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Summary 

When consumers open a bottle of wine there are chemical and sensory 

changes that occur which over time lead to quality degradation and reduced 

enjoyment. The process of oxidation will impart subtle initial changes, leading 

to gross defects in the wine given continued air exposure and time. 

Techniques have been developed to reduce or slow the effects of oxidation 

and preserve the freshness of opened bottles of wine. This study has 

evaluated five methods for preserving freshness in opened wine bottles: 

Coravin Model 2, decanting into a 375mL bottle and resealing, resealing and 

refrigeration at 4ºC, canned argon gas sprayed into the opened bottle then 

resealing, and a vacuum pump/stopper system to remove air and reseal the 

bottle. Over an eight-day period a half-full bottle of a Grenache Shiraz 

Mourvèdre 2016 wine sealed under screw cap was subject to ambient 

oxidation at 22ºC with comparative bottles undergoing freshness preservation 

treatments. Chemical testing was conducted on a daily basis with sensory 

assessment by a trained panel on days four and eight of the trial comparing 

treatments to a newly-opened bottle. Coravin Model 2 was found to provide 

the closest chemical and sensory attributes to those of a freshly opened bottle. 

Keeping ullaged bottles at 4ºC and decanting wine into a full 375mL bottle 

provided moderate effectiveness in preserving freshness. Use of a vacuum 

pump and stopper system or introducing argon gas into the headspace of an 

ullaged bottle provided limited efficacy in preserving freshness. Cost 

estimation indicated that the use of refrigeration at 4ºC and decanting into a 

375mL bottle were the least expensive methods followed by the vacuum 

pump/stopper system and canned argon gas. The most effective method 

evaluated in this study, Coravin Model 2, was the most expensive.  
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Chapter 1 INTRODUCTION 

1.1 Background 

The complexities of wine are such that there can be a fine line between 

decanting and breathing a newly-opened bottle to improve its palatability and 

ruining a bottle by excessive decanting or prolonged aeration. Age, variety, 

region, producer, vintage conditions and storage all play a role in determining 

the appropriate amount of air exposure before serving a wine. But there are 

no definitive rules and an experienced understanding of wine, along with 

some intuition, would be the approach of most sommeliers and amateur 

consumers to decanting and/or breathing an opened wine. While there has 

been considerable research in the area of oxidation of wine, particularly during 

winemaking and maturation in bottle (reviewed by du Toit et al., 2006), there 

is little information on what happens once a bottle of wine is opened by the 

end consumer. The chemical and sensory changes in wine once a bottle is 

opened and poured into a glass is an undeveloped field of research. Changes 

that occur in an opened bottle of wine are dynamic and complex with multiple 

influences. The potential contributions of oxygen (O2), sulphur dioxide (SO2), 

phenolics, temperature and aldehydes are expanded upon in following 

sections. 

 

O2 comprises 21% of air by volume and is a critically important factor in the 

winemaking process. Modern winemaking techniques and technologies are 

utilised to preserve freshness in grapes and wine, principally from the 

damaging effects of O2 in air. The use of SO2, provision of inert gas cover and 

minimising ullage (Boulton et al., 1996) are common strategies used by 

winemakers to ensure that potential harm from oxidation and microbial 

spoilage is minimised.  
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When a bottle of wine is consumed in one sitting, short-term air exposure 

should not detract from wine quality. In a domestic scenario a 750 mL bottle of 

wine may be opened and only a couple of glasses consumed, leaving the 

remaining wine subject to oxidation. Similarly, in an on-premise situation a 

bottle of wine offered by the glass may be opened during service but not 

finished for several days. 

 

Various techniques are used to preserve freshness in opened bottles of wine. 

These methods range in complexity and cost from the very simple and 

inexpensive, such as refrigeration, to the expensive Enomatic™ dispenser 

systems used by some restaurants and bars. Several mainstream media 

articles have provided personal experience of their authors’ opinion of wine 

preservation techniques (Fletcher, 2007; Null, 2013; Gowdie, 2014; Teague, 

2016; Campbell, 2017; Isle, 2017; Campbell, 2018a; Campbell, 2018b). 

However, their studies have limitations. In the aforementioned papers the 

evaluation is of a single bottle replicate with sensory assessment conducted 

by two persons at most. Chemical data was not provided to quantify any 

changes in the opened bottles over time. The study by Pambianchi (2016a) 

examined five methods of preserving freshness in half-full wine bottles with 

the author preferring a vacuum pump and stopper system (discussed in 

section 1.7) when the wine was assessed after a five-day period. Sensory 

assessment in that study appears to be a single judge aware of the treatment 

conditions, limiting reliability. A comprehensive assessment of the efficacy of 

the Coravin system was conducted by Deller (2016) showing good 

preservation of freshness at sixteen weeks with no significant change to wine 

analytics. However, the results of a controlled scientific trial are required to 
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provide further comparative information pertaining to wine preservation 

techniques. 

 

1.2 The Role of Oxygen in Winemaking 

Research concerning the role of O2 during the degradation of opened wine 

bottles with time is an undeveloped field of science. An overview of both the 

positive and negative aspects of the role of O2 in wine and winemaking can 

provide some insight into the importance of O2 in preserving freshness of wine 

in opened bottles. 

 

1.2.1 Oxidation in Wine 

The presence of molecular O2 in wine can lead to oxidation of wine 

constituents via the formation of peroxide (O2
2-) and superoxide (O2

-) radicals 

(du Toit et al., 2006). This reaction may proceed by an enzymatic process 

catalysed by polyphenol oxidases (PPO) such as laccase and tyrosinase 

(Wissemann and Lee, 1980). This enzymatic process is associated with an 

undesirable browning in grape must where PPO enzymes are present from 

mould-affected grapes (Wissemann and Lee, 1980). Non-enzymatic oxidation, 

or chemical oxidation, is the process of polyphenol oxidation in wine mediated 

by iron (Fe) and copper (Cu) ions (Oliveira et al., 2011). The detailed 

mechanisms are complex and beyond the scope of this project; the reviews of 

du Toit et al. (2006), Waterhouse and Laurie (2006) and Oliveira et al. (2011) 

provide extensive coverage of this topic. 

 

Phenolic compounds are the principal substrate for oxidation in wine (du Toit 

et al., 2006). In grapes and wine phenolic compounds can broadly be 
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classified within several types. The non-flavonoids are phenolics derived from 

grape juice and are the predominant form in white wines vinified without skin 

contact (du Toit et al., 2006). The flavonoid phenolics are a group of 

compounds that are important in wine for providing colour (anthocyanins) and 

tannins (flavanols) in juice and wine (du Toit et al., 2006). Additionally, wood-

ageing can contribute phenolics in the form of oak tannins such as 

ellagitannins (Vivas and Glories, 1996).  

 

Other potential non-phenolic substrates that can be oxidised in wine are 

ascorbic acid and tartaric acid (du Toit et al., 2006). Ethanol produced during 

alcoholic fermentation may also be subject to oxidation, forming acetaldehyde 

(Wildenradt and Singleton, 1974). The high concentrations of ethanol (ranging 

from 5% volume/volume in some dessert wines and up to 21% volume/volume 

in fortified wines) contained in wines allows oxidation even in the presence of 

protective SO2 (Boulton et al., 1996). The chemical oxidation of wine proceeds 

at a faster rate at higher temperatures (Boulton et al., 1996) and will be 

discussed further in Chapter 1.4.  

 

1.2.2 Importance of Oxygen during the Winemaking Process 

During the initial processing of fresh grapes, the must can reach O2 saturation. 

Boulton et al. (1996) remark that “if a typical table wine is saturated in air at a 

cool room temperature, its oxygen content will reach about 6 ml/L or 8 mg/L”. 

According to Henry’s Law (1803), as temperature decreases in wine or grape 

juice its ability to dissolve gases such as O2 or CO2 increases. While cool 

temperatures can slow oxidation, the juice (must or wine) can potentially 

dissolve more O2 at cooler temperatures. During winemaking procedures the 
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uptake of O2 can be minimised by the use of inert gases such a nitrogen, 

carbon dioxide and argon to displace air in vessels prior to filling with wine, by 

filling wine transfer lines to prevent O2 pick-up during cellar operations and 

provide a blanket of inert gas in ullaged vessels that contain wine (Boulton et 

al., 1996; Rankine, 2004). Additionally, wine may be sparged with inert gas, 

most commonly nitrogen (N2), to displace dissolved oxygen and adjust the 

concentrations of dissolved gasses to desired levels (Rankine, 2004). 

Sparging is particularly important just prior to the bottling process (Rankine, 

2004). The preservation of freshness in opened wine by the end consumer 

may also utilise inert gases. These preservation methods will be discussed 

further in Chapter 2.2. 

 

At the time of bottling care must be exercised to ensure that the level of 

dissolved oxygen (DO) is kept to a minimum to avoid oxidation and loss of 

freshness in bottle. A DO concentration of less than 1 mg/l is typical in modern 

winemaking practice to ensure wine freshness (O’Brien et al., 2009). In 

addition to DO, adjustment to the concentration of dissolved CO2 pre-bottling 

can also have important positive effects on wine freshness and sensory 

attributes. Adjustments to CO2 are typically guided by wine style, vintage and 

winemaker preferences with dissolved CO2 concentration of 0.5 g/L to 1.4 g/L 

at bottling (Harbord, 2020, pers comm.). Displacement of air by inert gas, 

most commonly N2, minimises O2 pick-up by wine during the turbulent 

process of bottle filling. The discussion of gas concentrations at bottling may 

seem unimportant to wine freshness in opened bottles. However, the effort 

and skill of winemakers to manage gas balance (and SO2, discussed in 
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Chapter 1.3) could potentially be undermined once opened bottles have 

prolonged or excessive exposure to air. 

 

The level of fill height in the bottle is of importance to minimise the air volume 

sitting under the closure (headspace). Overfilling can lead to a risk of leakage 

as the wine warms with temperature change (Boulton et al., 1996). 

Kwiatkowski et al. (2007) demonstrated that increasing the amount of 

headspace from a commercially-appropriate 16mL of headspace to 64 mL can 

lead to oxidative sensory characteristics, while reducing headspace volume to 

4 mL can lead to the appearance of reductive sensory characteristics. 

Reducing headspace ullage or increasing headspace ullage in a bottle of wine 

also has the effect of increasing SO2 or reducing SO2 concentrations 

respectively over time in comparison to control wines (Kwiatkowski et al., 

2007; Dimkou 2013). Without research upon ullaged bottles of open wine, the 

aforementioned studies provide some insight into the changes in SO2 

concentrations, and the balance between reductive and oxidative sensory 

characteristics, with increasing ullage in bottled wine.  

 

Oxygen may not always play a negative role in wine chemistry and sensory 

perception. The act of swirling wine poured into a glass is a commonplace 

way of introducing air into wine to lift aromas and assist with palatability. 

Decanting, although with its adherents and detractors (Robinson, 1994), is 

another instance where the introduction of air and oxygen into opened wine is 

thought to provide a positive benefit. 
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1.3 The Role of Sulphur Dioxide in Winemaking 

To protect wine from inadvertent oxidation and microbial degradation, sulphur 

dioxide (SO2) is “pretty much universally added to wine, both as an 

antimicrobial and also to protect against the damaging effects of oxygen” 

(Goode, 2018). As such, the timing and application of SO2 during the 

winemaking process is crucial to ensure that consumers are supplied wine 

that has minimal impact from oxidation and microbial spoilage. Additions of 

SO2 are typically made by the winemaker at critical points of grape and juice 

handling. Examples are prior to fermentation at fruit harvesting, and at the end 

of primary or malolactic fermentation depending on the wine style and/or 

desired residual sugar concentration (Rankine, 2004). Subsequent top-up 

additions of SO2 may be made on a routine basis during cellar procedures 

and prior to bottling (Rankine, 2004).  

 

From a winemaker’s perspective the SO2 in wine may be quantified as free 

(FSO2), bound SO2 and total SO2 (TSO2). In wine, SO2 will dissociate in a pH-

dependent equilibrium (Rankine, 2004) with some SO2 forms binding strongly 

to wine components such as carbonyl compounds, for example acetaldehyde. 

The unbound ions are known as free SO2, the complexed ions as bound SO2 

and the sum of bound and free SO2 as total SO2 (Rankine, 2004). When 

winemakers quote SO2 levels in wines these aforementioned quantities are 

used. For example; 20 mg/L FSO2, 80 mg/L bound SO2 and 100 mg/L TSO2. 

 

Additionally, SO2 in wine can be found in an equilibrium of three predominate 

forms; molecular SO2, the bisulphite ion (HSO3
-) and the sulphite ion (SO3

=).  

 

SO2 + H2O ↔ H+ + HSO3 
- ↔ 2H+ + SO3

= 
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The percentage of the three forms found in wine is pH-dependent with the 

molecular form predominant below pH 1.86 but decreasing to just 1.83% at 

pH 3.5 (Boulton et al., 1996). At typical wine pH (3.0 to 4.0) the bisulphite ion 

is the predominant form found and the predominant form responsible for 

antioxidant behaviour. The sulphite ion is found in small concentrations 

(0.0028% – 0.063%) at wine pH (Boulton et al., 1996). Although the sulphite 

ion has a strong antioxidant capability, the concentration found at wine pH is 

small and its role in antioxidant reactions is minor (from Boulton et al., 1996).  

 

The molecular form of sulphur dioxide is the most important form in providing 

antimicrobial protection. In a summary of five studies the average 

concentration of molecular SO2 required to control wine yeast, 

Saccharomyces cerevisiae, was found to be 2.3 mg/L (Boulton et al., 1996). 

Molecular SO2 plays a small role in reacting with hydrogen peroxide as an 

antioxidant. The antioxidant role is limited due to the very small amounts of 

molecular SO2 found at typical table wine pH (Boulton et al., 1996).  

 

Molecular SO2 is a volatile component of wine and will contribute to 

headspace aromas. The effect is pronounced by an increase in temperature, 

doubling for every 20ºC, or a decrease in pH with a 10x increase between pH 

4.0 and pH 3.0 (Boulton et al, 1996). The volatility of molecular SO2 

contributes to the loss of sulphur from wine with time and provides the 

unpleasant sulphur aromas sometimes found in wine (Boulton et al, 1996). 

 

By binding anthocyanin colour compounds the bisulphite form is responsible 

for colour bleaching seen in wine as a result of SO2 additions (Goode, 2018). 
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This attribute is potentially a negative in red wine quality, but the ability of the 

bisulphite ion to mop-up browning pigments is of importance in the oxidation 

process in white wines. Boulton et al. (1996) comment that “many white and 

most blush and rosé table wines are considered blemished with any evidence 

of oxidation or browning”. Bisulphite also bonds strongly to acetaldehyde 

(discussed in Chapter 1.3) diminishing the sensory contribution of this 

oxidation product to wine aroma. In this role, the bisulphite form of SO2 has 

perhaps its most relevant impact upon the preservation of freshness once a 

bottle of wine is opened. 

 

1.4 The Role of Temperature in Freshness Preservation  

Modern winemaking makes use of refrigeration to ensure that must handling 

and fermentation are conducted with temperature control. Grape harvesting is 

ideally conducted in cool conditions to preserve fruit quality, typically early 

morning starts for hand harvesting and overnight picking for machine 

harvesting (Rankine, 2004). Fermentation and cellar maturation are performed 

under cool conditions to produce the best varietal and style characteristics for 

the intended wine. From harvest through to the delivery to the end customer 

there is an effort to reduce the deleterious effects of heat upon wine quality.  

 

Once bottled the slow maturation process provided by cellaring in cool 

conditions has long been a desired characteristic of wine production. As 

temperature increases, that rate of chemical reaction also increases. The 

Arrhenius equation (1889, from Scrimgeour et al., 2015) proposed that for 

every 10ºC increase in temperature there is a doubling of reaction rate. 
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Therefore, from the perspective of preserving freshness in opened bottles of 

wine the storage temperature potentially plays a role.  

 

Table 1 from Boulton et al. (1996) shows the relative rates of some reactions 

in wines compared to 10ºC. The data indicates that at 20ºC (common room 

temperature) compared to 5ºC (domestic refrigeration temperature) oxygen 

uptake is 21-times faster, browning is accelerated by 4.37 to 5.16 times, TSO2 

decline in red wines is 2.20-times faster and TSO2 decline in white wines 

proceeds at a rate increase of 1.34 times.  

 

Table 1: The relative rates of selected reactions in wine. 

                                                         Relative rate at temperature (ºC) to 10 ºC               
 

                  Reaction 5 15 20 25 30 35 40 

Oxygen uptake 0.35 2.76 7.35 18.9 47.3 114 270 

Browning* 0.60 1.63 2.62 4.13 6.42 9.84 14.9 

Browning§ 0.57 1.73 2.94 4.91 8.07 13.0 20.7 

Total SO2 decline in red wine 0.76 1.30 1.67 2.15 2.72 3.43 4.28 

Total SO2 decline in white 

wine 

0.90 1.10 1.21 1.33 1.46 1.59 1.73 

* Berg and Akiyoshi (1956), § Ough (1985) 

 

Scrimgeour et al. (2015) discuss the effects of storage temperature including 

studies that show an increase in browning and a reduction in fruity and floral 

aromas in wines that have been subjected to elevated storage conditions. The 

effects of elevated temperatures were also discussed by Scrimgeour et al. 

(1995) in red wines, with loss of anthocyanin and tannin concentration over 
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time being observed. Additionally, exposure of wine to high temperatures can 

lead to protein instability and haze (Waters et al., 2005) with the potential to 

compromise closure integrity with associated leakage and oxidation.  

 

Once bottled wine leaves the winery, care must also be taken to ensure the 

finished product is kept away from high temperatures. Warm temperatures 

and variation in temperature during transportation are known to affect the 

sensory properties of bottled wine (Robinson et al., 2010; Hopfer et al., 2013; 

Goode, 2018). Cool-chain logistics during transportation and the use of 

cellaring or wine fridges are best practice methods of maintaining bottled wine 

in optimum condition. Once opened, a bottle of wine will potentially retain 

freshness better at lower temperatures. Jacob and Neil (2011) found that wine 

by the glass maintained quality better at 7ºC than at 24ºC over 24, 48 and 72 

hours.  

 

The interplay between O2, temperature, pH, SO2 and the constituent 

components of each wine is a complex topic. For opened bottles of wines, the 

same metrics could be applicable. Decreasing the storage temperature, 

preserving SO2 and preventing O2 contact are potential strategies to preserve 

freshness in opened bottles of wine. 

 

1.5 The Role of Aldehydes in Wine 

The class of compounds associated with oxidised aromas, such as 

cut/bruised apple, honey-like nutty and potato skin, are often attributable to 

aldehydes (Culleré et al. 2007).  
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Acetaldehyde is an intermediate in the formation of ethanol during 

winemaking. Acetaldehyde is produced in fermentation through the glycolytic 

pathway catalysed by the alcohol dehydrogenase enzyme (Boulton et al, 

1996). Secondly, under aerobic conditions the concentration of acetaldehyde 

in wine can increase via the autoxidation of ethanol (Somers and Wescombe, 

1987). A third important source of aldehydes in wines is by the Strecker 

degradation of amino acids to produces Strecker aldehydes (Bueno et al., 

2016). The concentration of acetaldehyde in red wine is quoted as 4-212 mg/L 

and in white wine at 11-493 mg/L in a review by Liu and Pilone (2000). 

 

The strong binding of aldehydes with SO2 reduces the sensory impact of 

aldehydes under normal wine conditions (Peynaud, 1984, from Lui and Pilone, 

2000). During oxidation the pool of available SO2 becomes depleted and 

aldehyde-SO2 complexes dissociate to form more ‘free’ aldehydes. Once 

unbound from SO2 these aldehydes can present as unpleasant oxidation 

aromas in wine (reviewed by du Toit et al., 2006). Bueno et al. (2016) state 

that “at low concentrations these aldehydes may add to the complexity of 

wine, but a higher levels, they are responsible for the loss of freshness and for 

the development of specific oxidation-related off-odors”. 

 

1.6 Volatile Acidity in Wine 

The most common source of volatile acidity in wines is from the oxidation of 

ethanol to acetaldehyde then acetic acid by acetic acid bacteria such as 

Acetobacter species (König et al, 2009). These bacteria have high ethanol 

tolerance and can become problematic in wine once molecular SO2 levels 

drop below 0.8 mg/L and aerobic conditions prevail (du Toit et al., 2005). The 
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production of acetic acid (vinegar-like aromas) and ethyl acetate (nail polish 

remover-like) at low levels may enhance the sensory qualities of wine. But 

excessive production of volatile acidity by Acetobacter species can produce 

unpleasant aromas and flavours. Corison et al. (1979) established that 

concentrations of ethyl acetate at 60 mg/L in white wine and 115 mg/L in red 

wine were considered undesirable. In the same study acetic acid 

concentrations of 1190 mg/L in white wine and 900 mg/L in red wine produced 

similar outcomes.  Acetobacter species are aerobic and may flourish within 

days if wine has high oxygen levels, reaching 106-107 cells/mL (Bartowsky 

and Henschke, 2008). Although research into Acetobacter species is focussed 

on grapes, winemaking processes and bottled wine, this species of bacteria 

has the potential to diminish the quality of ullaged wine in opened bottles (E. 

Bartowsky 2020, pers comm.). 

 

1.7 Colour Changes in Wine 

The perceived quality of red wines is dependent in part on the composition 

and expression of phenolic compounds (Somers and Evans, 1974). The 

colour expressed by red wines is a function of the flavonoid compounds 

present. A complex equilibrium exists that is dependent upon pH, SO2 and 

acetaldehyde concentrations, and the concentration of flavonoid compounds 

found in wine (reviewed in Boulton et al., 1996).  

 

As wine pH changes so too does the expression of colour compounds 

contained within that wine. With increasing acidity (lower pH) red wine will 

take on a redder hue. As acidity decreases (higher pH) the colour expression 

becomes more purple/blue in hue (Somers et al., 1979). The bleaching of 
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wine colour via the binding of coloured anthocyanins by free SO2 to produce 

colourless adjuncts is well documented (Boulton et al., 1996). If two wines are 

identical apart from free SO2 concentrations it would be anticipated that the 

wine with the lower free SO2 would have a greater opacity or colour density. A 

consequence of ageing, and oxidation, is that changes in colour hue can be 

observed. Most wine drinkers would be familiar with the browning or bronzing 

that occurs in white wines, and the browning or brick-red hues of aged or 

oxidised red wines.  

 

As wines loses freshness and oxidises the changes in colour may be 

quantified. The absorbance of wine at 420 nm (A420) is indicative of 

yellow/orange colour whilst absorbance at 520 nm (A520) is indicative of red 

colour. The method of Somers and Evans (1977) uses the absorbance ratio to 

provide a hue (or tint) measurement (A420/A520) that can provide an indication 

of changes in colour parameters with age or oxidation.  

 

 

1.8 Opened Wine in Domestic and Commercial Situations 

In a dinner party scenario, an opened bottle of wine may be consumed by the 

host and guests throughout the evening with little wastage. In many cases 

health or economic considerations may preclude the household consumption 

of a full bottle in one day. For a couple or an individual looking to have one or 

two glasses of wine per day the issue of maintaining freshness in the opened 

wine bottle can become problematic. It is not always convenient to consume 

the remainder of the bottle over the next couple of days. The remaining wine 

will be left on ullage before revisitation with the potential to oxidise. Once 
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oxidised the opened wine could lead to the formation of a negative perception 

of that wine brand by uneducated consumers. For those who recognise the 

oxidative deterioration, there is an economic loss from the wastage of what 

was potentially good wine.  

 

For those businesses that operate in the Hotel/Restaurant/Catering 

(HORECA) category and winery cellar doors, preservation of freshness in 

opened wine is important. Deterioration and wastage of wine that has been 

opened leads to economic loss. A study by Koldenhof and Vrenegoor (2017) 

found that restaurant wine wastage was equivalent to 15.8% of the venue 

wine purchase cost. It is easy for an oxidised wine to be served to a customer 

under busy service conditions or if staff are not suitably trained to recognise 

wine faults. During slow trading conditions or over infrequent trading times, 

the turnover of opened wines may decrease leading to poor quality outcomes 

for customers. Discussion with sommeliers during the course of this study has 

indicated that 7.5% to 15% are typical wastage rates for on-pour wines 

without use of freshness preservation techniques (Curkovic, 2019: Dibblin, 

2019; Gleeson, 2019; Reullier, 2019; Wulf, 2019, pers comm.), representing a 

significant wastage of wine. Left over wine may be consumed by staff, used in 

cocktails, provided to the kitchen for cooking, or discarded (Dibblin, 2019; 

Gleeson, 2019; Partington, 2020; Stubbs, 2020, pers comm.). The extent of 

wine wastage in HORECA venues and the use of out of condition wine would 

be a useful avenue of research beyond the scope of this project.  
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1.9 Aims 

The aim of this study is to evaluate the performance of five techniques for 

preserving freshness in opened bottles of wine. These techniques will be 

evaluated upon a half-full ullaged bottle and compared with a newly opened 

control bottle over an eight-day period. Additionally, a comparison of the cost 

in use of the freshness preservation techniques will be conducted.  
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Chapter 2 MATERIALS AND METHODS 

2.1 Wine Selection 

Pre-trial considerations and assessments were conducted to identify a wine 

that displayed initial fresh fruit characters with a FSO2 (approximately 10 ppm) 

concentration that would permit oxidative characters to become apparent over 

the course of eight days. The wine chosen for this trial was a commercially 

available oak-aged Grenache Shiraz Mourvèdre (GSM) 2016 from McLaren 

Vale. The price of this wine (AUD$25 recommended retail) was typical of red 

wine that may be found poured in a HORECA situation. National Association 

of Testing Authorities (NATA)-certified analyses of the GSM 2016 are shown 

in Table 2. The wine chosen was sealed under roll-on-tamper-evident (ROTE) 

closure which provides greater uniformity of oxygen transfer rates (Godden et 

al., 2001; Silva et al., 2011) than natural cork.  

 

Table 2: Key wine analytics for McLaren Vale GSM 2016 wine used for 

sensory and chemical trials.  

Alcohol  14.5% (v/v) 

Titratable Acidity 5.75 g/L 

Reducing sugar 3.0 g/L 

Acetic Acid 0.65 g/L 

FSO2
1 9 ppm 

TSO2
1 50 ppm 

 

                                                 
1 FSO2 and TSO2 results in the initial analysis were performed using the aspiration/titration 
method, Rankine and Pocock, 1970. FSO2 and TSO2 analysis in the final trial work were 
performed using the discrete analyser method (Porter et al., 2017) yielding a higher TSO2 

concentration. 



 

 18 

2.2 Wine Preservation Treatments 

The freshness preservation techniques assessed in this study and a brief 

description of their deployment are listed below.  

 

• Treatment 1: A freshly opened bottle (referred to as New Bottle in the results 

and discussion) to provide a baseline control for evaluation. 

 

• Treatment 2: Wine at 50% ullage volume and resealed with a ROTE closure 

by hand to provide an ullaged control bottle (referred to as Ullage) in the 

results and discussion).  

 

• Treatment 3: Vacu Vin Wine Saver at 50% ullage volume. This system uses 

a rubber stopper placed into the opened bottle over which a small hand-held 

pump can be placed to remove air, thereby creating a vacuum. The Vacu Vin 

website (2020) states “the vacuum slows down the oxidation process which 

makes it possible to enjoy your wine again on a later date”. 

The silicon stopper was inserted into the bottled and then the pump placed 

over the stopper. The pump was activated 10 times to provide a firm draw 

pressure on the pump and negative pressure inside the bottle.  

 

• Treatment 4: If an opened bottle of wine cannot be protected from contact 

with air then the rate of oxidation may be slowed by reducing the storage 

temperature. This trial chose 4ºC for storage as it is a common temperature in 

use by domestic refrigerators.  

Wine at 50% ullage volume was resealed with a ROTE closure by hand then 

storage under refrigeration at 4°C. 
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• Treatment 5: By part decanting a freshly-opened bottle of wine to fill a 

375mL bottle, the wine is then stored with minimal ullage therefore potentially 

reducing oxidation. Once full, the 375mL bottle can be resealed and used for 

later consumption. The remaining one half of the opened 750mL bottle can be 

used for current consumption.  

A volume of 375 mL of wine was decanted into a 375 mL bottle providing a 

headspace of approximately 9 mL. The filled 375 mL bottles then had a ROTE 

closure applied by hand to seal the bottles. 

 

• Treatment 6: Coravin™ Model 2 at 50% ullage volume. The Coravin system 

uses a needle that is inserted through the cork closure to inject argon gas 

from the Coravin device into the wine bottle creating a positive pressure. The 

wine is then dispensed from the Coravin device via the needle using the 

pressure from within the bottle. Once the needle is removed from the closure 

the wine remaining in the bottle is within an ullage environment containing 

inert argon gas, which in theory, will slow the impact of oxygen. Coravin 

introduced an adaptor to allow the use of their system with ROTE closures in 

2017. The screw cap is removed from the bottle and the Coravin adaptor, with 

a silicon centre, replaces the original screw cap and permits needle ingress. 

Coravin (2020) claim that the screw cap accessory “enables wine lovers to 

enjoy and preserve bottles sealed with a screw cap for up to three months”. 

This variant has been used in this trial to avoid potential complications by cork 

taint compounds and variations in oxygen transfer rates between cork sealed 

bottles.  
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The ROTE closure was removed from the trial wine and replaced by a Coravin 

adaptor. Then 375 mL of the wine was removed from the bottle using the 

Coravin device under argon gas pressure.   

 

• Treatment 7: 50% ullage volume treated with argon gas blanket (Winesave® 

Sommeliers’ Choice). The effects of air on wine from ullage may be mitigated 

by displacing air in an opened bottle with an inert gas. Compressed argon (Ar) 

may be dispensed directly from a can into an opened bottle of wine, the 

closure replaced, then wine consumed at a later time. Inert gases such as 

argon or CO2 are heavier than air and will form a protective blanket sitting on 

top of the wine.  

A one second dispensation of argon gas was added to the ullaged bottle via 

the supplied hose attachment as per the Winesave® Sommeliers’ Choice 

instructions (Winesave, 2020), then the bottle resealed by hand with a ROTE 

closure. This technique was referred to as Argon in the results and discussion. 

 

In treatments 2, 3, 4 and 7 decanting was performed to leave 375 mL (50%) of 

the volume remaining in the bottle. Preparation of the treatments was 

staggered to allow the two sensory evaluations (i.e. day 4 and day 8 

treatments) on consecutive days to limit training requirements for the sensory 

assessment panellists. With the exception of treatment 4 (storage at 4ºC) all 

bottles were stored at 22ºC over the course of the trial period.  

 

Chemical measures such as SO2 concentrations and colourimetric data were 

monitored daily along with sensory assessment at day 4 and day 8 of the trial 

to assess changes in the treatment and control wines. Day 4 and day 8 were 
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chosen for sensory assessment as informal trial work had indicated that 

apparent oxidation appeared by day 4 after opening and obvious oxidation by 

day 8 after opening the wine utilised in this study. Daily sensory evaluations 

were precluded due to the risk of panellist fatigue from multiple sensory 

sessions and cost. 

 

2.3 Chemical Analysis 

An unopened control sample of the base wine used for the trial was tested for 

free and total SO2 and colour attributes at day one, day four and day eight of 

the trial using triplicate bottles on each of those days. All other treatments 

were analysed on a daily basis using duplicate bottles. Free and total SO2 

were measured using a Thermo Fisher Discrete Analyser (Gallery; UOM ± 4 

mg/L). 

 

2.4 Spectrophotometric Colour Measurements 

Spectral evaluation of wine colour parameters was conducted using the 

modified method described by Somers and Evans (1977). The effect of pH on 

flavylium ion expression was determined by acidification of the wine. 100 L 

of wine was added to 10 mL of 1.0 M HCl and left at room temperature for 

three hours, and the OD 520 nm and OD 280 nm were measured using a 1cm 

path length cell using a Varian UV/Visible spectrophotometer. Absorbance at 

420nm and 520nm of the wine samples were also measured. To determine 

the effect of SO2 bleaching, measurements were also taken of the wine 

samples with the addition of 1% (v/v) of 10% acetaldehyde after 45 minutes 

elapsed time and of the wine samples with the addition of 1.5% (v/v) of 20% 

Na2S2O5 after 30 minutes elapsed time. For all of the above measurements 
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data was corrected for the cell path length and for dilution factors. The 

formulae and analytical premises used to determine total anthocyanins, 

ionised anthocyanins, degree of ionised anthocyanins, wine colour hue, wine 

colour density and total phenolics follow those described in Somers and 

Evans (1977). 

 

2.5 Sensory Assessment 

The use of difference testing or preference testing (such as a 20-point scoring 

system) was initially considered for this project. However, a descriptive 

analysis sensory component was employed for this study to provide better 

information about the types of changes potentially observed between 

treatments. Presentation of the sensory data into Principle Component 

Analysis (PCA) was used to identify and interpret the most important aspects 

of the data set. PCA provides a method of highlighting the most important 

variability in a large and complicated set of data while minimising data loss 

from the overall data set. Further information can be found in the PCA review 

article of Joliffe and Cadima (2016). 

 

A panel of twelve assessors (ten females, two males) with an average age of 

51 years (SD=6.3) was engaged to evaluate the wines. All panellists were part 

of the AWRI externally-trained sensory panel and had extensive experience in 

wine sensory descriptive analysis. Preparation of the treatments was 

staggered so as to conduct the two sensory evaluations (day four and day 

eight treatments) on consecutive days to limit training requirements and 

provide panellist familiarity with the wine set. 
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Panel members attended two three-hour sessions on the evaluation days to 

determine and discuss appropriate descriptors then formally rate the 

treatment samples. At the beginning of each day the assessors attended a 

preliminary session to familiarise themselves with potentially relevant aroma 

standards and palate standards, warmed up with an exercise to rank the 

degree of oxidation of three bag-in-box wine samples (new, opened and very 

old) and finally evaluated three treatment wines from the study to determine 

appropriate descriptors for rating in the formal sessions. A list of descriptive 

attributes was considered during the generation session. Relevant and 

irrelevant terms were added and removed to best suit the study wines. Study 

wines were progressively used during training sessions to generate and refine 

appropriate descriptive attributes and definitions through a consensus-based 

approach. Wines were assessed by appearance, aroma and palate.  

 

Following the warm-up exercises and discussion of attributes a list was 

refined to include two appearance terms, eight aroma terms (seven defined 

and one ‘Other’ term) and nine palate terms (eight defined and one ‘Other’ 

term). The list of attributes and their definitions are shown in Table 3.  

 

Assessment samples were presented to panellists in 30 mL aliquots in 3-digit-

coded, covered, ISO standard wine glasses at 22–24 °C, in isolated booths 

under daylight-type fluorescent lighting. Randomised presentation order was 

followed. All samples were expectorated. In the formal session, the assessors 

were presented with five trays of three wines per tray. The assessors were 

forced to have a 60-second rest between samples and were encouraged to 

rinse with water, and a minimum ten-minute rest between trays. During the 
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ten-minute break assessors were requested to leave the booths. Formal 

evaluation was completed in two two-hour sessions representing day four and 

day eight of the preservation trial.  

 

The 15 wines (7 treatments x 2 production replicates and 1 repeated sample) 

were presented to assessors, in an incomplete Williams Latin Square random 

block design provided by Compusense Cloud sensory evaluation software 

(Compusense Inc., Guelph, Canada).  

 

The intensity of each attribute listed in Table 3 was rated using an 

unstructured 15 cm line scale (numericised 0 to 10), with indented anchor 

points of ‘low’ and ‘high’ placed at 10% and 90%, respectively. Data was 

acquired using Compusense Cloud sensory evaluation software.  

 

Table 3: Sensory attributes, definitions and composition of reference 

standards.  

 

Attribute  
 

Definition  

Opacity  Colour intensity  

Brown  Brown tint  

Fresh_Dark_Fruit_A  Intensity of the aroma of blackberries, plums and 

blackcurrants  

Woody_Spice_A  Intensity of the aroma of cinnamon, nutmeg, 

cloves, curry and other woody odours  

Vanilla/Coconut_A  Intensity of the aroma of vanilla and coconut  

Drain_A  Intensity of the aroma of egg, drain, rubber  

Cooked_Veg/Potato_A  Intensity of the aroma of boiled potato and 

vegetable 

Bruised_Apple_A  Intensity of the aroma of bruised apple, wet 

paper and cardboard  
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Pungency_A  Intensity of the aroma of warming sensation of 

alcohol  

Nail_Polish_Remover_A*  

(NPR) 

Intensity of the aroma of nail polish remover*  

Acidity  Intensity of the perceived sourness  

Astringency  Intensity of drying sensation in the mouth  

Bitterness  Intensity of perceived bitterness including 

aftertaste  

Viscosity  Intensity of perceived body and fullness of the 

sample low=water; high=oily  

Hotness  Intensity of alcohol burn including aftertaste  

Fresh_Dark_Fruit_F&At  Intensity of the flavour of blackberries, plums and 

blackcurrants  

Bruised_Apple_F  Intensity of the flavour bruised apples, wet paper 

and cardboard  

Woody_Spice_F  Intensity of the flavour of clove, nutmeg, curry 

and other wood notes  

 

A; aroma, F; flavour, AT; aftertaste. *attribute added and rated to the day eight 

assessment only. 

 

Panel performance was assessed by inspection of the raw scores for key 

attributes of the repeated sample. Performance assessments also included 

principal component analysis of judges and attribute scores for the repeated 

sample only to visually assess judge variance.  

 

Analysis of variance (ANOVA) was carried out using Minitab 18 (Minitab Inc., 

Sydney, NSW) for both sensory and chemical data using a general linear 

model. For sensory data the effects of the treatment, judge, production 

replicate, and their 2-way interactions were calculated, treating the judge as a 

random effect. Effects with significance values up to 0.3 were considered and 

discussed. The approach used here, imposed by budget constraints and 
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subsequent limiting of sensory and analytical replicate measurements, aims to 

report logical patterns in the data and does not adhere to strict interpretation 

of significance levels. For chemical measures the effects of preservation 

treatment, production replicate, day and their 2-way interactions were 

calculated. PCA was conducted for the means of the treatments of the 

indicative (P<0.3) attributes of each of the preservation treatments using the 

correlation matrix (XLSTAT 2017, Paris, France). 
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3. RESULTS 

3.1 Free Sulphur Dioxide Concentration 

The FSO2 concentrations of control and trial samples are shown in Figure 1. A 

marked fall in concentration of FSO2 in the ullaged control sample was 

observed in comparison to the freshly opened control by day two which 

continued through the remainder of the trial period. By the end of eight days 

the ullaged bottle displayed a reduction in FSO2 concentration from 10 ppm to 

3.5 ppm.  

 

Use of the Vacu Vin did not significantly change the loss of FSO2 in 

comparison to the ullaged control. Refrigeration at 4ºC did not significantly 

alter the FSO2 concentration in comparison to the ullaged control with the 

exception of days 5 (P<0.001) and 8 (P<0.05). The wine decanted into 375mL 

bottles showed no significant difference in FSO2 concentration for the first four 

days of the trial, but then showed significantly higher levels than the ullaged 

control for the remainder of the eight day period. Inert argon gas treatment did 

not provide a significant change in FSO2 depletion in comparison to the 

ullaged control bottle except for a modest but significantly higher level 

(P<0.05) on day five. Over the course of the eight-day trial period the FSO2 

concentration of the Coravin treatment did not alter significantly in comparison 

to the freshly opened (New Bottle) control of the GSM wine. By day two the 

Coravin treatment displayed significantly higher FSO2 than the ullaged control 

sample which continued for the remainder of the trial period.  
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FSO2 Over the Course of the Eight-Day Trial Period
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Figure 1: Free sulphur dioxide concentration for control and trial condition 

wines over the eight-day trial period. Time is in days since treatment 

preparation. 

 

A spike in FSO2 (and to a lesser degree TSO2) was noted at day seven and 

could not be explained by calibration or reagent changes during the test 

period. Instrument uncertainty of measurement (UOM) is quoted as +/- 3 ppm 

which is in addition to pre-treatment bottle-to-bottle SO2 variations and 

variation in treatment preparation prior to analysis. 

 

3.3 Total Sulphur Dioxide Concentration 

Total Sulphur Dioxide concentration for control and trial condition wines over 

the eight-day trial period is shown in Figure 2. Use of the Vacu Vin technique 

provided no significant change in TSO2 when compared with the ullage control 
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treatment over the first three days of the trial. From day four to day eight the 

changes were either small or not significant. 

 

TSO2 Over the Course of the Eight-Day Trial Period
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Figure 2: Total sulphur dioxide concentration for control and trial condition 

wines over the eight-day trial period. Time is in days since treatment 

preparation. 

 

Storage of the ullaged samples at 4ºC provided significantly higher TSO2 

concentrations compared to the ullaged control from day two to day eight 

(P<0.01 to <0.001). The wine stored in 375 mL bottles showed no significant 

difference in TSO2 to the ullaged control for the first three days of the trial but 

was significantly higher (P<0.005 to P<0.001) for the next five days. Coravin 

treatments were significantly higher in TSO2 (P<0.05) by day one of the trial 

and maintained a significantly higher TSO2 concentration (P<0.001) for the 
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remainder of the trial period. Over the eight days the Coravin treatments did 

not show a significant TSO2 decline when compared to the New Bottle control. 

No significant difference in TSO2 was observed between use of canned argon 

gas and the ullaged control treatment for the first three days of the trial with 

significant differences observed between days four and seven (P<0.05 to 

P<0.001).  

 

3.4 Spectrophotometric Measurements 

A summary of the evaluation of colourimetric and phenolic attributes using the 

modified Somers and Evans (1977) method at day eight of the trial are shown 

in Appendix C1. For readers not familiar with colourimetric measurements and 

their meaning a very brief overview is provided in Appendix D. Comparison 

within daily measurements displayed few significant differences (Tukey’s 

Multiple Comparison Test) between trial conditions.  

 

Analysis of Variance (ANOVA) across all treatments and all days found 

significant (P<0.05) effects for all measures with the exception of total 

phenolics. The ANOVA results are displayed in Table C1 of the Appendices. 

 

Of the colourimetric measurements, hue displayed the greatest significance 

across days and treatments when ANOVA was examined (P<0.001). 

Changes in wine colour hue over the trial period are displayed in Figure 3.  
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Wine Colour Hue Over Eight-Day Trial Period
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Figure 3: Wine colour hue for control and trial condition wines over the eight-

day trial period2. Time is in days since treatment preparation. 

 

For ease of graphical representation, Figure 4, a main effects plot3 for wine 

colour hue displays the changes over the trial period. The panel to the left of 

Figure 4 shows that increases in hue (increase in yellow/brown) across the 

eight-day trial period are similar for the ullaged control and argon gas 

treatments. The Vacu Vin and 375 mL bottle treatments displayed the next 

greatest increase in hue, followed by refrigeration and Coravin treatments. A 

trend of increasing hue across the mean of all treatments over time is shown 

in the right hand panel of Figure 4. 

                                                 
2 Figure 3 is presented as a line graph for clarity of presentation. A bar graph presentation of this data is 

cluttered and difficult to interpret.  
3 A brief explanation of Main Effects plots in provided in Appendix E 
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Figure 4: Main effects of hue plot between preservation treatments and 

across time in days. The plot to the left shows the mean of individual 

preservation treatments across all days. The plot to the right shows the 

average of all treatments on a daily basis.  

 

3.5 Sensory Analysis 

Examination of ANOVA at day four of the trial elucidated two sensory 

attributes that differed significantly (P<0.05) between the freshness 

preservation treatments. The results are displayed in Table C2, Appendix C. 

These were opacity (colour intensity) and drain aroma (reduction aroma). A 

further six attributes displayed trends (P<0.3); fresh dark fruit aroma, 

wood/spice aroma, vanilla/coconut aroma, bruised apple aroma (oxidation), 

hotness and wood/spice flavour. Of those attributes fresh dark fruit aroma 

showed variation by treatment and replicate effects. Small but significant 

variation in replicate effects were noted, as were two judge variation effects 

(viscosity and bruised apple flavour; P<0.05). Main effects plots for individual 
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sensory attributes that showed significant or trending values are displayed in 

Appendix A4. 

 

At day eight ANOVA indicated that four attributes showed significant 

difference (P<0.05) among the preservation treatments. The results are 

displayed in Table C3, Appendix C. Those attributes were opacity (colour 

density), drain aroma (reduction), bruised apple aroma (oxidation) and bruised 

apple flavour (oxidation). A further six attributes showed trends (P<0.30); 

brown tint, wood spice aroma, vanilla/coconut aroma, pungency, nail polish 

remover (ethyl acetate) and hotness.  

 

Significant production replicate effects (P<0.05) were noted for some 

attributes (brown and fresh dark fruit aroma) with a single significant treatment 

by production replicate effect (fresh dark fruit aroma). Judge-by-treatment 

effects and judge-by-production replicate effects were not found to be 

significant. Main effects plots for individual attributes that showed significant or 

trending values at day eight are displayed in Appendix B. 

 

PCA plots for control and treatments wines were created using those 

attributes that displayed significant (P<0.05) and trending (P<0.30) 

differences. The PCA plots are displayed in Figure 4 (day four) and Figure 5 

(day eight). For day four and day eight the first two principle components 

accounted for 70.7% and 61.3% of observed variation respectively. Additional 

principle components explained little data variability.  

 

                                                 
4 Main effects plots for day four (Appendix A) and day eight (Appendix B) are displayed as individual 

graphs for clarity of presentation rather than as panel plots.  
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At day-four treatments 375mL bottle, argon, and refrigeration were positively 

rated for fresh dark fruit aroma and vanilla/coconut aroma. The New Bottle 

control showed positive ratings for drain aroma (reduction) and the Coravin 

rated highly for hotness and fresh dark fruit aroma. The fruit intensity of the 

New Bottle control was lower than treatments suggesting a masking or 

suppression effect on initial opening. Attributes woody spice aroma, bruised 

apple aroma and woody spice flavour were highly negatively loaded on 

Principle Component 1; both the ullaged control and Vacu Vin treatments 

showed high association with those attributes and lower association with fresh 

dark fruit aroma. 

 

 

Figure 5: Principle component biplot of significant (P<0.05) and trending 

(P<0.30) attributes for preservation treatments, ullaged control and new 

control bottle on day four. 
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By day eight the ullaged control and argon gas treatments were rating highly 

for characters bruised apple aroma and bruised apple flavour whilst showing 

high opacity. The refrigeration treatment scored highly for positively loaded 

attribute wood spice aroma on Principle Component 2. Conversely, the Vacu 

Vin treatment scored highly on the negatively loaded attribute of pungency 

aroma on Principle Component 2. By day eight the ullaged control, Vacu Vin 

and argon gas treatments were showing oxidative attributes with the ullaged 

control additionally displaying nail polish remover notes. Both the Coravin and 

375mL bottle treatments aligned most closely with the New Bottle control with 

all three treatments rated highly on the positively load attribute drain aroma on 

Principle Component 1.  

 

Figure 6: Principle component biplot of significant (P<0.05) and trending 

(P<0.30) attributes for preservation treatments, ullaged control and New Bottle 

control on day eight. 
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4. DISCUSSION 

4.1 Performance of Techniques under Evaluation 

Over the eight-day trial period the ullaged bottle showed a reduction in both 

FSO2 and TSO2, along with an increase in hue (more browning). Sensory 

assessment indicated a loss of freshness attributes by day four and obvious 

oxidation characters by day eight. Both the Vacu Vin and canned argon gas 

displayed limited success in freshness preservation over the eight-day trial. 

The storage of an ullaged bottle at 4ºC and decanting into a 375mL bottle 

provided a moderate preservation of freshness over the course of the trial 

period. Coravin-sampled wine provided the best preservation of wine 

freshness and the closest sensory and chemical data to a freshly-opened 

bottle of wine.  

  

Previous comparative studies (Null, 2013; Gowdie, 2014; Pambianchi, 2016a; 

Teague, 2016) have provided differing conclusions when assessing 

preservation freshness techniques. These studies did not use the Coravin 

system in their assessment. Teague (2016) and Pambianchi (2016a) found a 

preference for a vacuum pump/stopper system while Gowdie (2014) showed a 

preference for canned argon gas sprayed into an opened bottle. Isle (2017) 

found a preference for Coravin when assessing several methods of preserving 

freshness including Vacu Vin, canned inert gas and refrigeration. These 

studies were single replicate informal sensory assessments with a judge 

number of one or two participants, limiting reliability of data.  

 

An initial drop of a few mg/L of FSO2 and TSO2 was observed with the 

Coravin samples when compared with the new bottle control. It is anticipated 
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that the removal of the ROTE closure from the bottle and replacement with the 

Coravin screw cap adaptor would have allowed oxygen into the headspace 

with a consequent drop in FSO2 and TSO2. For bottles using Coravin under 

cork closures, which do not require removal of the closure during usage, the 

observed changes in initial SO2 may not be apparent. A study by Pambianchi 

(2016b) found good TSO2 and FSO2 preservation using Coravin up to 360 

days from initial use under cork. Deller (2016) found no significant changes in 

FSO2 and TSO2 in Coravin sampled wine over the duration of sixteen weeks 

under cork. However, Campbell (2018a) using the Coravin screw cap 

adaptors found deterioration of Sauvignon Blanc after both six week and three 

month trial periods. For all other methods under evaluation in this trial the 

preservation techniques were applied after opening and serving of the wine.  

The pouring of wine leads to air and oxygen ingress into the bottle as a 

consequence of the procedure. Only the Coravin system provides protection 

against air during the serving process.  

 

Canned argon gas provided minimal freshness preservation benefit during this 

study. Argon, although costly, is used to successfully manage ullage in 

wineries and is utilised in Enomatic® wine preservation systems. It is possible 

that the recommended instructions of the canned argon do not provide for a 

sufficient gas volume to displace enough air within the opened bottle and 

provide protection against oxidation. The author has trialled (unpublished 

data) the use of dry ice (solid CO2) on several hundred ullaged bottles in a 

cellar door setting with acceptable freshness preservation over one to two 

week time periods. In this case the CO2 gas volume introduced into the 



 

 38 

opened bottle is many times the ullage volume ensuring an inert gas 

environment within the headspace prior to resealing with a ROTE closure. 

 

The use of a 375mL bottle showed moderate efficacy in freshness 

preservation in this trial and in pre-trial evaluations over the eight-day period. 

However, filling of the 375mL bottle from an opened bottle does of itself 

introduce air into the wine during this procedure. An additional complication of 

using this method is that unlike the other techniques evaluated in this study, 

the ability to work with variable volumes of remaining wine is limited. Use of 

additional wine bottle volumes such as 500mL and 187mL may help to 

ameliorate this problem. This freshness preservation technique would not be 

practical in a HORECA environment but could provide a cost-effective method 

in a domestic situation. 

 

The use of the vacuum pump and stopper system displayed limited efficacy in 

this study. It is speculated that the removal of air from within the opened bottle 

is incomplete, permitting continued oxidation. The vacuum inside the bottle, 

tested as -45 kPa to -50 kPa, may affect the equilibrium of SO2 and aromatics 

between headspace and wine resulting in changes to the sensory 

presentation and continued oxidation. Volatiles would be anticipated to enter 

the headspace due to lower pressure as the system equilibrates.  

 

By day four of the trial and certainly by day eight the ullaged control bottles 

were showing sensory indicators of oxidation. Interestingly, FSO2 was still 

present in the wine even though aldehydic sensory notes, such as bruised 

apple aroma and bruised apple flavour were present. Godden et al. (2001) 
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observed in a Semillon white wine that oxidised sensory attributes were 

apparent once FSO2 dropped below 10 mg/L. Conventional thought would 

suggest that free SO2 would bind those aldehydes present. The bisulphite ion 

is primarily responsible for binding aldehydes (discussed in section 1.3) and 

may have been present at insufficient concentration to effectively fulfil that 

function. It is possible that the aldehyde-SO2 interactions have additional 

complexities, making apparent FSO2 at low concentrations an unreliable 

predictor for the loss of sensory freshness. Recent studies by Carrasćon et al. 

(2018) have shown that amino acid and polyphenolic profiles play an 

important role in oxygen and SO2 consumption rates, particularly at low FSO2 

concentrations. 

 

4.2 Cost Considerations 

In a commercial or domestic scenario, the costs of preserving opened wine 

bottles will be an important consideration when assessing the methods 

assessed in this trial. A model to gauge the costs of the methods under 

assessment has been shown in Table 5. The model makes the assumption 

that six x 125mL pours are made from a bottle with the last pour (to empty the 

bottle) not requiring further intervention. For each method the cost has been 

amortised over 100 bottles with the Coravin having an additional per bottle 

cost to show only the consumable cost (argon canisters) once the Coravin 

Model 2 and Coravin screw cap adaptors have been purchased. For the 375 

mL bottle and refrigeration treatments an approximation of <$1.00 has been 

made to allow for the cost of use. 

 

The cost of the Coravin, at $8.58 per bottle (or $3.25 per bottle for argon 

canister cost only), would suggest this method has application for rare or 
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premium wine only. The study by Deller (2016) noted that USD$21 to USD$45 

appeared to be the ideal price range for Coravin utility per glass in a 

restaurant. It should be noted that two argon gas canisters are included with 

the Coravin unit on purchase for a total of 23 canisters purchased per 100 

bottles. An issue of note with the Coravin, and the canned argon gas, is the 

unquantifiable environmental cost of the empty gas vessels. An environmental 

audit, such as that conducted in coffee preparation methods by Brommer et 

al. (2011), is beyond the scope of this paper. 

 

Table 5: Cost per bottle of freshness preservation methods under evaluation. 

Costs are in Australian $ using retail price points. 

 

Method Unit 

Cost  

Argon 

Canister 

 Cost 

Adaptor 

caps 

Bottles 

per 

canister 

Canisters 

per 100 

bottles 

$ per 

bottle 

Coravin model 2 $559.00 $13.00 $8.00 4 23 $8.58 

Coravin model 2 

(canisters only) 

 $13.00  4 25 $3.25 

Canned Argon 

Gas 

$27.00   13.9 7.2 $1.94 

Vacu Vin $35.00     $0.35 

375 mL bottle <$1.00     $0.01 

Refrigeration <$1.00     $0.01 

 

The next most expensive method, compressed argon gas, cost $1.94 per 

bottle and displayed limited efficacy during this trial. The cost of the vacuum 

pump and stopper system was inexpensive at $0.35 per bottle although 

limited efficacy in freshness preservation was displayed during this study. The 

use of decanting remaining wine to a 375mL bottle and refrigeration at 4°C 
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were the least expensive methods at cents per use. Both refrigeration and use 

of a 375 mL bottle displayed moderate freshness preservation performance. 

The choice of a wine preservation technique may be influenced by ease of 

use, especially in a HORECA environment where there is staff cost implicit in 

application.  Decanting into a smaller bottle size would be applicable at home 

but perhaps not practical in a busy HORECA venue. The use of Coravin is 

slow, a drawback noted by Deller (2016), and does require some experience 

and practice. The Vacu Vin and Winesaver argon gas products are 

reasonably quick and simple to use in both domestic and HORECA situation. 

Storage of an ullaged bottle in a refrigerator is easy to implement but does 

require some forethought to allow the bottle to warm before serving. 

 

4.3 Conclusion and Future Directions 

This study sought to provide insight into methods of preserving freshness in 

opened wine bottles. The results have provided clear information about the 

evolution of key chemical measures and sensory assessment of ullaged wine 

over time using five freshness preservation techniques. The methodology 

used a single pour (or treatment) to leave 375mL of wine remaining in the 

bottle which may not be representative of a domestic or HORECA usage 

where multiple pours and ullage volumes over time may occur. This 

compromise to the methodology was made to ensure an easily reproducible 

start point for the treatments under examination.  

 

Cost and time considerations precluded the expansion of this trial to consider 

addition wine categories such as aromatic white wine, oaked white wine, rosé, 

light bodied red wine (such as Pinot Noir) and fortified styles. Wine age (newly 

released, youthful or at drinking peak) and price point are additional worthy 
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attributes for consideration in future studies, however the required body of 

work becomes substantive. The research project could have benefitted from 

additional sensory sessions on a daily basis using an expanded number of 

panel participants to provide more extensive and robust data. Such 

modifications to the protocol of this study would require significant time and 

financial resources.   

 

Extension of the investigation period to include a 30-day time point was not 

considered in the initial synopsis but would have contributed to the utility of 

this project. This option was considered after initial data collection and 

analysis but the scheduling of experimentation at AWRI would have meant 

that too long a time period would have lapsed for the results to be directly 

comparable to the data reported in this study. 

 

During the scoping stage of this project the inclusion of aldehydes analysis 

was considered, and a small scale trial was employed (data not shown) using 

the gas chromatography/mass spectrometry method of Mayr et al. (2014) at 

the AWRI. The technique is new and expensive at AUD$220 per single 

replicate but could provide useful additional data if utilised in a well-resourced 

project.  

  

The Enomatic style of wine preservation system is used for wine by the glass 

in restaurants and wine bars. The cost of this system, impracticality for 

domestic use, and the need to perform an installation within a research 

laboratory precluded the evaluation of this method of freshness preservation. 

To date there is little information regarding the efficacy of the Enomatic style 
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system with a few studies providing an overall cost structure for a wine bar 

installation (Maida, 2010; Lal, 2014) Emerging freshness preservation 

techniques, such as Repour™ were not available during the initial planning 

stages of this trial and would warrant inclusion in further studies. Initial reports 

(Campbell, 2018b) on the application of Repour appear promising. The 

Repour system uses a stopper inserted into the opened wine bottle with an 

O2-scalping chemical designed to reduce O2 levels in the headspace.  

 

Changes in opacity and wine colour browning were reported by panellists at 

day eight of the trial. Changes in colourimetric parameters were also observed 

across the eight-day trial period. The use of colourimetric measurements 

provides information obtained at specific points of the visible light spectrum. 

The ability of panellists or consumers to detect differences in a compound 

wine colour may not mirror the sensitivity of colourimetric measurement 

instrumentation. Research into understanding the correlation and sensitivity of 

human sensory perception comparatively to colourimetric data requires further 

exploration. 

 

A fascinating aspect of the background research undertaken for this project is 

the paucity of information pertaining to how wine, once in the possession of 

end consumers, changes once that bottle is opened. Much of the discussion 

and theatre of fine wine appreciation concerns the best time to open, decant 

(or not) and consume wine. Very little research has been conducted in this 

area and it is hoped that this project provides some preliminary information 

about the changes that occur once wine is opened and the evolution that 

ensue with time.   
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APPENDIX A: Treatment effects plots for trending (P<0.30) and significant 

(P<0.05) attributes from day four assessment. 

 

Figure A1: Main effects plot for opacity scores (P<0.05) of treatments from 

day four of sensory evaluation. 

 

 

Figure A2: Main effects plot for fresh dark fruit aroma scores (P<0.30) of 

treatments from day four of sensory evaluation. 
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Figure A3: Main effects plot for woody spice aroma scores (P<0.30) of 

treatments from day four of sensory evaluation. 

 

 

Figure A4: Main effects plot for vanilla/coconut aroma scores (P<0.30) of 

treatments from day four of sensory evaluation. 
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Figure A5: Main effects plot for drain aroma scores (P<0.05) of treatments 

from day four of sensory evaluation. 

 

 

Figure A6: Main effects plot for bruised apple aroma scores (P<0.30) of 

treatments from day four of sensory evaluation. 
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Figure A7: Main effects plot for hotness scores (P<0.30) of treatments from 

day four of sensory evaluation. 

 

 

Figure A8: Main effects plot for woody spice flavour scores (P<0.30) of 

treatments from day four of sensory evaluation. 
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APPENDIX B: Treatment effects plots for trending (P<0.30) and significant 

(P<0.05) attributes from day eight of sensory assessment. 

 

Figure B1: Main effects plot for opacity scores (P<0.05) of treatments from 

day eight of sensory evaluation. 

 

 

Figure B2: Main effects plot for brown scores (P<0.30) of treatments from day 

eight of sensory evaluation. 
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Figure B3: Main effects plot for woody spice aroma scores (P<0.30) of 

treatments from day eight of sensory evaluation. 

 

 

Figure B4: Main effects plot for vanilla/coconut aroma scores (P<0.30) of 

treatments from day eight of sensory evaluation. 
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Figure B5: Main effects plot for drain aroma scores (P<0.05) of treatments 

from day eight of sensory evaluation. 

 

 

Figure B6: Main effects plot for bruised apple aroma scores (P<0.05) of 

treatments from day eight of sensory evaluation. 
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Figure B7: Main effects plot for pungency aroma scores (P<0.30) of 

treatments from day eight of sensory evaluation. 

 

 

Figure B8: Main effects plot for nail polish remover aroma scores (P<0.30) of 

treatments from day eight of sensory evaluation. 
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Figure B9: Main effects plot for bruised apple flavour scores (P<0.05) of 

treatments from day eight of sensory evaluation. 
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APPENDIX C: Statistical Analyses for Chemical and Sensory Measurements. 

 

Table C1: F-ratios, probability values†, degrees of freedom (df) and mean 

square error (MSE) from the analysis of variance for chemical variables 

across all treatments, days and replicates. 

  

Chemical 
measure  

Treatment Rep Day Treatment 
*Rep 

Treatment 
*Day 

Rep 
*Day 

Error 

% Pigmented 
tannin  

19.22***  0.18  39.47***  0.72  2.99***  2.41*  0.080  

Chemical  
Age 1  

43.67***  1.27  16.10***  0.68  4.84***  5.72***  0.000  

Chemical  
Age 2  

8.36***  0.00  19.51***  0.51  2.27**  1.35  0.000  

Colour Density  26.09***  1.91  27.65***  0.24  3.06**  1.10  0.006  

Free 
Anthocyanins  

4.76***  1.12  35.61***  0.47  2.43***  1.25  1.389  

Hue  78.57***  0.53  59.94***  0.67  4.04***  1.33  0.000  

Pigmented 
Tannin  

29.92***  0.01  27.60***  0.72  3.20  2.90**  0.001  

Sulphur 
Dioxide (free)  

134.3***  0.52  86.99***  1.51  6.03***  3.61**  0.243  

Sulphur 
Dioxide (total)  

251.33***  0.01  135.46***  0.95  11.97***  0.82  0.772  

Total phenolics  2.10  2.99  7.10***  2.21  1.26  1.12  0.096  

Total pigment  13.30***  0.76  30.16***  0.84  3.10***  1.62  0.003  

Total tannin  4.72***  1.08  13.91***  0.65  0.70  0.41  0.000  

df 6 1 8 6 48 8 48 

 
†Significance levels are as follows: * P≤0.05; ** P≤0.01; *** P≤0.001 
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Table C2: F-ratios, probability values†, degrees of freedom (df) and mean 

square error (MSE) from the analysis of variance for day four sensory 

assessment. 

 

Attribute  Treatment PRep J*Treatment Treatment*
PRep 

J*PRep Error 

Opacity  2.47* 0.72 0.96 0.79 0.50 0.713 

Brown  1.05 1.06 1.01 1.13 1.54 0.537 

Fresh Dark 
Fruit_A  

1.25ǂ 1.23 1.09 3.34** 0.55 1.269 

Woody Spice_A  1.72ǂ 8.19* 1.39 1.67 0.58 1.154 

Vanilla/Coconut_A  1.57ǂ 1.76 1.34 1.30 0.32 1.895 

Drain_A  6.08*** 2.67 0.75 1.54 1.71 2.735 

Cooked Veg/ 
Potato_A  

1.02 2.10 0.92 0.98 1.11 1.987 

Bruised Apple_A  1.42ǂ 4.00 0.93 1.24 1.53 1.835 

Pungency_A  0.78 0.01 0.86 0.97 0.62 0.826 

Acidity  0.34 0.63 1.33 0.28 1.44 0.883 

Astringency  0.55 0.82 1.38 0.73 0.44 0.751 

Bitterness  0.53 0.07 1.34 1.81 0.76 0.986 

Viscosity  0.96 0.53 1.54* 1.03 1.24 0.593 

Hotness  1.31ǂ 5.50* 0.75 1.70 0.21 1.380 

Fresh Dark 
Fruit_F&At  

0.97 1.73 1.17 1.52 0.86 1.454 

Bruised Apple_F  0.88 5.29* 1.39* 1.02 1.41 1.063 

Woody Spice_F  2.23ǂ 0.02 1.35 1.93 0.75 0.942 

df 6 1 66 6 11 78 

 

A: aroma, F: Flavour, AT: Aftertaste. †Significance levels are as follows:           

* P≤0.05; ** P≤0.01; *** P≤0.001; ǂ P≤0.30. df = degrees of freedom. Judge 

effect was significant for all attributes (P<0.05), PRep = production replicate, 

J = Judge. 
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Table C3: F-ratios, probability values†, degrees of freedom (df) and mean 

square error (MSE) from the analysis of variance for day eight sensory 

assessment. 

 

Attribute                Treatment PRep J*Treatment Treatment 
*PRep 

J*PRep Error 

Opacity  2.56* 0.00 0.50 0.42 0.45 1.045 

Brown  1.41ǂ 7.57* 0.89 2.06 0.16 0.594 

Fresh Dark 
Fruit_A  

0.70 7.37* 0.88 1.94 0.34 1.971 

Woody Spice_A  2.17ǂ 0.04 0.69 1.29 0.49 2.068 

Vanilla/Coconut_A  1.43ǂ 1.07 1.13 2.74* 0.68 2.168 

Drain_A  6.54*** 0.66 0.83 1.94 1.15 3.079 

Cooked Veg/ 
Potato_A  

1.09 2.40 0.97 1.57 0.32 2.664 

Bruised Apple_A  4.06** 1.84 1.00 1.76 0.56 2.208 

Pungency_A  1.42ǂ 0.03 0.85 0.80 1.35 0.738 

Nail-Polish 
Remover_A  

1.43ǂ 0.20 1.17 0.51 0.55 1.530 

Acidity  1.09 0.98 0.64 0.78 0.50 1.382 

Astringency  0.97 0.06 1.35 0.77 0.67 1.233 

Bitterness  0.76 0.20 1.06 0.70 0.44 1.264 

Viscosity  0.45 0.88 0.46 0.33 0.74 1.311 

Hotness  1.51ǂ 0.11 1.25 0.97 0.65 1.140 

Fresh Dark Fruit 
F&At  

0.44 1.26 1.09 0.88 0.47 2.199 

Bruised Apple_F  4.06** 1.84 1.00 1.76 0.56 2.208 

Woody_Spice_F  0.99 0.12 0.90 0.98 0.45 1.961 

df  6 1 66 6 11 78 

 
A: aroma, F: Flavour, AT: Aftertaste. †Significance levels are as follows:           

* P≤0.05; ** P≤0.01; *** P≤0.001; ǂ P≤0.30. df = degrees of freedom. Judge 

effect was significant for all attributes (P<0.05), PRep = production replicate, 

J = Judge. 

. 
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APPENDIX D: An Overview of Colourimetric Measurements in Red Wine.  

 

The colourimetric measurements discussed are the Somers and Evans (1977) 

method and are commonly used in wine science. This brief overview provides 

some information concerning these measures.  

 

Wine Colour Density: the sum of absorbance at 420 nm (yellow/brown) and 

520 nm (red). 

 

Wine Colour Hue: the ratio of absorbance at 420 nm to absorbance at 520 

nm. An increase in the hue ratio with age indicates a browning or yellowing of 

the wine. 

 

Free Anthocyanins: the absorbance at 520 nm using an acidified sample (pH 

1) to wine enhance colour density through the formation of the flavylium ion. 

This measure provides an indication of the quantity of free, or unbound, 

anthocyanins in monomeric form. 

 

Chemical Age 1: the ratio of absorbance at 520 nm where ASO2/ACH3CHO. This 

provides a ratio of polymeric colour pigments (ASO2) which form over time to 

monomeric anthocyanin colour compounds in a sample that has acetaldehyde 

added to remove the colour bleaching effects of SO2 (ACH3CHO).  

 

Chemical Age 2: the ratio of absorbance at 520 nm where ASO2/AHCl. This 

provides a ratio of polymeric colour pigments (ASO2) which form over time to 

anthocyanin colour compounds in an acidified sample (AHCl).  
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Total Phenolics: the absorbance at 280 nm, which is a measure of all 

phenolic compounds in the sample, including tannins. 
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Appendix E: An Overview of Main Effects Plots 

Minitab creates the main effects plot by plotting the fitted mean for 

each value of a variable in the model. Minitab can plot data means for 

variables that are not in the model. A line connects the points for each 

variable. Look at the line to determine whether or not a main effect is 

present for a variable. 

When the line is horizontal (parallel to the x-axis), then there is no 

main effect present. Each level of the variable affects the response in 

the same way, and the response mean is the same across all levels. 

When the line is not horizontal (parallel to the x-axis), then there is a 

main effect present. Different levels of the categorical variable affect 

the response differently. The greater the difference in the vertical 

position of the plotted points (the more the line is not parallel to the X-

axis), the greater the magnitude of the main effect. To determine if a 

difference is statistically significant, check the p-value of the term in 

the analysis of variance table. 

By comparing the slopes of the lines, you can compare the relative 

magnitude of the effects. Minitab also draws a reference line at the 

overall mean. (www.pinzi.org, n.d.) 

javascript:BSSCPopup('facp_def_mean_for_each_level.htm');
javascript:BSSCPopup('facp_def_mean_for_each_level.htm');
javascript:BSSCPopup('facp_def_slope.htm');
javascript:BSSCPopup('facp_def_overall_mean.htm');
http://www.pinzi.org/
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RPP Version No 3.5 Name of Advisor Martin Hudson MW 

Note: RPPs must be submitted via your Advisor to the IMW 

Proposed Title 

A Comparison of Methods for Preserving Freshness in Opened Wine Bottles 

Research Questions:  Define the subject of your Research Paper and specify the specific 
research questions you plan to pursue. (No more than 200 words) 

 
Once a bottle of wine is opened, the exposure of the wine to oxygen in air can result in 

degradation of wine quality.  In a domestic or restaurant situation, the oxidative effects of 

ullage can be of particular issue, as opened bottles are frequently not consumed within one 

day or sitting. 

In an end-consumer situation, there are techniques applied in the belief that they help to 

maintain the freshness of wine in opened bottles. The aim of this study is to investigate the 

efficacy of those methods. These methods may be applicable to both domestic and on-

premise situations where opened ‘on-pour’ bottles experience quality degradation during 

time spent on ullage.  

Key research questions –  

1. A null hypothesis would be proposed that there are no differences in delaying the 

onset of oxidative change and loss of palatability between techniques used to 

maintain freshness in opened bottles of wine. 

2. A null hypothesis would be proposed that the onset of oxidative change in opened 

bottles of wine will show no differences in a full-bodied dry red wine style. 
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Background and Context: Explain what is currently known about the topic and address 
why this topic requires/offers opportunities for further research. (No more than 200 words) 

Ullage is a constant concern for winemakers, and a great deal of effort is expended in the 

winery to minimise ullage and the consequent negative oxidative changes in wine which it 

can cause. Winemakers, with a professional understanding of the role of air contact in wine 

quality degradation, have tools at their disposal to minimise and prevent quality 

degradation caused by oxygen exposure.  

In a domestic or restaurant situation the options for managing ullage and maintaining 

freshness in opened wine bottles are varied, but proof of their efficacy beyond personal 

opinion is limited. Several mainstream media articles have provided personal experience of 

the authors’ opinion of wine preservation techniques (Null, 2013; Gowdie, 2014; Teague, 

2016). However, the results of a controlled scientific trial are required to provide further 

information on this topic.  

Discussion concerning the cost and effectiveness of the evaluated techniques used for the 

preservation of freshness may assist consumers in making informed decisions as to the 

best method for their own consumption and budget patterns. 

 

Sources: Identify the nature of your source materials (official documents, books, articles, 
other studies, etc.) and give principle sources if appropriate. (No more than 150 words) 

1. Background material on ullage management will be sought from primary journal 

articles and other studies.  

2. The comparison of the efficacy of ullage management techniques will be 

conducted by primary research using sensory evaluation and chemical analysis. 
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3. Previous studies and articles concerning the preservation of freshness in opened 

wine bottles will be cited from primary studies (three studies are cited in the 

References appendix of this proposal). 

4. Information pertaining to oxidation in wine and the formation of oxidation related 

compounds will be sourced from primary journal articles. 

 

 

Research Methodology: Please detail how you will identify and gather the material or 
information necessary to answer the research question(s) and discuss what techniques you 
will use to analyse this information. (No more than 500 words) 

 

Part 1 Examination of Freshness Preservation Techniques with Sensory Assessment. 

A commercially available full-bodied dry red wine would be used, and trials conducted at 

22˚C storage condition. The wine would need to be at least three months post bottling for 

the FSO2 and TSO2 concentrations to have stabilised.  

The suggested test conditions are –  

1. Control – unopened bottle. 

2. Control – at 50% ullage volume. 

3. Vacuvin style Wine Saver vacuum pump - at 50% ullage volume. 

4. Refrigeration at 4 degree C - at 50% ullage volume. 

5. Opened bottled decanted into a 375mL bottle. 

6. Coravin at 50% ullage volume.  

7. Inert gas blanket at 50% ullage volume (can of commercially available compressed 

Argon gas). 

The trial wines would be evaluated in duplicate with OD420 (browning/yellowing colour 

assessed by photospectrosocopy via optical density at a wavelength of 420 nanometers) 

using the method of Somers and Evans (1977), FSO2 (free Sulphur Dioxide) and TSO2 

(total Sulphur Dioxide) measurements taken daily over a seven-day period to track 
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oxidation progress.  

A concomitant small scale sensory evaluation conducted at day four and day eight would 

use an expert panel (12 participants) to assess the control and treatment wines for selected 

sensory attributes. Each session would have 7 treatments x 2 production replicates and 1 

repeated sample. Participants would score each attribute on a 15 cm line scale 

(numericised 0 to 10 for sensory evaluation. The data obtained from the sensory trial will be 

used in conjunction with the FSO2/TSO2 and OD420 results to evaluate the concomitant 

appearance of oxidative characters/loss of palatability with a reduction in SO2 and an 

increase in OD420 browning/yellowing colour. Larger scale consumer sensory data would 

undoubtedly be valuable to accompany the trial, but the practical constraint of the number 

of sensory sessions and wines within a Research Project context precludes such an 

enormous undertaking.  

Statistical analysis where appropriate will be conducted. Advice on selection of 

appropriate statistical tests for best practice will be sought from experienced professionals 

within that area. 

 

Potential to Contribute to the Body of Knowledge on Wine: Explain how this Research 
Paper will add to the current body of knowledge on this subject.  (No more than 150 words) 

Results from the trial of freshness preservation techniques would provide understanding 

of the efficacy of these techniques. Rigorous evidence based information has not 

previously been collated in this area of investigation. The results would potentially be 

useful to those seeking the best performing methods to maintain freshness in opened 

wine bottles in household, on-premise and cellar door environments. Analysis and 

discussion of the costs of the examined treatments could provide domestic consumers 

and wine industry professionals with useful information on the best strategies for 

preserving freshness in opened wine bottles in their own situations. 
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the research, analysis and write-up of the Research Paper and should indicate 
approximate dates with key deliverables. Dates of submission to both Advisors and the 
IMW must be those specified by the IMW. 

February 2019             Submission to mentor. 

March/May 2019 Vintage commitments 

June 2019        Background information and introduction. 

July 2019 Wine analysis, final draft of introduction. 

August 2019 Sensory evaluation sessions 

September 2019 Data tables completed and draft of discussion. 

October 2019 Complete discussion. 

November 2019         Revise & edit. Submit to RP Advisor. 

December 2019            Research Paper submission. 

May 2020 Submit referred Research Project to RP Advisor. 

June 2020 Resubmission of referred Research Project to IMW. 

 

 
 


