 

In recent years the interest for low alcohol wines is increased and many methods to 

reduce the ethanol content in wine have been developed (NHMRC, 2009b; WHO, 

2010). However these technologies cannot totally avoid some aroma losses and 

moreover ethanol reduction itself modifies some equilibriums in the wine system, 

affecting the sensory characteristics of the final product. For this reason it is important 

to identify the aroma compounds of wine and their interaction with the ethanol as to 

understand the effect of ethanol reduction on wine chemical and sensory profile. 

1.2.1. Wine volatile aroma compounds 

Wine aroma is the result of the simultaneous presence of many different volatile 

compounds that exist at very low concentrations between 10-4 and 10-12 g/L. The most 

important volatile compounds are alcohols, esters, aldehydes, ketones, acids, terpenes, 

phenols and sulphur compounds. It has been estimated that there are almost one 

hundred volatile compounds in the wine, but just a few of them are present at 

concentration above their perception threshold and can actively contribute to wine 

aroma and taste (Villamor & Ross, 2013). Volatile compounds can be classified based 

on their origin into: 

• Primary aromas, those come directly from the grape; 

• Secondary aromas, those are produced during the fermentation process; 

• Tertiary aromas, those appear with the aging of the wine. 



31 
 

The volatile compounds responsible for wine aroma vary for each wine variety. In 

Chardonnay and Riesling wines for example, ethyl hexanoate, ethyl butanoate and ethyl 

2-methyl butyrate are the most important compounds for the wine aroma (Chisholm, 

Guiher, Vonah, & Beaumont, 1994; Guth, 1997). However many studies demonstrated 

that most of the aroma compounds that are important for a specific wine variety are 

present in all varieties at different concentration. 

In the last 70 years the scientific research focused on the identification, characterization 

and quantification of the volatile compounds responsible for the wine aroma. Despite 

the complexity of the matter the development and the improvement of some techniques 

allowed to clarify the relationship between the concentration of some volatile 

compounds and the wine sensory profile. Table 1.2 shows the typical concentration and 

the perception threshold of some of the most common volatile aroma compounds 

present in the wine as well as their principal aroma descriptor. 
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Table 1.2: Wine volatile compounds concentration, perception threshold and aroma descriptor 

(adapted from aVillamor and Ross, 2013; bFrancis and Newton, 2005) 

Compound   Concentration 

(μg/L)  

Odour 

Threshold 

(μg/L) 

Aroma descriptor 

Estersa    

Ethyl-2-methylbutyrate  32 18; 1 Apple 

Ethyl-3-methylbutyrate  20 3 Fruit 

Ethyl butyrate  680; 69 20 Apple 

Ethyl isobutyrateb  9.8-617 15 sweer, rubber 

Ethyl hexanoate 650; 140; 29 14; 15 apple, pear, fruit 

Ethyl dihydrocinnamateb  0.21-3.02 1.6 Flore 

Ethyl cinnamate  1.22 1.1 honey, cinnamon 

Isoamyl acetate  60; 142; 120 30 Banana 

Carbonylsa    

β-Damascenone 2; 29; 3.5 0.05 apple, honey 

β-Ionone  0.23 0.09 seaweed, violet 

3-Octanone  17 21-50 herb, butter 

Alcoholsa    

Isoamyl alcohol  150000; 1412; 

112800 

30000 whiskey, malt, burnt 

1-Hexanol  8000; 617; 780 8000 resin, green 

2-Phenylethanol  34000; 6089; 

60300 

14000; 10000 honey, rose 

Methionol  3750 1000 sweet, potato 

1-Heptanol  15 3 chemical, green 

Phenolsa    

Guaiacol  47.3 9.5; 10 smoke, medicine 

Eugenol  60 6; 5 clove, honey 

4-Vinylguaiacol  30 40; 10 clove, curry 

Terpenesa    

β-Citronellol  21; 1.2 100 Rose 

Linalool-oxide 3 4-10 flower, wood 

Geraniol  19; 3.2 20; 30 rose, geranium  

Lactonea    

Cis-whiskey lactone  151 67 Coconut 

Acidsa    

3-methylbutyric  1670 33 sweat, acid  

Hexanoic acid 5300; 120; 2730 420 sweat  

Octanoic acid 26000; 555; 1910 500 sweat, cheese 

Sulfur compoundsb    

3-Mercaptohexyl acetate  nd.-1.3 0.004 box tree (grapefruit, passionfruit, 

cat urine) 

4-Mercaptohexyl pentan-2-

one  

< 0.018-0.46 0.0008 box tree (passionfruit, cat urine) 

3-Mercaptohexanol  0.07-4 0.06 sulfur (passionfruit, cat urine)  
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2-Methyl-3-furan-thiol  0.027-0.095 0.005 meat 

3-Methyl-thio-1-propanol  2250-10800 500-1700 sweet, potato 

Benzenemethane-thiol  0.01-40 0.0003 (struck match, struck flint) 

Dimethyl sulfide  3.0-46 10 cabbage, sulfur, gasoline (cooked 

asparagus, corn) 

Note: Different values in concentration and odour threshold come from studies made on different wine type 

 

At the present moment headspace gas-chromatography coupled with olfactory, free 

induction decay (FID) and mass spectrometry are usually used for volatile compound 

analysis of wine. Solid–phase microextraction (SPME) technique is mostly used along 

with GC-MS for volatile or aroma compounds analysis of wine. Indeed SPME allows a 

fast and easy sample preparation and it is compatible with a range of analytical 

instruments (Kataoka, Lord, & Pawliszyn, 2000). 

Headspace solid-phase micro-extraction gas-chromatography mass spectrometry (HS-

SPME-GC-MS) was used in several studies to identify and quantify the volatile 

compounds in the wine headspace and is become a very reliable technique for the 

headspace analysis (Rebière, Clark, Schmidtke, Prenzler, & Scollary, 2010; Siebert et 

al., 2005). 

1.2.2. Ethanol properties 

Ethanol is a primary alcohol produced from the yeasts during the alcoholic fermentation 

of grape sugars. In commercial wines its concentration is normally in the range 8.5 % to 

more than 15 % v/v (OIV, 2012), however, under certain laboratory conditions, some 

yeasts’ strains have been found capable of arriving at more than 18 % vol (Ribéreau-

Gayon et al., 2006). 

Ethanol directly contributes to wine aroma as it exists substantially above its perception 

threshold (from 0.1 to 100 ppm) and is an effective gustatory, olfactory and trigeminal 

stimulus (Mattes & DiMeglio, 2001). The taste of ethanol depends on its concentration 

and is a combination of sweetness, bitterness and odour/oral irritation, described as 

burning (Fischer & Noble, 1994; Mattes & DiMeglio, 2001; Pickering, Heatherbell, & 

Barnes, 1998). 

Several studies demonstrated that an increase of ethanol concentration enhances the 

bitterness sensation’s intensity, while reduces the sourness sensation (Demiglio & 
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Pickering, 2008; Fischer & Noble, 1994). A higher ethanol content in wine causes also a 

decrease of the astringency as ethanol may limit the association of the tannins with the 

saliva proteins (Fontoin, Saucier, Teissedre, & Glories, 2008). It has been demonstrated 

that increasing the ethanol level in wine the perception of esters is masked, suppressing 

the fruity aroma in wines (Escudero, Campo, Farina, Cacho, & Ferreira, 2007). 

Moreover ethanol in wine contributes to “metallic” and “hotness” sensations (Jones, 

Gawel, Francis, & Waters, 2008). 

Although ethanol influences the perceived viscosity , density and fullness of wine, 

several studies showed that maximum perceived viscosity and density do not differ 

significantly changing the ethanol content (Nurgel & Pickering, 2005; Pickering et al., 

1998). 

1.2.2.1 Effect of ethanol on wine volatile compounds 

Despite current knowledge of the volatile composition and content of aroma-impact 

compounds is important, this is not enough to predict and understand fully wine aroma 

release and perception. Wine matrix is very complex and contains two fractions, the 

nonvolatile fraction which includes ethanol and the volatile fraction where aroma 

compounds are located (Villamor & Ross, 2013). Both volatile and nonvolatile 

components may interact with volatile aroma compounds affecting  their volatility and 

the headspace concentration and therefore also the wine chemical and sensory profile 

(Goldner, Zamora, Di Leo Lira, Gianninoto, & Bandon, 2009). Thus, clarify the 

interactions between ethanol and aroma compounds can be useful to understand the 

effects of the ethanol reduction on wine volatile composition and the consequent aroma. 

The partition of volatile compounds between liquid and vapour phase is based on the 

solution polarity and the compounds’ volatility. This fragile equilibrium is affected 

from many factors, one of which is the ethanol concentration of the solution. Therefore 

ethanol content modifies the headspace concentration of wine volatile compounds, 

changing in this way the sensory profile of the final product. 

It has been observed that the addition of ethanol in a model wine generally increases the 

solubility of aroma compounds and results in a reduction of their headspace 

concentration (Voilley et al., 1991). Another work has showed that the effect of ethanol 
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on the volatile compounds’ partitioning occurs only when the ethanol content goes 

beyond 17% (Conner, Birkmyre, Paterson, & Piggott, 1998). Further it has also been 

observed that, under dynamic conditions, increase ethanol concentration in a solution 

helps in maintaining the headspace concentration of volatile compounds and this 

phenomenon varies on the ethanol level of wine as well as the properties of aroma 

compounds (Tsachaki, Linforth, & Taylor, 2005, 2009). 

Considering these complex interactions between ethanol and taste attributes in model 

systems and wine, processing wine to reduce its ethanol content can be expected to 

produce complex changes in the major sensory constitution of the wine. 

1.2.3. Changes in final wine after ethanol reduction 

The production of low alcohol wines has become a matter of interest throughout the 

wine making world and the demand for these products has increased in the last years 

(NHMRC, 2009b; WHO, 2010). This phenomenon is due both to the global warming, 

that has raised the average wine ethanol content, and also to the increasing awareness of 

the negative effect of alcohol on human health and social behavior (Pickering, 2000). 

Many techniques to decrease the ethanol content in wine have been developed, however 

ethanol reduction has a strong impact on the chemical composition and on the sensory 

properties of the final product. 

A change in ethanol content modifies the solubility of the solution, affecting the 

headspace concentration of the volatile compounds in particular the esters concentration 

and consequently the wine sensory profile (Varavuth et al., 2009). Moreover ethanol 

reduction process itself causes loss or reduction of volatile compounds. 

The aroma volatiles losses vary in different processes and depends on the volatility of 

the aroma compounds. As membrane base processes are the most common and suitable 

techniques to reduce wine ethanol content and are also used in this study, this section 

will focus on their effect on the wine chemical and sensory profile. 
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1.2.3.1. Changes in wine chemical composition 

Ethanol reduction process strongly affects the volatile fraction composition, however 

just a few studies are available in literature on this matter. It has been found that a total 

reduction of the ethanol in by pervaporation caused a 70% decrease in the concentration 

of aroma compounds (Takacs et al., 2007). On the other hand, using the reverse osmosis 

process to reduce the ethanol level of 4% (v/v) in a model wine solution, the loss of 

isovaleric acid was of 18.1% (Labanda et al., 2009). Finally a dealcoholization by 

membrane contactor in model wine solution caused a loss of 47-70% of ethyl acetate 

and loss of 23-44% of isoamyl alcohol (Varavuth et al., 2009). In another study, using 

the same technique it has been found that after a reduction of 2% (v/v) in real wine and 

of 5% (v/v) in model solution the concentration of eight aroma compounds decreased 

(Diban et al., 2008). In particular a loss of 31-35% for isoamyl acetate and 30-50% for 

ethyl hexanoate have been shown. Recently Diban and coworkers (2013) observed that 

optimizing some working conditions on membrane contactor process the loss of aroma 

compounds was reduced to approximately 20% (-18% of isoamyl acetate and -19% of 

ethyl hexanoate) with a dealcoholization of 2% v/v. The best results were obtained 

when the feed stream (wine) was circulated through the shell side of the module and the 

stripping phase (water) through the fiber bore, at low stripping flowrates (300 L h-1), 

low stripping pH (pH 3) and high feed/stripping volume ratio (2/1) (Diban et al., 2013). 

This last one is the lowest aroma losses reported in literature for a 2% v/v 

dealcoholization at laboratory scale. 

Another study underlined the decrease in many aroma compounds when the alcohol 

content of Chardonnay, Shiraz and Sauvignon Blanc wines were reduced from their 

original ethanol level to 8% v/v and 5% v/v (Saha, 2013). The reduction technique used 

by  Saha (2013) combined reverse osmosis and evaporative perstraction processes and 

is the same method used in the present work. The results showed that with a reduction 

to 5% v/v for all the three wines there was a significant decrease of beta-phenyl ethanol 

and linalool, while ethyl-s-lactate, propanoic acid and vanillin did not change 

significantly. Instead reducing the ethanol level to 8% v/v, most of the ester compounds 

decreased, while aldehyde and acid compounds concentrations remained stable. Isoamyl 

acetate and beta-phenyl acetate did not show significant change from the original, 

confirming some previous studies (Diban et al., 2008). 
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These finding confirmed that the evaporative perstraction process causes an important 

loss of volatile compounds. Indeed the aroma volatile compounds pass the membrane as 

the ethanol, especially at the beginning of the process due to a concentration gradient 

between wine and stripping phase (Varavuth et al., 2009). 

In summary, ethanol reduction processes cause changes in volatile compounds of wine, 

but the nature and the intensity of the changes depend on the process used, on the 

membrane type and the working conditions. Therefore it’s important to select a 

membrane and use the process conditions that minimize the aroma compounds losses. 

1.2.3.2. Changes in wine sensory profile 

Wine sensory profile is certainly affected from the ethanol removal as it causes a loss or 

a decrease of some important volatile compounds (Schmidtke et al., 2012). Moreover a 

reduction in ethanol concentration modifies the solubility of the solution, changing the 

headspace concentration of volatile compounds and therefore the wine organoleptic 

characteristics. Ethanol reduction may also produce an increase in the binding of aroma 

compounds to proteinaceous materials, reducing the volatility and sensory impact of 

these compounds (Voilley et al., 1991). Finally, the ethanol reduction process 

sometimes results in undesirable aromas being detected in wines with a reduced ethanol 

content (Catarino, Ferreira, & Mendes, 2009; Gambuti et al., 2011; Meillon, Urbano, & 

Schlich, 2009). 

Depending on the technique used and on wine type the ethanol reduction process has 

different effects on wine sensory properties (Meillon et al., 2009; Pickering, 2000). 

However some common effects can be found in all the dealcoholized wines. 

In a recent study on Chardonnay it has been demonstrated that reducing the wine 

ethanol level throughout the spinning cone column technique the overall aroma intensity 

and hot mouthfeel significantly decreased, comparing with the original wine (King & 

Heymann, 2014). This study confirmed some previous works, which showed that the 

heat perception, the complexity and the number of aromas was lower in red wines with 

a reduced alcohol level than in the untreated wines (Aguera et al., 2010; Meillon et al., 

2009; Meillon, Viala, et al., 2010). 
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A partial dealcoholization using membrane contactor technique causes a decrease of 

intensity of fruity notes and an increase of astringency (Lisanti, Gambuti, Genovese, 

Piombino, & Moio, 2013). It has been observed also an increase in acid sensation and a 

decrease of bitter sensation and length in mouth in the wines dealcoholised by reverse 

osmosis process (Meillon et al., 2009). However the preference for reduced ethanol 

wines did not decrease compared with the untreated wines into a certain reduction level. 

In Syrah wine, for example, reducing by reverse osmosis the ethanol content of 2 % and 

4 % did not significantly affect liking, while a bigger reduction (5.5 %) significantly 

reduced liking (Meillon, Viala, et al., 2010). Despite these findings a more detailed 

sensory analysis using the Temporal Dominance of Sensation (TDS) method, indicated 

that panellists were able to find differences between the wines (Meillon, Viala, et al., 

2010). 
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1.3. Influence of grape maturity on final wine 

Grape ripeness degree at the harvest time is certainly one of the most important factors 

in determining wine quality. Changing the harvest date, wines produced from the same 

vineyard and grape variety can strongly differ in the chemical and sensory profile. 

Moreover many wine treatments do not have the same effects on wines produced from 

grapes with a different maturity level. 

As the market demand for low alcohol wines is increasing it could be interested evaluate 

whether or not wines with a different fruit maturity are differently affected by the 

adjustment process. Indeed find the most suitable grape ripeness degree for ethanol 

reduction could become a way to minimize the negative effects of the reduction process 

on wine quality. 

1.3.1. Changes in grape during berry development 

Complex physiological and biochemical processes occur during grape maturation and 

contribute to final fruit composition. These processes have traditionally been 

summarized by the transformation of a hard, acidic green grape into a soft, coloured 

fruit rich in sugar and aromas and can only occur when the grape is attached to the rest 

of the plant. 

The increase in the concentration of a substance in the berry can be due to importation 

of this substance, on-location synthesis or water loss in the vegetal tissue. Conversely, 

its diminution can result from exportation, degradation or water gain in the tissue 

(Ribéreau-Gayon et al., 2006). 

As showed in Figure 1.4, in grapevine the berry growth pattern follows a double 

sigmoid curve that is generally divided into three stages development, two growth 

phases and a lag phase (Coombe, 1992). 
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Figure 1.4: Diagram showing the berry growth pattern and also the periods when compounds 

accumulate and the levels of juice °Brix. Source: Coombe et al. 2000 

The first phase lasts approximately 60 days and is also called growth herbaceous phase 

as the predominant pigment is the chlorophyll. During this period a rapid cell division 

occurs and the total number of cells within the berry is already established (Kennedy, 

2002). However also a growth in volume occurs during this first stage as many solutes 

accumulate. The most prevalent among these solutes are tartaric and malic acid, but also 

many phenolic compounds, minerals, amino acids and micronutrients accumulate in this 

period (Kennedy, 2002). Moreover some compounds responsible for wine aroma, such 

as methoxypyrazines in cultivars including Sauvignon Blanc, Cabernet Sauvignon and 

Merlot (Kennedy, Hayasaka, Vidal, Waters, & Jones, 2001; Ollat et al., 2002; Šuklje et 

al., 2012), are produced during this first phase. 

The second phase of the berry growth pattern is called lag phase and is characterised by 

the cease of berry growth and organic acid accumulation. Véraison occurs at the end of 

this period, and corresponds to berry softening and appearance of coloured or 

translucent skin (Ribéreau-Gayon et al., 2006). 



41 
 

The second growth phase lasts 35-55 days where occurs a total biochemical shift into 

fruit ripening mode. In this last phase the berries double their size and accumulates free 

sugars (glucose and fructose), cations such as potassium, amino acids and phenolic 

compounds. Moreover most of the volatile flavour components are produced during 

fruit ripening. On the other hand the concentration of the malic acid accumulated in the 

first growth phase as well as ammonium decrease. Also the aroma compounds produced 

in the first period of growth decline during fruit ripening (Kennedy, 2002). 

1.3.2. Choice of the harvest date 

The choice of the harvest date strongly influence the final wine quality as the changes in 

berry composition just described do not have necessarily the same kinetic and are stage 

specific (Zamboni et al., 2010). 

Grape maturity does not constitute a precise physiological stage and different degrees of 

maturity can be distinguished. The first parts of the berry that reach maturity are the 

seeds, followed by pulp and skin. The most common method to decide the timing of 

grape harvest is the determination of the total soluble solids expressed as Brix. This 

value measures the pulp maturity, which corresponds to an optimal sugar/acid ratio 

(Ribéreau-Gayon et al., 2006). 

The grape maturity level can be also evaluated considering the skin maturity, that is the 

amount of extractable phenolic compounds in red varieties and of aromatic substances 

in white varieties. This method implies the use of chemical analysis that require a 

specific equipment and the knowledge in interpreting results. Also the cost per analysis 

and per hectare must be considered. 

Another technique used to measure the grape sensory maturity is the berry taste. This 

approach is relevant but highly subjective as the decision is influenced by the taster’s 

personal experience and training. Finally harvest date can be decided using new 

decision making tools and taking into consideration new scientific results. This implies 

the ability to access, understand and assimilate the information and then implement it 

successfully (extension and adoption process). In addition, the cost of this new 

technology, which may be expensive, has to be considered (Deloire et al. 2013). 
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The definition of grape maturity and the best method to evaluate it varies depending on 

the objective. In the production of a dry white wine, for example, the most important 

value that has to be evaluated is the aromatic compounds concentration. Conversely in a 

quality red wine is researched the maximum concentration of extractable phenolic 

compounds. Of course, environmental conditions (soil, climate) are involved in these 

phenomena and can strongly affect the  evolution of the maturation parameters 

(Ribéreau-Gayon et al., 2006). 

Unfortunately even when the harvest decision is determined by a range of objective 

measures of grape maturity (eg Brix, titratable acidity and colour), these indices give no 

information about the grape aromatic potential or the resulting wine flavour profiles 

(Deloire et al. 2013, Calderon-Orellana, Matthews, Drayton, & Shackel, 2013). 

1.3.3. Grape maturity effect on wine aroma and chemical composition 

Wine style is strongly influenced by grape composition and requires specific ripening 

conditions to be achieved  (Bindon, Varela, Kennedy, Holt, & Herderich, 2013,  Deloire 

et al.  2013, Šuklje et al. 2014). Therefore the grape quality at harvest is firstly linked to 

the required wine composition and wine making process, resulting in a product with 

particular sensorial properties. Comprehend the complex linkage of fruit to wine 

composition and aroma could help to more accurately predict the appropriate harvest 

date in relation to desired wine style. For this reason many works have recently studied 

the relationship between grape, wine composition and aromatic profile or have found 

some compounds that can mark the wine aromatic maturity (Bindon et al., 2014; 

Bindon, Varela, Kennedy, Holt, & Herderich, 2013; Capone, Jeffery, & Sefton, 2012; 

B. Pineau et al., 2011; B. n. d. Pineau, Barbe, Van Leeuwen, & Dubourdieu, 2009; 

Sweetman, Wong, Ford, & Drew, 2012). However the topic is very complex and the 

relationship between grape, wine composition and the sensory profile of a wine in 

relation to different stages of fruit maturity remains poorly understood. 

It has been demonstrated that the extension of grape ripeness causes an increase in pH, 

in grape anthocyanin, skin tannin and bisulphate-resistant pigments concentration and in 

the colour (Bindon et al., 2013; Gallander, 1983). On the other hand total acidity (TA), 

tartrates, malates, seed tannin concentration and yeast assimilable nitrogen (YAN) 

decrease delaying the harvest date (Bindon et al., 2013; Gallander, 1983; B. Pineau et 
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al., 2011). Moreover in wines produced with grapes harvested later it has been observed 

an increase in yeast-derived metabolites, including volatile esters, dimethyl sulphide, 

glycerol and mannoproteins (Bindon et al., 2013). Regarding the sensory profile, 

extending the grape ripening, the wines show, as expected, a decrease in green 

(vegetative) attributes with a clear shift from unripe fruit to mature fruit sensations. The 

perceived sourness decreases, while hotness, pungency and bitterness increase with the 

grape maturity level. Finally it has been observed a higher viscosity and, in the case of 

the red wine, purple color using overripe grapes (Bindon et al., 2013; Heymann et al., 

2013). 

Many works studied the effect of the grape harvest date on consumers’ preference and 

they showed that the consumers’ appreciation grows with the grape maturity level 

(Bindon et al., 2014; Gallander, 1983). However the consumers’ preference starts to 

decrease after the achievement of an optimal maturity level (Bindon et al., 2014). 

The grape maturity level also affects the degree of typicality of certain wines. Indeed 

Pineau and coworkers (2011) have demonstrated that grapes of moderate ripeness can 

be used to make a typical Marlborough Sauvignon Blanc. 

It can be concluded that the changes in grape composition that occur during the 

maturation process significantly affect the chemical and sensory characteristic as well as 

the overall quality of the final wine. 
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1.4. Aim of this work 

The present work is just part of a bigger research programme that has the aim to 

evaluate the effects of ethanol removal over a range of ethanol concentrations and wine 

types on wine composition and aroma and on consumers’ acceptance. 

This project was born from the increasing international interest on low alcohol wine 

production and as membrane based technologies mainly preserve the final wine aroma it 

has been decided to use a technique commonly used in Australia, which combines 

reverse osmosis and evaporative perstraction processes. 

This research is trying to minimize the negative effects of the ethanol reduction process 

on wine quality changing some working variables. In particular in this section the 

objective is to determine whether or not a different grape maturity can modifies the 

effects that ethanol reduction process has on the final wine. In this way it will be 

possible to understand which grape ripeness degree is the most suitable to produce a 

wine which ethanol content has to be reduced.  

The objectives of this research were to: 

• Use a commercially accepted membrane based ethanol adjustment process to 

reduce ethanol to 10 % and 8 % from two type of Shiraz wine made by grapes 

harvested at different time. 

• Analyse wine composition (Ethanol, pH, TA and SO2 content) and colour 

(CIELab coordinates) among different ethanol content wines of two grape 

maturity level. 

• Evaluate with a sensory analysis whether or not a panel of university students in 

wine science or viticulture can perceive a significant difference among 10 %, 

8%, blended and original wines of two Shiraz with a different grape ripeness 

degree and which wine sample is the preferred. 
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2. Materials and Methods 

2.1 Materials 

Shiraz is one of the most famous Australian red wine varieties and its production 

constitutes almost half of total Australian red wine production. Shiraz is well known for 

its deep plum colour and peppery flavour (Wine Larder, 2006; Australian Bureau of 

Statistics, 2012). Moreover in a previous work it has been seen that ethanol reduction do 

not significantly affect the consumers’ liking for Shiraz wine, while the consumer 

preference was modified for dealcoholised Chardonnay wines (Saha, 2013). For all 

these reasons in the present work it has been decided to reduce the ethanol level of two 

Shiraz wines produced from grapes cultivated in the same location but harvested at 

different degree of grape ripeness (mature and post-mature). The grapes were made into 

wines at the Charles Sturt University experimental winery. Their production and 

composition details are presented in Table 2.1. 

Table 2.1: Production characteristics and standard analysis of the original wines 

Wine Type Shiraz 

Mature 

Fruit 1 

Shiraz 

Mature 

Fruit 2 

Shiraz 

Mature 

Fruit 3 

Shiraz 

Post 

Mature 

Fruit 1 

Shiraz 

Post 

Mature 

Fruit 2 

Shiraz 

Post 

Mature 

Fruit 3 

Origin  Orange Orange Orange Orange Orange Orange 
Production year 2014 2014 2014 2014 2014 2014 
Ethanol content (%) 12.43 12.39 11.93 13.98 13.99 14.07 
pH 3.47 3.46 3.43 3.64 3.60 3.56 
Total Acidity (g/L) 5.35 5.84 5.88 5.1 5.04 5.26 
Free SO2 (ppm) 32.66 30.05 32.36 42.96 43.06 45.68 
Total SO2 (ppm) 89.80 88.50 98.46 92.06 94.44 99.55 
Molecular SO2 (ppm) 0.70 0.66 0.76 0.63 0.69 0.80 
 

The alcohol adjustment unit developed by Memstar Technology Ltd. was used to reduce 

ethanol from wines to approximately 10 % and 8 %. Moreover for both wine types has 

been produced a fourth wine with an ethanol level of 10 %  blending original and 8 % 

samples. 
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As the importance of ethanol concentration for the following analysis, the exact ethanol 

content of the wine samples used in the sensory trial is reported in Table 2.2. 

Table 2.2: Details of ethanol level of wine samples. 

Wine Sample EtOH (% v/v) 

Replicate 1 Replicate 2 Replicate 3 

Original Mature Fruit  12.43 12.39 11.93 

10 % Mature Fruit 10.00 9.97 10.03 

8% Mature Fruit 7.96 8.01 8.07 

Blended Mature Fruit 9.96 9.97 9.96 

Original Post-Mature Fruit 13.98 13.99 14.07 

10% Post-Mature Fruit 10.04 10.02 10.02 

8% Post-Mature Fruit 7.99 7.95 8.03 

Blended Post-Mature Fruit 10.02 10.05 10.04 

 

Citric acid and sodium hydroxide (food grade, Anpros Pty Ltd, Boronia, Melbourne, 

Victoria, Australia) was used to clean the membranes of the ethanol reduction 

equipment. Potassium meta bisulfite (food grade, Everintec, Venezia, Italy) was used 

during storage of the ethanol reduction equipment. Ethanol (Product no. 20821.321, 

analytical grade, VWR, Prolabo, France) was used for calibrating the Alcolyzer. 

Orthophosphoric acid (85 %, analytical grade, Biolab (Aust) Ltd, Scoresby, Victoria, 

Australia) and hydrogen peroxide (analytical reagent, Chem Supply Pty Ltd, Gillman, 

South Australia) was used for SO2 measurement. 
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2.2 Ethanol reduction equipment 

A laboratory scale Memstar Micro AA unit (MEM-066), (Memstar Technology Ltd., 

Oakleigh, Victoria, Australia) was used to reduce the ethanol content of wine (Figure 

2.1). The Memstar Micro AA uses a combination of reverse osmosis and evaporative 

perstraction. 

In this process, wine is pumped from the wine tank to the reverse osmosis unit through a 

stainless steel centrifugal pump. A needle valve is used to control the feed pressure to 

the reverse osmosis (RO) unit. The wine is separated by RO into retentate and permeate, 

and a rotameter is used to measure the flow rate of the RO permeate. The retentate is 

cooled by passing it through a cooling coil immersed in an ice bath before being 

returned to the wine tank. 

 

Figure 2.1: Scheme of the alcohol reduction process using MemStar AA-Micro Unit 

The RO permeate flowed through one side of the evaporative perstraction unit, and 

filtered water flowed in a counter-current pattern on the other side of the evaporative 

perstraction unit. Ethanol passes through the membrane from the RO permeate into the 

strip water due to the concentration gradient and the temperature. The EP retentate is 

returned to the wine tank. 

Before starting the ethanol reduction operation, the equipment was flushed and primed. 

During ethanol reduction, the strip water flow rate was adjusted to approximately 10 

L/h. The wine feed pressure to the RO unit was maintained at approximately 1200 kPa. 

The permeate flow rate, RO pressure, entry and exit strip water flow rate were 
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monitored every hour during the ethanol reduction trials. The ethanol content was 

measured on the unmodified wine, and then every hour until wine reached the target 

ethanol concentration. The ethanol content of the ethanol reduced wine was measured 

prior to bottling. 

2.2.1 Machine cleaning procedure 

After each ethanol reduction trial, the RO membrane and evaporative perstractor 

membrane were cleaned according to the manufacturers recommended procedure 

(Memstar, 2013). Briefly, this process involves flushing with water, circulating for 15 

minutes filtered water added with a citric acid solution, containing approximately 200 

g/L of citric acid, until the water is between pH 2.9 and 3.0 and another flushing with 

water. Following a 40 % sodium hydroxide solution is added to hot filtered water (45 

°C) to achieve a pH to 11.5 and once the pH is adjusted the hot water circulates for 15 

minutes. After that water is flushed twice throughout the system, the treatment with 

citric acid solution is repeated and finally, the process is rinsed two times with filtered 

water without recycling. The ethanol adjustment unit was cleaned after every trial. 

2.2.2 Machine storage 

When the equipment is stored for more than 24 hours, potassium meta bisulfide (PMS) 

solution (4 g/L) is circulated through the unit for 10 minutes. During the PMS solution 

circulation, citric acid (200 g/L) is added to adjust the pH to between 2.9 and 3.0. Once 

the pH is adjusted the solution is circulated for 10 minutes and then the unit is stored 

containing the PMS solution. 
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2.3 Ethanol reduction experimental design 

The ethanol reduction experiment had two variables: ripeness degree of fruit used for 

wine production (mature or post mature) and ethanol level (unmodified, reduced to 10% 

ethanol, reduced to 8% ethanol). The experiment was performed in triplicate. Thus a 

total of six alcohol reduction trials were performed, with a wine sample (for sensory and 

for chemical analysis) taken at 10% ethanol, and the remainder of the wine then reduced 

to 8% ethanol. Moreover approximately 1 L of unmodified wine and 1 L of wine 

reduced to 8% ethanol have been separated and soon after alcohol reduction have been 

blended to produce a wine with an ethanol content of 10%. 

Also the ethanol content of the strip water has been monitored every six minutes for the 

first hour of reduction process and then every thirty minutes till the achievement of 8% 

ethanol in the wine. 

 

2.4 Bottling of final wine 

All the bottles and caps used for preserving the reduced ethanol wine were obtained 

from the Charles Sturt University winery. The bottle washing solution contained 

potassium meta bisulfite (2 g/L) and tartaric acid (0.5 g/L) made up in deionised water. 

Prior to use, bottles were washed by the solution and dried on a bottle drainer. When the 

bottles were clean and dry, first pure CO2 was injected into them to reduce the level of 

oxygen within the bottle. Then the bottles were filled with the original wine or the 

reduced ethanol wine and a small amount of CO2 was injected to disperse O2 from the 

top of the wine. Finally, the bottles were sealed with ROPP-T closures using a capping 

machine (Roll on Pilfer Proof Aluminium screw capper, Tenco, New South Wales, 

Australia) and a label was attached on each bottle for the identification. All the samples 

were preserved at approximately 16 °C in a cool room until  the further analysis.  
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2.5 Chemical Analysis 

2.5.1 Ethanol, Titratable acidity, pH and SO2 analysis 

Wine ethanol content and density were determined with an Alcolyzer (Anton Paar, 

Ashland, Virginia, United States) coupled with a density meter (DMA 4500, Anton 

Paar). 

The pH and the titratable acidity (TA) of the original and treated wines were measured 

with a Cyber Scan 510 pH meter (Eutech Instruments Pte Ltd, Singapore) before 

bottling and storage. 

Free and Total SO2 content of the original wines and the ethanol reduced wines were 

determined using FIAstat 500 Sulfur Analyser (FOSS Analytical, Denmark) following 

method number 40-14 (National Wine and Grape Industry Centre, Wagga Wagga, 

NSW, Australia). 

2.5.2 Colour analysis 

The CIELab coordinates, lightness (L*), red-green (a*) and yellow-blue (b*) of wine from each 

combination of harvest date, level of alcohol adjustment and replicate wine were determine with 

a Pharmaspec UV-1700 Spectrophotometer (Shimadzu Corporation, Japan) and software 

according to Ayala et al. (1997). The total color difference (ΔEab*) between two samples was 

calculated using the equation (Gil et al., 2013): 

Δ Eab* = [(ΔL*)2+ (Δa*)2+(Δb*)2]1/2 

Spectrophotometric measurements were made using quartz cells with a path length of 1 mm. 
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2.6 Sensory Analysis 

Sensory analysis trials were performed at Charles Sturt University (Wagga Wagga 

campus) which meets ISO guidelines for sensory facilities (ISO 8589:2007). Wine 

samples were served in ISO standard wine tasting glasses (ISO 3591:1977) in 25 mL 

aliquots. 

As the purpose of this work was to evaluate whether or not a difference between 

original and de-alcoholised wines produced by grapes harvested at different times 

exists, discrimination test seemed the right type of test for this study. Thus five triangle 

tests were performed. Moreover a preference test was performed using the method of 

the Balanced incomplete block design (BIB) ranking test (Meilgaard, Carr, & Civille, 

2006). 

2.6.1 Preliminary Sensory Analysis 

A preliminary sensory analysis was performed on all wine samples to ensure there were 

no significant differences between the replicates. Five experienced wine assessors from 

the staff of the National Wine and Grape Industry Centre (NWGIC) tasted each 

replicate of the eight wine samples produced. The panellists are presented 

simultaneously with the three replicates and are asked whether they perceive the 

samples to be the same or different. If they found one replicate different from the other 

two, this replicate was excluded for the sensory analysis. 

2.6.2 Involvement level measurement 

The involvement level for wine product of the students that accepted to take part on this 

project was measured with an involvement measurement scale specific to wine resulting 

in a 13-item WIP scale with a high-reliability level (Cronbach’s α 0.884) used by 

Bruwer and coworkers (2014). 

2.6.3 Demographic analysis 

Some generic demographic questions (age, gender, income, education, wine 

consumption patterns, level of experience in wine making world) were asked to further 
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categorize the participants. They were also questioned on the level of alcohol in the 

wine they normally drink, and the level of alcohol expected in low alcohol wines. 

2.6.4 Triangle tests 

Five triangle tests were conducted by a group of 24 university wine and viticulture 

students older than 18 years according to standards ISO about this type of test (ISO 

4120:2004). In every triangle test three wine samples coded with a random number, two 

identical and one different, were presented to each panellist. The panellists were asked 

to indicate which of the three wine samples presented was different from the other two 

(Meilgaard et al., 2006). 

Three triangle test had the aim to find out whether any difference exist between two 

Shiraz wine made from grape harvest at different ripeness level (mature and post-

mature) and with three ethanol level (unmodified, 10% and 8%). The other two triangle 

tests compared for both wine type (mature and post-mature) the sample reduced to 10 % 

ethanol and the sample with the same alcohol level, but made blending the untreated 

wines and wines that were reduced to 8 % ethanol. Appendix 1 contains details of the 

five different triangle tests that each panellist performed and the questionnaire. 

2.6.5 Ranking test 

Triangle tests are used to determine if a difference exists between samples. However, to 

determine the preference among the eight wine samples a multi-sample ranking test was 

also performed. 

The ranking test is a multi-sample difference test used to determinate in which way a 

particular attribute varies over a high number of samples (between 6 and 12) and is ideal 

when the panellists are relatively untrained (Meilgaard et al., 2006). The ranking test 

was performed by a group of 28 wine and viticulture university students older than 18 

years. Each panellist was asked to rank the wine samples according to their preference, 

as showed in the questionnaire (Appendix 3). 

To avoid fatiguing the panellists the ranking test was conducted using a balanced 

incomplete block design (Cochran & Cox, 1957). Thus each panellist had to taste four 
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and not eight wine samples in their session and in particular one block will be randomly 

assign to two panellists (Appendix 3). Each sample was assigned a random number. 

2.7 Statistical Analysis 

All the data are expressed as the arithmetic average ± standard deviation of three 

replicates. To determine the influence of dealcoholisation treatment and harvest date 

among variables studied, a two-way ANOVA analysis  was used.  

One-way ANOVA analysis or χ2-test have been used to analyse the data of the survey 

data. Results of the triangle tests were evaluated using the statistical tables presented in 

Appendix 2 that show for each panellists’ number the critical number of correct 

responses in a triangle test to define two sample different or not (Amerine & Roessler, 

1976). A Friedman’s Analysis was performed to demonstrate the significance of the 

Ranking test (Meilgaard et al., 2006). All the statistical analysis were performed using 

the software XLSTAT2014. 

 

  



54 
 

  



55 
 

3. Results and Discussion 

3.1 Chemical Analysis results 

3.1.1 Ethanol reduction process 

The time required for ethanol reduction for the two type of Shiraz wine was recorded 

during processing and the average and standard error of the data for the triplicate 

experiment was calculated (Table 3.1). The rate of ethanol removal was not constant 

during the process, as it depends on the ethanol concentration of feed solution and 

therefore changed continuously during processing. Moreover a wine sample (for 

sensory and for chemical analysis) has been taken when the wine reached 10% ethanol. 

Therefore also the volume of the feed solution changed during the reduction process, 

affecting the rate of ethanol removal. 

Table 3.1: Average time for ethanol reduction for the two wine types. 

Wine Reduction time (hours) 

10% Ethanol 8% Ethanol 

Mature Fruit 1.67 ± 0.43 3.32 ± 0.55 

Post Mature Fruit 2.97 ± 0.43 5.63 ± 0.55 

 

The difference in reduction time is due to the higher starting ethanol content in the Post-

mature fruit (14%) compared to the Mature fruit (12.25%). For both wine samples the 

reduction time to reach 8 % ethanol was approximately twice the time to reach 10 % 

ethanol. 

During the experiment the ethanol content of the feed wine was recorded four times 

until it reached the 10% ethanol content and other four times until 8% ethanol content. 

As showed in Figure 3.1 the rate of ethanol reduction gradually decreased as the 

processing time increased. Shiraz Mature Fruit took on average one hour and 40 

minutes to reach 10% from an average starting ethanol content of 12.25 % and it took 

approximately the same time to reach 8% from 10%. On the other hand Shiraz Post 

Mature Fruit took on average nearly two hours to reach 10% from an average initial 

ethanol content of 14% and it took approximately the same time to reach 8% from 10%. 
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Figure 3.1: Ethanol content of two different wine type during the ethanol reduction process 

Equations relating the ethanol content of wine and reduction time were determined for 

the two wine types (Figure 3.1). 

The initial ethanol contents of the two wine samples varied, the lowest one was Shiraz 

Mature fruit (12.25%) while the highest was Shiraz Post Mature fruit (14%). Thus the 

amount of ethanol that needed to be removed to reach the target point (10 % and 8 %) 

was different, causing a difference in the reduction time needed for the two wine type to 

reach the same ethanol percentage. The initial ethanol content of Shiraz Post Mature 

fruit was the highest and so it required the longest reduction time to reach the target 

ethanol percentage compared to the Shiraz Mature fruit. 

In the reverse osmosis process, the permeate flux (N) is directly proportional to the 

difference between the transmembrane hydrostatic (ΔP) and the osmotic pressure 

difference (ΔΠ) (Equation 3.1). 

N = Kp (ΔP – ΔΠ)        

 Equation 3.1 

Where, Kp is the permeability coefficient of the membrane. 

The osmotic pressure (Π) varies linearly with the concentration of the solution (c) 

(Equation 3.2). 
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Π = cRT/M         

 Equation 3.2 

Where, R is the gas constant, T is absolute temperature and M is molecular weight 

(Singh & Heldman). 

During the trials, the transmembrane pressure was kept almost constant, so the 

permeation rate depends on the osmotic pressure which may differ between the two 

wines or over the course of the reduction process as the composition of the wine 

entering the reverse osmosis unit changed. In addition, membrane fouling during 

reverse osmosis might cause the process to be slower by decreasing the driving force of 

the process (Cuperus & Nijhuis, 1993). 

In materials and methods section it was mentioned that the reduction technique involves 

two processes, i.e. reverse osmosis and evaporative perstraction. The latter process is 

intended only for ethanol separation from the reverse osmosis permeate and for 

recycling the treated permeate to the wine feed tank. This process involves the 

migration of ethanol across hydrophobic membranes driven by vapour pressure 

difference across the membranes as a result of difference of ethanol concentration 

between the two sides of the membrane (Wollan, 2010). Thus, the existing ethanol 

concentration of the processed wine affects the overall reduction process. As the 

operation was performed to reduce ethanol, it resulted in the lowering of the ethanol 

concentration in the processed wine as well as in the reverse osmosis permeate with 

time. Consequently, the difference in ethanol concentration between the two sides of the 

membrane was decreasing which made the separation process slower over time (Figure 

3.2). That is why the ethanol reduction to 8 % required much more time than to 10 % 

for both wines type. Therefore, reducing the ethanol content of wine can be influenced 

by these factors and can result in significant differences in reduction time for different 

ethanol levels. 

Also the ethanol content in the strip water has been monitored during the reduction 

process. Previous studies have measured this value in a stripping phase circulating in 

the evaporative perstraction unit (Diban et al., 2013; Diban et al., 2008). Instead in the 

present work the strip water did not recycle into the reduction unit. 
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As showed in Figure 3.2 the alcohol level in the stripping water rapidly increased during 

the first hour, reaching a maximum ethanol level of approximately 1% v/v. After this 

peak the stripping water ethanol content started to decrease till an average ethanol 

content of 0.18 % after five hours of run. The ethanol content pattern in the strip water 

did not show significant differences between the two wine type (Mature and Post-

Mature). 

This finding confirm that ethanol that moves from the reverse osmosis permeate to the 

strip water decrease with time. 

 

 

Figure 3.2: Ethanol content in stripping solution during the ethanol reduction process. 

Follow the ethanol content in the strip water during the reduction process could also 

give information about the passage of aroma compounds from the feed to the strip 

water. This information is very important as one of the aims of this project is to verify 

the aroma losses pattern measuring the volatile aroma compounds in the strip water. 

From the results obtained it was likely that the maximum concentration of volatile 

aroma compounds in the strip water is detected during the first hour of run. 
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3.1.2 Composition and colour of unmodified and treated wines 

The ethanol content, pH, SO2 content, titratable acidity (TA) and CIELab coordinates 

were recorded for the two type of Shiraz wine before and after ethanol reduction. Table 

3.2 contains information about pH, free SO2 and titratable acidity (TA) for the three 

replicates of original, 10 % ethanol, 8% ethanol and blended wines, while Table 3.3 

contains the results of the colour analysis. 

A two-way ANOVA has been done to see whether or not an analytical difference (pH, 

TA, SO2 and CIELab coordinates) between the two different grape maturity level and 

between the different treatments (untreated, reduced 10%, reduced 8% and blended to 

10%) exists. The results did not show a significant statistical difference (α=0.05) 

between the four different treatment for the pH, the TA and the SO2 content for both 

grape maturity level. 

Some slight but statistically significant differences among the different wine treatments 

were found in lightness (L*) and in the total colour difference (ΔEab*) (α=0.05). The 

increase in the L* value in the reduced wines indicates that the control wine has 

somewhat deeper colour than partially dealcoholised wines. To verify whether these 

small differences were large enough to be distinguished by the human eye, the total 

color differences (ΔEab*) was compared between the wines samples. The human eye 

can generally distinguish two colors when ΔEab* ≥1 (Pérez-Magariño & Gonzalez-San 

Jose, 2006). However, it is also generally accepted that tasters can only distinguish the 

color of two wines through the glass when ΔEab* ≥5 (Pérez-Magariño & Gonzalez-San 

Jose, 2006). Since this parameter was not higher than five units in any case, the effect of 

ethanol reduction on wine color was not enough to be distinguished by the human 

eye.(Pérez-Magariño & Gonzalez-San Jose, 2006). 

The interaction between wine treatment and fruit maturity did not significantly affect 

the wine composition and the colour parameters. In summary, ethanol reduction process 

significantly affects just some colour parameters, but not the overall chemical 

composition. 

This finding confirm some previous studies where the application of evaporative 

perstraction to partial remove ethanol content in different red wines did not affect 

significantly the color, the total acidity and the concentration of some phenolic 
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compounds (Gambuti et al., 2011; Liguori et al., 2013). However these results did not 

totally confirm a previous study made with the same technique used in this work on 

Shiraz, Chardonnay and Sauvignon Blanc wines by Saha (2013), which reduced the 

ethanol content to a greater extent (wine reduced to as low as 5% ethanol). Indeed in 

Saha work (2013) the pH and free SO2 content differed significantly depending on the 

ethanol level. 

In summary the ethanol reduction time is significantly influenced by the starting ethanol 

content in wine. The wine composition did not significantly change with the ethanol 

reduction process for both Shiraz type. A significant difference was found between the 

different wine treatments in the lightness (L*), but the total colour difference (ΔEab*) 

was not enough to be distinguished by the human eye. 
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Table 3.2: pH, free SO2 and titratable acidity (TA) levels of the three replicates of Mature fruit Shiraz and Post Mature fruit Shiraz 

 Original Wine Wine reduced to 10% Wine reduced to 8% Blended Wine 

pH Free SO2 

(ppm) 

TA (g/L) pH Free SO2 

(ppm) 

TA (g/L) pH Free SO2 

(ppm) 

TA (g/L) pH Free SO2 

(ppm) 

TA (g/L) 

Mature 1 3.47 32.6 5.3 3.44 47.5 5.2 3.42 43.2 5.3 3.44 37.8 5.3 

Mature 2 3.46 30.0 5.8 3.44 27.6 5.4 3.41 26.8 5.4 3.43 28.5 5.8 

Mature 3 3.43 32.3 5.9 3.47 30.6 5.0 3.44 29.9 5.4 3.43 30.5 5.7 

Post Mature 1 3.64 42.9 5.1 3.58 38.9 5.1 3.56 39.5 5.2 3.59 40.7 5.1 

Post Mature 2 3.60 43.1 5.0 3.58 40.6 5.0 3.55 40.7 5.2 3.56 40.7 5.2 

Post Mature 3 3.56 45.7 5.2 3.57 44.6 5.0 3.54 42.5 5.2 3.54 43.6 5.2 

 

Table 3.3: CIELab coordinates of the three replicates of Mature fruit Shiraz and Post Mature fruit Shiraz 

  Original Wine Wine reduced to 10% Wine reduced to 8% Blended Wine 

L* a* b* ΔE*ab L* a* b* ΔE*ab L* a* b* ΔE*ab L* a* b* ΔE*ab 

Mature 1 71.2 34.0 -7.7 79.3 77.9 23.4 -3.3 81.4 80.0 23.0 -4.2 83.3 75.0 28.3 -5.02 80.3 

Mature 2 69.9 35.2 -7.1 78.6 75.6 29.7 -6.1 81.5 76.2 28.9 -5.7 81.7 74.1 31.6 -6.55 80.8 

Mature 3 74.9 29.0 -5.1 80.5 78.1 25.0 -4.3 82.1 80.5 23.0 -4.3 83.9 75.7 27.8 -5.02 80.8 

Post Mature 1 73.8 28.4 -4.9 79.3 73.6 29.1 -4.4 79.2 75.2 28.2 -4.7 80.4 72.8 29.7 -4.54 78.7 

Post Mature 2 74.9 27.3 -4.5 79.9 75.3 26.8 -3.7 80.0 77.5 25.5 -4.1 81.7 74.5 27.8 -4.08 79.6 

Post Mature 3 72.9 30.1 -5.3 79.1 73.9 28.2 -4.3 79.2 75.4 28.2 -4.9 80.6 72.1 29.9 -4.36 78.2 
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3.2 Sensory Analysis Results 

3.2.1 Survey Results 

3.2.1.1 Participants’ demographic characteristics 

The knowledge of the participants’ demographic characteristics is fundamental to 

understand their background and it can be also a basis for further analysis. In the present 

study all participants were university students of wine science or viticulture. A total of 

47 panellists gave consent to participate in the project and filled a questionnaire, 

presented in Appendix 1, containing some demographic and other questions relevant to 

the present study. Among these 47 students, 31 took part in the sensory evaluation tests. 

Detailed information of the demographic characteristics (number of participants, n=47) 

are given in Table 3.4Table. 

Table 3.4: Demographic characteristics of the students that took part on the survey 

Characteristics Category Percent (%) 

Gender Male 74.5 

  Female 25.5 

  Total 100 

Age <21 2.1 

  21-30 34.0 

  31-40 44.7 

  41-50 12.8 

  >50 6.4 

  Total 100 

Annual Household Income <$30,000 8.5 

  $30,001-$50,000 14.9 

  $50,001-$75,000 29.8 

  $75,001-$100,000 19.1 

  $100,001-$200,000 23.4 

  >$200,000 4.3 

  Total 100 

Education Level High School 19.1 

  TAFE certificate/diploma 38.3 

  Bachelor's degree 27.7 

  Master's degree 14.9 

  Doctoral 0.0 

  Total 100 
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The majority of the participants were males (74.5%), while the females were much less 

(25.5%). The participants were between 19 and 57 years old, with an average age of 

33.9 years old. Considering the age groups, the most common group was 31-40 years 

old (44.7%), followed by the group 21-30 years old (34.0%). Other age groups 

represented a much smaller percentage (41-50 years old, 12.8%; >50 years old, 6.4%; 

<21 years old, 2.1%). 

Others important factors to have a good view of the participants’ characteristics are the 

household income and the education level. The 72.3 % of participants’ household 

incomes were within the range of $50,000-$200,000 and the most common household 

income was $50,001-$75,000 (29.8%). There were relatively small numbers earning 

less than $50,000 (23.4%) and more than $200,000 (4.3%). 

Overall, 80.9 % of participants held some form of post-secondary qualification (TAFE 

certificate or diploma, bachelor’s or master’s degree), while just the 19.1% of them held 

an high school diploma as highest level of education. The most common highest level of 

education were people holding a TAFE certificate or diploma (38.3%). 

3.2.1.2 Years of experience in winemaking world 

It has been asked to participants how many years of experience they had in the 

winemaking world. The length of winemaking experience highly affects the wine 

knowledge and perception. Indeed two recent studies demonstrated that experienced 

wine consumers and wine professionals did not like the reduced ethanol wine and 

preferred wines with a significant lesser level of residual sugar and sweetness compared 

to consumers with a smaller experience (Blackman et al., 2010; Meillon, Dugas, et al., 

2010). 

Students that participated in the present study had between 0 and 20 years experience in 

the wine world, with an average of 5.7 years. Approximately half of the participants 

(53.2%) worked with wine for 1 to 5 years, and a further 23.4% of participants had 6-10 

years of experience (Figure 3.3). Small numbers of participants had no direct experience 

in the wine sector (10.6%), and similar numbers had extensive experience (11-20 years) 

in the wine industry sector (12.8%). 
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In summary the participants on this project showed a good level of experience in the 

winemaking world considering that they were all current students. This result is 

probably due to the average age of the participants. 

 

Figure 3.3: Graphical representation of the experience in winemaking world (years) of the 

participants. 

3.2.1.3 Wine consumption pattern 

The wine consumption pattern of the participants is important to divide them in types of 

wine consumers so as to further characterize them. 

Many of participants consumed wine few times a week (57.4%) or every day (25.5%) 

(Figure 3.4). Therefore the majority of the students that took part on the survey were 

regular wine drinkers. Smaller numbers consumed wine once a week (8.5%), once every 

two weeks (4.3%) or once a month (4.3%). None consumed wine less than once a 

month. 
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Figure 3.4: Graphical representation of wine consumption by participants of the survey. 

The length of time participants had been consuming wine may also affect the wine 

perception and therefore the results of the sensory evaluation. The students that took 

part in this project had consumed wine from 1 to 36 years, with the average length of 

wine consumption being 13.62 years. Most respondents had been consuming wine for 

11-20 years (46.8%) or 1 to 10 years (40.4%) (Figure 3.5). Smaller numbers of 

participants had been drinking wine from 21 to 30 years (8.5%) and 31 to 40 years 

(4.3%). 

The length of time drinking wine largely reflects the age distribution of participants, 

with 80.9% of respondents younger than 40 years old, and 87.2% of respondents 

drinking wine for up to 20 years. 
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Figure 3.5: Graphical representation of length of wine drinking by participants of the survey 

3.2.1.4 Ethanol content generally consumed in wine and considered as LAW 

Since the purpose of this study was to investigate how wines with reduced ethanol 

content are perceived by viticulture and wine students, it was useful to understand the 

ethanol content of the wines that participants normally consumed and on the other hand 

the ethanol content that is considered as low alcohol wine (LAW). 

It was observed that the 74.5% of the participants usually drank wines with an ethanol 

content of 13-14%, while the 19.1% of them preferred wine with an alcohol content of 

11-12% (Figure 3.6Figure). A small number of participants commonly drank wines with 

15% ethanol or more (4.3%), or less than 10% ethanol (2.1%). 
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Figure 3.6: Graphical representation of wine alcohol percentage usually preferred for drinking by 

participants of the survey. 

These findings have been compared with a previous study which aim was to investigate 

the preference of Australian consumers towards reduced ethanol content wine (Saha, 

2013). The work of Saha (2013) has been made on 70 general wine consumers and it 

showed that the 30% of the participants were not aware of the ethanol content of the 

wine they usually drink. Among the other participants the most preferred alcohol level 

was 11 to 12 %, while the 11.4 % of the participants reported that they normally 

consumed wine containing 8 % or less ethanol. 

The Saha (2013) work confirmed the results of another recent and bigger work made on 

851 Australian wine consumers. In this study 21 % of participants were not aware of the 

percentage of alcohol in the wine they normally consumed and almost half of them (49 

%) consumed wine with an ethanol content of 11-12 % or 13-14 % (Saliba et al., 2013). 

In summary current viticulture and wine students showed, as expected, a much higher 

awareness of the alcohol content in the wines that they usually drink comparing with 

general wine consumers. This result gives rise to the prospect that the general 

consumers considered may be consuming more alcohol than they realize. Moreover the 

students seem to prefer wines with a higher ethanol level (13-14%) than the general 

consumers (11-12%). 

The participants were also asked about the alcohol content for which they considered a 

wine as a low alcohol wine (Figure 3.7). The majority of the participants (46.8%) 
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considered 9-10% ethanol wine to be low alcohol wine, but many of them (29.8%) 

responded that 7-8% is the ethanol content of a low alcohol wine. A small part of the 

participants (14.7%) considered the ethanol level of a low alcohol wine lower that 6%. 

Finally only the 8.5% of the participants responded that 11-12% is the alcohol level of 

low alcohol wine. Overall, 76.6 % of the people surveyed considered wine between 7 

and 10 % as low alcohol wine. 

 

Figure 3.7: Graphical representation of wine alcohol percentage considered as low alcohol wine 

(LAW) by participants of the survey. 

While most of the viticulture and wine students (75.6%) considered 7-10% ethanol wine 

to be low alcohol wine, the 75.7 % of general wine consumers considered 3-6 % ethanol 

to be low alcohol wine in Saha (2013) work. Also Saliba and co-workers (2013) found 

that almost 70 % of respondents considered low alcohol wine to be between 3 % and 8 

%. 

This result it’s probably due to the higher experience of the students in the winemaking 

industry comparing with the general wine consumers and also to their bigger knowledge 

and availability of information on wine. 

3.2.2 Wine involvement profile (WIP) scale results 

To further categorize the students that took part on this project it was decided to 

measure their involvement level with wine product. Indeed a recent study, conducted in 

the high-end UK retail off-trade wine market, showed that wine consumers’ behaviour 
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varies depending on their involvement level with the wine product (Bruwer et al., 

2014). Therefore accurately measure wine consumers’ involvement levels can help to 

find a new way of consumers’ targeting. 

The first hypothesis was that winemaking and viticulture students were highly involved 

with wine product even though some may have low number of years of experience in 

wine consumption or wine industry. To separate the participants into low- and high- 

involvement groups it has been examined the results of their responses to the scale item 

questions that were showed in Appendix 1 (question 10). For each of the WIP scale 

items it has been calculated the mean and the standard deviation as showed in Table 3.5. 

Table 3.5: Scale item results of the WIP. 

Scale item Mean  Standard 

deviation 

It is true that wine interests me a lot (1) 6.57 0.93 

I rate wine as being of high importance to me (2) 6.11 1.20 

It gives me pleasure to shop for wine (4) 6.02 1.22 

Relative to other beverages, wine is the most important to me (3) 5.85 1.43 

I often discuss wine with other people (12) 5.83 1.11 

Buying wine feels like giving myself a gift (5) 5.60 1.31 

I often use Internet, newspapers and other forms of media to find out 

about wine (13) 

5.28 1.79 

When selecting a wine, I understand the features well enough to evaluate 

brands (10) 

5.13 1.19 

Drinking wine is one of the most satisfying and enjoyable activities that I 

do (6) 

5.02 1.41 

I feel I know a great deal about wine (9) 4.43 1.25 

I often seek advice from other people before purchasing a wine (11) 4.38 1.64 

It is important that I make a good impression with a bottle of wine I take 

to a party (8) 

4.19 1.62 

You can tell a lot about a person by the wine he or she chooses (7) 4.09 1.65 

Overall mean of scale item 5.27 1.58 

Note: 7-Point Likert scale used from 1 = strongly disagree to 7 = strongly agree. Cronbach’s α 

0.884. 

The mid-point between the highest and the lowest possible score of the WIP-scale (52) 

was used to segment the respondents into high-involvement consumers (>52) and low-

involvement consumers (<52). The participants’ score ranged from 37 to 87, with a 

mean of 68.49 which is above the mid-point of 52. The results showed that most of the 
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participants (89.4%) belong to the high-involvement category, while only 10.6% of 

them were a low-involvement consumer, confirming the first hypothesis. Compared 

with Bruwer et al. (2014) the participants in this study showed as expected a higher 

average involvement level and a higher percentage of high involvement consumers. 

The gender could influence the purchase behaviour and therefore the level of 

involvement for a certain product. A recent survey reports that 56 % of all wine 

consumers in USA are women (Wine Council 2012). Furthermore in the work of 

Bruwer et al. (2014), a significantly higher proportion of males (85%) than females 

(67%) were high involvement wine consumers and the mean involvement score for 

male was significantly higher than for female (α=0.10). Therefore in the present study a 

χ2-test was carried out on crossing tabulation data for gender by involvement level to 

test for differences (Table 3.6). 

Table 3.6: Male and female participants’ wine involvement level. 

Level of Involvement Male Female 

High Involvement 88.57% 91.67% 

Low Involvement 11.43% 8.33% 

Total Involvement Score 67.71 70.75 

 

Table 3.6 shows that a higher percentage of females (91.7%) than males (88.6%) were 

high involved in wine product. However the difference found was not statistically 

significant at 0.05 level.  Moreover, the mean of the involvement score for female 

respondents (70.75) was not significantly higher than for male respondents (67.71), at a 

0.05 level. 

Also the annual household income seems to have an important effect on the consumer’s 

involvement level for wine product (Bruwer et al., 2014). In particular a higher income 

is associated to a higher involvement level in wine product. This hypothesis was not 

confirmed in the present study where a higher proportion (8.7%) of participants with a 

high income (>$75,000) had a low involvement level compared with the proportion 

(8.3%) of participants with a low income (<$75,000) (Table 3.7). 
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Table 3.7: High and low annual income participants’ wine involvement level. 

Level of Involvement High annual income 

(>$750,000)  

Low annual income 

(<$750,000)  

High Involvement 91.3% 91.7% 

Low Involvement 8.7% 8.3% 

Total Involvement Score 69.04 67.95 

 

However the χ2-test did not highlight differences statistically significant at 0.05 level 

between the involvement level of low and high income participants. The mean of the 

involvement score also was not different at 0.05 level between the two income level 

groups. 

One-way ANOVA analysis did not found a significant difference at 0.05 level between 

the average experience in winemaking world of low-involvement participants (6.6 

years) and high-involvement participants (5.6 years). From this result it can be 

concluded that the experience in the winemaking industry does not necessary bring to a 

high-involvement behaviour toward wine product. However as the number of 

participants in this work was very low, further studies are necessary to confirm this 

hypothesis. 

A significant difference between the frequency of wine consumption of high- and low- 

involvement participants has been found (α=0.01). Indeed as showed in Table 3.8 half 

of the low-involvement students consumed wine just once a month, while the majority 

(63.41%) of the high-involvement participants consumed wine few times a week. 

Table 3.8: High and Low involvement participants’ frequency of wine consumption 

Level of 

Involvement 

Frequency of wine consumption 

Everyday Few times a 

week 

Once a 

fortnight 

Once a month 

High Involvement 21.95% 63.41% 4.87% 9.75% 

Low Involvement 25% 25% 0% 50% 

 

This result indicated that participants with a low involvement on wine product 

consumed wine less frequently than high-involvement participants. However it has to be 

remembered the low number of participants on this survey. 
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It has been also evaluated the relationship between the participants’ wine involvement 

level and the alcohol percentage usually drank in wine and considered as low alcohol 

wine. The results highlighted a significant difference at 0.05 level for the ethanol level 

of wine usually consumed and at 0.01 level for alcohol content considered to be low 

alcohol wine between high- and low- involvement participants (Table 3.9, 3.10). 

Table 3.9: Wine alcohol percentage preferred for drinking by high and low involvement 

participants. 

Level of 

Involvement 

Wine alcohol percentage preferred for drinking 

9-10% 11-12% 13-14% >=15% 

High Involvement 0% 16.67% 78.57% 4.76% 

Low Involvement 20% 40% 40% 0% 

 

Table 3.10: Wine alcohol percentage considered as low alcohol wine (LAW) by high and low 

involvement participants. 

Level of 

Involvement 

Wine alcohol percentage considered as LAW 

1-2% 3-4% 5-6% 7-8% 9-10% 11-12% 

High Involvement 0% 2.3% 4.7% 30.9% 52.4% 9.5% 

Low Involvement 20% 0% 60% 20% 0% 0% 

 

Generally participants that were low involved in wine product drunk wine with a lower 

ethanol content compared to the participants with a high involvement. Indeed the 

majority of the high involvement participants (78.57%) usually consumed wine with 13-

14% of ethanol, while the majority of the low involvement participants (60%) 

consumed wine with 9-10% or 11-12% of ethanol. 

Moreover most of the high-involvement students (52.4%) considered 9-10% to be the 

ethanol content of a low alcohol wine, while the biggest part of the low-involvement 

participants (60%) considered low alcohol wine a wine with 5-6% ethanol. 

It is interest to see how the ethanol level generally consumed and considered as low 

alcohol wine from the wine science and viticulture students with a low involvement 

with wine product is similar to general wine consumers (Saha, 2013; Saliba et al., 

2013). Instead the high involved students considered as low alcohol wine, wines with a 
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higher ethanol content compared to general wine consumers and low-involved 

participants. 

Therefore it can be concluded that high- involved consumers in wine product are 

probably more informed and current about the winemaking world and its news, such as 

the production of low alcohol wine. 

3.2.3 Acceptance and interest in low alcohol wines 

As the aim of this work was to assess the differences between wines with a reduced 

ethanol content it was necessary to evaluate the general interest and the relative 

acceptance of the participants for low alcohol wines. 

Regarding the interest of the participants in low alcohol wine it has been showed that 

more than half of the participants (53.2%) neither agree nor disagree with this assertion. 

On the other hand a relative high percentage of participants (36.2%) was not interested 

in Low alcohol wine products. Finally a small portion of participants (10.6%) was 

interested in these products. 

Despite the level of interest of the participants for low alcohol wine was not very high, 

most of the students that took part on this project (46.8%) were ready to choose a wine 

with a reduced ethanol level if the taste did not change. On the other hand only the 8.5% 

of the participants did not accept a low alcohol wine not ever with the same taste of a 

standard wine while the 44.7% neither agreed nor disagreed with this assertion. A 

summary of these results is given in Table 3.11. 

Table 3.11: General interest in low alcohol wines and readiness to choose them if taste is the same 

as a standard wine. 

 Disagree Neither agree 

nor disagree 

Agree 

Interest in low alcohol wine 36.2% 53.2% 10.6% 

Low alcohol wine acceptance if taste is 

the same as a standard wine 

8.5% 44.7% 46.8% 

 

This finding confirms the results of a previous study made on 844 Australian wine 

consumers. Indeed in that work the participants not interested in low alcohol wines were 
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the 38% and the relative acceptance of low-alcohol wine was 16%, but it rose to 40% if 

taste was the same as a standard wine (Saliba et al., 2013). 

Contrary to Saliba et al. (2013) in this study women did not show a significantly higher 

interest in low alcohol wine products compared with men at 0.01 level. Also the relative 

acceptance for low alcohol wine did not change between male and female. 

Relative interest in low-alcohol wine and readiness to choose them if taste is the same 

as a standard wine has been studied also in other countries (d'Hauteville, 1994; Saliba et 

al., 2013). It has been found that the results obtained in Australia from the present work 

and the Saliba’s study (2013) were comparable with the findings in Germany (Table 

3.12, 3.13). 

Table 3.12: Relative interest in low alcohol wine in four countries, Australia, France, UK and 

Germany. 

  Australiaa Australiab Francec UKc Germanyc 

Reject 36.2% 46.6% 61.1% 54.2% 31.4% 

Neither reject nor accept 53.2% 37.7% 21.0% 19.2% 42.4% 

Accept 10.6% 15.8% 12.4% 26.7% 19.5% 

No opinion 0% 0% 4.7% 0% 7.7% 

Respondents (n) 47 844 105 120 119 

Notes: Data from present study (a), Saliba et al. 2013 (b), d’Haunteville et al. (c). 

Table 3.13: Readiness to choose wine with a low alcohol content if the taste is the same as a 

standard wine in four countries, Australia, France, UK and Germany. 

  Australiaa Australiab Francec UKc Germanyc 

Disagree 8.5% 19.5% 46.7% 47.5% 16.9% 

Neither agree nor 

disagree 

44.7% 40.0% 19.1% 28.3% 17.8% 

Agree 46.8% 40.4% 33.2% 24.2% 65.2% 

No opinion 0% 0% 1% 0% 1.1% 

Respondents (n) 47 844 105 120 119 

Notes: Data from present study (a), Saliba et al. 2013 (b), d’Haunteville et al. (c). 

If low-alcohol wine were to taste similar to “standard” wine, fewer Australians than 

Germans expressed interest. Although similar findings between the two countries were 

found for “disagree,” more Australians than Germans were “neutral” (neither agree nor 

disagree). This suggests that although few Australians overtly reject low-alcohol wine if 

taste is the same, there is still some way to go before they accept it. 
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Comparisons between the Australian studies with France, the UK, and Germany on 

relative interest and preference for low-alcohol wine given that taste is equal, are 

difficult as d’Hauteville’s study was made published approximately twenty years ago. 

Therefore it is not clear whether the differences in the Australian studies are due to 

changes in time or locality. 

More research is needed to determine whether demand for low-alcohol wine in 

Australia compares with other countries, but it appears that moderate demand for low-

alcohol wine currently exists in Australia, and that demand would rise substantially if 

consumers thought that taste would not be adversely affected. Moreover it has to be 

cleared that in the present study, as also in the one of Saliba and colleagues (2013) the 

price of a “low alcohol” wine was not defined and its knowledge may significantly 

change the results. 

Finally it has been evaluated the relationship between level of involvement in wine 

product and interest and readiness to choose a low alcohol wine if the taste is the same 

of a standard wine. Indeed just few work consider involvement as a distinctive factor in 

a survey. Previous research has shown that wine consumers with low involvement are 

less likely to purchase wine with screw cap lids, whereas consumers with high 

involvement avoid “green wines” due to the perception of these products being of lower 

quality, regardless of actual quality (Barber, Ismail, & Dodd, 2007). 

In the present study participants with a low involvement level in wine product showed a 

significant higher interest in low alcohol wines compared to high-involvement 

participants at 0.05 level (Table 3.14). 

Table 3.14: High and Low involvement participants’ relative interest in low alcohol wine. 

Level of 

Involvement 

Reject Neither reject 

nor accept 

Accept 

High Involvement 40.5% 52.4% 7.1% 

Low Involvement  0% 60% 40% 

 

In particular the percentage interest in low alcohol wine was much higher for the low-

involvement participants (40%) comparing with high-involvement participants (7.1%). 

On the other hand no significant differences have been found between the readiness to 
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choose a low alcohol wine if the taste is the same of a standard wine of high and low 

involvement participants (Table 3.15). 

Table 3.15: High and low involvement participants’ readiness to choose low alcohol wine if the taste 

is the same as a standard wine. 

Level of 

Involvement 

Disagree Neither agree 

nor disagree 

Agree 

High Involvement 9.5% 47.6% 42.8% 

Low Involvement  0% 20% 80% 

 

This finding suggests that wine and viticulture students that have high involvement 

perceive low-alcohol wine as inferior. However this conjecture is based on a small 

sample size and further studies  with a bigger sample should be done on the influence if 

involvement on interest and readiness to purchase low-alcohol wine. 

3.2.4 Triangle tests results 

The results of triangle tests indicated that a significant statistical difference (α = 0.05) 

existed just between the two wine type (Mature and Post-mature) reduced to 8% of 

ethanol. In the other four comparisons it was not found a significant difference between 

the two wine samples. All results are showed in Table 3.16. 

Table 3.16: Count of correct and incorrect responses to five triangle tests performed by 24 

panellists. 

Comparison  
Correct 

answers 

Unmodified Mature Fruit Unmodified Post Mature Fruit 11 

10% Mature Fruit  10% Post Mature Fruit 10 

10% Mature Fruit  Blended Mature Fruit 9 

10% Post Mature Fruit Blended Post Mature Fruit 11 

8% Mature Fruit 8% Post Mature Fruit 15* 

Note: * indicates a significant statistical difference between the two samples (p≤0.05). 

Therefore it can be concluded that the grape ripeness degree seems to have a significant 

effect on wine ethanol reduction process only for a relative greater reduction. Indeed 

when the two original wines were reduced to an ethanol level of 10 % the panelists were 
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not able to perceive a significant difference, while they perceived it with a reduction 

until 8 %. Moreover the wines produced from the blending of original and reduced 8 % 

wines did not show a significant difference comparing with the wines reduced to 10 %. 

3.2.5 Ranking test results 

The Balanced Incomplete Block design (BIB) ranking test had the aim to rank the eight 

wine samples considered in this study (two different harvest times; four wine sample) 

based on the panellist preference. To make the results easier to analyze, the rank data 

from the study have been arranged as shown in Errore. L'origine riferimento non è stata t

rovata.. 

The rank sum for a given wine sample is simply the sum of all the number in the 

column corresponding to that sample. The value of Friedman’s test statistic T was 

computed to determine if there were any differences among the eight wine samples in 

the panellists’ preference. The value of T=27.25 exceeded the upper 5% critical value of 

a χ2 with (t-1)=7 degrees of freedom ( χ2
7,0.05=14.1). Therefore it has been established 

that the panellists’ preference changed significantly among the eight wine samples. In 

particular, as shown in Table 3.17, the wine sample Post Mature fruit produced by the 

blend of Post Mature fruit original wine and Post Mature fruit 8% wine resulted the 

most preferred wine and was significantly different from all the other wine samples. 

Table 3.17: Results and statistical analysis of the Balanced Incomplete Block design (BIB) ranking 

test performed by 28 panellists 

Sample Rank Sum 

Post Mature Fruit Blended 24 a     

Mature Fruit Original 31  b    

Mature Fruit Blended 31  b    

Mature Fruit 10% 34  b c   

Post Mature Fruit Original 36   c d  

Post Mature Fruit 10% 39    d  

Mature Fruit 8% 43     e 

Post Mature Fruit 8% 45     e 

Note: Means followed by the same letter are not significantly different at the 5% significance 

level (LSDrank=12.40). 

Mature fruit original, blended and 10% wines resulted not statistically different among 

them. However Mature fruit 10% wine did not significantly differ from Post Mature 
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fruit original wine unlike Mature fruit original and blended wines. Moreover Post 

Mature fruit wine did not result different from Post Mature 10% wine. On the other 

hand the two wines reduced to an ethanol level of 8% differed in a significant way from 

all the other wine samples and resulted the less preferred. 

These results were unexpected considering the findings of the triangle tests. In 

particular in the ranking test it has been highlighted a huge difference in the panellists’ 

preference between Post Mature fruit blended and 10% wines even though in the 

triangle test these two wine samples did not differ. Also the two unmodified wines did 

not show a significant difference in the triangle test, but have been considered dissimilar 

when they were ranked. The ranking test have then highlighted that even if the two 8% 

wines were evaluated as different in the triangle test, they showed the same degree of 

preference by the panellists. 

In summary the wine sample made blending the wine reduced to 8 % and the untreated 

Shiraz Post-Mature wine resulted the most appreciated and this may indicate that the 

negative effect of the alcohol adjustment can be mitigate from the blending process. The 

hypothesis is that the volatile compounds lost or modified during the ethanol reduction 

process are reintegrated blending the dealcoholised wine with the unmodified wine even 

with a great reduction. Moreover the lesser preference for the blend Shiraz Mature wine 

could be due to the increased in “green aroma” that occurs during the reduction process.  

However further studies on the blending procedure for the production of low alcohol 

wine are needed to validate the results of the present study. 
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3.3 Conclusions  

The ethanol content of two Shiraz wines made from grapes harvested at different time 

was reduced to 10 % and 8 % ethanol using a membrane separation process. The wine 

composition and colour of untreated, reduced wines and wines made blending original 

and 8% wines to obtain a 10% sample, were analysed to address the effect of ethanol 

reduction on those parameters. A sensory evaluation was also performed to highlight 

whether or not a difference exists among wines, dealcoholised and not, with a different 

grape maturity level (mature and post-mature). 

The ethanol reduction time varied with the reduction of ethanol level (final 

concentration was 10 % and 8 %) as well as grape maturity level. The variation depends 

mainly on the initial ethanol concentration. In particular Shiraz Post-mature fruit 

required more time than Shiraz Mature fruit to reach the target ethanol level of 8% due 

to its higher starting ethanol content. 

The wine composition did not significantly change among the different wine treatments 

(unmodified, reduced to 10 %, reduced to 8 % and blended) for both the grape maturity 

level. A significant difference was found between the different wine treatments in the 

lightness (L*), but the total colour difference (ΔEab*) was not enough to be 

distinguished by the human eye. 

The participants on the sensory analysis were all university students in wine science or 

viticulture and most of them were high involvement consumers in wine product. From 

the survey it has been found that current university students in wine science or 

viticulture had a high awareness of the ethanol content preferred in wines they usually 

drink and generally consumed wine with a higher alcohol level than general wine 

consumers. The majority of viticulture and wine students, probably for their higher 

experience, knowledge and availability of information in the winemaking industry, 

considered 7-10 % ethanol wine to be low alcohol wine, while general wine consumers 

considered 3-6 % ethanol to be low alcohol wine. 

Among participants, high-involved students in wine product showed a higher frequency 

of consumption and consumed more alcoholic wines than low-involved students. 

Moreover participants with high involvement considered as LAW wines with a higher 

ethanol level compared to low-involvement students. 
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Only a small part of the participants on this project (10.6 %) showed a real interest in 

low alcohol wine production. However the interest and acceptability for this type of 

products rose to 46.8 % if the taste of the low alcohol wine remains the same as a 

standard wine. It has been also found that the interest for low alcohol wine was 

significantly higher for low-involvement students than high-involvement participants 

probably as the students with a high level of involvement on wine see low alcohol wine 

as inferior. 

The finding from the triangle tests showed that the grape ripeness degree seems to have 

a significant effect on wine ethanol reduction process only for a relative greater 

reduction (8 %). Moreover the wines produced from the blending of original and 

reduced 8% wines did not show a significant difference comparing with the wines 

reduced to 10 %. 

However in the ranking test the wine sample produced by the blend of Post Mature fruit 

original wine and Post Mature fruit 8 % wine was the most preferred wine. While the 

less preferred wines resulted the two samples reduced to an ethanol level of 8 %. These 

results indicated that the aroma losses that occur during the ethanol reduction process 

may be compensated for by blending the dealcoholised wine with the unmodified wine 

even when the reduction is great (8% ethanol). 

The low alcohol wine production is a matter of current interest for the wine making 

industry. The results of the present study gave an outline of the effects of grape maturity 

level on the ethanol reduction process, but many other works are needed to improve the 

quality of the final products. 

First of all the ethanol reduction experiments could be designed with other grape variety 

and different grape ripeness degree to further examine the importance of the harvest 

date choice for the specific reduction process. 

In addition change some operating conditions of the ethanol reduction process could 

minimize the aroma losses and therefore optimize the sensory profile and the 

consumers’ acceptability of the final product. For example different type of membrane 

could be tried and the stripping solution could circulate in the system even than be sent 

to the drain. In this way some modification, as a pH adjustment or the addition of some 

aroma compounds, could be done on the strip water. 



81 
 

The results of the sensory analysis highlighted that the wine sample preferred from the 

participants was the Shiraz wine post mature fruit made blending the sample reduced to 

8 % ethanol and the unmodified wine. Therefore further studies are needed to evaluate 

other blends between untreated wines and wine reduced to different ethanol level. 
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Šuklje, K., Lisjak, K., Baša Česnik, H., Janeš, L., Du Toit, W., Coetzee, Z., . . . Deloire, 

A. (2012). Classification of grape berries according to diameter and total soluble 

solids to study the effect of light and temperature on methoxypyrazine, 

glutathione, and hydroxycinnamate evolution during ripening of Sauvignon 

blanc (Vitis vinifera L.). Journal of Agricultural and Food Chemistry, 60(37), 

9454-9461.  

Sweetman, C., Wong, D. C., Ford, C. M., & Drew, D. P. (2012). Transcriptome analysis 

at four developmental stages of grape berry (Vitis vinifera cv. Shiraz) provides 

insights into regulated and coordinated gene expression. BMC genomics, 13(1), 

691.  

Takacs, L., Vatai, G., & Korany, K. (2007). Production of alcohol free wine by 

pervaporation. Journal of food engineering, 78(1), 118-125. doi: 

10.1016/j.jfoodeng.2005.09.005 

Tsachaki, M., Linforth, R. S., & Taylor, A. J. (2005). Dynamic headspace analysis of 

the release of volatile organic compounds from ethanolic systems by direct 

APCI-MS. Journal of Agricultural and Food Chemistry, 53(21), 8328-8333.  

Tsachaki, M., Linforth, R. S., & Taylor, A. J. (2009). Aroma release from wines under 

dynamic conditions. Journal of Agricultural and Food Chemistry, 57(15), 6976-

6981.  

Varavuth, S., Jiraratananon, R., & Atchariyawut, S. (2009). Experimental study on 

dealcoholization of wine by osmotic distillation process. Separation and 

Purification Technology, 66(2), 313-321. doi: 10.1016/j.seppur.2008.12.011 

Vella, P. J. (1984). Process for the reduction of alcohol content of beverages: Google 

Patents. 

Villamor, R. R., & Ross, C. F. (2013). Wine Matrix Compounds Affect Perception of 

Wine Aromas. Annual Review of Food Science and Technology, Vol 4, 4, 1-20. 

doi: 10.1146/annurev-food-030212-182707 



89 
 

Voilley, A., Beghin, V., Charpentier, C., & Peyron, D. (1991). Interactions between 

aroma substances and macromolecules in a model wine. Lebensmittel-

Wissenschaft+ Technologie, 24(5), 469-472.  

Zamboni, A., Di Carli, M., Guzzo, F., Stocchero, M., Zenoni, S., Ferrarini, A., . . . 

Lilley, K. S. (2010). Identification of putative stage-specific grapevine berry 

biomarkers and omics data integration into networks. Plant physiology, 154(3), 

1439-1459.  
Wollan, D. (2010). Technological Options for Dealing with High Alcohol Wines Paper 

presented at the Intervitis Interfructa 2010, Stuttgurt, Germany. 

 

 

  



90 
 

 

  



91 
 

Acknowledgements 

At the end of this work I would like to thank National Wine and Grape Industry Centre 

(NWGIC), Charles Sturt University and Australian Government for providing me and 

all the participants on this project with the opportunity and funding for this research. 

Thanks to Dr Alain Deloire, director of the National Wine and Grape Industry Centre 

(NWGIC), to welcome me in the centre and support my research. 

I would like to thank my supervisor Dr Andrea Curioni for his help in the completion of 

this thesis project and my co-supervisor, Dr Peter Torley, for choosing me for this 

project, teaching me, sustaining me physically and morally in every adversity and for 

the huge amount of time spent on our project. I acknowledge also Dr Leigh Schmidtke 

for his  support and encouragement throughout the research. 

I would like to thank for his big contribution on this project Mr Campbell Meeks, wine 

maker of NWGIC Experimental Winery, who provided wines and other necessary 

resources to conduct the experiment and who supports me during the ethanol reductions 

and the chemical analysis. Thank to Dr Andrew Clark, senior lecture, for his help and 

support with the HPLC analysis. I would like to thank Prof Anthony Saliba for his 

suggestions and advise in the sensory analysis of this project.  I am grateful to Br 

Hannah Ghantous, student at CSU for his cooperation with me in this project and to Mrs 

Bithika Saha for her previous work on this project. I would like to thank Dr Guillaume 

Antalick and Dr Katja Suklje for their participation on the preliminary sensory analysis. 

Thanks to all students for their participation in the sensory analysis. 

I would like to thank technical officers of NWGIC Mrs Helen Pan, Mr Ashley Radburn, 

Mrs Robyn Harrington, Mrs Megan Taylor and other staff for providing all required 

supports at all stages of this research. Thanks to PhD students Zelmari, Gerhard and 

Navideh for their help and support throughout the journey. 

I would like to thank all my family to give me the opportunity to do this experience and 

for their continuous support throughout this period.  



92 
 

Appendix 1: Demographic, involvement and wine 

consumption survey 

Survey form 

Survey on demographic and wine consumption characteristics and on involvement level 

for wine product 

Study: to evaluate whether or not a difference exists between wines, which ethanol content 

was reduced or not, produced by grapes harvested at different times. 

Please answer the following questions. Mark with an “X” your answer or write it on the 

specific box. 

 

Name                                                                                                                         Panellist # 

 

1. What is your gender? 

   

Male 

  

Female 

  

          2. What is your age? 

        

          3. What is your annual household income before taxes? 

     < $30,000 

        $30,001 - $50,000 

        $50,001 - $75,000 

        $75,001 - $100,000 

        $100,001 - $200,000 

        > $200, 000 

        

          4. What is the highest level of education you have obtained? 

   High School 

        TAFE Certificate / Diploma 

        Bachelor’s Degree 

        Master’s Degree 

        Doctoral 

        Other (please specify): 

          

        5. How many years of experience do you have in the winemaking world? 
 

  

6. Which of the following best describes how often you 

consume wine? 
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Everyday     

       Few times a week     

       Once a week     

       Once a fortnight     

       Once a month     

       Once every two months     

       Never     

       
          
7. How long have you been drinking wine (years)?     

          8. In wine, what percentage of alcohol do you consider to 

be "Low alcohol"?                   

11-12% 

        9-10% 

        7-8% 

        5-6% 

        3-4% 

        1-2% 

        0% 

        

          9. In wine, what percentage of alcohol do you usually 

drink? 

         >=15% 

        13-14% 

        11-12% 

        9-10% 

        8-9% 

        <8% 

        Don't know 
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10. Rate the following sentences from 1 (Strongly Disagree) to 7 (Strongly Agree): 
  

  

Strongly 

Disagree       

Strongly 

Agree 

  1 2 3 4 5 6 7 

It is true that wine interests me a lot               

I rate wine as being of high importance to me               

Relative to other beverages, wine is the most important to me               

It gives me pleasure to shop for wine               

Buying wine feels like giving myself a gift               

Drinking wine is one of the most satisfying and enjoyable 

activities that I do               

You can tell a lot about a person by the wine he or she 

chooses               

It is important that I make a good impression with a bottle of 

wine I take to a party               

I feel I know a great deal about wine               

When selecting a wine, I understand the features well enough 

to evaluate the brands               

I often seek advice from other people before purchasing a 

wine               

I often discuss wine with other people               

I often use the Internet, newspapers and other forms of media 

to find out about wine               

        

        11. Rate the following sentences from 1 (Completely Disagree) to 6 (Completely Agree)     

  

Completely                                                     

Disagree 
Completely                                                           

Agree 

   1 2 3 4 5 6 

 If taste is the same I am ready to choose wine with less 

alcohol in it             

 
I am interested in "Low alcohol" wine products             
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Appendix 2: Triangle Test 

Triangle Tests Questionnaire 

In front of you there are three coded glasses of wine. Two of them are identical. Taste 

them from left to right and write down the number on the glass that is different/odd   

from the other two. 

 

 

 

           Remember to wait for approximately 30 seconds between tasting each wine. 

           

           Test n.1 

          

           Three digit number on glass containing the different/odd sample:  ............ 

 

           Test n.2 

          

           Three digit number on glass containing the different/odd sample:  ............ 

 

           Test n.3 

          

           Three digit number on glass containing the different/odd sample:  ............ 

 

           Test n.4 

            

          Three digit number on glass containing the different/odd sample:  ............ 

 

           Test n.5 

          

           Three digit number on glass containing the different/odd sample:  ............ 
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Triangle Test Serving order 

 

Panellist 

Number 

Triangle Test Number 

 n.1 n.2 n.3 n.4 n.5 

1, 7, 13, 19 ABB DCD CEC FFD GGH 

2, 8, 14, 20 BAA CDD ECE DFD HHG 

3, 9, 15, 21 AAB DCC CEE FDF GHG 

4, 10, 16, 22 BBA CCD ECC DFF HGH 

5, 11, 17, 23 ABA DDC CCE FDD GHH 

6, 12, 18, 24 BAB CDC EEC DDF HGG 
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Triangle tests Statistical Analysis 

Statistical table with the critical number of correct responses in a triangle test (Entries are xα,n). 

Entries are the minimum number of correct respondents, n (i.e., row). Reject the assumption of 

“no difference” if the number of correct responses is greater than or equal to the tabled value. 

Source: Roessler et al., 1978. 
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Appendix 3: Ranking Test 

Ranking Test Serving Order 

Panellist Number A B C D E F G H 

1, 15     X X X X 

2, 16 X X X X     

3, 17   X X X X   

4, 18 X X     X X 

5, 19  X  X X  X  

6, 20 X  X   X  X 

7, 21  X X  X   X 

8, 22 X   X  X X  

9, 23   X X   X X 

10, 24 X X   X X   

11, 25  X  X  X  X 

12, 26 X  X  X  X  

13, 27  X X   X X  

14, 28 X   X X   X 
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Ranking Test Questionnaire 

In front of you there are four coded glasses of wine. Taste them from left to right. 

Rank the samples from MOST PREFERRED (1) to LEAST PREFERRED (4) 

writing the sample's code beside its corresponding position in the rank. 

  

  

  

                      

Remember to wait for approximately 30 seconds between tasting each wine. 

                      

1 ...........                   

                      

2 ...........                   

                      

3 ...........                   

                      

4 ...........                   
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Ranking Test Results 

Results obtained from the Balanced Block Design (BIB) Ranking test performed by 28 

panellists. 

Block/Panellist Sample 

 M PM M10% PM10

% 

BM BPM M8% PM8% 

1 2 4 1 3        

2         3 1 2 4 

3 1 3         4 2 

4     3 2 4 1     

5 2   1     4   3 

6   4   3 1   2   

7 1     3   2 4   

8   4 3   2     1 

9 4 2     1 3     

10     1 2     4 3 

11 3   2   1   4   

12   1   3   2   4 

13 1     3 2     4 

14   1 3     2 4   

15 1 3 2 4         

16         2 1 4 3 

17 1 2         3 4 

18     4 2 3 1     

19 3   4     1   2 

20   1   3 4   2   

21 3     2   1 4   

22   1 3   2     4 

23 3 4     2 1     

24     2 4     1 3 

25 4   3   1   2   

26   2   4   3   4 

27 2     1 3     4 

28   4 2     1 3   

Rank sum 31 36 34 39 31 24 43 45 

 

 

 

 


