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Abstract 
The consequences of pre-fermentation and post-fermentation extended maceration (EM) 

on colour, mouthfeel and phenolic composition were investigated in Pinot noir (2004), 

Grenache (2006) and Shiraz (2007) (Vitis vinifera L.) wines. Experimental wines were 

made using cold soak, post-fermentation EM, and standard fermentation treatments (C). 

Cold soak treatments included a 3-day cold soak at 10°C (CS), with an additional 

comparison of plunging effects for the 2004 wines (CSP). Post-fermentation extended 

maceration treatments were 1- or 3-weeks on skins in 2004 (PS1 and PS3 respectively), 

and 3-weeks in 2006 and 2007 (PS3). A variety of chemical and sensory test methods were 

used to determine changes in phenolic components and organoleptic properties between 

treatments of all 3 varietals as they aged in the bottle. 

 

Among other results, it was determined if wines made with a period of cold soak had 

increased colour intensity, and increased concentrations of monomeric anthocyanins and 

pigmented polymers compared to control wines. It was also determined if wines made with 

a period of post-fermentation EM had increased concentrations of the flavan-3-ols  

(+)-catechin and (−)-epicatechin, and tannin, decreased colour intensity and modified 

mouthfeel compared to the other wine treatments.  

 

A greater understanding of Australian red winemakers’ opinions on EM regimes and their 

use in Australian wineries was obtained by survey. Survey results confirmed that EM is 

used extensively in Australian wineries but that winemakers have poor understanding of 

the consequences of EM regimes for red wine properties. The survey confirmed that 

winemakers are concerned about the economic cost and logistic pressures associated with 

the use of EM regimes during vintage. Wines made using EM need to spend longer in 

fermentation vessels, which are in high demand during this time. Findings from this study 

provide winemakers with more information to consider before making decisions about 

their use of EM regimes. 

 

Survey findings showed more winemakers would use EM regimes if logistic and economic 

pressures did not apply. However, results suggest that even if winemakers did adopt EM 

practices, some may not achieve what they believe to be the outcome of these regimes, 

such as improved colour or mouthfeel properties. For instance, results showed that cold 

soaking did not make a difference to wine colour compared to conventional fermentation 

maceration. Even without cold soaking red must, winemakers may be able to achieve the 



 

 x

same or very similar wine organoleptic characteristics at a reduced cost. Similarly, no 

significant effects of plunging during cold soak were observed.  

 

Post-fermentation EM visibly reduced wine colour intensity and imparted a browner hue to 

the wine compared to red wine that was pressed off skins upon reaching dryness. This EM 

regime is therefore unlikely to benefit winemakers who are seeking to produce highly 

coloured wines. However, prolonged maceration post-fermentation did increase the 

intensity of perceived bitterness and increased the concentration of wine flavan-3-ols and 

tannins. Winemakers may therefore influence the desired balance between the extraction of 

these wine phenolics (and the associated outcome for taste and mouthfeel properties) and 

economic considerations by varying the duration of maceration post-fermentation. 
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1.1 Introduction and role of maceration in red winemaking  
During alcoholic fermentation of red must, phenolic and other compounds contained in the 

grape are transferred to the wine by diffusion. The phenolic composition of red wine, 

manifest primarily as mouthfeel and colour, is the primary defining factor differentiating 

red wine from white wine. Most grape phenolic compounds are contained in the skins and 

seeds (Kennedy et al. 2000, Souquet et al. 1996). Maceration of this grape tissue during 

winemaking lyses grape cell walls, facilitating the release of phenolic components into the 

wine (Amrani Joutei and Glories 1995, Robinson 2006). The structure of phenolic 

compounds is based on a hydroxyl-substituted benzene ring. Compounds belonging to this 

group include non-flavonoids and flavonoids. The latter class of phenolics are of particular 

interest to this study and includes the anthocyanins, flavan-3-ol monomers, flavanols, and 

proanthocyanidins (commonly referred to as condensed tannins). These compounds 

influence wine colour and mouthfeel characteristics (Auw et al. 1996, Somers and Evans 

1974, Zimman et al. 2002). Thus, the composition and organoleptic properties of red wine 

are predominantly affected by maceration and the extraction of grape derived phenolic 

components and their subsequent reactions in wine (Basha et al. 2004, King et al. 2003, 

Sims and Bates 1994). 

 

Diffusion is the process by which a compound moves from a region of high concentration 

toward a region of lower concentration. Some of the factors that affect the diffusion of 

grape phenolic compounds into the wine during maceration are the temperature of the 

must, juice or wine, the duration of grape skin and seed contact, physical handling of the 

must including cap management technique, the extraction medium’s composition including 

alcohol level and sulphur dioxide concentration, inclusion of stems in the fermentation, 

yeast selection, the grape variety and maturity (Williams 1997, Arnous et al. 2002, 

Singleton and Trousdale 1983, Mazza et al. 1999, Soleas et al. 1998, Blanco et al. 1998, 

Bakker et al. 1998, Gomez-Plaza et al. 2000). Other factors that influence the extent of 

phenolic extraction are the molecular weight and the size and type of phenolic molecules, 

the surface area for the concentration gradient, other temperature treatments including 

grape and must freezing and thermovinification, and factors that affect cell permeability 

such as pectolytic enzyme selection (Romero-Cascales et al. 2008). Sacchi and co-workers 

(2005), who discuss some of these factors in their review, summarise that pectolytic 

enzyme treatments, duration of grape skin and seed contact and temperature treatments 

including increased fermentation temperatures, thermovinification and must freezing 

increase phenolic extraction (Ough and Amerine 1961, Harbertson et al. 2002,  



 

 3

Girard et al. 1997, Couasnon 1999), whereas winemaking parameters such as yeast 

selection (Zini et al. 2002), and skin and juice mixing practices (Leone et al. 1983,  

Fisher et al. 2000) have variable effects on phenolic extraction.  

 

The opportunity to extract phenolic compounds from the solid parts of the grape into the 

wine may be extended beyond the period of alcoholic fermentation. Winemakers can 

choose to extend the maceration period by crushing grapes and delaying juice inoculation 

with yeast for a number of days, or by delaying pressing off skins after the completion of 

alcoholic fermentation (Watson et al. 1997, Heatherbell et al. 1996, Boulton et al. 1998).  

 

Extending the period of maceration before or after the period of alcoholic fermentation is 

done to increase the concentration of phenolics such as anthocyanins, flavan-3-ols and 

tannins in the wine. Once in the wine, these compounds undergo a variety of chemical 

reactions over the life of the wine that influence wine sensory properties (Gomez-Plaza  

et al. 2001, Reynolds et al. 2001, Scudamore-Smith et al. 1990, Yokotsuka et al. 1999). 

For example, during pre-fermentation maceration, extraction of monomeric anthocyanins 

occurs (Okubo et al. 2003, Reynolds et al. 2001). Once in the wine, monomeric 

anthocyanins undergo polymerisation reactions to form pigmented polymers that increase 

wine colour stability (Auw et al. 1996, Bakker and Timberlake 1997, Somers 1971, 

Somers and Evans 1977). Extending the period of maceration after the alcoholic 

fermentation is complete, provides more time for extraction of alcohol soluble compounds 

such as high molecular weight astringent and bitter tannins from the seeds (Singleton and 

Noble 1976a, Cerpa-Calderón and Kennedy 2008). However, our understanding of the 

exact nature of the chemical reactions causing pigment stabilisation and changes in 

mouthfeel is lacking, and little objective data is available to explain the consequences of 

extended maceration (EM) on the composition of red wines.  

 

Wineries strategically employing EM techniques are likely to require more fermentation 

capacity and larger capital expenditure than if they were to macerate only during alcoholic 

fermentation. Wines made using EM spend longer in fermentation vessels during vintage, 

which is a time when vessels are in high demand. Wineries may have invested in a greater 

number of fermentation vessels to accommodate the slower turn over of wine, for instance. 

Wines produced by EM are generally made from the better quality parcels of fruit and have 

higher costs of production, which increases the value of wines made using this technique.  
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In order to understand more fully the consequences of maceration regimes for red wine 

phenolic chemistry, the use of sensitive and specific experimental methods is required to 

detect and quantify changes in wine that have been induced by maceration variables 

(Gawel et al. 1997). Conclusions may then be drawn regarding the efficacy of EM regimes 

in producing a final wine with the desired composition and organoleptic outcomes. 

Wineries can then use this information to decide on the economic 

advantages/disadvantages of utilising such vinification regimes.  

 

Currently, pre-fermentation EM is believed to increase fruit flavours and aromatic quality, 

reduce bitterness and astringency, improve mouthfeel and body, and modify the varietal 

flavour of the resulting wine (Heatherbell et al. 1996, Wollan 1997). In contrast,  

post-fermentation EM is believed to increase colour stability through the increased 

extraction of phenolics and subsequent polymerisation of tannins with anthocyanins. It is 

also thought to promote tannin polymerisation and result in a more complex, richer, supple 

wine with better ageing capacity. Ageing capacity is the ability of the wine’s organoleptic 

properties to improve with time (Watson et al. 1997, Sipiora and Granda 1998,  

Gonzalez-Manzano et al. 2004, Auw et al. 1996, Yokotsuka et al. 1999). 

 

In the research described in this thesis, the colour and mouthfeel attributes, and phenolic 

composition of wines produced using pre-fermentation and post-fermentation EM regimes 

have been examined and compared to control wines, which received maceration only 

during alcoholic fermentation.  

 

1.2 Grape and wine phenolics  
Phenolic compounds in grapes are present mainly in the seeds and skins (Cheynier 2005). 

Phenolics contained in grape skin are compartmentalised in the vacuoles, bound to proteins 

on the internal face of the tonoplast, or bound by glycosidic bonds to cell wall 

polysaccharides, and are released when cells lyse (Joutei 1994, Pinelo et al. 2006). During 

ripening, seed phenolics migrate from the vacuolar liquid to the thick walls of the external 

epidermis where they are available for extraction at vinification. Anthocyanins are, in 

almost all instances, restricted to the skin of red grapes, whereas tannins 

(proanthocyanidins, which are oligomers of 2 to 8 flavan-3-ol units) are contained in the 

skin and seeds of grapes (Haslam 1998). See Figure 1-1 for the extractable compounds 

present in red grapes and their approximate location. 
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Figure 1-1: Approximate location of extractable chemical compounds in red wine 
grapes. Modified from Bakker and Clarke (2004) 
 

 

A number of different types of phenolic compounds have been identified in grapes and 

wine. These compounds can be broadly categorised into groups that differ according to the 

number and orientation of the phenolic sub-units in the molecules. The number and 

position of hydroxyl groups attached to the aromatic structure alters the reactivity of 

phenolic compounds. Kennedy et al. (2006b) and Cheynier et al. (2006) provide excellent 

summaries of grape and wine phenolics. The 2 major classes of phenolic compounds are 

the flavonoids and non-flavonoids. 

 

1.2.1 Non-flavonoids  

Non-flavonoid phenolics are contained in grape pulp and in oak wood and are generally 

found in wine in low concentrations. An exception are hydroxycinnamic acids, which 

comprise the greatest part of non-flavonoid phenolics in wine (Basha et al. 2004).  Other 

non-flavonoid phenolics present in grapes and wine in low concentration are 

hydroxybenzoic acids. Hydroxybenzoic acids include p-hydroxybenzoic acid, vanillic acid, 

syringic acid, and gallic acid. The first 3 compounds are oak lignin constituents. The latter 

compound is also a constituent of oak hydrolysable tannins (this group of tannins includes 

gallotannins and ellagitannins, which are glycosides of gallic and ellagic acids). 

 

Flesh: (Mesocarp) 
Juice/Must 
 
Glucose/Fructose 
Acids (tartaric, malic, 
etc.) 
Proteins/free amino acids 
Pectins 
Phospholipids 
Volatile compounds 
Hydroxycinnamic acid 
esters of tartaric acid 
Approx. 5% of total 
grape phenolic content 

 
Seeds 
Procyanidins 
Between 20-70% of total 
grape phenolic content 

Skin: (Exocarp) 
 
Anthocyanins  
Tannins (catechin and 
procyanidins) 
 
Up to 50% of total 
grape phenolic content 
 
Lipids containing 
unsaturated fatty acids 
(ripeness dependent) 
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Hydroxycinnamic acids, derived from p-coumaric, caffeic, ferulic and sinapic acid, exist in 

grapes as tartaric acid esters, but may be found in their free forms in wine due to enzyme 

acid hydrolysis during vinification (Ribereau-Gayon 1965, Somers et al. 1987). Although 

hydroxycinnamic acids are the main phenols present in grape flesh, most are individually 

present below their sensory threshold level in wines (Verdette et al. 1988). Caftaric acid, 

however, is the main substrate for enzymatic oxidation in wine. Through coupled oxidation 

reactions with anthocyanins, caftaric acid can contribute to anthocyanin oxidation and wine 

browning (Sarni et al. 1995). 

 

1.2.2 Flavonoid compounds  

Flavonoids are the most important group of grape and wine phenolics. The flavonoids are 

characterised as molecules possessing 2 phenolic groups (rings A and B) joined by an 

oxygen-containing ring, forming a C6-C3-C6 backbone. Flavonoids exist in oligomeric and 

polymeric forms that differ in the oxidation level of their central heterocyclic ring and in 

the number of hydroxyl and methoxy groups they possess. 

 

Flavonoids, responsible for many of the colour, mouthfeel and ageing characteristics of red 

wine, include the following important groups: flavonols such as quercetin; flavanols such 

as catechin, epicatechin (Figure 1-2), tannins (Figure 1-3); and anthocyanins (Figure 1-4). 

 

A C

B
OH

OH

O

OH

OH

R2

H
R1

R1 = H, R2 = OH, (+)-catechin
R1 = OH, R2 = H, (-)-epicatechin

 
 

Figure 1-2: Structure of (+)-catechin and (−)-epicatechin. From De Freitas and 
Glories (1999) 
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Figure 1-3: Structure of a procyanidin trimer (tannin) found in grapes. From De 
Freitas and Glories (1999) 

 

 

O

O

OH

OH

R1
OH

R2
A C

B
+

Glucose

R1 = OH, R2 = H, Cyanidin
R1 = R2 = OH, Delphinidin
R1 = OCH3, R2 = H, Peonidin
R1 = OCH3, R2 = OH, Petunidin
R1 = R2 = OCH3, Malvidin

 

Figure 1-4: General structure of anthocyanins which occur as 3-O-glucosides in Vitis 
vinifera L. grapes. From Saucier et al. (2004) 
 

1.2.2.1 Anthocyanins and polymeric pigments 

Anthocyanins, contained in the skin vacuoles of red grapes, are released into the wine 

during maceration and once in the wine, are involved in phenolic polymerisation reactions. 

Anthocyanin derived colour is an important sensory attribute of red wine because positive 

correlations exist between red wine colour and perceived wine quality (Somers 1978, 

Somers and Evans 1974).  



 

 8

Anthocyanins occur as 3-O-glucosides in Vitis vinifera. Anthocyanins are soluble in water 

and are much more stable than their parent aglycones, the anthocyanidins, which have no 

sugar groups attached and are not found free in grapes or wine (Furtardo et al. 1993). 

Anthocyanins appear red coloured due to the absorption of light in the green part of the 

spectrum at about 520 nm and differ by the way they are substituted in the B-ring  

(Figure 1-4). Malvidin-3-glucoside is the most common anthocyanin present in V. vinifera 

varieties. The other aglycone molecules of anthocyanins are peonidin, petunidin, cyanidin 

and delphinidin. With the exception of V. vinifera cv Pinot noir, the sugar residues of 

anthocyanins may be acylated with acetic, p-coumaric, or caffeic acid groups  

(Fong et al. 1971, Kelebek et al. 2006, Nagel and Wulf 1979, Rankine et al. 1958). 

 

In young red wines, colour is primarily due to the monomeric anthocyanins (Somers and 

Evans 1977). As wine ages, polymerisation reactions occur and polymeric pigments 

become increasingly responsible for wine colour. Other factors that affect wine colour 

include pH, sulphur dioxide concentration, and co-pigmentation. The presence of other 

types of phenolic compounds also influences colour-related reactions in the wine  

(Nagel and Wulf 1979, Ribéreau-Gayon and Glories 1986). Pigments and wine colour 

expression are in constant development during the life of a wine (Zimman and Waterhouse 

2004). Reactions involving anthocyanins progressively change the colour of wine as it 

matures. During red wine maturation, wine colour hue moves towards browner colours and 

colour density characteristically decreases. The changes are observed through a decrease in 

absorbance at 520 nm and an increase in absorbance at 420 nm (Somers and Verette 1988). 

 

1.2.2.2 Flavan-3-ol monomers 

Flavan-3-ol monomers are present in the seeds of grapes (Romeyer et al. 1983, Singleton 

et al. 1966). (+)-Catechin and (−)-epicatechin are the 2 important flavan-3-ol monomers in 

grapes (Figure 1-2). (−)-Epicatechin-3-O-gallate (containing a trihydroxyl substituted  

B-ring) is another major flavan-3-ol found in grapes and wine. Flavan-3-ol monomers are 

slightly bitter and astringent and polymerise to form procyanidins and condensed tannins in 

wine (Haslam 1998). Their extraction and role in wine has been extensively investigated. 

Long maceration times, high temperatures during maceration and high alcohol levels 

favour the extraction of these monomers from grapes into the wine (Meyer and Hernandez 

1970, Oszmianski et al. 1986, Singleton and Draper 1964). 
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1.2.2.3 Proanthocyanidins 

Proanthocyanidins are polymeric chains of catechins, of molecular weights from 500 to 

3000 g/mol that are capable of cross-linking proteins (Herderich and Smith 2005). 

Proanthocyanidins are also known as oligomeric proanthocyanidins, leucoanthocyanins, 

condensed tannins or tannins. Tannins consist of multiple flavan-3-ol (or flavan-3,4-diol) 

monomers (from 2 to more than 60 monomers) joined together, typically through C4 to C8 

linkages and less commonly through C4 to C6 linkages. Polymerisation is catalysed by low 

pH and can be complemented by cross-linking with acetaldehyde. These complex 

polymeric wine tannins are more stable against oxidative degradation compared to their 

monomeric constituents  (Herderich and Smith 2005).  

 

Total tannin is significantly higher in the seeds than the skins (Souquet et al. 1996). Skin 

tannins, however, generally have a higher polymer length than seed tannins. For example, 

Pinot noir skin tannins were found to have a mean degree of polymerisation (mDP) of 

approximately 40 monomeric subunits (Peyrot des Gachons and Kennedy 2003), whereas 

the seeds were found to have an mDP of approximately 2 (Downey et al. 2003,  

Peyrot des Gachons and Kennedy 2003, Cerpa-Calderón and Kennedy 2003). Catechin, 

epicatechin, epicatechin gallate and epigallocatechin constitute the major units of skin 

tannins, and catechin is the primary terminal subunit (Downey et al. 2003, Souquet et al. 

1996). Grape seed catechins and tannins (Gonzalez-Manzano et al. 2004) are found mainly 

in the outer seed coat (Thorngate and Singleton 1994). Seed tannin extension (joining) and 

terminal (end) subunits include catechin, epicatechin and epicatechin gallate  

(Prieur et al. 1994, Souquet et al. 1996). 

 
Tannins are not coloured because they do not possess the fully conjugated aromatic 

systems of anthocyanins. However, tannins do have reactivity towards electron deficient 

sites, and are thus able to participate in polymerisation reactions.  In wine, tannins can 

become red-coloured pigmented polymers by acting as co-polymers with anthocyanin 

molecules, thereby imparting colour to the wine. Alternatively, it is speculated that tannins 

can enhance co-polymer related wine colour through co-pigmentation, hydrogen bonding 

or hydrophobic stacking (Somers and Evans 1979, Herderich and Smith 2005).  

Co-pigmentation occurs when pigments and other non-coloured organic components form 

molecular associations or complexes and can result in increased wine colour intensity  

(Ansen et al. 1972). Tannins impart astringency and mouthfeel to red wine because of their 

ability to interact with and precipitate proteins involved in astringency perception.  
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The reactivity of tannins enables them to trap free radicals, so their presence in wine 

protects it from oxidation  (Piljac et al. 2005, Marquette and Grazietti 2007). Phenolic 

compounds, including tannins, can also act as the main initial substrate for oxidation, 

leading to wine browning and some loss of aroma or astringency (Ferreira et al. 2007, 

Escudero et al. 2002). For example, phenolic compounds can undergo non-enzymatic 

browning by forming complexes with metal ions. A potential mechanism of browning via 

metal ion interaction may involve copper oxidation of phenolics to quinone by-products, 

which then undergo polymerisation reactions to form brown pigments (Oszmianski et al. 

1996, Danilewicz 2007). Further research is required in this area before the exact 

mechanism is fully understood (Fulcrand et al. 1997). The role of phenolic compounds in 

oxidative processes and wine browning has been reviewed by several groups, including  

Robards et al. (1999), Li et al. (2008) and Waterhouse and Laurie (2006). 

 

1.3 Reactivity of red wine phenolic compounds 
Over a wine’s life, phenolic compounds undergo a variety of reactions that alter wine 

sensory properties. The reactivity of phenolic compounds is related to the position of the 

hydroxyl groups on their aromatic structure (Fulcrand et al. 2006). The high electron 

density of the aromatic ring and the presence of electron-donating hydroxyl groups results 

in an increased density of electrons at particular sites on the structure (Fulcrand et al. 

2006).  For example, in Figure 1-5, the electron density of the aromatic ring has been 

increased at the ortho-positions and at the para-position relative to the hydroxyl group. 

Such nucleophilic sites on the aromatic ring promote electrophilic aromatic substitutions. 

 

 

Figure 1-5: Activated phenol sites of phenols. From Fulcrand et al. (2006) 
 

 

As mentioned, the flavonoids are characterised as molecules possessing 2 phenolic groups 

(rings A and B) joined by an oxygen-containing heterocyclic ring. The oxygen-containing 

ring, also known as the central pyran ring or C ring determines the class of flavonoid. In 
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anthocyanins, for example, the C ring is unsaturated (Figure 1-4). For tannins, the C ring is 

fully saturated (Figure 1-3).  

 

Depending on wine pH, anthocyanins and tannins can react as electrophilic or nucleophilic 

species. In strong acidic conditions, the interflavan bonds of tannins can be cleaved to form 

reactive carbocations, which can then oxidise to anthocyanidins (hence the term 

proanthocyanidins). Alternatively the reactive carbocations can be trapped by nucleophilic 

species. The positive charge on the C ring of anthocyanins or carbocations (generated by 

acid catalysed cleavage of interflavan bonds) makes these species electrophilic. Under the 

right pH conditions, this encourages hydration of anthocyanins, for example. 

 

Thus, flavonoids are able to undergo a variety of chemical reactions including cleavage, 

substitution, oxidation and polymerisation reactions. Changing wine conditions during 

vinification and wine ageing influence the types of reactions occuring and therefore wine 

sensory properties (Bakker et al. 1998).  

 

1.3.1 Sensory properties of red wine phenolics: Relationships 

between pehnolic structure and colour  

As mentioned, anthocyanin structure and stability are affected by wine conditions such as 

pH. Anthocyanins are in a pH-dependent equilibrium in aqueous conditions. At different 

wine pH values, the reactivity and electron distribution around anthocyanin molecules 

changes, which affects their colour. In fact, anthocyanin derived pigments can vary in 

colour from orange to blue (λmax 515-575 nm) (Cheynier et al. 2006). At low pH, 

equilibrium favours the red flavylium form such that maximum colour is seen in model 

solutions at pH 1 (Somers and Evans 1977). As the pH value increases the equilibrium 

begins to form more of the colourless hemiketal (hydrated form) (Brouillard and Delaporte 

1977, Brouillard et al. 1991), together with the red quinonoidal base (Asenstorfer et al. 

2003). At an even higher pH the formation of yellow coloured chalcones is favoured 

(Jones and Asenstorfer 1997, Somers and Evans 1977).  

 

Less than 10% of anthocyanins are coloured at a pH value greater than 4, whereas 16-17% 

are in their coloured form at a pH of 3.6 (Somers 1972, Somers and Evans 1974). The 

optimum range of pH for a red wine is 3.3 to 3.7 because pH affects taste and stability as 

well as colour, with wines of high pH being characteristically flat and susceptible to 

oxidation and microbial spoilage (Beneduce et al. 2004).  
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When the aromaticity of the anthocyanin molecule is destroyed, anthocyanins become 

colourless because the molecule can no longer absorb light in the visible part of the 

spectrum. For example, hydration or the reaction of free sulphur dioxide with anthocyanins 

at position C4, results in such a colour loss (Berke et al. 1998, Iland et al. 2004a). The 

bleaching effect of sulphur dioxide is largely reversible by acidifying the solution to a pH 

of 1.  At crush, sulphur dioxide is added (50-150 mg/L) to control enzyme and microbial 

activity and to control free acetaldehyde during fermentation (Somers and Westcombe 

1987). Sulphur dioxide exists in an equilibrium in wine. As the pH is lowered, the 

equilibrium shifts from the bisulphite form that reacts with anthocyanins, towards the  

non-reactive molecular form (Burroughs 1975).  

 

After the must is warmed and inoculated with yeast, the sulphur dioxide bound to 

anthocyanins is released. Once released, sulphur dioxide binds preferentially with 

acetaldehyde, which is a by-product of yeast fermentation or is produced from the coupled 

oxidation of ethanol by phenolics. If, however, there is excess sulphur dioxide available to 

bind with free anthocyanin molecules, free anthocyanin content and wine colour 

expression decreases. This occurs despite there being no change in the wine’s total 

phenolic concentration (Zoecklein 2002). By binding with anthocyanins, sulphur dioxide 

competes with other phenolic compounds for the anthocyanin-binding site (and in doing so 

acts as an antioxidant), thereby slowing the formation of polymeric pigments (Picinelli  

et al. 1994). For example, Dallas and Laureano (1994) have shown that increasing  

pre-fermentation additions of SO2 from 0 to 150 mg/L improved anthocyanin extraction by 

helping to break down cell walls but also slowed the formation of pigmented polymers. 

 

It seems an addition of 50 mg/L SO2 at crush is better than an addition of 100 mg/L SO2, or 

no addition. The addition of 50 mg/L SO2 assists anthocyanin extraction more than if no 

addition is made. Compared to an addition of 100 mg/L SO2, 50 mg/L SO2 has a smaller 

bleaching effect. The addition of 50 mg/L therefore achieves a balance between the 

extractive and bleaching properties of sulphur dioxide (Heatherbell et al. 1996).  

 

The fate of phenolic compounds and fermentation derivatives is complex. Acetaldehyde 

plays an important role in oxidative phenolic polymerisation reactions. For example, the 

fermentation by-products acetaldehyde and pyruvic acid can bind with anthocyanins and 

form vitisin type structures (pyranoanthocyanins) (Morata et al. 2007, Cano-López et al. 

2008, Lee et al. 2004). These pigments are orange-red in colour and have an increased 
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resistance to sulphur dioxide bleaching because the substituent on the C ring impedes 

nucleophilic addition of water or sulphites (Brouillard 1982, Timberlake and Bridle 1967).  

 

Although maximum anthocyanin extraction occurs early in the fermentation, monomeric 

anthocyanin concentration gradually decreases over time. Anthocyanin loss may be partly 

due to adsorption onto yeast lees and grape solids, or inclusion in potassium bitartrate 

crystals. Potassium bitartrate crystals form during vinification due to their reduction in 

solubility as alcohol content increases. From the start of vinification, anthocyanin 

monomers also begin undergoing polymerisation reactions to form pigmented polymers, 

which increase in quantity with time. Polymeric pigments account for between 50-70% of 

the wine’s colour density within the first year and up to 80-90% in the second year  

(Arnous et al. 2002, Herderich and Smith 2005, Nagel and Wulf 1979). Polymeric 

pigments enhance wine colour stability compared to monomeric anthocyanins because 

their saturated C ring means they are more resistant to oxidation, pH and sulphur dioxide 

decolouration (Margalit 2004, Berke et al. 1998, 1999, Jones and Asenstorfer 1997, 

Somers and Evans 1977, Timberlake and Bridle 1976). However, not all pigments resistant 

to sulphur dioxide decolouration are necessarily polymeric. Similarly, some polymeric 

pigments are not resistant to sulphur dioxide decolouration. As pigmented polymerisation 

increases over time, large aggregates may form that eventually become too large or too 

insoluble to remain in solution, resulting in the formation of a coloured precipitate and a 

reduction in wine colour density (Saucier et al. 1997). 

 

Colour stabilisation may also occur through co-pigmentation (Ansen et al. 1972). This 

term describes interactions between other molecules in the medium (called intermolecular 

co-pigmentation) or between parts of the pigment molecule itself (intramolecular  

co-pigmentation) (Brouillard and Dangles 1993). The red flavylium form and blue 

quinonoidal base form of anthocyanins are both planar. These planar molecules interact 

with other planar species (co-pigments) to form molecular stacks, which exclude water 

(Mazza and Brouillard 1990). Wine colour intensity is increased (hyperchromic effect) and 

wine colour shifts towards purple (bathochromic effect) because at wine pH (Brouillard  

et al. 1990) the coloured anthocyanins are protected from hydration (and therefore 

decolouration). Therefore, in conditions where the colourless forms would normally 

predominate, co-pigmentation causes a shift in the anthocyanin equilibrium towards the 

coloured anthocyanin forms. Co-pigments can account for between 5 and 50% of the 

colour in young wines (Neri and Boulton 1996, Boulton 1996, Levengood and Boulton 
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1997, Boulton 2001). Co-pigmentation co-factors include quercetin, seed tannin, 

epicatechin, catechin and caffeic acid (Mazza and Brouillard 1990, Lambert 2002).  

 

Similar to co-pigmentation is a phenomenon called self-association (Ansen et al. 1972, 

Mazza 1995). Self-association involves the planar coloured anthocyanin forms interacting 

with themselves to form vertical stacks resistant to hydration. During fermentation 

however, the increase in ethanol concentration (and reduction in the solution’s polarity) 

decreases the extent of self-association and co-pigmentation and leads to a decrease in 

colour (Brouillard and Dangles 1994). 

 

While anthocyanins do not contribute to mouthfeel sensations in isolation, they are able to 

make a contribution when combined with other species in the form of polymers  

(Waters 1997, Haslam 1998). A number of proposed mechanisms of tannin-anthocyanin 

polymerisation have been proposed. Some these mechanisms include acid catalysed C-C 

bond breaking and bond making reactions through nucleophilic attack (described in 

Fulcrand et al. 2006 and Waters 1997), acetaldehyde induced tannin-anthocyanin addition 

reactions (Et-Safi et al. 2004), and complex formation with polysaccharides  

(Riou et al. 2002). More recently Herderich and Smith (2005) also described direct 

condensation reactions. The variety of reactions is complex, for example  

anthocyanin-tannin (ethyl-linked malvidin-3-glucoside/catechin) reactions that involve 

acetaldehyde produce purple pigments associated with young wine. In comparison, direct 

reactions generate yellow coloured xanthylium salts with a characteristic absorbance at 

about 440 nm (Jurd and Somers 1970). Non-coloured anthocyanin-tannin conjugates may 

also exist in the form of colourless anthocyanin-(epi)catechin conjugates with A-type  

bi-cyclic linkages, formed by oxidation reactions (Herderich and Smith 2005). The 

contribution of such non-coloured polymers and pigmented polymers to astringency is yet 

to be determined. The efficacy of different types of tannins in stabilising colour such that it 

persists through the life of the wine is also yet to be fully elucidated.  
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1.3.2 Sensory properties of red wine phenolics: Relationships 

between phenolic structure, taste and mouthfeel  

The structural diversity of wine phenolic compounds makes it difficult to predict how 

phenolic compounds contribute to wine sensory properties. Phenolic compounds can be 

bitter and astringent, and some, such as ethyl phenols, are volatile and contribute to aroma. 

 

Flavan-3-ols such as (+)-catechin, (−)-epicatechin and (−)-epicatechin-3-O-gallate can be 

both bitter and astringent (Su and Singleton 1969). Bitterness is a taste and is elicited by 

small molecules with particular configurations that enable them to enter receptor sites to 

depolarise taste receptor cells and activate signal transduction (Lindemann 2001). While it 

is believed that bitterness is mainly derived from grape seed flavan-3-ols, the influence of 

flavan-3-ols on wine bitterness is yet to be sufficiently elucidated. Astringency, on the 

other hand, is a tactile sensation in the mouth elicited by the precipitation of salivary 

proteins by phenolic compounds, which reduces mouth lubrication. Arnold et al. (1980) 

and Robichaud and Noble (1990) have shown that monomeric flavan-3-ols are more bitter 

and less astringent than tannins, but as their concentrations increase, both catechins and 

tannins show an increase in their perceived bitterness and astringency. Astringency is 

derived from higher molecular weight tannins because these compounds have a higher 

number of protein interaction sites. Thus as the degree of tannin condensation increases so 

too does the intensity of the astringent sensation (Lea 1990, Vidal et al. 2004).  

 

The smooth mouthfeel associated with more mature wines may be due to tannins 

polymerising over time to such a size that they become insoluble and lose their ability to 

react with lubricating proteins (Scudamore-Smith et al. 1990). However, some studies have 

shown that all polymerisation reactions enhance astringency, and that there is no limit to 

the size of tannins that are able to elicit an astringent response (Sarni-Manchado et al. 

1999, Vidal et al. 2003). As some tannin undergoes acid catalysed cleavage during wine 

ageing, this may be contributing to reduced astringency over time (Vidal et al. 2002, 

Cheynier et al. 2006). Under wine-like conditions a decrease in the mean degree of 

polymerisation for seed and skin tannins has been recorded (Aron and Kennedy 2007). 

This suggests that as wines age some tannins may become smaller, and according to grape 

tannin sensory data, be perceived as less astringent (Vidal et al. 2002). 

 

As well as polymer size (Charlton et al. 2002), astringency and bitterness vary with 

molecular weight, galloylation and the number of O-dihydroxyphenolic groups on the 
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molecule (Brossaud et al. 2001, Haslam 1974). Alternative stereochemical arrangements of 

flavanol units, the possibility of having a galloyl ester present at the C3 of the C ring  

(to create epigallocatechin, epicatechin gallate, or epigallocatechin gallate), and the variety 

in size and subunit composition of grape derived tannin, increase tannin complexity. 

Deciphering the relationship between the structure of these compounds and wine sensory 

properties is a challenge (Herderich and Smith 2005, Souquet et al. 1996). Studies by 

Vidal et al. (2004) suggest that increased tannin polymerisation and degree of galloylation 

increases chalkiness and dryness, with the former increasing coarseness and the latter 

increasing pucker characteristics. They also note that the presence of epigallocatechin units 

in tannins lowers perceived coarseness. 

 

Sensory perception of phenolic compounds is affected by non-phenolic material in the 

wine such as ethanol, glycerol, salts and acids. For example, fining with gelatin and other 

proteins precipitates out astringent tannins of high molecular weight (Maury et al. 2001). 

The formation of complexes between added protein and other tannin present in the wine 

may reduce astringency by impeding interaction of these tannins with salivary proteins 

(Cheynier et al. 2006, Waters 1997). Polysaccharides compete with proteins for interaction 

with tannins. The possibility exists that tannins form complexes with polysaccharides and 

flavour compounds, resulting in the modification of wine mouthfeel and flavour.  

 

There is limited understanding of how the wine matrix composition influences wine 

organoleptic properties. However, improved wine isolation and analysis tools are being 

developed to investigate the role of phenolic compounds in wine and their relationship 

with wine sensory properties (Herderich and Smith 2005, Peyrot des Gachons and 

Kennedy 2003). Early studies have investigated the role of maceration in phenolic 

extraction (Meyer and Hernandez 1970, Singleton and Draper 1964, Oszmianski et al. 

1986) and reseach is continuing. However, the influence of maceration regimes on wine 

phenolic composition and consequences for desirable or undesirable sensory characteristics 

are also yet to be fully understood. For example, there is considerable interest in 

understanding how to control separately the extraction of tannin localised in the skin from 

the extraction of seed-derived tannin, since both pools impart different sensory properties 

to the wine.  
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1.4 Phenolic composition from grape to wine 
Only a small proportion (20-40%) of total grape phenolics is extracted into wine by 

traditional winemaking techniques (Boulton 2003, Haslam 2005, Cerpa-Calderón and 

Kennedy 2008). Adams and Scholz (2007) studied studied tannin extraction during red 

winemaking by comparing tannin in the fruit, as measured by acetone extraction of skins 

and seeds, with the amount in the resulting wine. For Shiraz they found that extraction 

ranged from 10% to 58%. In another example, Jensen and co-workers (2008) compared the 

concentration of various phenolic compounds in grape extracts and wines produced from 

55 different grape samples, covering eight different Vitis vinifera cultivars: Alicante, 

Cabernet Sauvignon, Carignan, Cinsault, Grenache, Merlot, Mourvedre and Syrah 

(Shiraz). Jensen et al. (2008) found that the average level of tannins was 2662 mg of 

catechin equivalents (CE) per kg of grape in the grapes and 860 mg CE per kg of grape in 

the wines. The average concentration of anthocyanins determined by High Performance 

Liquid Chromatography (HPLC) amounted to 1276 mg of malvidin-3-glucoside 

equivalents (ME) per kg of grape in the grapes and 392 mg ME per kg of grape in the 

wines. Epicatechin and catechin concentrations in the grapes were 127 and 114 mg/kg 

respectively, and in the wines 94 and 97 mg/kg respectively.  

 

Phenolic extraction during winemaking is influenced by cell membrane disruption, solute 

solubility, the surface area for extraction, and the concentration gradient around such areas 

(Williams 1997, López et al. 2007). As such, various techniques can be utilised to extract 

the desired amount of phenolic material and achieve the right balance of wine sensory 

properties and colour stability. For skin and seed tannins, extraction is hindered by limited 

solubility (Watson et al. 1995, Gao et al. 1997). Increasing alcohol content, temperature, 

and duration of grape skin and seed contact with the juice/wine can increase tannin 

solubility, and therefore extraction (Singleton and Draper 1964, Oszmianski et al. 1986). 

Cap management can also influence phenolic diffusion kinetics and play a particularly 

important role in determining the sensory properties of the final wine. These variables and 

their effect on phenolic extraction during maceration are covered now. Other variables, 

described in section 1.1, also affect phenolic extraction and all variables have a compound 

effect during the winemaking process. Unless a rigorous research-based approach to 

winemaking is taken, it is difficult to determine each individual variable’s impact on the 

final wine phenolic and organoleptic composition.  
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1.4.1 The influence of pomace contact on extraction: Duration 

of skin contact, cap management, and temperature during skin 

contact 

The extraction of anthocyanins and other flavonoids into the wine depends on their 

molecular size, relative solubilities and their location in the grape berry. Figure 1-6 shows 

the profile of phenolic extraction for red wine during vinification. Anthocyanins, phenolic 

acids, and skin-derived flavonols are very water-soluble and rapidly extracted (Koyama et 

al. 2007, Kelebek et al. 2006, Nagel and Wulf 1979, Yokotsuka et al. 1999). The more 

rapid anthocyanin extraction post-crush, compared to skin and seed tannin extraction 

(orange and red lines respectively), is illustrated in Figure 1-6 by the peak in the purple 

line. Tannin is less water-soluble than the anthocyanins, thus tannin extraction increases 

with time on skins and increasing ethanol concentration (Gonzalez-Manzano et al. 2004). 

Regarding molecular size and the type of molecule, the smaller molecular size of 

anthocyanins compared to skin and seed tannins may enable them to diffuse more rapidly 

into the wine.   

 

Skin tannins have weaker linkages to solid tissues compared to seed tannins. It is these 

linkages that are required to be broken by the weak solvents in the fermenting must 

(Amrani Joutei et al. 1994). Being lower in molecular weight than seed tannins, skin 

tannins are extracted faster (after 24 hours as opposed to 2 or 3 weeks for seed tannins) 

(Vrhovsek et al. 2002, Cheynier et al. 1997a, Gonzalez-Manzano et al. 2004). The more 

rapid skin tannin extraction post-crush, compared to seed tannin extraction, is illustrated in 

Figure 1-6 by the orange line peaking earlier than the red line. Thus, the duration of 

maceration primarily affects the extraction of phenolics from the seeds (Koyama et al. 

2007). 
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Figure 1-6: Profile of phenolic extraction (Cheynier et al. 1997b, Gonzalez-Manzano 
et al. 2004, Koyama et al. 2007) 

 

 

Effective phenolic extraction also requires a concentration gradient to exist between the 

extracted compounds in solution and those in proximity to the grape skin and seeds. 

Mixing the cap with the juice/wine, which is primarily carried out to control cap 

temperature and prevent the cap from drying out, encourages extraction. Common methods 

used to mix the cap include plunging-down, pumping-over, heading-down, delestage  

(rack and return) and rotating the fermenter’s contents. In addition, phenolic extraction is 

influenced by tank size and height-to-diameter ratio, as these variables also affect the 

concentration gradient required for extraction (Zoecklein et al. 1999). 

 

 Bakker and co-workers (1998) achieved a greater quantity of total pigments, total phenols 

and organic acids in wine made under high extraction conditions compared to low 

extraction conditions. High extraction conditions were characterised by eight 10 minute 

pumping over periods and a 5-day fermentation. Under low extraction conditions these cap 

management parameters were halved. Fischer et al. (2000) measured the concentration of 

various phenolic compounds in Pinot noir, Dornfelder and Portugieser wines made using 

different cap management techniques. They achieved a more effective extraction and 

polymerisation of phenolic components using mechanical punch down and pump over cap 

management techniques compared to manual punch down.  

 

Temperature can also be used to modify the phenolic extraction profile. Several studies 

have shown that pomace contact time and temperature during maceration have the greatest 
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effects on extraction, especially in combination with high alcohol and sulphur dioxide 

(Oszmianski et al. 1986, Singleton and Draper 1964). Maintaining the must and wine at a 

higher temperature (such as 30°C) during the period of skin contact can increase phenolic 

solubility and extraction (Ramey et al. 1986, Reynolds et al. 2001). Higher temperatures 

degrade cell walls and increase the permeability of hypodermal cells, increase the rate of 

diffusion and increase enzymatic and non-enzymatic reaction rates (Reynolds et al. 2001).  

 

Walker (1981) found that when Cabernet Sauvignon treatments were fermented at 5ºC 

increments between 10ºC and 30ºC, total phenolic concentration increased with increasing 

fermentation temperature. At the higher fermentation temperatures, Walker (1981) found 

that pigmented polymer formation increased. Gerbaux et al. (2002) found that an increased 

extraction of phenolics occurred at higher temperatures. Gao and et al. (1997) also found 

that a fermentation temperature of 30°C, compared to 20°C, increased the rate of 

polymeric pigment formation.  

 

1.4.2 The influence of pomace contact on extraction: 

Extended maceration  

Extending the period of maceration beyond the time offered by alcoholic fermentation is 

an example of an old world winemaking technique that has been adopted by new world 

winemakers. Kantz and Singleton (1991) have shown that extraction of monomeric and 

polymeric phenolics generally increases with increasing pomace contact time, and that the 

amounts extracted into the wine are proportional to the amounts present in the grape. 

Thus, EM provides the opportunity to extract additional skin or seed tannins, and 

pigmented tannins from the marc that may provide desirable mouthfeel to wine and 

enhance colour stability. 

 

1.4.2.1 Pre-fermentation maceration 

Winemakers, to improve colour extraction and increase colour intensity, commonly adopt 

pre-fermentation EM, otherwise known as cold soak. Pre-fermentation EM has also been 

suggested to increase fruit flavours and aromatic quality, reduce bitterness and astringency, 

improve mouthfeel and body, and modify the varietal flavour of the resulting wine 

(Heatherbell et al. 1996, Wollan 1997). Pre-fermentation-induced increased wine colour is 

suggested to be due to the increased extraction of co-factors such as caffeic acid, which are 

responsible for enhanced co-pigmentation (Darias-Martin et al. 2001). In their study, 

Darias-Martin et al. (2001) investigated the effects on wine colour of pre-fermentation 
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catechin and caffeic acid additions to red wine must. They found that an addition of 

catechin (120 mg/L) resulted in a 10% enhancement in wine colour after fermentation, 

whereas an addition of caffeic acid at the same concentration, enhanced the wine colour by 

60% (Darias-Martin et al. 2001). 

  

The term cold soak is used because the must is commonly chilled to temperatures of 

between 9 and 15ºC to allow the skins some opportunity to macerate in a wholly aqueous 

environment. This is best achieved by preventing the onset of fermentation, and at the 

same time by minimising the chance of oxidative spoilage through the addition of sulphur 

dioxide and cold temperatures. Generally, the juice and grape solids are left to soak for 

between 1 to 3 days before inoculation with a commercial yeast strain. Soaking allows, in 

the absence of ethanol, the diffusion of water-soluble grape compounds such as 

anthocyanins from the solid parts of the grape into the wine. 

 

In their review article, Sacchi et al. (2005) suggest that while pre-fermentation EM may 

increase anthocyanin extraction, this may have no effect on the subsequent quantity of 

polymeric pigment formation that is responsible for wine colour. These authors go on to 

highlight the need for pre-fermentation studies to measure polymeric pigment content.  

 

1.4.2.2 Post-fermentation extended maceration 

Post-fermentation EM typically lasts for between 4 days to 4 weeks and is carried out at 

temperatures between 15ºC to 35°C, depending on wine style. During this time  

alcohol-soluble compounds diffuse from the solid parts of the grape into the fermented 

juice. Thus, post-fermentation EM focuses on the further extraction of tannin, rather than 

anthocyanin. Alcohol level is an important aspect of extraction post-fermentation, 

especially for seed and skin tannins. Gonzalez-Manzano et al. (2004) have shown, using 

wine model systems, that the most readily extractable tannin was extracted when the 

alcohol level was above 12.5%. 

 

Winemakers adopt post-fermentation EM, as this technique is believed to increase colour 

stability through the increased extraction of phenolics and subsequent polymerisation of 

tannins with anthocyanins. It is also thought to promote tannin polymerisation and result in 

a more complex, richer, supple wine with better ageing capacity (Watson et al. 1997, 

Sipiora and Granda 1998, Gonzalez-Manzano et al. 2004, Auw et al. 1996, Yokotsuka et 

al. 1999).  
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Figure 1-7 shows the general change in anthocyanin (purple line) and total phenolic  

(black line) concentration of wine post-crush. The increased total phenolic content, 

believed to be a result of extending maceration beyond the period of conventional 

fermentation, is illustrated by the upward curve of the black line. The Figure also shows 

that a decrease in anthocyanin concentration due to the ongoing degradation and 

polymerisation of monomeric anthocyanins with tannin takes place over time. 

 

 
 

Figure 1-7: Effect of time on skins during and after fermentation on phenolic 
properties in red wine. Adapted from Ribéreau-Gayon and Glories (1986) 

 

1.4.2.3 Knowledge of the consequences of pre- and post-fermentation 

extended maceration for red wine 

While pre-fermentation EM and its consequences for wine phenolic composition, 

particularly colour, have been studied by a number of groups, there are discrepancies 

between findings.  

 

Pre-fermentation EM is regularly used with Pinot noir grapes to increase colour 

expression, yet some studies show that it does not achieve this outcome, and in some cases, 

this regime has been found to be detrimental to colour expression (Heatherbell et al. 1996). 

Budic-Leto and others (2003) and Watson and co-workers (1997) found that, in 
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comparison to a control wine, a pre-fermentation EM treatment resulted in lower levels of 

anthocyanins, total phenols and tannins in Babic and Pinot noir wines. A study by  

des Gaschons and Kennedy (2003) compared a 4-day pre-fermentation EM with one 

lasting 10 days and found little quantitative difference in the tannin extracted. 

 

Other studies have shown, however, that pre-fermentation EM can achieve a greater 

extraction of phenolic compounds, particularly anthocyanins, and increase the rate of 

pigmented polymer formation (Alvarez et al. 2006, Gomez-Miguez et al. 2007). In a study 

by Fulcrand et al. (2004) a 3-day pre-fermentation EM enhanced the extraction of both 

tannins and anthocyanins (without greatly altering their ratio). Cheynier et al. (1997a) also 

found that pre-fermentation EM increased the extraction of skin derived anthocyanins and 

tannins. Koyama and co-workers (2007) found that pre-fermentation EM (must held 

between 10-15°C for 3 days) increased the anthocyanin to tannin ratio (by 67%). However, 

they also found that this maceration regime significantly decreased the rate of pigmented 

polymer formation compared to a control wine. 

  

Generally, it is accepted that post-fermentation EM increases total phenolic concentration, 

increases wine colour stability and affects wine bitterness and astringency. For example, 

Scudamore-Smith et al. (1990) noted post-fermentation EM wines as having less fruit 

flavour and being suited for longer cellaring due to increased astringency. Similarly, 

Gomez-Plaza et al. (2002) found that increasing the maceration time of Muscadine grapes 

from 4 to 10 days by a period of post-fermentation EM led to greater wine astringency. 

 

Post-fermentation EM is also believed to affect tannin extraction more than anthocyanin 

extraction. For example, the study by Fulcrand et al. (2004) showed that a 3-week  

post-fermentation EM increased tannin extraction and reduced anthocyanin extraction 

compared to the control wine.  Cheynier et al. (1997a) found that post-fermentation EM 

targeted extraction of phenolics from the seeds rather than anthocyanins from the skins. 

Reynolds et al. (2001), however, found that a 3-day post-fermentation EM increased 

anthocyanin concentration and wine colour compared to a control wine. Reynolds and  

co-workers (2001) examined the influence of fermentation temperature with combinations 

of no EM or pre- and/or post-fermentation EM (each for 3 days) on the composition and 

sensory properties of Shiraz. Wines made by a combination of pre-fermentation EM, 

higher fermentation temperatures (30ºC as opposed to 15ºC or 20°C), and  

post-fermentation EM had the most colour and body of all treatment combinations.  
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It is important to note that in some EM studies, general lack of experimental rigor due to 

the constraints of experimentation imposed by large-scale winemaking may have resulted 

in compromised data sets. Poor reproducibility of data within replicated treatments, lack of 

replication [including, but not limited to, the studies by Auw et al (1996), des Gaschons 

and Kennedy (2003)], and poor experimental design such as the variability imparted from 

the use of oak barrel maturation of the wines (Reynolds et al. 2001, Scudamore-Smith  

et al. 1990), are some examples.  

 

Fulcrand et al. (2004) suggest that the increased maceration period offered by pre- and 

post-fermentation EM is more effective at extracting phenolics than the manipulation of 

temperature. Others may disagree due to the increased rate of phenolic extraction for red 

wine at higher temperatures. Clearly, with further research, there is scope to use both 

temperature and time on skins to optimise extraction and achieve desired wine organoleptic 

properties. 

 

1.4.3 Measurement of red wine colour and phenolic 

composition 

There are a number of methods available to measure wine colour and phenolic 

composition. Wine colour and total phenolic content are parameters easily estimated by 

spectrophotometry (Bakker et al. 1986, Heredia et al. 2006, Somers and Evans 1977, 

Versari et al. 2008), allowing changes in wine colour and phenolic content to be monitored 

over the life of a wine. Analyses are based on the absorbance of light at characteristic 

wavelengths. Red pigment concentration is measured at a wavelength of 520 nm (A520 nm) 

and yellow/brown pigment concentration, including oxidation products, is measured at  

420 nm (A420 nm). Wine colour density (WCD), where WCD (measured in absorbance 

units, a.u.) = A420 nm + A520 nm, describes the wine colour intensity. Colour hue  

(WCH) = A420 nm/ A520 nm, the ratio of yellow/brown to red pigments, is a measure of wine 

tint (Glories 1984, Somers and Evans 1977). Increasingly, the absorbance value of the 

sample at a wavelength of 620 nm (purple/blue pigment concentration) is being 

incorporated into WCD measures, especially of young wines because as wines age the 

absorbance at 620 nm decreases (Gomez-Plaza et al. 2006, Kelebek et al. 2006, Lorenzo  

et al. 2005, Parenti et al. 2004). The value of these measurements for comparing multiple 

wines of different pH is of limited use unless all wines have been adjusted to a common 

pH value because wine colour is pH dependent. These colour measurements are useful 

however, when tracking the change in colour over the life of a wine. 
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Both WCD and WCH change over the life of the wine with the formation of polymeric 

pigments including pigmented polymers and tannins (Somers 1971). Wine colour density 

and hue are just 2 of the characteristics of red wine used to describe its colour; degree of 

red pigment colouration, estimate of the concentration of SO2 resistant pigments, and total 

red pigments are others (Somers and Evans 1977). In this thesis, the concentration of SO2 

resistant pigments will be used to describe polymeric pigments (Somers 1971). Although 

there are some oligomeric pigments that are bleachable (especially in young wines), which 

can result in an underestimation of the true polymeric pigment concentration under this 

definition (Bakker et al. 1986, Bakker and Timberlake 1997), most studies still use this 

definition.  

 

The absorption of ultraviolet light at 280 nm enables the quantification of all phenolic 

compounds present in the wine due to the aromatic ring characteristic of this group of 

compounds (Somers and Evans 1977). Measuring the absorbance of a wine at 280 nm is 

one of the simplest methods for estimating total phenolic content because ultraviolet 

absorbance is not pH dependent and because Beer-Lambert’s law for concentration and 

light path length are followed (Harbertson and Spayd 2006). By measuring wine 

absorbance at this wavelength, however, non-phenolic compounds that also contain 

aromatic rings will also absorb light and therefore are included in the estimation of total 

phenolic content (Somers 1998). As such, the average non-phenolics background 

absorbance of 4 units is now commonly subtracted from the A280 value, which generates a 

more accurate estimation of the wine’s total phenolics content (Somers 1998).  

  

The Folin-Ciocalteau spectrophotometric assay for determining wine total phenolic content 

is also widely used (Gollucke et al. 2008, Roginsky et al. 2006, Singleton et al. 1999, 

Vrhovsek et al. 2001). This method is based on an oxidation/reduction reaction of 

phenolate ions that results in a colour change from yellow to blue. Absorbance is measured 

at 765 nm with a spectrophotometer and converted into gallic acid equivalents using a 

standard calibration. The use of a gallic acid standard has a number of benefits. Gallic acid 

is stable when dry, water soluble, and inexpensive. The drawback with this method is that 

the reaction takes 2 hours. The reaction speed can be increased by holding the mixture at a 

higher temperature but in doing so assay sensitivity is reduced (Singleton et al. 1999). The 

Folin-Ciocalteau reagent is highly reactive and during the oxidation step of this reaction, 

many other wine compounds such as ascorbic acid, bisulphite and fructose can donate 

electrons and interfere with the reaction. Addition of acetaldehyde to wines high in 
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bisulphite will bind free bisulphite and reduce the interference of this wine component  

(Singleton and Rossi 1965) or a correction factor can apply to the results (Ough and 

Amerine 1988).  
 

The colour appearance model, called CIE L*a*b*, is another spectrophotometric method 

for measuring wine colour. CIE L*a*b is a colour space coordinate system, developed by 

the International Commission on Illumination (Commission Internationale d'Eclairage). 

This model takes into account other colour elements such as illumination, the optical 

properties of the object and the observer response. This method has fewer drawbacks and 

is said to more fully describe the appearance of an object and can predict colour judgments 

made by the human eye. As such, it is becoming increasingly popular for colour analysis 

(Monagas et al. 2006, Darias-Martín et al. 2007, Huertas et al. 2003, Chaves et al. 2007). 

 

The CIE L*a*b* colour space coordinate system, represented in Figure 1-8, measures: 

degree of lightness (L*, 0 yields black and 100 indicates white), the position of colour 

between magenta and green (a*, negative values indicate green while positive values 

indicate magenta/red), the position of colour between yellow and blue (b*, negative values 

indicate blue and positive values indicate yellow). Chroma (C*), the measurement of hue 

intensity or colourfulness, and hue angle (hº), expressed as degrees from 0° (red) to 90° 

(yellow) to 270° (blue), can also be calculated from CIE L*a*b* coordinates. 
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Figure 1-8: CIE L*a*b* colour space and the CIE L*C*hº coordinate system, 
developed by the International Commission on Illumination (Commission 
Internationale d'Eclairage). From Gilchrist and Nobbs (1999) 
 

 

Wine colour may be represented graphically by plotting the L*, a* and b* values in a  

3-dimensional space. When the L*, a* and b* values of two wines are plotted in the  

3-dimensional space, the distance between each wine’s position provides a guide to the 

magnitude of colour difference between the wines. Total colour difference values between 

pairs of wines (ΔE) can be determined by calculating the Euclidean distance between their 

positions in the 3-dimensional space (Gilchrist and Nobbs 1999): 

 

ΔE = sqrt[(L2*-L1*)2+( a2*-a1*)2+( b2*-b1*)2] 

where ΔE is the difference (wine1, wine2) 

where wine1 = (L1*2, a1*2, b1*2), which represents the first wine’s colour coded in L*a*b* 

where wine2 = (L2*2, a2*2, b2*2), which represents the second wine’s colour coded in 

L*a*b*  

 

A drawback of spectrophotometric assays is that they do not provide a breakdown of the 

phenolic compounds present in wine. Reversed-phase HPLC can isolate wine phenolics 

and is routinely used in grape and wine analysis to generate concentration values for 

flavan-3-ols including catechin and epicatechin (Auw et al. 1996, Ricardo-da-Silva et al. 

1993, Downey et al. 2007, Oszmianski et al. 1986), and anthocyanins (Gomez-Miguez and 

Heredia 2004, Parley et al. 2001, Bakker et al. 1986, Gao et al. 1997, Prajitna et al. 2007, 

Downey et al. 2007, Gomez-Plaza et al. 2006, Morata et al. 2007, Cortell et al. 2007).  
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Although RP-HPLC enables the quantification of complex dilute mixtures in 1 step, 

investigation of wine polymeric pigment and tannin concentration using this technique is 

limited. This is because wine polymeric compounds elute over a large envelope of long 

retention times, making separation of high molecular weight polymeric procyanidins 

difficult to achieve (Peng et al. 2002, Versari et al. 2008). However, simple wine phenolics 

such as anthocyanins and flavanols, which elute from an RP-HPLC column as single peaks 

and without interference, are more easily detected and quantified using this method 

(Bakker et al. 1986).  

 

The MCPT assay is an alternative method for analysing wine tannin concentration. The 

MCPT assay is based on a polymer-tannin interaction that results in an insoluble complex, 

which precipitates out of solution, enabling the removal of tannin from the matrix. This is a 

subtractive assay that requires both a control (no addition of methyl cellulose) and treated 

sample (containing methyl cellulose). By measuring the absorbance of the two solutions at 

280 nm, then subtracting the values, the MCP tannin in the wine can be determined and 

quantified in mg/L epicatechin equivalents (Mercurio et al. 2007, Sarneckis et al. 2006, 

Smith et al. 2005).  

 

The MCPT assay has a number of advantages over protein precipitation assays such as the 

bovine serum albumin (BSA) assay (Hagerman and Butler 1978, Harbertson et al. 2003), 

which does not directly measure the removed tannin. Once protein is added as a 

precipitant, it interferes with the absorbance of the matrix at 280 nm and therefore tannin 

quantification. As such, many protein precipitation assays rely on a colourimetric reaction 

to indirectly measure wine tannin concentration (Sarneckis et al. 2006). The use of  

non-proteinaceous polymers in assays (such as methyl cellulose) avoids these pitfalls of 

tannin analysis. Also, tannin-protein complexes require specific pH, ionic strength, solvent 

and temperature conditions for precipitation (De Freitas and Mateus 2001, Harbertson and 

Spayd 2006, Sarneckis et al. 2006). In contrast, the MCPT assay is a more robust  

(has tolerance to a broad range of pH values and ethanol concentrations) and reproducible 

method (Mercurio et al. 2007, Smith et al. 2005). Despite these advantages, wine tannin 

quantification by the MCPT assay has been shown to correlate with BSA assay results  

(r2 = 0.80) (Mercurio and Smith 2008), and with perceived wine astringency (Seddon and 

Downey 2008, Mercurio and Smith 2008). These results suggest either assay is a good 

indicator of potential mouthfeel. 
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There are a variety of other methods that have been used to measure wine tannin. Such 

methods include normal-phased HPLC (Beer et al. 2004, Hammerstone et al. 1999), 

analysis of proanthocyanidin subunit composition by acid-catalysed cleavage in excess 

phloroglucinol (Downey et al. 2003, Kennedy and Jones 2001, Peyrot des Gachons and 

Kennedy 2003), characterisation by gel permeation chromatography (Kennedy and Taylor 

2003), and analysis with 4-dimethyl-aminocinnamaldehyde (DCMA) (Nagel and Glories 

1991).  

 

Sensory analyses can also generate useful information about consumer perceptions of wine 

colour and other oganoleptic properties. Sensory analysis methods range from simple 

sensory difference tests, such as triangle and duo-trio tests, to more complex descriptive 

analyses (DA). While simple difference tests can be used to determine if there is a 

significant difference between 2 products, they are not powerful enough to quantify the 

magnitude or direction of the difference. Descriptive analysis, however, uses trained 

panellists to qualitatively and quantitatively assess the important sensory characteristics of 

a product (Lawless and Heymann 1999). Descriptive analysis can provide complete 

sensory descriptions of products, determine how ingredient or process changes affect 

product characteristics, and identify key sensory attributes that promote product acceptance 

(Nottingham et al. 2005, Lawless and Heymann 1999). Descriptive analysis requires 

members of a panel to define, with reference to physical standards, the orthonasal and 

palate attributes of a product and then score the perceived intensity of each attribute on a 

scale (Gawel et al. 1997). Intensity scores are then analysed to quantify the differences in 

the perceived intensity of attributes between products.  

 

Previously, DA followed by principal component analysis (PCA) has been successfully 

used to quantitatively characterise wine according to its organoleptic attributes (Carlucci 

and Monteleone 2001, Chapman et al. 2004, Chapman et al. 2005, Madrigal-Galan and 

Heymann 2006, Schmid et al. 2007, Girard et al. 2001, Aubry et al. 1999). Principal 

component analysis is a statistical technique useful for identifying patterns in data, and 

expressing the data in such a way as to highlight their similarities and differences. Once 

patterns are found, an advantage of PCA is that the data can be compressed (the number of 

dimensions reduced) without losing significant amounts of information (Shlens 2005). 

Chapman and co-workers have used PCA to show differences in aroma and fruit flavour 

between Cabernet Sauvignon wines subjected to different irrigation treatments (Chapman 

et al. 2005), and between Cabernet Sauvignon wines made from fruit subject to cluster 
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thinning (Chapman et al. 2004). In a study by Koussissi et al. (2003) where aroma and 

flavour attributes were profiled in Greek wines, PCA determined that these attributes 

explained 40% and 71% of the variance in the data respectively. 

 

While rating tests, such as DA, can provide information about the directional difference 

and the degree of difference between products for a particular set of attributes, generating 

reliable results can be difficult. This is especially the case when individual perceptions of 

intensity and genetic variation in taste are taken into account (Bartoshuk et al. 2004). 

Ranking is a simple way to compare products of different treatments and provides a 

compromise between the limitations of simple difference tests and the complexities of DA. 

Ranking involves placing samples in a rank order to determine if differences exist between 

products. While the data cannot provide information about the degree of the difference it 

does provide directional differences between samples. 

 

Although red wine is a complex solution, there are a number of methods available for 

measuring wine phenolics including spectrophotometric, chromatographic and sensory 

methods. As each method has different limitations and advantages, red wine phenolic 

composition is often analysed using a combination of methods.  

 

1.4.4 Study of pre- and post-fermentation EM of red wine 

made from V. vinifera Pinot noir 

Earlier work in our laboratory sought to provide a robust and reliable means of testing the 

effects of EM treatments. In 2004, Pinot noir wine treatments were made by a University 

of Adelaide Masters student using grapes harvested from the Adelaide Hills of South 

Australia. Three replicates of each of the following Pinot noir treatments were made: a 

Control (C), a 3 day cold soak without plunging kept in a 0ºC room under dry ice cover for 

3 days (CS), a cold soak with 20 plunges once daily kept in a 0ºC room under dry ice cover 

for 3 days (CSP), a 1-week post-fermentation EM (PS1), and a 3-week post-fermentation 

EM (PS3). Wines were analysed at 146-days post-crush and bottled at 5.5 months  

(172 days) post-crush (Mazza 2005). 

 

Mazza used Reversed-phase High Performance Liquid Chromatography (RP-HPLC), 

spectrophotometric and sensory analysis tools to analyse treatments on the basis of colour, 

concentrations of anthocyanins, tannin, pigmented polymers, (+)-catechin, (−)-epicatechin 

and intensity of bitterness and astringency. While the pre-bottling wine analyses results of 
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each of the treatments are outlined in Mazza (2005), a summary of Mazza’s results for the 

phenolic parameters measured over the first 146 days post-crush is provided here. Mazza’s 

results will be referred back to in subsequent chapters when discussing the changes in the 

wines’ colour and phenolic composition as they evolved in the bottle. Mazza did not adjust 

his wines to a common pH or adjust for variance in SO2 content between treatments prior 

to analysis so only results of wine measured at natural pH and SO2 conditions from this 

study will be discussed in relation to Mazza’s results. In subsequent chapters the methods 

used and parameters measured by Mazza (2005) will be explained in more detail.  

 

At 146 days post-crush, wine colour was significantly different across treatments 

(P<0.05). The CS and CSP treatments had a higher Chroma (which is correlated to wine 

colour density with a linear regression coefficient of 0.7794) than the PS1 and PS3 

treatments. The PS1 treatment had a higher Chroma than the PS3 treatment but was not 

significantly different to the Control treatment for this parameter. Highest Chroma values 

for each treatment occurred during alcoholic fermentation, these values then slowly but 

significantly decreased to the last measurement date at 146 days post-crush. Although the 

wines were young at the time of analysis, Mazza suggests these results indicate that  

post-fermentation EM is not necessarily resulting in increasing colour expression and 

stability (Mazza 2005). 

 

The PS1 and PS3 treatments had the highest hue angle (and the lowest wine colour 

hue as these 2 measures were found to correlate) at pressing, whereas the cold soak and 

Control treatments had the highest hue angle during maturation. At 146 days post-crush, 

the PS1 treatment had a lower hue angle than the CSP treatment but the hue angle of each 

of these was not different to the hue angle of other treatments. According to CIE L*a*b* 

spectrophotometer results at 146 days post-crush, the largest difference in colour between 

2 treatments was between the CSP and PS3 treatments.  

 

According to RP-HPLC results, treatments obtained maximum anthocyanin 

concentration 1-2 days after inoculation. Total anthocyanin concentration then decreased 

prior to pressing, coinciding with the formation of pigmented polymers. However, at 146 

days post-crush there was no significant difference in total anthocyanin concentration 

between treatments. Mazza noted that pigmented polymer formation occurred during 

alcoholic fermentation and that at 146 days post-crush, the PS3 treatment had the lowest 

pigmented polymer concentration of all treatments. 
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The PS3 treatment had the highest tannin concentration (as measured by RP-

HPLC) at pressing, followed by the PS1 treatment. However, the PS3 treatment also had 

the most rapid reduction in tannin concentration. So while the post-fermentation EM 

treatments obtained the highest tannin concentration, Mazza found they could not maintain 

these levels. In fact, by 146 days post-crush, the PS3 treatment had the lowest tannin 

concentration of all treatments. There was a significant drop in tannin concentration in all 

treatments between 77 and 106 days post-crush. Mazza suggests this may have been due to 

polymerisation and precipitation (Mazza 2005). 

 

The concentrations of flavan-3-ol compounds (+)-catechin and (−)-epicatechin in 

the wine increased with increased skin contact time. At 146 days post-crush, the PS1 and 

PS3 treatments had the highest (+)-catechin and (−)-epicatechin concentrations of all the 

treatments. The concentration of these flavan-3-ols in the PS1 treatment was about twice 

that of the Control, CS and CSP treatments, and the PS3 treatment’s concentrations were 

approximately double those of the PS1 treatment. Unlike results for tannin, at 146 days 

post-crush, Mazza did not find that the concentration of these compounds had significantly 

decreased in the wine treatments and suggested that these flavan-3-ol monomers were not 

polymerising. Mazza also used a trained panel and astringent and bitter intensity standards 

to assess the perceived intensity of bitterness and astringency of the wine treatments. 

However, no significant differences were found in the perceived intensity of these 

mouthfeel parameters between wine treatments. The high variability in panellist responses 

and their inability to reproducibly rate samples over the sessions held contributed to there 

being no perceived differences in these mouthfeel attributes between treatments. 

 

1.5 Conclusions and proposed research 
Pre-fermentation extended maceration (EM) is reported to increase the colour intensity and 

fruit flavour of red wines whereas post-fermentation EM is reported to improve colour 

stability and extract more tannins and total phenolics into the wine. While there exists an 

abundance of anecdotal support for EM practices, there are few rigorously evaluated 

scientific trials, in which replication and appropriate experimental design have been fully 

considered. Consequently, winemakers seeking to use EM have few objective studies on 

which to base their decisions.  

 

The thesis will present the results of a survey of Australian winemakers on their use and 

understanding of EM regimes. Furthermore, a comprehensive investigation of the effects 
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of EM methods during winemaking on red wine phenolics of small-scale experimental 

wines made at the Hickinbotham Roseworthy Wine Science Laboratory at the University 

of Adelaide. In this study, red wine colour and phenolic composition were rigorously 

analysed using a variety of chemical and sensory test methods to determine the outcomes 

of EM practices. Chemical methods used include RP-HPLC, Methyl Cellulose Precipitable 

Tannin (MCPT) assay, the Folin-Ciocalteau assay and other spectroscopic measures of red 

wine colour and phenolics such as Somers and CIE L*a*b* measurements. Sensory test 

methods used include triangle tests, ranking tests and descriptive analysis (DA). The 

potential causes of treatment differences and industry relevant outcomes are also discussed. 
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Chapter 2 – Australian winemaker survey: The outcomes of 

extended maceration in red winemaking – winemakers' 

perspectives 
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2.1 Introduction 
Although red winemakers carry out EM regimes as a tool to achieve an improved wine 

organoleptic profile, the actual usage of these regimes by Australian wineries had not yet 

been quantified. The aims of the survey were to gauge the extent of use and types of EM 

processes used in the Australian wine industry and, in particular, to further understand 

what winemakers believe are the consequences for red wine made using EM regimes.  

 

2.2 Materials and methods 
2.2.1 Survey development and distribution 

In mid 2005, a copy of the Winetitles Pty Ltd owned Wine Producers database, containing 

accurate listings of all Australian and New Zealand wine producers, was purchased by the 

University of Adelaide’s Discipline of Wine and Horticulture. The database was generated 

by Winetitles using Filemaker Pro for the Macintosh and Windows PC and was supplied in 

a Microsoft Excel format. Winetitles updates each entry in the database yearly by 

contacting the wine producer and asking them to update their details. The database is also 

updated throughout the year by Winetitles as they become aware of changes. As such, the 

information contained in the database was considered as current as possible at the time of 

purchase. 

 

The database information included: Company and winery names, postal and website 

addresses, telephone and facsimile numbers, Australian Business Numbers, year of 

establishment, names of key personnel, vineyard information including the Geographical 

Indication (GI) zone, vineyard location and area. It also contained winery production 

information such as the range of tonnes of fruit processed, wine products made (table, 

sparkling, fortified and/or organic wine/s) and specific wine varietals made. Other 

information supplied in the database included the storage and fermentation capacity of 

each winery, countries to which the winery exports, the wine company’s brands, and 

distributors. The database did not supply, and there was not option to purchase, email 

address information. 

 

Individual Australian and New Zealand wine producers listed in the database totaled 1967. 

Of these wine producers, 1578 were Australian and almost all of these made table wines. It 

was decided that only Australian red wine producers would be surveyed. As the database 

listed each red or white wine varietal produced by each winery, the information was sorted 

manually to find Australian winemakers that made a wide range of red table wine varietals 
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(up to 9 different varietals per winery). Seven hundred Australian wineries were selected 

for the survey based on this criterion. It was thought that if a range of red table wine 

varietals were made at a winery, the winemaker may be using a greater range of 

vinification methods. By targeting this study towards such winemakers, the effective 

sample size of vinification methods used by Australian red winemakers in this survey 

would be increased.   

 

When broken down into Australian states and territories, the 700 wineries surveyed 

included: 1 winery from the Australian Capital Territory (ACT), 1 from the Northern 

Territory (NT), 14 from Tasmania, 49 from Queensland, 78 from Western Australia (WA), 

147 from New South Wales (NSW), 176 from Victoria, and 234 from South Australia 

(SA). This resulted in the following percentage of all wineries listed in the database for 

each state and territory being surveyed: 20% of all ACT wineries listed, 100% of NT, 19% 

of Tasmanian, 58% of Queensland, 33% of WA, 42% of NSW, 39% of Victorian, and 62% 

of all SA wineries listed. This was considered adequate in terms of representing Australian 

red winemakers listed on the database by state and territory. 

 

As winery or winemaker email addresses were not listed on the database, the survey was 

sent by mail to the winery address and marked attention, by name, to the winemaker or 

chief winemaker (if more than one winemaker was listed on the database). The survey was 

sent to the winemaker rather than the Chief Executive Officer of the Company because the 

aim of the survey was to gather information about winemaking methods. Included in the 

envelope with the survey was an A4 reply paid envelope and a cover letter explaining the 

background and aims of the survey to encourage the respondent to provide informative and 

succinct responses.  

 

The cover letter began by describing the research being conducted at the University of 

Adelaide on the consequences of EM regimes for red wine colour and phenolic 

composition and by stating that the research was being funded by the Grape and Wine 

Research and Development Corporation (GWRDC). Winemakers were informed that 

enclosed with the letter was an industry survey. They were informed that the survey results 

would be used to determine the range and methods of EM regimes used, the extent of their 

use in the Australian wine industry, and to gauge what aspect of EM and its outcomes 

winemakers believed merited further investigation. Participation in the survey was 
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encouraged and the option of receiving an electronic version of the survey that could be 

returned by email was provided. 

 

The survey was designed in consultation with a University of Adelaide Wine Marketing 

academic. The survey document was composed of 4 parts. Winemakers were asked 

questions regarding their use and understanding of EM, what they believed were the 

consequences of EM, what they believed was the red wine industry’s understanding of 

EM, and their perceptions on areas that merited EM research. At the beginning of the 

survey, respondents were asked for their name, their position, the company in which they 

worked, the GI zone or region, and how many years winemaking experience they had.  The 

survey is presented in the Appendix as Document A-1. 

 

The first part of the survey asked questions regarding the winemakers’ particular use and 

understanding of EM. Specifically, the following questions were asked: 

• Do you use pre- or post-fermentation EM treatments to complement conventional 

maceration during red wine making? 

• If yes, please describe the process used for pre- or post-fermentation EM; include 

temperatures, duration of treatment and any mixing of solid and liquid phases. 

The above questions enabled the extent of use of pre- and post-fermentation maceration in 

each winery to be gauged, and gathered information about the conditions under which EM 

is carried out. This information was valuable for confirming that EM is used in the 

Australian wine industry and to support the relevance of an EM study. This information 

was also used to see if there were common temperatures, durations and other conditions 

used for pre- and post-fermentation. If a common set of conditions for each of the EM 

regimes was identified these were to be considered for use in this study’s pre- and  

post-fermentation EM experimental winemaking treatments. 

 

• Please list red varietals and the percentage of each varietal undergoing EM. 

Response to this question determined which varietals winemakers believed benefited most 

from EM, and whether EM regimes were used on the entire fruit parcel or portions of 

parcels. In their responses, winemakers tended to note whether they reserved EM for 

premium fruit parcels, or if they used it as a standard winemaking tool across all fruit of 

certain varietal/s. 
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• If you use only one form of EM (either pre- or post-fermentation EM) or no EM 

technique, and you believe there is insufficient information on EM, would you consider 

using (other) EM techniques if sound and practical information were available, and 

why? 

Answers to this question were used to judge whether winemakers sought more information 

about and evidence of the specific consequences of EM for red wine before implementing 

EM regimes. Answers also provided an indication of the proportion of winemakers that 

may adopt such methods (if they proved beneficial to the wine organoleptic profile) as a 

result of studies such as this one. 

 

The survey’s second section sought information on what winemakers believed were the 

consequences of EM for their wines. 

• In your opinion does EM make a difference to the organoleptic (how wine affects 

the organs of sense - taste, colour, odour and texture) properties of red wine? 

• In particular, do you believe EM affects bitterness and/or astringency? Please 

explain any effects. 

• What else does EM affect? Winemakers were asked to mark their opinion of the 

degree of effect on a 5 point line scale (0 = no effect, 5 = large effect) for the following 

red wine attributes: Colour stability, structure, mouthfeel, palate length, depth of 

flavour, improved extraction of colour, extraction of softer tannins, improved fruit 

characters, other (winemakers were asked to list any additional attributes and their 

effect). 

These answers were used to determine if what winemakers believed about the effect of EM 

on red wine is in agreement with other anecdotal evidence and the available peer-reviewed 

information on the subject. The specific aspects of red wine properties (colour, flavour, 

taste and/or mouthfeel) thought by winemakers to be most affected by EM were used as 

cues to better focus aspects of red wine to be investigated in this small-scale winemaking 

experimental study. The assumption was made that winemakers understood the 

organoleptic descriptive terms used in the survey. As such, winemakers were not provided 

with the definitions of the descriptive terms included in these questions. 

 

If winemakers felt strongly that the industry lacked information about the consequences of 

EM regimes for red wine, sections 3 and 4 were designed to provide them with the 

opportunity to voice their concerns and also to specify any additional areas of EM research 

they would like to have seen carried out.  
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• In your opinion does the industry know enough about the consequences of pre- and 

post-fermentation EM? 

• Are there particular aspects of EM, for instance, optimal varieties, ripeness, 

processes, sensory outcomes or economic considerations that you feel merit specific 

attention in this study of EM? 

 

The survey was mailed out at the end of July 2005 to coincide with what is generally a less 

demanding time of the year for winemakers compared to summer and autumn. It was 

thought that winemakers would be more willing to take the time to complete the survey if 

they received it at a time when they were under less work pressure.  

 

2.2.2 Statistical analysis 

As surveys were returned, responses to questions were compiled in a Microsoft Excel 2003 

(Microsoft Corporation 2003) spreadsheet. Figures were generated using Microsoft Excel 

2003 or GraphPad Prism version 4.00 for Windows. Statistical analysis of data by one-way 

Analysis of Variance (ANOVA) with Tukey's multiple comparison post-test for all  

pair-wise comparisons with 95% confidence intervals was performed using the latter 

software. 

 

2.3 Results on wine industry use and understanding of extended 

maceration  
The survey response rate was 15%. Of the 700 surveys sent out, 102 mail surveys and 1 

electronic version were returned. Most respondents preferred to remain anonymous with 

only 12 respondents (12% of the respondents) supplying their name, position, company 

and GI zone. These 12 respondents represented large and small wineries in the 

Coonawarra/Limestone Coast, Barossa Valley, Clare Valley, and the Riverland and 

Adelaide Hills regions of South Australia. Canberra in ACT, the Nagambie Lakes in 

Victoria and the Riverina in NSW were also represented. Ninety-one respondents, or 89% 

of respondents, provided their number of years experience in winemaking. Collectively, 

these respondents had over 1357 years of winemaking experience. Respondents had from 

anywhere between no years to over 43 years experience making wine. 

 

Each result quoted is a percentage of those winemakers that answered that question. A 

respective 57% and 61% of winemakers were currently using some form of pre- or  

post-fermentation extended skin contact treatment to complement conventional maceration 
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during red winemaking. The survey findings have been reported in the 2006 Annual 

Technical Issue of the Australian Grapegrower and Winemaker (Joscelyne and Ford 2006). 

 

Varieties used for pre- and/or post-fermentation EM, showing also the percentage of 

winemakers responding to the survey that reported using each variety are presented in 

Figure 2-1.  

 

 

Sh
ira

z

C
ab

er
ne

t S
au

vi
gn

on

M
er

lo
t

Pi
no

t N
oi

r

Sa
ng

io
ve

se

G
re

na
ch

e

M
al

be
c

C
ab

er
ne

t F
ra

nc

M
at

ar
o

Pe
tit

 V
er

do
t

Te
m

pr
an

ill
o

B
ar

be
ra

V
io

gn
ie

r

G
am

ay

N
eb

bi
ol

o

Zi
nf

an
de

l

Py

D
ur

if

R
ub

y 
Ca

be
rn

et

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75

Pre-fermentation maceration

Post-fermentation extended maceration

Red wine variety

W
in

em
ak

er
s 

(%
)

 

Figure 2-1: Varieties used for pre- and/or post-fermentation EM, showing also the 
percentage of winemakers responding to the survey that reported using each variety 

 

Most winemakers surveyed used pre- and post-fermentation maceration on Shiraz, 

Cabernet Sauvignon, Merlot and Pinot noir. Except for Cabernet Sauvignon, more 

winemakers used pre-fermentation EM on these varietals than post-fermentation 

maceration. Pre-fermentation EM of Shiraz and post-fermentation EM of Cabernet 

Sauvignon were the most common combinations of red wine varietals and EM regimes, 

used by 75% of winemakers. The next most common combinations of varietals and EM 

methods were post-fermentation EM of Shiraz followed by pre-fermentation EM of 

Cabernet Sauvignon, carried out by 67% and 56% of winemakers respectively. Pre- and 
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post-fermentation EM was also popular for Merlot, carried out by 47% and 35% of 

winemakers respectively. Thirty-nine and 16% of respondents used pre- and  

post-fermentation EM in Pinot noir winemaking respectively. Interestingly, at the time of 

the survey, 41% of Australian wineries were listed as producers of Pinot noir wine. If the 

survey responses reflected a representative sample of Australian wineries according to 

varietals produced, results indicate that nearly all Pinot noir wines in Australia undergo 

pre-fermentation maceration. Results show EM regimes were being used to make 19 

different red wine varietals, with about 5-10% of winemakers taking less commonly 

consumed wines such as Barbera and Nebbiolo through EM. Pre-fermentation EM was 

used on all 19 varietals, whereas post-fermentation EM was used on 15 of these. 

 

Winemakers were also asked what percent of each varietal they put through EM regimes. 

Answers to this question for both pre- and post-fermentation EM varied greatly among 

respondents (results not shown). Some wineries used EM only on premium parcels; others 

put all their red fruit through some form of EM. Some winemakers were putting as little as 

0.5% of varietals through one of these forms of EM. 

 

Figures 2-2 and 2-3 show the length of time in days of pre- and post-fermentation EM used 

by winemakers respectively. Forty-two per cent of winemakers using pre-fermentation EM 

cold soaked their wines for up to 3 days, 30% for up to 5 days, 18% for up to 7 days, 8% 

for up to 10 days and 2% of winemakers cold soaked their wines for more than 10 days. 
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Figure 2-2: The length of pre-fermentation maceration used by winemakers who 
utilise this extended skin contact technique 
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Six respondents provided details about the method of pre-fermentation EM used. 

Winemakers reported a range of ambient temperatures at which they held the fruit;  

0-4°C, 4°C, 5°C, 15°C, 10-15°C, or no temperature adjustment. Some winemakers 

reported mixing the fruit using pump overs, one winemaker did not crush or mix fruit prior 

to fermentation. A sulphur dioxide addition rate at the crusher of 50 ppm was common 

among respondents. Two out of the 6 respondents allowed fermentations to begin with 

indigenous yeast. 

 

Twenty-three percent of winemakers who utilised post-fermentation EM allowed their 

wine to spend up to 2 weeks on skins after fermentation had ceased. A further 23% of 

winemakers allowed their wine to spend up to 4 weeks on skins post-fermentation.  The 

next most common lengths of post-fermentation EM were up to 3 weeks, up to 5 weeks 

and up to 6 weeks, used by 14%, 14% and 12% of winemakers respectively. Five per cent 

of winemakers used post-fermentation EM for less than 1 week or up to 7 weeks, whereas 

2% used this extended skin contact method for up to 8 weeks or up to 20 weeks. See 

Figure 2-3. Only 2 respondents provided details about the method of post-fermentation EM 

used.  Both respondents said the length of time wine is left in contact with the grape skins 

was taste dependent.   
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Figure 2-3: The length of post-fermentation extended maceration used by 
winemakers who utilise this extended skin contact technique  
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Survey results showed that 90% of winemakers believed pre-fermentation EM affects red 

wine organoleptic properties and that 94% of winemakers believed post-fermentation EM 

affects red wine organoleptic properties (Figures 2-4 and 2-5). Only a respective 4% and 

3% of winemakers believed pre-fermentation or post-fermentation EM regimes do not 

affect red wine organoleptic properties; the other respondents were unsure.   

 

 

 

 

 

 

 

 

Left: Figure 2-4: Percentage of winemakers who believe red wine organoleptic 
properties are affected by pre-fermentation maceration 

Right: Figure 2-5: Percentage of winemakers who believe red wine organoleptic 
properties are affected by post-fermentation extended maceration 

 

 

Winemakers were asked their opinion, by marking a position on a 5 point line scale  

(0 = no effect, 5 = large effect), regarding the effect of pre-fermentation EM and  

post-fermentation EM on the red wine attributes: colour stability, structure, mouthfeel, 

palate length, depth of flavour, improved extraction of colour, extraction of softer tannins, 

and improved fruit characters (Table 2-1). Sixty-eight of the 103 survey respondents 

answered this question. Standard errors across all attributes are similar, suggesting 

winemakers generally agreed on the degree of effect the EM regimes had on each attribute.  

 

Winemakers believed pre-fermentation EM had a medium effect on all red wine attributes 

listed and statistical analysis shows that winemakers did not believe one of these attributes 

was significantly more affected by pre-fermentation EM than any other attribute. The 

results were different for post-fermentation EM. Winemakers believed the attributes 

structure, mouthfeel and palate length, were the most affected by post-fermentation EM. 

Results also showed that compared to the attributes improved extraction of colour and 

improved fruit flavours, winemakers believed colour stability, depth of flavour and 

extraction of softer tannins were more affected by post-fermentation EM. However, each 

94% Yes

3% No

3% Unsure
6% Unsure

4% No

90% Yes
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of these attributes were significantly less affected compared to structure, mouthfeel and 

palate length. 

 

Table 2-1: Winemakers’ opinion of the degree of effect pre-fermentation maceration 
and post-fermentation extended maceration has on red wine attributes a 

 Red wine attribute Pre-fermentation Post-fermentation  
Colour stability 3.3 ± 0.2 a 2.8 ± 0.2 a 

Structure 3.0 ± 0.2 a 4.0 ± 0.2 b 
Mouthfeel 3.1 ± 0.1 a 3.9 ± 0.2 b 

Palate length 2.9 ± 0.2 a 3.7 ± 0.2 b 
Depth of flavour 3.2 ± 0.2 a 2.8 ± 0.2 a 

Improved extraction of colour 3.2 ± 0.2 a 1.8 ± 0.2 c 
Extraction of softer tannins 2.8 ± 0.2 a 2.6 ± 0.2 a 

Improved fruit characters 3.0 ± 0.2 a 1.8 ± 0.2 c 
a Values reported are the mean (0 = no effect, 5 = large effect) and standard error for each 

set of scores. Different letters within each column indicate significant differences between 

treatment means using Tukey’s method of simultaneous pair-wise comparisons with 95% 

confidence intervals. 

 

 

Winemakers were asked to list any additional attributes they believed were affected by pre- 

or post-fermentation EM.  For pre-fermentation EM, texture, colour intensity and hue, plus 

tannin structure were seen as being quite affected (mean score 4). This EM regime was 

also believed to increase wine savoury flavours, decrease primary fruit flavours, and 

encourage the development of softer tannins. For post-fermentation EM, developed 

character and earthiness in the wine were other attributes listed as being affected (mean 

score 4.5). One winemaker noted, “Colour stability is variable. Some winemakers can 

reduce colour. I have anecdotal evidence for both increased and reduced colour”. 

 

Sixty-four and 93% of respondents believed post-fermentation EM affects bitterness and 

astringency respectively. Of respondents to this question, 73% do not believe  

pre-fermentation EM affects bitterness but results are divided on whether this EM regime 

affects astringency (48% believe it does, 44% disagree, 8% undecided).  See Figures 2-6 to 

2-9.  
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Left: Figure 2-6: Percentage of winemakers who believe pre-fermentation maceration 
affects astringency 

Right: Figure 2-7: Percentage of winemakers who believe post-fermentation extended 
maceration affects astringency 

 

 

 

 

 

 

 

 

Left: Figure 2-8: Percentage of winemakers who believe pre-fermentation maceration 
affects bitterness 

Right: Figure 2-9: Percentage of winemakers who believe post-fermentation extended 
maceration affects bitterness 

 

When asked to explain their answers further, one winemaker wrote, “Pre-fermentation EM 

allows colour soak and lets me determine a pump over or plunge regime for the rest of the 

ferment. Post-fermentation EM mainly governs the tannin profile and assists removal of 

some of the candy characters of Grenache and Mataro”. Another winemaker made related 

comments: “Pre-fermentation EM helps bind colours, and post-fermentation EM reduces 

bitterness and astringency in the wine”. In comparison to these comments, a third 

winemaker felt that “post-fermentation EM helps stabilise colour while pre-fermentation 

EM builds mouthfeel.” The experience of one respondent was that “pre-fermentation EM 

does not seem to give any great benefits to colour and is done more out of desperation and 

habit”. Some winemakers believed pre-fermentation EM softens astringency, others that it 

increases astringency and many believed it results in a softer fruity character in the wine. 

 48% Yes

44% No

8% Unsure

93% Yes

5% No

2% Unsure

73% No

18% Yes9% Unsure

31% No

64% Yes

5% Unsure
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Post-fermentation EM was also believed to soften wine astringency, other winemakers 

reported a softer tannin structure due to the polymerisation of tannins: “Post-fermentation 

EM is used to polymerise tannins (small bitter tannins) in a saturated environment to 

achieve a more complex/full structure. The colour tends to go a bit 'bricky' but that's OK 

because it remains stable in that condition for many years (10-20)”. 

 

Winemakers using only 1 form of EM (either pre- or post-fermentation EM) or no EM 

regime who also believed there was insufficient information on EM, were asked if they 

would consider using more EM regimes if sound and practical information were available. 

Results showed that 62% of respondents would consider using more EM regimes. 

Comments received in response to this question reflected that while more winemakers 

would ideally use EM strategies to achieve their desired wine outcome they felt that 

logistic pressures during vintage were a large factor preventing the uptake of these 

regimes: 

• “This industry is driven by efficiency, and cost elimination, so few winemakers 

consider EM as it reduces the turn over of fermenters.” 

• “We cannot afford to tie up fermenters for more than a week due to the capacity and 

scale of the winery.” 

• “We have insufficient fermenters to afford the luxury of using EM regimes.” 

• “We do not use EM simply because of production pressures and time available.” 

• “We don’t use as much post-fermentation EM as we’d like due to logistic pressures 

during vintage.” 

• “The amount of wines given EM is, in most cases, determined by space considerations. 

In an ideal situation I would give all wines some degree of pre- and post-fermentation 

EM.” 

• “We cannot afford the fermenter space for pre-fermentation EM.” 

• “Vintage pressures prevent the use of pre-fermentation EM.” 

• “In larger wineries, logistics are the main factor to determine if EM is an option.” 

 

According to winemakers, another reason preventing the uptake of pre- and  

post-fermentation EM regimes was the insufficient information available on the 

consequences of EM regimes for red wine organoleptic properties. The feel of comments 

made by the winemakers surveyed is represented in these example of the responses 

received:   
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• “If there was a significant quality advantage I would use these EM regimes, but I 

would want to be confident that there was an advantage before sacrificing valuable 

fermenter space.” 

• “I am always intrigued with different ways of achieving a result and am interested in 

knowing more about what is happening during the process. If EM could be replicated 

artificially, this would allow more efficient use of red wine fermentation space during 

vintage.” 

• “I would consider using pre-fermentation EM if I could attend a tasting that showed me 

the benefits.” 

These responses confirmed that it is of interest to winemakers to gain a more robust 

understanding of the consequences of pre- and post-fermentation EM for red wine 

composition and to see if these maceration regimes are worthwhile for them. Future 

research may be able to determine if there is potential for achieving a desired EM 

organoleptic outcome in a shorter time frame and in a way that is more cost effective and 

process efficient for the Australian and other wine industries. 

 

Eighty-four per cent of winemakers believed the industry does not have sufficient 

knowledge about the consequences of EM for red wine organoleptic properties (see Figure 

2-10). The majority (88%) of respondents felt there was a need for a more scientific 

understanding of the consequences of EM strategies for red wine.  

 

12% Yes4% Unsure

84% No

 

Figure 2-10: Percentage of winemakers who believe the industry knows enough about 
the consequences of extended maceration for red wine organoleptic properties 

 

 

Winemakers felt “little has been documented on the effect of post-fermentation EM; 

possibly because it is not as common a practice as in France” and that “lots of gut feel and 
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experience” and “empirical and anecdotal evidence”, was influencing their decisions 

regarding the use of EM regimes. Winemakers stated that they needed “more hard science” 

on the consequences of these methods on red wine properties, with data being translated to 

the industry with practical applicability. Some winemakers also noted that they had 

attempted to conduct EM trials in their own wineries but realised their trials “were not 

extensive enough to definitely give results” and that they “didn’t use enough controls”. 

Winemakers stated they needed more rigorously tested scientific information on EM 

regimes to “improve winemaking methods and assist in sustaining a competitive edge for 

our product in the crowded global market”. 

 

Sixty-four per cent of respondents made suggestions of particular aspects of EM they 

considered as needing further attention and research. These included: 

• The optimal temperature conditions for pre-fermentation EM and this regime’s effect 

on colour intensity and flavour. In particular, whether this regime increases 

anthocyanin concentration 

• Rates of tannin extraction during post-fermentation EM, the particular role of seeds 

during the period of EM and the consequences for astringency and bitterness. Also 

whether this regime increases wine colour stability and the longevity of wine 

• How the composition of wines made using EM regimes changes and evolves during 

ageing 

• Which varieties are best suited to EM regimes, the optimal ripeness by variety for 

different EM treatments and the consequences of EM for wine organoleptic properties 

when using less ripe fruit 

• Analysis of the economic benefit (increase in wine quality and value) of using EM 

regimes compared to the economic costs of increased time and vessel space required to 

facilitate these regimes 

 

2.4 Discussion and conclusions 
Although a good representation of wineries from each state and territory were asked to 

participate in the survey, of the 12 respondents who provided their company and region 

details most came from South Australia. Thus, it is impossible to determine if survey 

replies came from a representative pool of red winemakers from around Australia. It is 

possible that South Australian wineries are more familiar with and perhaps more involved 

in the University of Adelaide’s wine research. This may have meant they were more 
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inclined to reply to the survey and/or provide their company and winery location details on 

the returned survey. 

 

Results show that over 90% of winemakers believed EM affects wine organoleptic 

properties. However, only a respective 57% and 61% of winemakers were currently using 

some form of pre- or post-fermentation extended skin contact to complement conventional 

maceration during red winemaking fermentation. This may be because winemakers felt 

wine organoleptic properties are adversely affected by EM regimes. Unfortunately the 

survey did not address whether the effects of EM on red wine were considered positive or 

negative, only the degree of effect EM regimes on red wine properties. As 62% of 

respondents would consider using more EM regimes, and because many wineries currently 

using EM use it with their premium fruit parcels, it is likely winemakers considered the 

consequences of pre- and/or post-fermentation EM methods for red wine to be positive.  

 

Wineries strategically employing EM are likely to have higher running costs and 

investments compared to those using only conventional maceration (crush, ferment, press) 

in their red winemaking. Reasons behind this include the requirement for wines made 

using EM regimes to spend longer times in fermentation vessels during vintage, when such 

vessels are in continuously high demand. One main factor preventing more winemakers 

from using EM regimes were the logistic pressures during vintage and associated economic 

considerations of keeping wine longer in vessels. Another was the insufficient scientific 

information available on the consequences and benefits of EM regimes for red wine 

organoleptic properties.  

 

Most winemakers surveyed used pre- and post-fermentation EM on Shiraz, Cabernet 

Sauvignon, Merlot and Pinot noir. These wine grape varieties are the 4 most commonly 

grown red wine grape varieties in Australia. In the 2006-07 growing season, Shiraz, 

Cabernet Sauvignon, Merlot and Pinot noir made up a respective 42%, 28%, 14% and 4% 

of Australia’s red winegrape production (ABARE 2008). Pinot noir is a variety known for 

poor extraction of colour from the grape skins into the wine (Amerine 1955), which may 

also explain the use of extended skin contact of this varietal during winemaking. However, 

winemakers did not limit their use of EM regimes to the main 4 red wine varietals. This 

was indicated by the widespread use of EM regimes in the vinification of a wide range of 

other varietals less well-known by Australian consumers. Those winemakers who make red 

wine from a range of varietals may be just as likely to use EM as winemakers limited to 
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making Shiraz, Cabernet Sauvignon, Merlot and/or Pinot noir wines. Pre-fermentation EM 

was more widely used than post-fermentation EM. This may be because pre-fermentation 

takes less time (with most wineries cold soaking for up to 3 days) than post-fermentation 

EM. Alternatively pre-fermentation EM may be used more because it occurs naturally in 

wineries that use indigenous yeast to ferment wine. When indigenous yeast is used to 

ferment wine there is a longer lag time between crush and when fermentation commences 

compared to ferments inoculated with commercially available yeast (Egli et al. 1998, Reed 

and Nagodawithana 1988). Results suggest that for those winemakers currently using one 

or both forms of EM, despite vintage logistic pressures, these regimes were used when 

possible because even as little as 0.5% of fruit parcels were being put through EM.  

  

Most winemakers using pre-fermentation EM did so for less than 7 days and held the fruit 

at temperatures lower than 15°C, most likely to prevent indigenous yeast from starting 

fermentation. In comparison, most winemakers using post-fermentation EM left their red 

wine on skins for anywhere between 2 and 6 weeks. Post-fermentation, providing a blanket 

of carbon dioxide over the cap and the addition of sulphites to wine help prevent spoilage 

(Fleet and Bonnett 1993), provides a longer opportunity to keep wine on skins compared to 

pre-fermentation EM. Several respondents reported the length of time wine was kept on 

skins post-fermentation was taste dependent.  

 

Very few respondents provided detailed information about the EM methods they use. This 

may be because the time and effort to write such a response discouraged respondents from 

answering this question, or because they preferred not to disclose their winemaking 

methods. 

 

Survey results confirmed that most winemakers believe post-fermentation EM primarily 

affects red wine properties associated with increased extraction of phenolics, including 

structure, mouthfeel and palate length, and to a lesser extent colour stability and extraction 

of softer tannins. As responses suggested post-fermentation mainly affects structure, 

mouthfeel and palate length, in particular, bitterness and astringency, it is likely 

winemakers meant the length of post-fermentation EM was dependent on mouthfeel, rather 

than taste (sweet, sour, bitter) (Damak et al. 2003, Li et al. 2002). For pre-fermentation, the 

results were less clear, with winemaker replies suggesting a range of colour, flavour and 

mouthfeel aspects were equally affected by this regime. The lack of winemakers’ 

conviction as to the particular red wine properties affected by pre-fermentation EM is 
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further evident in the disagreement of respondents to this regime’s affect on wine 

astringency.  This highlights there is a particular lack of understanding of the consequences 

of pre-fermentation EM in the industry, which is not surprising when literature on the 

subject is varied (Alvarez et al. 2006, Budic-Leto et al. 2006, Gomez-Miguez et al. 2007, 

Gomez-Plaza et al. 2002, Heatherbell et al. 1996, Mahon et al. 1999, Okubo et al. 2003).  

 

A 15% response rate was considered good as most market research surveys often have 

response rates in the 10% - 30% range (CustomInsight.com 2008). Although the survey 

generated a lot of meaningful data, there were several drawbacks to the survey design and 

distribution. As mentioned, it was impossible to gauge whether a good representation of 

winemaker replies were returned because most respondents did not provide their company 

and location details. A statement in the supporting letter stating that all responses would be 

handled in confidence may have prevented this. In addition, some respondents did not 

answer all questions, resulting in a lower actual response rate per question than the 15% 

survey return rate. The length of the survey may have contributed to the lower response 

rate per question. A shorter survey length, use of an easier to read design, or different 

questions that required only ‘yes’ or ‘no’ answers may have resulted in an increased 

response rate per question. Some respondents, however, provided extra information and 

communicated their desire to be informed of any future research in the topic.  

 

There are drawbacks associated with using line scales to determine perceived degrees of 

intensity, or in this particular study, perceived degree of effect of EM regimes on red wine 

attributes. Although anchored positions on the scale were used to help make responses 

more homogeneous on a common base, and to set a more reliable scaling spread (Margalit 

2004), it is likely respondents used the line scales in subjective and variable manners 

(Bartoshuk et al. 2004, Lawless and Heymann 1999). Prior training in the use of the scale 

included in the survey may have reduced some variability in the results, however there was 

no opportunity for this. 

 

Ideally, the survey would have collected more information about the pre- and  

post-fermentation EM winemaking practices used by respondents, including types of tanks 

used, automated pump-over regimes, tank sizes, and methods used to prevent oxidation 

during winemaking. In retrospect, a follow-up survey may have captured this information. 

Despite survey limitations, specific areas of EM research that winemakers believed 

warranted further attention were clearly communicated in the responses. Winemakers 
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overwhelmingly supported further investigation into this topic. Areas identified as 

requiring further research included the consequences of EM regimes for red wine colour 

and tannin, and economic considerations associated with the use of these techniques in 

wineries during vintage. This highlights the industry need to ascertain exactly the effects of 

pre- and post-fermentation EM regimes for red wine properties and whether these 

winemaking methods are resulting in the wine organoleptic profile desired by winemakers. 

If pre- and post-fermentation EM is contributing positively to red wine properties, the 

possibility of increasing wine processing efficiencies may then be explored. There may 

exist opportunities to modify existing pre- and post-fermentation protocols such that the 

same organoleptic outcome is achieved but in a shorter, and therefore more economical, 

timeframe. The first step however, is to provide industry relevant information to 

winemakers on the consequences of pre- and post-fermentation EM for red wine colour 

and phenolics.  
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Chapter 3 – Effects of pre- and post-fermentation EM in red 

wine made from V. vinifera Grenache 
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3.1 Introduction 
Survey responses confirmed the need to better understand the consequences of pre- and 

post-fermentation EM regimes for red winemaking, particularly the effect of these EM 

regimes on red wine colour and tannin.  

 

An experimental winemaking trial was devised in which replicated wine treatments were 

made on a small scale under controlled conditions to investigate the consequences of pre- 

and post-fermentation EM for red wine colour and phenolic composition. The Vitis vinifera 

cultivar Grenache was used as the wine grape of choice due to its characteristic low 

phenolic content compared to other red wine grape varieties such as Cabernet Sauvignon 

and Shiraz (Bergqvist et al. 2001). A low grape phenolic content would accentuate any 

differences in colour extraction and phenolic composition caused by different EM 

treatments.  

 

In the 2006 vintage, Grenache experimental wines were made, with minor modifications, 

according to the protocol described in Mazza (2005). The winemaking protocol was 

limited to 3 treatments (a pre-fermentation EM for 3 days at 10ºC with plunging, a control, 

and a 3-week post fermentation EM at 20°C). These conditions were based on survey 

feedback regarding the most common temperatures and skin contact times used by 

Australian red winemakers for pre-fermentation and post-fermentation EM. In contrast to 

Mazza’s (2005) method, 4 replicates of each treatment were made rather than 3.  

 

By producing wines using different EM treatments, the study aimed to determine the 

varietal character, colour intensity, and concentration of monomeric anthocyanins and 

pigmented polymers in the pre-fermentation EM wine. The study aimed also to determine 

in wine made using post-fermentation EM, concentration of the flavan-3-ols, (+)-catechin 

and (−)-epicatechin, tannin concentration, colour intensity and mouthfeel compared to the 

control wine. 

 

In order to quantify changes in anthocyanin, pigmented polymer, flavan-3-ol and tannin 

concentration of the Grenache wine treatments, a variety of chemical analyses were used. 

These included Reversed-Phase High Performance Liquid Chromatography (RP-HPLC), 

Methyl Cellulose Precipitable Tannin (MCPT) assay, the Folin-Ciocalteau assay and other 

spectroscopic measures of red wine colour and phenolics, namely the Somers and  

CIE L*a*b* measurements. Sensory analysis was used to complement the chemical 
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analyses. Triangle tests were used to determine differences in wine colour between 

treatments. Descriptive analysis (DA) was used to characterise and quantify in more detail 

any differences in the appearance, aroma, taste, flavour and mouthfeel between treatments. 

 

3.2 Materials and methods 
3.2.1 Experimental winemaking and wine analysis 

Grapevines were Grenache clone SA 137 grown on own roots in the Alverstoke Vineyard  

(latitude 34.971S, longitude 138.631E) at the University of Adelaide Waite Campus. Row 

orientation was north-south, with rows spaced 3m apart, and vines spaced 1.8m apart. The 

canopy consisted of a single cordon of vertical shoot positioning (VSP), with 2 foliage 

wires. Vines were pruned to 2 node spurs, with 30-40 nodes per vine (vigour dependent). 

Vines were irrigated using principles of regulated deficit irrigation (RDI) from early 

December 2005 to harvest. Fruit maturity was monitored weekly for 6 weeks prior to 

harvest. Twice-weekly during ripening, a representative sample of berries, sufficient to 

produce 50 mL of juice for analyses, were collected from each side of each row, from both 

shaded and exposed bunches in proportion to their extent. Berry samples were collected 

and analysed for berry weight, pH and total soluble solids (TSS). Once fruit had reached a 

target of 25.2ºBrix (14ºBé, on the 20th of March 2006), just over 500 kg of the fruit was 

hand harvested and stored in a 0ºC cold room overnight. Prior to crushing, the fruit was 

randomised across all treatments and replicates (4 per treatment) to distribute any variation 

between bunches caused by vine growing conditions such as sunlight availability. After 

randomisation, berry samples were collected from each replicate and analysed for berry 

weight, pH, titratable acidity (TA) in grams of tartaric acid per litre of juice, and TSS in 

ºBrix.  

 

Wine was made in the Hickinbotham Roseworthy Wine Science Laboratory at the 

University of Adelaide, Waite Campus. Each replicate was crushed and de-stemmed using 

a Zambelli crusher/de-stemmer prior to being adjusted to 50 kg of must in 50 L open 

plastic fermenters. Analysis for pH, TA, and TSS was conducted again on crushed 

replicates. A 50 mg/L SO2 addition was made to each as potassium metabisulphite (PMS) 

and the must kept at 15ºC overnight prior to inoculation or the start of cold soaking.    

 

Tartaric acid additions were made to the Grenache replicates from crush and throughout 

vinification to ensure the pH remained consistent between treatments (target pH  

3.50 ± 0.05) and was not significantly different between treatments at bottling. 
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Inoculations for control (C) and 3-week post-fermentation EM (PS3) treatments were made 

using Saccharomyces cerevisiae strain AWRI 796 at a rate of 160 mg/L according to the 

manufacturer’s instructions. Yeast was supplied courtesy of Lallemand, Camden Park, 

Australia. A 200 mg/L diammonium phosphate (DAP) addition was made to each replicate 

24 hours after inoculation. The three-day pre-fermentation EM (cold soak) with plunging 

(CS) treatment was kept in a 10ºC room under dry ice cover for 3 days. During this time 

the CS treatment received 20 plunges twice daily using a custom made plunger with a  

disc-shaped base. The must was warmed to 15ºC prior to inoculation.  

 

During alcoholic fermentation all replicates were plunged 20 times twice daily. 

Fermentations were carried out in a 15ºC cold room for 48 hours after inoculation. After 

this time replicates were moved between a 10ºC cold room and a 0ºC cool room to 

maintain a steady fermentation rate of a 1-2ºBé drop per day. At 8 days post-inoculation, a 

100 mg/L DAP addition was made to all replicates. Temperatures and total soluble solids 

were monitored twice daily throughout alcoholic fermentation. Fermentation temperature 

reached a maximum of 19.5ºC (data not shown). Fermentation curves can be found in the 

Appendix, Figure A-1. The figure shows fermentation was maintained at a steady rate. A 

homogenised sample of grapes and juice was taken at crush, then juice/wine samples were 

taken at regular intervals thereafter. Samples of pressed pomace were collected at pressing. 

Samples were kept frozen at -20ºC until analysis.  

 

Control and CS treatments were pressed off skins 8 days after inoculation to a pressure of 

1200 mBar using a 50 L capacity Diemme press (Lugo, Italy).  Free run and pressings were 

combined. The wine was allowed to ferment to dryness in 30 L plastic containers fitted 

with fermentation locks for 8 days prior to racking off gross lees into 25 L stainless steel 

canisters.  A second racking to 20 L canisters was conducted another 3 (CS) or 4 days later 

(C). A final racking to 19 L vessels occurred 10 days (C) or 11 days (CS) after this. The 

PS3 treatment was allowed to ferment on skins for 8 days (to dryness) before ullage was 

removed using 10 L flexible bags from Scholle Industries Pty Ltd. Grenache wines were 

not inoculated for malo-lactic fermentation (MLF) so at this stage, replicates received 70 

mg/L SO2 addition as PMS. The must was placed in a 15ºC room for 22 days prior to 

pressing off skins and racking. As with the CS and Control treatments, the PS3 treatment 

was settled in demijohns for 3 days before being racked to 25 L stainless steel canisters. A 

second racking followed 3 days later. The final racking to 19 L vessels occurred 11 days 
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after this. All treatments received a further addition of SO2 as PMS over the racking 

period. 

 

Wines were seeded with 4 g/L potassium bitartrate to induce the precipitation of unstable 

tartrates and cold settled at 0ºC until 60 days post-crush. All treatments were fined with  

0.1 mg/L of copper ions as CuSO4 prior to bottling to remove any minor reductive 

characters. Prior to bottling, wine was passed through a plate and frame filter fitted with Z6 

grade filter pads. All treatments were bottled in 375 mL bottles using a ‘bulldog’ 

pressurized bottling system and sealed under Stelvin™ closures.  The 375 mL bottles were 

used rather than 750 mL bottles in order to maximise the number of samples of each 

replicate available for analysis. Finished wines were stored at cellar temperature. Figure  

3-1 outlines the difference in winemaking protocol between treatments. 

 

Figure 3-1: Flow-chart showing differences between winemaking protocols, where CS 
is the pre-fermentation maceration (cold soak) treatment, C is the control treatment, 
and PS3 is the post-fermentation extended maceration treatment 

 

 
Wine analyses were carried out to ensure consistency across all replicates prior to bottling 

for titratable acidity, pH, reducing sugars, alcohol level, total SO2 and malic acid 

concentration. Titratable acidities were determined by auto-titration with 0.1 M NaOH.  

Total soluble solids were determined using refractometry (for fruit samples) and density 

(for wine samples – by hydrometer). Reducing sugars (RS) were monitored by CliniTest© 

tablets at the end of fermentation and then by the Rebelein method for the final 

measurements. The aspiration method was used for determination of total SO2. Potassium 

Cold soak 3 days 

Crush 

Fermentation 

Press 
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Fermentation 
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CS C PS3 
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content was also analysed, by single channel emission flame photometry using a Jenway 

PFP7 Flame Photometer. All methods are fully described in the publications by Iland and 

co-workers (Iland et al. 2004a, Iland et al. 2004b). 

 

Alcohol measurements were determined using an Anton Paar Alcolyzer. Progress of MLF 

was monitored using thin layer chromatography (TLC) (Harris, 1993). L-Malic acid was 

measured using the R-Biopharm L-Malic Acid UV-method for the determination of  

L-malic acid in foodstuffs and other materials (Cat. No. 10 139 068 035). To determine if 

any replicates had been subject to oxidation, acetaldehyde concentration was measured 

using the R-Biopharm Acetaldehyde UV-method for the determination of acetaldehyde in 

foodstuffs and other materials (Cat. No. 10 668 613 035). These analyses were carried out 

to ensure there were no significant differences between any of the treatment replicates and 

to ensure the wines were free of faults prior to subsequent analyses. 

 

A Multiskan® Spectrum microplate spectrophotometer (Thermo Electron Corporation, 

Vantaa, Finland), supporting SkanIt® Software for Multiskan® Spectrum version 2.2 was 

used for the UV-methods. Unless noted otherwise, data was analysed using one-way 

ANOVA with Tukey's multiple comparison post-test for all pair-wise comparisons with 

95% confidence intervals using GraphPad Prism. All figures presented in the thesis were 

generated using Microsoft Excel or GraphPad Prism.  

 

3.2.2 Red wine colour and phenolic spectroscopic measures 

Analysis and calculation of wine colour and phenolics was carried out according to the 

methods described by Iland et al. (2004a, p88-91) and developed by Somers and Evans  

(Somers and Evans 1974, Somers and Evans 1977). For the pH adjusted measures wines 

were adjusted to pH 3.60. Wine was prepared from frozen samples. Wine samples stored 

frozen at -20°C were thawed and allowed to warm to room temperature before they were 

prepared for analysis. A pair of 10 mm and 2 mm quartz cuvettes and a Multiskan® 

Spectrum microplate spectrophotometer (as previously described) were used to take the 

measurements. All measurements were converted to a 10 mm path length.  

  

Wines were analysed for total phenolics by the Folin-Ciocalteau assay (Slinkard and 

Singleton 1977). Folin-Ciocalteau reagent was purchased from Sigma (F9252), and the 

final assay volumes were reduced to 1 mL. After leaving the solutions at 20ºC for 2 hours, 

300 µL was pipetted to a 96 well plate and absorbance at 765 nm read using the microplate 
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spectrophotometer previously described. Results were expressed in gallic acid equivalents 

(GAE mg/L). 

 

Wines were analysed for CIE L*a*b* characteristics. Each treatment replicate was 

analysed at natural pH, then at pH 3.60, and at pH 3.60 with any effects of SO2 removed. 

Wine was adjusted to pH 3.60 by adding 0.1 M NaOH drop wise, with mixing. For the pH 

and SO2 adjusted wines, pH was first adjusted then 8 mL of the pH-adjusted wine was 

added to 80 µL of a 10% w/v acetaldehyde solution. Wines were mixed thoroughly by 

gentle shaking and allowed to stand in the dark at room temperature for 45 minutes prior to 

analysis. 

 

CIE L*a*b* characteristics of the Grenache wine preparations were determined, undiluted, 

by measuring the transmittance of the wine every 1 nm from 360 to 830 nm. The D65 

illuminant and 10° observer, double beam mode, and 10 mm path length quartz cuvettes 

were used. The cuvettes were emptied and rinsed with the new sample twice before filling 

a third time and taking the measurement. A single measurement of each wine was made. A 

baseline correction was employed (based on an R.O. water blank). Measurements were 

made using the ‘colour’ program of a Cintra 40 UV-visible spectrophotometer supporting 

GBC spectral software (GBC copyright© 1995 Scientific Equipment Pty Ltd, based on 

Spectacle® copyright 1993-1996 by LabControl® GmbH). The software calculated the CIE 

L*a*b* parameters directly. Total colour difference values between pairs of wines (ΔE), 

Chroma (C*) and hue angle (hº) were also calculated. 

 

3.2.3 Reversed-phase High Performance Liquid 

Chromatography (RP-HPLC) and Methyl Cellulose Precipitable 

Tannin (MCPT) assay 

3.2.3.1 RP-HPLC analysis  

Two methods were used to measure wine anthocyanins and pigmented polymers. In 

Method 1, 1 mL of each wine replicate was pipetted into Eppendorf tubes and centrifuged 

at 1,252 x g for 10 minutes. 200 μL of the supernatant was transferred to autosampler vials. 

Centrifuged wine was injected into a Hewlett Packard HP1100 high-performance liquid 

chromatograph with Agilent ChemStation software for LC 3D systems Rev B.01.03.SR1 

[204] (Copyright© Agilent Technologies 2001-2005) (consisting of a vacuum degasser 

G1311A Quaternary Pump, G131A Autosampler, G1315B Diode Array Detector, G1316A 

Column Thermostat). An SGE guard column protected an SGE C18 RS column  
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(150 x 4.6 mm) (Serial Number for ordering 2066052). The method described here was 

developed by Cordon (2008) and adapted for use in our lab.  

 

Buffer A consisted of 10% (v/v) formic acid. Buffer B was 100% methanol. All solvents 

were analytical grade and filtered. The column temperature was maintained at 40°C. The 

injection volume was 10 μL. The solvent flow was 1 mL/min starting with 17% v/v B, 

which was maintained for 1 minute and was then ramped to 35% B over 14 minutes.  

Starting at 15 minutes buffer B was increased to 37% over the following 25 minutes. At  

42 minutes buffer B was increased to 100%, which was maintained over 6 minutes. At  

50 minutes buffer B was decreased to 17% and the column re-equilibrated for 5 minutes 

prior to the next injection.  

 

Delphinidin-3-, cyanidin-3-, petunidin-3-, peonidin-3- and malvidin-3-glucoside were 

quantified in malvidin-3-glucoside equivalents using a pure malvidin-3-glucoside standard 

(Polyphenols Laboratories, Norway). The retention times for delphinidin-3-, cyanidin-3- 

and peonidin-3-glucoside were previously determined using standards from pure 

anthocyanin glucosides (Polyphenols Laboratories, Norway). The retention time of 

petunidin-3-glucoside was established based on the elution of the other anthocyanin 

monoglucosides. Absorbance of all anthocyanins was monitored and calibrated at 520 nm. 

The response factor for malvidin-3-glucoside was used to quantify pigmented polymer 

concentration in malvidin-3-glucoside equivalents monitored at 520 nm. Malvidin-3-

glucoside was chosen because, after isolation, other studies have used this standard to 

quantify RP-HPLC determined pigmented polymer concentration (Aron and Kennedy 

2007, Cortell et al. 2007).  

 

In Method 2, wines were analysed according to the method previously described with the 

following modifications. A Phenomenex Gemini 3μ C18 110A column (150 x 4.6 mm) 

(Serial Number for ordering 369598-6) protected by a Phenomenex guard column, fitted 

with SecurityGuard Cartridges Gemini C18 4 x 3.0mm (Part Number AJ0-7597) was used 

instead of the SGE C18 RS column previously described. 

 

Retention times and calibration curves for delphinidin-3-, cyanidin-3-, peonidin-3- and 

malvidin-3-glucoside were generated using standards from pure anthocyanin glucosides 

(Polyphenols Laboratories, Norway) as described in Mazza (2005). Petunidin-3-glucoside 

was quantified in terms of cyanidin-3-glucoside equivalents. The standards were dissolved 
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in a stock solution of 83% buffer A and 17% buffer B. This was done to eliminate the 

problem of split peaks, observed when standards were dissolved in 100% methanol. 

 

For RP-HPLC analysis of (+)-catechin and (−)-epicatechin, the method used was described 

in Mazza (2005), adapted from Kennedy (2002).  

 

Reversed-phase HPLC analysis of fermenting juice/wine samples was carried out 

according to the methods described previously. Anthocyanins and pigmented polymers 

were analysed according to Method 2. (+)-Catechin, (−)-epicatechin and tannin were also 

measured.  

 

3.2.3.2 MCPT assay 

Tannin concentration was analysed by the MCPT assay according to the method described 

by Mercurio et al. (2007). A control and supernatant sample were prepared in triplicate for 

each wine replicate. Absorbance was measured using a Multiskan® Spectrum microplate 

spectrophotometer as previously described. The (−)-epicatechin standard used was >98% 

purity (Sigma-Aldrich). 

 

3.2.4 Sensory analysis 

Wines were analysed by difference and descriptive tests. Ethics approval was sought and 

approved by the University of Adelaide for all sensory testing described in this thesis. 

 

3.2.4.1 Triangle tests 

The first 3 replicates of each treatment were selected for triangle testing and use in 

subsequent sensory tests in order to limit test numbers to a manageable size.  

 

All samples were prepared identically. Control wines were adjusted using hydrogen 

peroxide according to the method described in Iland et al. (2004b, p60) to give comparable 

SO2 levels to those in the remaining samples. Grenache Control wines were SO2 adjusted 

by this method in all subsequent sensory tests described in this thesis. Prior to sensory 

analyses, bench-top testing was carried out by a group of experienced tasters from the 

University of Adelaide. This was done to check that the addition of hydrogen peroxide to 

the Control wines had not substantially altered their aroma, flavour, taste or mouthfeel 

properties. No adjustment to wine pH was made prior to testing. Samples of wines (30 mL) 

were prepared in International Organization for Standardization (ISO) XL5, 215 mL 
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tasting glasses, coded with 3-digit random numbers. Samples were presented in booths of 

the University of Adelaide Sensory Science Laboratory under natural light. Wine age at the 

time of testing was 4.5 months post-crush.  

 

Twenty-four panellists (University of Adelaide students with wine tasting experience) were 

each asked to complete 9 triangle tests. Sensory data were collected using the 1994–2001 

Biosystèmes FIZZ for Windows Acquisition version 2.00E software application. Based on 

the number of tests completed, a certain number of panellists must get the triangle test right 

in order to reject the null hypothesis: that there is no difference between the appearance 

(colour) of the wine replicates at the 5% level. To determine this a statistical table 

displaying the minimum number of correct judgements to establish significance at various 

probability levels was used (Nottingham et al. 2005). 

 

To determine if there was a significant difference in appearance between Grenache 

treatments, triangle tests were carried out according to the method described above. Thirty-

six panellists were available for triangle testing on the day of analysis and each panellist 

was asked to complete 3 triangle tests. The 3 tests compared the CS treatment to the 

Control, the Control to the PS3 treatment, and the CS treatment to the PS3 treatment. 

 

3.2.4.2 Descriptive analysis 

A DA combined with multivariate statistical analysis was carried out to quantitatively 

characterise differences in the perceived organoleptic profile (colour, aroma, flavour, taste, 

and mouthfeel) of the Grenache wine treatments. The DA method used was adapted from 

the method described by Joscelyne et al. (2007), provided in the Appendix as  

Document A-2. 

 

All Grenache treatments were evaluated in the DA but only replicates 1 to 3 were used to 

represent the treatments. Wines were evaluated over August, September and October of 

2006 by a panel of 10 (8 males and 2 females) people. At this stage Grenache wine age 

was about 5 months post-crush. Panellists were University of Adelaide oenology students, 

aged between 23 and 43 years. Panellists underwent 5 weeks of high-level training in 

aroma, taste, and trigeminal (mouthfeel) sensation detection and evaluation prior to the 

formal DA training. Despite a high level of wine evaluation skills within the group, none 

of the students had previous experience with descriptive analysis.  
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Six 1-hour sessions were held over 5 weeks to train panellists. During training, panellists 

were presented with a selected replicate of each experimental wine treatment in coded, 

covered, XL5 (ISO standard), 215 mL tasting glasses. Panellists were asked to individually 

generate and then reach panel consensus on appropriate descriptive terms for Grenache. 

Grenache descriptive terms were narrowed down to 2 colour, 3 aroma, 2 flavour, 3 taste, 

and 2 mouthfeel attributes. Panellists practiced rating the wines for each term using an 

unstructured 100 mm line scale with anchor points at each end of the scale. Rating practice 

took place in conditions identical to those used in the subsequent formal tasting session. 

Intensity standards (crushed cloves = 10, high intensity; a 1 in 8 dilution of raspberry 

cordial = 5, medium intensity; a 1 in 40 dilution of raspberry cordial = 0, low intensity) 

representing points on the scale were provided at each session as an intensity rating aid. 

Aroma references (in covered wine tasting glasses) and colour charts were presented at 

subsequent sessions and modified in response to panellist suggestions (Table 3-1). No 

references were provided for the taste and mouthfeel attributes as all panellists had 

extensive training in that area of wine tasting as part of their university study program.  

 

Table 3-1: Aroma and palate attribute list with agreed definitions for Grenache a 

Attribute       Definition         

 
Colour 
pink 
orange 
transparent rim 

 
 
ruby pink 
hue lying between red and yellow 
transparency of hue at edge of wine when glass is tilted 

 
Aroma 
strawberry lollya 
strawberrya 
liquoricea 

 
 
strawberry Lifesavers™ (a brand of confectionery) 
fresh, ripe strawberries 
black liquorice 

 
Palate 
strawberry lollya 

red cordiala 
astringent 
acid 
sweetness 
bitterness 
hot 

 
 
strawberry Lifesavers™ 
raspberry cordial 
feelings of lack of lubrication in the mouth, a sensation of dryness 
sourness, tart, sharp taste such as lemon 
taste of sugar 
a harsh taste of caffeine, usually noticed at back of palate 
prickly warm tingling sensation due to presence of alcohol 

a Reference aromas that match the definition were provided for those attributes. 

 

 

Intensity scores were examined following each training session to ensure panellists were 

reproducible in their assessment of wine attributes. In order to minimise colour differences 
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between treatments caused by the SO2 addition error during winemaking, Grenache 

Control wines were adjusted for SO2 using hydrogen peroxide. Adjusted wines were also 

visually assessed prior to sample preparation. 

 

Following a final discussion session, three 1-hour formal rating sessions were held under 

controlled temperature conditions and natural light. At every rating session, each panellist 

was presented with the 9 wines (3 treatments by 3 replicates) in random order. Each 

panellist evaluated each wine in triplicate over the course of the formal rating period. 

Thirty millilitre samples were presented in coded, clear, XL5 (ISO standard) 215 mL 

tasting glasses covered with small Petri dishes. Distilled water was provided for palate 

cleansing, and panellists had a forced rest of 30 seconds between each sample. At the 

beginning of each session, panellists familiarised themselves with the aroma standards and 

had access to the intensity standards within their booths. Grenache attributes were rated in 

the order of colour (pink to orange), rim transparency, strawberry lolly aroma, strawberry 

aroma, liquorice aroma, strawberry lolly flavour, red cordial flavour, sweetness, bitterness, 

acid, hot, and astringency.  

 

Sensory data were collected using the 1994–2001 Biosystèmes FIZZ for Windows 

Acquisition version 2.00E software application. Mean ratings and Fisher’s least significant 

differences for each attribute were calculated by ANOVA using the 1994–2001 

Biosystèmes FIZZ Calculations for Windows version 2.01b software application 

(Couternon, France). Differences among attributes for each variety were assessed with 

mixed model ANOVAs, in which judges were considered a random effect. Principal 

component analysis (PCA) was performed on the Grenache wine data using the 1994–2001 

Biosystèmes FIZZ Calculations for Windows version 2.01b software application. 

 

3.3 Results 
3.3.1 Wine analyses  

Results from standard analyses (pH, TA, TSS) of 2006 Grenache fruit following fruit 

randomisation into replicate treatments can be found in the Appendix as Table A-1.  The 

results in Table A-1 indicate the fruit was randomised across all treatments with pH, TA 

and TSS values being similar for all treatments with the exception of a slightly lower pH in 

the Grenache control treatment compared to the PS3 treatment (P<0.05).  
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Results from analyses conducted after the final racking and prior to bottling are listed in 

Table 3-2. With the exception of total SO2 for Grenache, results show that there was good 

uniformity among the fermentations and that the small-winemaking protocol adopted 

allows good reproducibility of replicate data. During the racking period of winemaking, an 

error during Grenache SO2 analysis resulted in a PMS addition error and a significantly 

(P<0.001) higher level of total SO2 in the control treatment. As SO2 can affect the 

equilibrium of anthocyanins and thus their colour expression, adjustments were made to 

Grenache control wines in subsequent analyses to counteract the difference between 

treatments.  As intended, no MLF occurred. 

 

Table 3-2: Winemaking analytical data at bottling for 2006 Grenache a 

Treatment TA pH 
Reducing 

Sugars Alcohol Total SO2 
L-Malic 

acid 

  
(g/L as 

tartaric)   (g/L) (% v/v) (mg/L) (g/L) 
CS 7.1 a 3.42 a 3.4 a 15.7 a 86 a 1.5 a 
C  7.2 a 3.44 a 3.4 a 15.9 a 153 b 1.5 a 

PS3 7.5 a 3.40 a 3.4 a 16.0 a 94 a 1.5 a 
a Values reported are the mean for the 4 replicates in each treatment. Different letters 

indicate significant differences between treatment means using Tukey’s method of 

simultaneous pair-wise comparisons with 95% confidence intervals. 

 

 

Acetaldehyde concentration gives some indication of the extent of wine phenolic oxidation 

because oxidation of ethanol to acetaldehyde occurs by a coupled auto-oxidation of certain 

phenolic compounds (Wildenradt and Singleton 1974, Riberéau-Gayon et al. 1983, Liu and 

Pilone 2000). Acetaldehyde results (Table 3-3) at 12.5 months post-crush show there were 

no significant differences between treatments for Grenache, suggesting oxidation has not 

affected the treatments. Values are within the normal range for red wines (4-212 mg/L 

acetaldehyde) (Liu and Pilone 2000). Grenache potassium concentration was also analysed 

at 12.5 months post-crush. The results in Table 3-3 show no significant differences in 

potassium concentration between treatments. 
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Table 3-3: Additional winemaking analytical data for 2006 Grenache a 

Treatment Acetaldehyde (mg/L) Potassium (mg/L) 
 Months post-crush 12.5 12.5 

CS 20 a 858 a 
C  19 a 850 a 

PS3 20 a 805 a 
a Values reported are the mean for the 4 replicates in each treatment. Different letters 

indicate significant differences between treatment means using Tukey’s method of 

simultaneous pair-wise comparisons with 95% confidence intervals. 

  

3.3.2  Red wine colour and phenolic spectroscopic measures 

3.3.2.1 Colour and total phenolic measures (Somers and Folin-

Ciocalteau) 

At 10.5 months post-crush, there was no significant difference between CS and PS3 

treatments for any parameter except total phenolics. The PS3 treatment was significantly 

higher in total phenolics than the Control and CS treatments. See Table 3-4 for results. 

 

The Control treatment had significantly lower modified WCH and modified estimate of the 

concentration of SO2 resistant pigments compared to the CS and PS3 treatments. The 

Control treatment had lower WCD compared to the PS3 treatment under modified 

conditions.  

 

Analysis of Grenache wines 6.5 months later produced consistent results for the estimate of 

the concentration of SO2 resistant pigments and total phenolics (see Table 3-5). A second 

assay for total phenolics was used at this time point. The results of the Folin-Ciocalteau 

assay for total phenolics supported the Somers total phenolics results from this and the 

previous sample date. There was an excellent correlation between results of the 2 total 

phenolic assays (R2 value 0.87, data not shown). The PS3 treatment in all cases had a 

significantly higher total phenolic content than the CS and Control treatment wines. 
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Table 3-4: Spectral analyses of colour and phenolics for 2006 Grenache a 
  CS C PS3 

Wine colour density 
(a.u.) 1.21 ± 0.11 a 0.64 ± 0.04 b 1.35 ± 0.04 a 

Wine colour hue 0.73 ± 0.02 a 0.95 ± 0.02 b 0.74 ± 0.02 a 
 

Degree of red pigment 
colouration (%) 16.79 ± 0.82 a 6.03 ± 0.32 b 16.98 ± 1.82 a 

 
Estimate of the 

concentration of SO2 
resistant pigments 

(a.u.) 0.26 ± 0.02 a 0.16 ± 0.01 b 0.24 ± 0.01 a 
Total red pigments 

(a.u.) 4.18 ± 0.38 a 5.46 ± 0.25 a 4.80 ± 0.69 a 

Total phenolics (a.u.) 9.98 ± 0.63 a 10.80 ± 0.65 a 16.85 ± 1.28 b 
Modified wine colour 

density (a.u.) 1.70 ± 0.03 ab 1.62 ± 0.06 a 1.94 ± 0.08 b 
Modified wine colour 

hue 0.69 ± 0.01 a 0.58 ± 0.01 b 0.68 ± 0.02 a 
 

Modified degree of 
red pigment 

colouration (%) 24.62 ± 2.12 a 18.85 ± 0.63 a 25.12 ± 2.42 a 
 

Modified estimate of 
the concentration of 

SO2 resistant pigments 
(a.u.)  0.29 ± 0.02 a 0.20 ± 0.02 b 0.28 ± 0.01 a 

Chemical age index 0.07 ± 0.01 a 0.04 ± 0.00 a 0.06 ± 0.01 a 
a Wines were analysed at 10.5 months post-crush. Values reported are the mean and 

standard error for the 4 replicates in each treatment. Different letters indicate significant 

differences between treatment means using Tukey’s method of simultaneous pair-wise 

comparisons with 95% confidence intervals. Wine colour density, and other colour values 

where noted are expressed as absorbance units (a.u.). Modified values are for wine 

measured with the addition of acetaldehyde to remove any SO2 bleaching effects. 

 

 

 

 



 

 68

Table 3-5: Spectral analyses of total phenolics and SO2 resistant pigments for 2006 

Grenache a 

  CS C PS3 
Total phenolics (Somers) 

(a.u.) 11.4 ± 0.2 a 12.0 ± 0.3 a 18.0 ± 0.5 b 
 

Total phenolics (Folin-
Ciocalteau) mg/L GAE 682.9 ± 14.4 a 716 ± 22.8 a 1140.7 ± 51.9 b 

 
Estimate of the 

concentration of SO2 
resistant pigments (a.u.) 0.30 ± 0.02 a 0.20 ± 0.00 b 0.27 ± 0.01 a 

a Wines were analysed at 17 months post-crush. Values reported are the mean and standard 

error for the 4 replicates in each treatment. Different letters indicate significant differences 

between treatment means using Tukey’s method of simultaneous pair-wise comparisons 

with 95% confidence intervals. Total phenolics (Somers) and the estimate of SO2 resistant 

pigments are expressed as absorbance units (a.u.), total phenolics (Folin-Ciocalteau) are 

expressed as mg/L gallic acid equivalents (GAE). 

 

3.3.2.2 CIE L*a*b* colour measurements 

For measurements taken 12.5 months post-crush, there was a significant difference 

between Control and CS treatments and between Control and PS3 treatments for the values 

of Chroma (C*), hue angle (hº), Lightness (L*), and redness to greenness (a*). However, 

there was no significant difference between CS and PS3 treatments for wine at natural pH 

or when the pH was adjusted to 3.60 (Table 3-6). Chroma results, which correlated with 

WCD results (R2 value 0.96) are consistent with the unmodified WCD results of the 

previous sub-section. Hue angle had an inverse relationship to WCH (R2 value 0.93). Hue 

angle results are consistent with the un-modified WCH results of the previous sub-section. 

For un-modified measures, the Control treatment was significantly lighter and less red in 

colour (a*) than the CS and PS3 treatments (both consequences of SO2 bleaching). There 

was no difference between treatments for yellowness (b*) at wine pH nor pH 3.60. 

 

For the modified measure of Chroma (also in Table 3-6), the PS3 treatment had a higher 

Chroma than the CS treatment. This result is different to the previous spectral measures of 

modified WCD that showed the PS3 treatment had a higher WCD than the Control 

treatment. For hue angle under modified conditions, the Control treatment had a higher hue 

angle (i.e. lower WCH) than the CS and PS3 treatments, consistent with the previous 

modified WCH measures. After modification, the PS3 treatment was darker (L*) than the 
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other treatments and redder (a*) than the CS treatment. After adjustment for the variables 

pH and SO2, the CS and PS3 treatments were more yellow (b*) than the Control treatment.  

 

Table 3-6: CIE L*a*b* colour measurements for 2006 Grenache a 

  CS C PS3 
L* at wine pH 65.6 ± 0.6 a 78.8 ± 1.9 b 64.8 ± 1.0 a 
L* at pH 3.60 68.2 ± 0.7 a 80.5 ± 1.3 b 67.4 ± 1.0 a 

L* modified 60.8 ± 0.7 a 62.1 ± 0.9 a 56.6 ± 1.1 b 
a* at wine pH 42.3 ± 0.6 a 25.1 ± 3.1 b 42.7 ± 1.8 a 
a* at pH 3.60 35.8 ± 0.6 a 20.9 ± 2.1 b 35.4 ± 1.1 a 

a* modified 47.5 ± 0.5 a 49.6 ± 0.8 ab 51.4 ± 1.5 b 
b* at wine pH 15.2 ± 0.3 a 15.0 ± 0.6 a 15.7 ± 1.0 a 
b* at pH 3.60 15.6 ± 0.4 a 15.8 ± 0.8 a 16.2 ± 1.0 a 

b* modified 15.0 ± 0.2 a 9.9 ± 0.7 b 16.4 ± 0.3 a 
C* at wine pH 45.0 ± 0.4 a 29.2 ± 3.0 b 45.6 ± 1.4 a 
C* at pH 3.60 39.1 ± 0.4 a 26.2 ± 2.1 b 39.0 ± 0.9 a 

C* modified 49.8 ± 0.4 a 50.6 ± 0.9 ab 54.0 ± 1.5 b 
hº at wine pH 2.7 ± 0.1 a 1.5 ± 0.2 b 2.6 ± 0.3 a 
hº at pH 3.60 2.2 ± 0.1 a 1.1 ± 0.1 b 2.1 ± 0.2 a 

hº modified 3.1 ± 0.1 a 5.0 ± 0.3 b 3.0 ± 0.1 a 
a Wines were analysed at 12.5 months post-crush. Values reported are the mean and 

standard error for the 4 replicates in each treatment. Different letters indicate significant 

differences between treatment means using Tukey’s method of simultaneous pair-wise 

comparisons with 95% confidence intervals. Values are for wine measured at wine pH, at 

pH adjusted to 3.60, and for wine pH adjusted to 3.60 with the addition of acetaldehyde to 

remove any SO2 bleaching effects (modified). 

 

 

Examination of ΔE values suggested that a visual discrimination of the difference in colour 

between the CS and PS3 wines at natural wine pH (ΔE 1.1) would be theoretically 

possible, because ΔE was > 1, but in practice likely to be at best marginal. In contrast, ΔE 

values indicated that the visual colour difference was much greater when comparing the 

Control and EM treatments (ΔE > 19 for all comparisons) (Gilchrist and Nobbs 1999). 

Once the wines were modified, ΔE values suggested the wines were more different in 

appearance and that the difference in colour between each wine treatment could be seen by 

a panel member (Control compared to CS ΔE = 5.7, Control compared to PS3 ΔE = 8.7, CS 

compared to PS3 ΔE = 5.9). 
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3.3.3 Reversed-phase HPLC and MCPT assay 

3.3.3.1 RP-HPLC analysis of fermentation samples 

The evolution of each treatment’s malvidin-3-, petunidin-3-, and peonidin-3-glucoside 

values during vinification are shown in Figures 3-2 to 3-4 respectively. Concentrations of 

malvidin-3- and petunidin-3-glucoside increased during the sample period. The HPLC did 

not detect any delphinidin-3-glucoside or cyanidin-3-glucoside in any of the wines at any 

time point. The concentrations of petunidin-3-glucoside and peonidin-3-glucoside were 

very low (below 4 mg/L) throughout the sample period. Despite the low concentrations, 

CS wines contained significantly higher levels of peonidin-3-glucoside at 6 and 9 days 

post-crush compared to the Control and PS3 treatments respectively. Just prior to bottling 

at 2 months post-crush (last sample date during vinification), the PS3 wines were higher in 

peonidin-3- and malvidin-3-glucoside compared to the Control and CS wines. Repeated 

measures ANOVA was conducted on the malvidin-3-glucoside data to analyse the change 

within treatments over time. Time, treatment and the interaction were all significant 

(P<0.0001) for malvidin-3-glucoside. 
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Figure 3-2: Malvidin-3-glucoside analysis of 2006 Grenache fermentation samples 
using RP-HPLC Method 2 a  

a Means and standard errors for 4 replicates of each treatment are presented. Notes about 

sampling presented on the figure are relevant for Figures 3-3 to 3-8 as sample dates 

correspond between figures. The first sample was taken after crush and the last before 

bottling. Differences between treatments at the last sample date are shown by different 

letters (P<0.05). 
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Figure 3-3: Petunidin-3-glucoside analysis of 2006 Grenache fermentation samples 
using RP-HPLC Method 2 a  

a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Petunidin-3-glucoside is expressed in cyanidin-3-glucoside equivalents (mg/L). 

There was no significant difference between treatments at the last sample date.  
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Figure 3-4: Peonidin-3-glucoside analysis of 2006 Grenache fermentation samples 
using RP-HPLC Method 2 a  

a Means and standard errors for 4 replicates of each treatment are presented. Differences 

between treatments at the last sample date are shown by different letters (P<0.05). 

 

 

The evolution of each treatment’s (+)-catechin and (−)-epicatechin values during 

vinification is shown in Figures 3-5 and 3-6 respectively. Just prior to bottling at 2 months 

post-crush, the PS3 wines were higher in both (+)-catechin and (−)-epicatechin compared 

to the Control and CS wines. Although the treatments could not be directly compared due 

to the different sampling dates, the same trend exists for the previous month’s data. 

Concentrations of (+)-catechin and (−)-epicatechin increased in all treatments until  

1 month post-crush. After this time, wine flavan-3-ol concentrations remained steady for 

the Control and CS treatments until the last sampling date. For PS3 wines, concentrations 

b 

a 
a 



 

 74

of (+)-catechin and (−)-epicatechin had decreased slightly by the last sampling date. Time, 

treatment and the interaction were significant for (+)-catechin (P<0.0001) and for  

(−)-epicatechin (P<0.0001, P<0.001, P<0.01 respectively) when the time-treatment 

interaction ANOVA was conducted using a repeated measures analysis. 
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Figure 3-5: RP-HPLC analysis of (+)-catechin in the 2006 Grenache fermentation  
samples a 
a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Differences between treatments at the last sample date are shown by different 

letters (P<0.05). 
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Figure 3-6: RP-HPLC analysis of (−)-epicatechin in the 2006 Grenache fermentation 
samples a 
a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Differences between treatments at the last sample date are shown by different 

letters (P<0.05). 
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The evolution of each treatment’s pigmented polymer and tannin values during vinification 

is shown in Figures 3-7 and 3-8 respectively.  Prior to bottling at 2 months post-crush, the 

PS3 wines were higher in tannin compared to the Control and CS wines. Although the 

treatments could not be directly compared due to the different sampling dates, the same 

trend exists for the previous month’s data. Of the sampling dates measured, tannin 

concentration peaked in the PS3 wines 31 days after crush, whereas for Control and CS, 

tannin was highest 9 days post-crush. Time (P<0.0001), treatment (P<0.001) and the 

interaction (P<0.0001) were significant for tannin. For pigmented polymers, time 

(P<0.0001) and the interaction were significant (P<0.001). Nine days post-crush, the CS 

wines were higher in pigmented polymers compared to PS3 wines. However, there were no 

significant differences between treatments for pigmented polymers at 2 months post-crush. 

Reversed-phase HPLC results show pigmented polymer concentrations in the wines were 

relatively consistent throughout the sample period.  
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Figure 3-7: Pigmented polymer analysis of 2006 Grenache fermentation samples 
using RP-HPLC Method 2 a  
a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Pigmented polymers are expressed in malvidin-3-glucoside equivalents (mg/L). 

There was no significant difference between treatments at the last sample date. 
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Figure 3-8: RP-HPLC analysis of tannin in the 2006 Grenache fermentation samples a  
a Means and standard errors for 4 replicates of each treatment are presented. Tannin is 

expressed in (−)-epicatechin equivalents (mg/L). Differences between treatments at the last 

sample date are shown by different letters (P<0.05). 

 

3.3.3.2 RP-HPLC analysis of wine  

Wines were analysed for anthocyanins, pigmented polymers, (+)-catechin, (−)-epicatechin 

and tannin at various time points post-bottling. The results are presented in Table 3-7. At 

about 8 months post-crush there was no significant difference between treatments for 

petunidin-3- or peonidin-3-glucoside. Compared to 2 months post-crush, at 8 months post-

crush the PS3 and CS treatments were not significantly different for malvidin-3-glucoside. 

As malvidin-3-glucoside makes up so much of the total anthocyanins (97%), the same 

differences between treatments applied for this parameter. There was still no significant 

difference between pigmented polymers. Figure 3-9 provides an example of a typical 

a 
a 
b 
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chromatogram of Grenache anthocyanins and pigmented polymers at 520 nm, analysed 

using Method 2, described in section 3.2.3.1. 

 

At 2.5 months post-crush there was still significantly more (+)-catechin, and  

(−)-epicatechin in the PS3 wines compared to the Control and CS treatments. However, the 

PS3 treatment had significantly less tannin than the other treatments. This is reflected in 

the higher anthocyanin to tannin ratio of this treatment.  At 17 months post-crush the same 

differences existed between treatments for (+)-catechin, (−)-epicatechin as at 2.5 months 

post-crush. At 17 months post-crush, the CS treatment was significantly higher in tannin 

than the Control treatment.  Figure 3-10 provides an example of a typical chromatogram of 

Grenache (+)-catechin, (−)-epicatechin and tannin at 280 nm, generated using the method 

described in Mazza (2005), adapted from Kennedy (2002). 

 

Table 3-7: RP-HPLC analysis of anthocyanins, (+)-catechin, (−)-epicatechin, 
pigmented polymers and tannin in the 2006 Grenache wines samples at selected time 
points after bottling a 

    CS C PS3 

Petunidin-3-glucoside + 1.8 ± 0.0 a 1.6 ± 0.1 a 1.7 ± 0.1 a 

Peonidin-3-glucoside + 0.7 ± 0.0 a 0.8 ± 0.1 a 0.9 ± 0.0 a 

Malvidin-3-glucoside + 76.4 ± 1.9 ab 71.6 ± 3.4 b 83.3 ± 1.6 a 

Total anthocyanins + 78.9 ± 1.9 ab 74.0 ± 3.6 b 86.0 ± 1.7 a 

Pigmented polymers + 14.1 ± 0.1 a 13.7 ± 0.2 a 13.9 ± 0.1 a 
(+)-catechin † 14.3 ± 0.8 a 11.9 ± 0.7 a 55.0 ± 0.7 b 

(−)-epicatechin † 8.8 ± 0.5 a 7.2 ± 0.4 a 37.5 ± 1.2 b 
Tannin † 1063.0 ± 23.6 a 1084.5 ± 10.7 a 790.7 ± 85.1 b 

 
Total 

anthocyanin:Tannin  0.07 ± 0.00 a 0.07 ± 0.00 a 0.11 ± 0.01 b 
              

(+)-catechin ‡ 35.1 ± 0.9 a 34.4 ± 0.7 a 64.6 ± 2.4 b 

(−)-epicatechin ‡ 53.0 ± 0.9 a 52.9 ± 0.5 a 80.6 ± 2.1 b 
Tannin ‡ 238.6 ± 2.1 a 227.1 ± 2.4 b 232.9 ± 0.8 ab 

a Wines were analysed at + 8 months post-crush, † 2.5 months post-crush, ‡ 17 months  

post-crush. Values reported are the mean and standard error for the 4 replicates in each 

treatment. Different letters indicate significant differences between treatment means using 

Tukey’s method of simultaneous pair-wise comparisons with 95% confidence intervals. 

The anthocyanins and pigmented polymers are expressed in malvidin-3-glucoside 

equivalents (mg/L) and were analysed using Method 1. Tannin is expressed in  

(−)-epicatechin equivalents (mg/L). Total anthocyanin:Tannin is the ratio of the sum of all 

anthocyanins to tannin.  
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Figure 3-9: RP-HPLC chromatogram of Grenache anthocyanins and pigmented 
polymers in CS replicate 1 showing retention times (RT) and absorbance (mAU) at 
520 nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-10: RP-HPLC chromatogram of Grenache (+)-catechin, (−)-epicatechin and 
tannin in PS3 replicate 1 showing retention times (RT) and absorbance (mAU) at  
280 nm 
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3.3.3.3 MCPT assay 

According to results of the MCPT assay carried out at 12.5 and 20 months post-crush, the 

PS3 treatment had higher tannin than both the CS and Control treatments. At 12.5 months 

post-crush (Figure 3-11), MCPT tannin values were 115, 101 and 178 mg/L  

(−)-epicatechin equivalents for CS, Control and PS3 treatments respectively. At 20 months 

post-crush, MCPT tannin values were 173, 159 and 387 mg/L (−)-epicatechin equivalents 

for CS, Control and PS3 treatments respectively. There was no correlation between MCPT 

assay results and RP-HPLC derived tannin results for the 2006 Grenache wines. 

 

  

CS C PS3
0

50

100

150

200

Treatment

Ta
nn

in
 [m

g/
L 

(-
)-

ep
ic

at
ec

hi
n 

eq
.]

 
Figure 3-11: MCPT assay results for Grenache analysed 12.5 months post-crush a 

a Tannin is expressed in (−)-epicatechin equivalents (mg/L). Differences between 

treatments are shown by different letters (P<0.05). 

 
3.3.4 Sensory analysis 

3.3.4.1 Triangle tests 

In order to reject the null hypothesis (the assumption was that there was no significant 

difference in appearance between wine replicates at the 5% level), a statistically significant 

number of panellists were required to correctly select the odd wine from the 3 samples 

presented.  

 

As statistically significant number of panellists identified that Control replicate 3 was 

different to replicates 1 and 2 and this replicate was therefore not used further (Table 3-8). 

a a 

b 
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Similarly, CS replicate 2 was different to replicates 1 and 3 and this replicate was therefore 

not used further. 

 

Table 3-8: Triangle test results for comparisons between Grenache replicates 

Replicate 
comparisons 

Number of correct 
responses required for 
statistical significance 

Number of correct 
responses obtained 

CS 1 and 2 13 9 
CS 2 and 3 13 14 
CS 1 and 3 13 9 

Control 1 and 2 13 8 
Control 2 and 3 13 14 
Control 1 and 3 13 13 

PS3 1 and 2 13 11 
PS3 2 and 3 13 10 
PS3 1 and 3 13 8 

 

 

When asked to make treatment comparisons, a statistically significant (P<0.05) number of 

panellists identified that the Control treatment was different to both the CS and PS3 

treatments (Table 3-9). 

 

Table 3-9: Triangle test results for comparisons between Grenache treatments 

Treatment comparisons CS and Control CS and PS3 Control and PS3 
Number of correct responses 

required for statistical significance 
18 18 18 

Number of correct responses 
obtained 

22 16 30 

 

3.3.4.2 Descriptive analysis 

Table 3-10 lists all of the attributes examined by the DA panel for Grenache and shows the 

F values for the mixed-model ANOVAs. Figure 3-12 shows the mean intensity ratings of 

each sensory attribute. For Grenache, CS and PS3 wines were more orange and less pink in 

colour than the Control wines (P<0.05 and P<0.01 respectively). However, the CS and 

PS3 wines were not significantly different in colour (Figure 3-12). The PS3 wines had a 

more intense liquorice aroma than Control and CS wines (P<0.01). For these attributes, 

there was a real difference between the treatments, which is indicated by the higher  

F values. Although Table 3-10 shows Grenache wines were significantly different in rim 

transparency and red cordial flavour, these differences were only between several 

replicates within treatments, rather than between treatments. There was a significant judge 

effect for all attributes.  
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Table 3-10: Analyses of variance ratings for sensory attributes of Grenache wines  

 F values  
Attribute Wine Treatments (W) Judges (J) Interaction WxJ LSD 
Grenache (n = 10) 
colour 

 
4.98 c 

 
60.89 c 

 
1.13 

 
0.72 

transparent rim 4.29 c 113.93 c 0.66 0.33 
strawberry lolly aroma 1.04 21.09 c 1.31  
strawberry aroma 1.52 26.35 c 1.13  
liquorice aroma 2.68 a 38.59 c 1.24 0.69 
strawberry lolly flavour 1.87 25.70 c 0.75  
red cordial flavour 2.14 a 19.14 c 0.54 0.49 
sweetness 1.09 92.59 c 1.16  
bitterness 1.69 21.22 c 0.61  
acid 2.01 36.41 c 0.60  
hot 0.94 6.66 c 0.74  
astringency 1.46 16.80 c 0.65  
a significant at P<0.05, b significant at P<0.01, c significant at P<0.001 
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Figure 3-12:  Polar coordinate (spider plot) graph of the mean intensity rating of 
sensory attributes for Grenache wines (C = colour, A = aroma, F = flavour, T= taste, 
MF = mouthfeel) 

 

 

The correlation matrix generated from the mean ratings of each wine replicate across the 

list of attributes was analysed by PCA. Those attributes located close to the wines on the 

PCA contribute to the sensory profile of the wines more than attributes located further 
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away. The distribution of the wines and attributes along the axis or principal components 

(PC) of the PCA can explain the variance in the data and show which attributes 

differentiate the wines. The first PC explained 55.8% of the variance in the data for the 9 

Grenache wines (Figure 3-13). The first PC contrasted wines mainly on the basis of colour 

and liquorice aroma. Grenache wines more orange than pink in hue and with a more 

intense liquorice aroma were separated from the rest of the wines. The second PC 

explained 18.4% of the variance in the data for Grenache. The latent root of each PC, 

otherwise known as Eigenvalues, provides information on the amount of variation 

explained by each axis. Attributes that define each PC are generally only considered to be 

useful in explaining the variation in the data when the Eigenvalue associated with that PC 

is greater than 1 (Foster et al. 2006). As Eigenvalues for both the first and second PC are 

<1, the variance in the data is only partly described by the 2 axes.  

 

Figure 3-13: Principal component analysis of the mean ratings of the 12 Grenache 
wine sensory attributes (C = colour, A = aroma, F = flavour, T= taste, MF = 
mouthfeel) 
 

 

The DA results back up the triangle test results for colour differences between treatments. 

The DA showed that the CS and PS3 wine treatments were more orange and less pink in 

colour than Control wine treatment. The primary colour, yellow, contributes to the colour 
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orange, and interestingly, CIEL*a*b* results showed the CS and PS3 treatments were 

more yellow (b*) than the Control treatment. 

 
3.4 Discussion 

3.4.1 Red wine colour and spectroscopic measures 

Grenache wines were produced using different EM treatments to determine the effect of 

cold soak and post-fermentation EM on red wine colour and phenolic content. A variety of 

chemical and sensory analyses were used to investigate the consequences of EM on these 

wine paremeters. First, differences in colour between treatments were measured using 

spectrophotometer. 

 

Caution needs to be taken when viewing significant differences in spectroscopic 

measurements between wine treatments that were not SO2 adjusted prior to analysis. It is 

likely the higher SO2 concentration in the Control wines, which causes a colour bleaching 

effect, is the cause of the significant differences between this and the EM treatments 

(Scudamore-Smith et al. 1990, Gao et al. 1997). Despite adjusting wines for the modified 

Somers measures, the Control samples’ longer duration with higher SO2 may still be 

contributing to this treatment having a lower modified WCH and modified estimate of the 

concentration of SO2 resistant pigments compared to the other treatments. Due to these 

uncertainties, when discussing colour parameters, this discussion will focus on differences 

between the CS and the PS3 treatments. 

 

With the exception of total phenolics, the CS and PS3 treatments behaved similarly for the 

colour (Somers and CIE L*a*b*) and phenolic measures analysed (Somers and  

Folin-Ciocalteau). The PS3 treatment was consistently higher in total phenolics than the 

CS and Control treatments, suggesting that as wine spends longer on skins in an alcoholic 

medium extraction of these compounds increases. Other researches have found the same 

effect (Kelebek et al. 2006, Auw et al. 1996, Ricardo-da-Silva et al. 1993, Sipiora and 

Granda 1998, Zitzlaff 1989).  

 

Although PS3 wines were higher in total phenolics than the CS wines, this did not translate 

to these treatments having different colour parameters. The only exceptions were for 

redness to greenness (a*), lightness (L*) and Chroma when the wine treatments were 

modified for SO2 content.  In these instances, the PS3 treatment was redder, darker and had 

a higher Chroma compared to the CS treatment. However, the Somers measurements did 
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not detect any differences in degree of red pigment colouration or WCD under identical 

conditions. Underlying this may be the different method of data collection between 

methods. However, the lack of consistent differences between EM treatments across 

spectrophotometric measurements suggests cold soak and post-fermentation EM do not 

affect wine colour differently. This finding contrasts to findings of studies that show  

pre-fermentation maceration results in more intensely coloured wine (Darias-Martin  

et al. 2001, Reynolds et al. 2001).  

 

Grenache wines had spent a maximum of 15 months in the bottle before being analysed for 

these colour and phenolic measurements, which in terms of a red wine’s life, is still quite 

young. Despite their age, the consequences of EM for total phenolic content suggests post-

fermentation EM for 3 weeks results in wines of higher phenolic content compared to 

Control wines. In contrast, cold soaking for 3 days prior to inoculation and fermentation 

does not seem to make a difference to wine total phenolic content.  

  

 3.4.2 Reversed-phase HPLC and MCPT assay  

Other studies found that anthocyanin extraction peaked after around 3 to 6 days of skin 

contact, and that after this time, increased maceration time had no significant effect on 

colour extraction (Kelebek et al. 2006, Nagel and Wulf 1979, Riberéau-Gayon 1982, Sims 

and Bates 1994, Somers 1980). It has been suggested that no more anthocyanins are 

extracted from the skins once equilibrium is established between the anthocyanin 

concentration in the juice/wine and the cellular concentration in the grape skin tissue. In 

addition, the fixation of anthocyanins on yeast or solid parts and degradation and 

condensation reactions with tannin may contribute to the stabilisation of anthocyanin 

extraction (Auw et al. 1996, Mayen et al. 1994, Zimman and Waterhouse 2004). In 

contrast to the literature cited above, results presented here for Grenache show that 

although malvidin-3-glucoside extraction quickly increased by 6 days post-crush, it 

continued to increase past this time, irrespective of the treatment used. The lower phenolic 

content of Grenache grapes compared to other varieties (Bergqvist et al. 2001, Somers 

1983) may mean that the rate of extraction and therefore equilibrium establishment 

between the anthocyanin concentration of grape tissue and the juice/wine is slower for 

Grenache.  

 

Ortega-Regules et al. (2008) have shown that cell wall composition differs sufficiently 

between grape varieties to allow discrimination between them. So alternatively, Grenache 
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grape skins may have a more rigid cell wall structure compared to other varieties, resulting 

in more difficult extraction of anthocyanins. Romero-Cascales et al. (2005b) suggested cell 

wall rigidity was a contributing factor to the lower anthocyanin extractability of Monastrell 

wines compared to Cabernet Sauvignon, Shiraz and Merlot wines. Jensen et al. (2006) 

showed that in comparison to the varietals Cabernet Sauvignon, Shiraz and Merlot, the 

ratio between phenolic levels in grapes and wine for Grenache was lower. Jensen et al. 

(2006) suggest the reduced recovery of anthocyanins in the Grenache wines may be 

attributed to slower extraction. Low grape skin anthocyanin concentration and/or a cell 

wall physiology that hinders anthocyanin extraction would result in the continued 

extraction of anthocyanins from the Grenache grape skin tissue into the juice/wine over a 

longer period of time. Provided grape skins remain in the wine, this would subsequently 

result in a later peak in the wine’s concentration of malvidin-3-glucoside.  

 

A more likely explaination for the apparent continued increase in malvidin-3-glucoside 

concentration to bottling (despite skins having been removed from the wine) is that 

samples taken immediately after pressing were not analysed. For example, Figure 3-2 

shows that at the end of fermentation (9 days post-crush) the concentration of malvidin-3-

glucoside was about 100 mg/L for both the Control and CS treatments. Data displayed 

shows that the malvidin-3-glucoside concentration in these treatments then increased to 

about 141 mg/L by 32 and 35 days post-crush respectively, and remained relatively steady 

to bottling. The Control and CS treatments were pressed at 11 and 13 days post-crush. If 

samples taken immediately post-pressing were analysed, it is likely that the data would 

have shown that the concentration of malvidin-3-glucoside was highest at this time, rather 

than at bottling. The same theory applies to PS3 treatment data for malvidin-3-glucoside 

(pressing occurred on 30 days post-crush, data not shown), and for data in Figure 3-3. This 

study would have therefore benefited from more careful consideration of sampling 

invervals and their subsequent analysis. 

 

Reversed-phase HPLC failed to detect any cyanidin-3-glucoside or delphinidin-3-glucoside 

in any of the treatment samples at any time point, and only minor quantities of petunidin-3-

glucoside and peonidin-3-glucoside. Others (Fernandez-Lopez et al. 1998, Garcıa-

Beneytez et al. 2002) have shown that cyanidin-3-glucoside content in grapes decreases in 

wine and may no longer be present in wines following vinification. Gomez-Plaza and  

co-workers (2006) also found that cyanidin-3-glucoside content in Monastrell red wine 

decreased with increasing skin contact time to 12 days. Mazza and co-workers (1999) have 
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also shown that post-crush peonidin-3-glucoside makes up only 3% of the total 

anthocyanin concentration. Thus, there may have only been small quantities of these 

mono-glucosides in the juice at the beginning of fermentation, which subsequently 

decreased during vinification. In addition, these mono-glucosides are susceptible to 

degradation and may have degraded after frozen storage, prior to analysis. Cynkar et al. 

(2004) have shown that the concentration of total anthocyanins in frozen and homogenised 

grape berry samples is significantly reduced after 3 months of frozen storage. As  

malvidin-3-glucoside was present in excess compared to petunidin-3-glucoside and 

peonidin-3-glucoside, it is unlikely that the 2 latter monoglucosides had any impact on 

colour at any stage of the process. 

 

Results showed a large variation in levels of (+)-catechin and (−)-epicatechin within 

treatments early on in the fermentation. This shows that during the first few days of 

fermentation, replicate fermentations differed in the rate of extraction of these compounds 

from the grape skins and seeds. Early in the fermentation the extraction environment was 

aqueous and the temperature of the must and juice relatively low. During this time, 

extraction conditions were less than optimal for flavan-3-ols, especially those present in 

the grape seeds (Meyer and Hernandez 1970, Oszmianski et al. 1986, Singleton and Draper 

1964). These extraction conditions are likely to have contributed to the variation in  

(+)-catechin and (−)-epicatechin concentrations within treatments. Nevertheless, by the end 

of fermentation the variation within treatment replicates was much smaller and the PS3 

treatment had the highest concentration of these compounds. Extended skin contact time 

produced similar results for Kovac and co-workers (1992) among others. The observation 

of a peak in the extraction of (+)-catechin and (−)-epicatechin during vinification followed 

by a later reduction during bottle aging is consistent with the findings by Nagel and Wulf 

(1979) for Cabernet Sauvignon and Merlot who suggest these monomers are undergoing 

reactions to form oligomers and polymers.  

 

During winemaking, the PS3 treatment achieved the highest quantity of tannin compared 

to the other treatments. This occurred at 1 month post-crush, which coincided with the end 

of the EM period. The extended time of grape skin and seed contact with the alcoholic 

wine caused the higher wine tannin concentration in the PS3 treatment. This is consistent 

with other studies that showed increased skin contact time resulted in increased tannin 

extraction (Aron and Kennedy 2007, Auw et al. 1996, Kelebek et al. 2006, Ricardo-da-

Silva et al. 1993, Sipiora and Granda 1998). Most recently, del Llaudy et al. (2008) have 
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also shown that tannin extraction from the skins, stems and seeds of red wine grapes 

increased with a maceration time of up to 23 days.  

 

Although the PS3 treatment’s tannin concentration began to decrease between pressing and 

bottling, the PS3 wines were still significantly higher in tannin compared to the Control 

treatment at bottling. Mazza (2005) also found that his Pinot noir PS3 treatment had the 

highest tannin concentration at the end of the EM period. He also found that after this 

stage, the PS3 treatment wine had a faster reduction in tannin concentration compared to 

the Control and CS treatments. Mazza (2005) found that by 5 months post-crush the Pinot 

noir PS3 treatment had the lowest tannin concentration of all the treatments. Reversed-

phase HPLC results presented in this study are consistent with Mazza’s findings. Perhaps 

the greater extraction of tannin and flavan-3-ols in the Grenache PS3 treatment during 

vinification resulted in more polymerisation reactions compared to the other treatments. 

Subsequently this may have led to earlier formation of insoluble high molecular weight 

proanthocyanidins (Lea 1990). This would explain the lower tannin concentration in the 

PS3 treatment at 2.5 months post-crush. Subsequent winemaking trials may benefit from 

close observation of precipitate formation within treatment wines. Furthermore, analysis of 

proanthocyanidins subunit composition by acid-catalysed cleavage in excess 

phloroglucinol could be used to determine polymerisation (Downey et al. 2003, Kennedy 

and Jones 2001, Peyrot des Gachons and Kennedy 2003).  

 

On the other hand, MCPT assay results generated within 5 months of the RP-HPLC 

analysis suggest RP-HPLC analysis was not providing precise tannin concentration data. 

Reversed-phase HPLC column changes and new solvent preparations may cause some 

variation between data generated by different runs. However, the minimal variation in  

(−)-epicatechin standard curve values between sets of RP-HPLC runs could indicate that 

the changes in tannin concentration over time were an accurate reflection of wine 

compositional changes. If reference tannin was available for the purpose of monitoring the 

quality of RP-HPLC tannin analyses, the method’s consistency in detecting a given amount 

of reference tannin could have been confirmed. In future sudies additional measures should 

be taken to ensure appropriate quality control is achieved and maintained for RP-HPLC 

tannin analyses. 

 

For the two tannin measures tested (MCPT assay and RP-HPLC), the values obtained were 

different; in fact, there was no correlation between the MCPT assay data and the RP-HPLC 
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tannin data (R2 value 0.0008). Reversed-phase HPLC analysis has been used for separation 

and identification of monomeric and dimeric procyanidins in grape juice and red wine 

(Jaworski and Lee 1987, Oszmianski et al. 1988). However, separation of larger polymers 

(> tetramers) with this method is not possible because higher polymeric tannins absorb 

strongly to the C18 stationary phase and therefore do not emerge as detectable peaks 

(Schofield et al. 1998). Reversed-phase HPLC elutes condensed tannins in 1 large peak, 

often referred to as the ‘tannin hump’ since it is known to be composed of the individual 

elution peaks of many hundreds of individual tannin species (Jeffery et al. 2008). 

Associated with this hump is a ‘bleed line’. The bleed line is represented as a slowly 

increasing gradient of absorbing material that elutes towards the hump (as shown by the 

increase in the baseline by a few absorbance units in Figure 3-10) (Alcalde-Eon et al. 

2004, Bakker et al. 1986, Peng et al. 2002, Revilla et al. 1999). It is suggested that the 

material represented by the bleed line may contain between 10 and 50% of the total tannin 

(P.A. Smith, AWRI, personal communication, 10 August 2007), resulting in a spread of 

tannin over the whole chromatogram (Wall et al. 1996). The ‘hump’, therefore, is only a 

sub-portion of the tannin present. Analysis of the tannin bleed is difficult and often fails to 

quantify these tannins.  

 

In contrast, the MCPT assay is based on a polymer-tannin interaction that enables the 

removal of all tannin from the matrix. In this assay, tannin quantification is based on a 

subtractive measure (Mercurio et al. 2007). The differences between the 2 methods may 

help explain why MCPT assay derived tannin concentrations do not correlate to the  

RP-HPLC results. However, RP-HPLC (as well as spectrophotometric absorbance 

measurements at 280 nm) was used as reference tool to monitor tannin removal from the 

sample matrix for the validation of the MCPT assay (Mercurio et al. 2007, Mercurio and 

Smith 2008). Furthermore, both the MCPT assay and RP-HPLC methods have been show 

to correlate for the measurement of red wine tannin (r2 value 0.74) (Sarneckis et al. 2006). 

To generate the correlation data, Sarneckis and co-workers (2006) analysed 121 Australian 

red wines using both methods. Perhaps if a greater number of samples were analysed in the 

present study, a correlation between the MCPT assay data and the RP-HPLC tannin data 

might have been observed. To improve integration and quantification of the tannin peak 

when Mercurio et al. (2007) monitored tannin removal from the sample matrix using  

RP-HPLC, the gradient was modified to achieve separation of the quercetin and tannin 

peaks. This modification was not applied to the RP-HPLC protocol used in the current 

study, which further explains the discrepancy observed between results of the MCPT assay 
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and tannin analysed by RP-HPLC. Seddon and Downey (2008), who analysed 38 grape 

skin samples by MCPT assay and by HPLC-phloroglucinolysis, also found no correlation 

between the tannin levels measured by these methods.  

 

The differences between treatments for tannin determined by the MCPT assay are more 

consistent with those for the ‘tannin monomers’ (+)-catechin, (−)-epicatechin (by  

RP-HPLC) and total phenolics as measured by spectrophotometer (shown previously). 

This suggests that while RP-HPLC is effective for quantifying monomeric compounds, for 

this study at least, the MCPT assay is more effective at accurately quantifying tannin. 

 

The MCPT results show that tannin concentration increased in all treatments between  

12.5 months post-crush and 20 months post-crush, and that the PS3 treatment had the 

highest tannin concentration at both sample dates. The increased tannin concentration in all 

treatments may be attributed to acetaldehyde-induced polymerisation of flavan-3-ols 

during ageing (Fulcrand 1996). During winemaking and ageing, flavanols can polymerise 

through C4 to C8 linkages or through C4 to C6 linkages. The reactions are catalysed by 

low pH, and can involve cross-linking with acetaldehyde (Saucier et al. 1997, Timberlake 

and Bridle 1997, Vidal et al. 2002). The greater extraction of tannin during winemaking, as 

well as greater extraction of the tannin constituents (+)-catechin and (−)-epicatechin in the 

PS3 treatment compared to the other treatments is likely to have contributed to PS3’s 

significantly higher tannin concentration at 12.5 and 20 months post-crush.  

 

Reversed-phase HPLC results suggest pigmented polymer concentration did not 

significantly increase to the time of bottling for any treatment when compared to levels at 

crush. At 8 months post-crush, there was still no significant difference between treatments. 

Pigmented polymers are formed after the berry skin has been ruptured during crushing. As 

such, one would expect quantities to be very low early in the fermentation, increasing over 

time as the mono-glucoside concentrations decrease and polymerisation reactions continue 

(Aron and Kennedy 2007, Bakker et al. 1986, Watson et al. 1997). This was not the case 

for the RP-HPLC pigmented polymer data.  

 

This method of pigmented polymer quantification has the same drawbacks as for  

RP-HPLC tannin analysis because pigmented polymers are eluted as a poorly separated 

peak at the end of the chromatographic run (Singleton and Trousdale 1992). Few studies 

have reported using RP-HPLC to quantify pigmented polymers. Instead, the estimate of the 
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concentration of SO2 resistant pigments (a.u.) as outlined by Somers (1977) is a much 

more frequently used method to determine pigmented polymer concentration (Gomez-

Plaza et al. 2006, Romero-Cascales et al. 2005, Zimman et al. 2002).  

 

The Somers and Evans (1977) spectral method of evaluating the colour characteristics of 

red wine is fast and simple compared to RP-HPLC determination of anthocyanins and 

pigmented polymers. However, the former method has been shown to overestimate the free 

anthocyanin content and pigmented polymer content compared to the latter method 

(Bakker et al. 1986, Versari et al. 2008). Somers and Evans’ (1977) method of polymeric 

pigment determination is based on the assumption that bisulphite bleaches only the 

monomeric anthocyanins and that the colour of the SO2 resistant pigments increases by a 

factor of 5/3 on acidification. In fact, some dimers and vitisins are also resistant to 

bleaching (Bakker and Timberlake 1997). Despite the problematic definition of pigmented 

polymers by Somers and Evans (1977), the practice of measuring bisulphite stable colour 

continues to be very useful (Harbertson and Spayd 2006). SO2 resistant pigments measured 

by Somers’ assay and total pigmented polymers by RP-HPLC have only been shown to 

strongly correlate when RP-HPLC conditions enable pigmented polymers to be eluted as a 

single peak with a good baseline (Peng et al. 2002).  

 

3.4.3 Sensory analysis 

Despite the considerable complexity of the logistical exercise associated with conducting a 

DA the methodology was accurately followed and executed. Panellists were required to 

commit to a large number of traning and formal rating sessions, which enabled them to 

attain consistency in their rating of wines across sessions. The panel achieved consensus on 

a variety of appearance, aroma, flavour, taste and mouthfeel terms that described and 

defined the wines. During training sessions, the panel agreed on the definition of each term 

and on the use of intensity and aroma standards. This assisted with achieving accurate and 

consistent rating of attribute intensities. However, only 2 attributes were found to 

significantly differ between the wines.  

 

The lack of significantly different attributes between wines was not necessarily a reflection 

of inadequate panel training or selection of inappropriate terms to define the wines. As 

mentioned, there was a signficant judge effect for each attribute. Judges were not trained to 

allocate each wine with the same rating; rather they were trained to consistently rate the 

wines in the same relative order. For this reason, judges typically are a source of 
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significant variation in descriptive analyses (Chapman et al. 2004, Chapman et al. 2005, 

Girard et al. 2001). Thus, despite the significant judge effect in the Grenache DA, panel 

performace was considered adequate. Although the DA methodology was not dissimilar to 

those used in the studies cited below, it would have been more ideal to have additional 

time to conduct panel training. This would have made the panel’s ratings for each 

combination of wine and attribute more reproducible.  

 

Although some studies have conducted descriptive analyses on very young wines (Carlucci 

and Monteleone 2001, Chapman et al. 2004, Chapman et al. 2005), a greater number of 

statistical differences between Grenache wine attributes may have been determined if 

wines were allowed to mature in bottle for longer. Other DA studies such as those by 

Vilanova et al. (2008) and Yildirim et al. (2007) have allowed wines to age in bottle for at 

least 15 months prior to analysis. It would be pertinent to conduct repeated sensory 

analyses on EM wines at intervals throughout maturation. 

 

Results showed that liquorice aroma was more intense in the PS3 Grenache wines than the 

other treatments. Liquorice aroma is a tertiary aroma typically listed as a descriptor of 

Burgundian Pinot noir (Aubry et al. 1999) and also typical in young red wines (Ricardo 

López 1999). Tertiary aromas are aromas associated with bottle aging, other examples 

include vanilla and cinnamon. There is very little literature on liquorice aroma in red wine 

or the consequences of EM on red wine liquorice aroma. Further research needs to be 

conducted to determine why post-fermentation EM of the Grenache has intensified this 

aroma. 

 

Adjustments were made to ameliorate the significant differences in SO2 between the 

Grenache Control treatment and the EM treatment. Despite this, it is possible that the 

difference in perceived colour between treatments is still a consequence of the addition 

error during winemaking. The main result to take away from both sensory tests is that there 

was no difference in perceived colour between Grenache CS and PS3 wines. The sensory 

analysis results support the majority of colour results determined spectroscopically and 

discussed previously. The good correlation between sensory analysis and spectral colour 

analysis results has also been illustrated by other authors including Bakker and Arnold 

(1993).  
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Reversed-phase HPLC results for anthocyanins, (+)-catechin and (−)-epicatechin, and 

MCPT results support the sensory and total phenolic results. After at least 8 months  

post-crush, there was no difference in total anthocyanin concentration between the CS and 

PS3 wine treatments; similarly, there was no perceived difference in appearance between 

these wines as determined by spectrophotometer and by trained panellists. Reversed-phase 

HPLC showed that the PS3 treatment was significantly higher in the flavan-3-ols compared 

to the other treatments. Likewise, this treatment was also significantly higher in total 

phenolics (as determined by spectrophotometer) and tannin (as determined by the  

MCPT assay) compared to the other 2 treatments. However, this study also shows that the 

increases in the concentration of catechins and tannins are not necessarily large enough to 

result in significant mouthfeel differences. Further to Grenache, the consequences of  

pre- and post-fermentation EM for red wine colour and phenolic parameters using Shiraz 

and Pinot noir varietals have been investigated. Results for Shiraz and Pinot noir, presented 

and discussed in subsequent chapters, better elucidate the EM derived colour outcomes for 

red wine. Subsequent chapters also provide further evidence to support claims made in this 

chapter regarding total phenolic, flavan-3-ol and tannin outcomes of post-fermentation 

EM. 
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Chapter 4 – Effects of pre- and post-fermentation EM in red 

wine made from V. vinifera Shiraz 
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4.1 Introduction 
The experimental winemaking trial was repeated in the 2007 vintage. Grapes used were 

from the Vitis vinifera cultivar Shiraz, a late maturing variety, native to the Bordeaux and 

Rhone regions in southern France (Iland and Gago 1997).  

 

Shiraz grapes were used in preference of repeating the winemaking trial with Grenache for 

a number of reasons. One reason for a change of varietal was because the low phenolic 

content of Grenache did not define as clearly as previously anticipated the differences in 

colour extraction and phenolic composition caused by the EM treatments. Shiraz wines 

have a characteristically higher phenolic content, and are more coloured compared to 

Grenache wines (Romero-Cascales et al. 2005, Somers 1983). Additionally, according to 

the survey results, Shiraz was the varietal with which most winemakers used  

pre-fermentation EM and the second most common varietal on which winemakers used 

post-fermentation EM. The results of a study on the consequences of EM regimes for 

Shiraz wine colour and phenolics would therefore have wide industry applicability.  

 

Despite the change in red grape variety used for experimental winemaking, the aims of the 

investigation remained the same:  

• To determine if wine made using pre-fermentation EM had increased colour intensity, 

and an increased concentration of monomeric anthocyanins and pigmented polymers 

compared to the control wine. 

• To determine if wine made using post-fermentation EM had an increased concentration 

of the flavan-3-ols; (+)-catechin and (−)-epicatechin, an increased tannin concentration, 

and decreased colour intensity compared to the control wine. 

 

During winemaking each wine replicate was tasted for faults. It was evident early in 

vinification that all wine treatments tasted salty. The salt content of the Shiraz wine was of 

vineyard origin. Wellington (2007) measured chloride concentration in the Shiraz wines 

according to Mohr’s method (Zoecklein et al. 1999), and sodium concentration by flame 

photometry. There were no differences in sodium or chloride ion concentration between 

treatments, despite the longer extraction period offered in the PS3 treatment. Sodium levels 

in the experimental wines varied from 1780 to 2540 mg/L. Chloride levels in the 

experimental wines varied from 1448 to 1861 mg/L (Wellington 2007). Food Standards 

Australia New Zealand, in their 2002 Australian Wine Production Requirements Report   
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(http://www.foodstandards.gov.au/_srcfiles/P253_wine_production_Final_Assessment.pdf

), state that the concentration of soluble chlorides in wine expressed as sodium chloride 

must not exceed 1000 mg/L. This equates to a chloride ion limit of 607 mg/L (Howell, 

2008). There is no limit set for sodium content in Australian wines. Wine chloride levels 

were therefore high enough to prevent all replicates from being suitable for commercial 

sale. 

 

Sodium and chloride are sequestered to the grape skin during ripening (Iland and Coombe 

1988) and when the skin breaks down during winemaking, these ions are released. Wine 

sodium and chloride concentrations, and wine phenolics, are influenced by extraction in 

the same way. McCarthy and Downton (1981) reported that the use of sewerage effluent as 

irrigation water for grapevines increased the sodium and chloride levels in the berry and 

subsequently altered the chemical composition of the wines made from those grapes. They 

report that “the chloride concentration of the wine may depend upon the extent to which 

skins are extracted during the fermentation process since about half of the chloride in grape 

berries is located in the skin” (McCarthy and Downton 1981).  Despite no difference in the 

sodium or chloride concentration between Shiraz treatments, sensory analysis ranking tests 

were used to determine if the EM wines tasted saltier than the control wines. 

 

Extraction is largely governed by how the phenols are bound and entangled in the grape 

skins. In fact, the maceration process will never extract all of the phenolics from red grape 

cell walls and vacuoles into the must and wine (Somers and Verette 1988, Obradovic 

2005). Interest developed in examining the phenolic composition of each treatment’s marc 

during vinification. Consequently, an experiment was conducted where marc samples 

taken during vinification were (further) extracted in an aqueous ethanolic solution, and 

absorbance at 280, 420 and 520 nm was analysed. Conducting this experiment provided 

insight into the effects of EM and the probable reasons underlying colour differences 

between the final wines.  

 

4.2 Materials and methods 
4.2.1 Experimental winemaking and wine analysis 

In the 2007 vintage, Shiraz experimental wines were made, with minor modifications, 

according to the protocol used for Grenache and described in Mazza (2005). Grapevines 

were Shiraz of unknown clone grown on own roots in Virginia (Adelaide Plains wine 

region). The vineyard (latitude 34.939S, longitude 138.597E) was of flat aspect, located on 
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sandy soil over limestone, and had an east-west row orientation. The hand-pruned vines 

were watered twice weekly with bore water, each vine receiving 16 L of water per 

watering. A total of 545 kg of the fruit of total soluble solids 27.8ºBrix (15.4ºBé) was hand 

harvested on the 13th of February 2007 and stored in a 0ºC cold room overnight.  

 

Each replicate consisted of 45 kg of must. A target pH of 3.60 was chosen this vintage, 

rather than pH 3.50, so fewer tartaric acid additions were required to pH adjust the wine.  

At 6 days post-inoculation, a 100 mg/L DAP addition was made to all replicates. 

Fermentation temperature reached a maximum of 21.5ºC (data not shown). Fermentation 

curves monitored twice daily can be found in the Appendix, Figure A-2. Control and CS 

treatments were respectively pressed off skins 11 and 9 days after inoculation and allowed 

to ferment to dryness for a further 4 and 3 days respectively, before racking. The PS3 

treatment was allowed to ferment on skins for 11 days (to dryness) before ullage was 

removed. These wines were placed in a 15ºC room for 18 days prior to pressing off skins 

and racking in response to rising volatile acidity. 

 

In order to reflect red winemaking industry practice, wines were inoculated for MLF with 

commercial lactic acid bacteria (LAB) strain Lallemand VP41 (Lallemand Pty Ltd, 

Camden Park, Australia) at a rate equivalent to 13 mg/L LAB (dry weight). The rate of 

MLF was slower than anticipated, despite appropriate temperature conditions (18-22ºC) 

and the strain choice targeting rapid completion. To aid MLF, 150 mL of yeast lees 

supplied by Provisor Pty Ltd (Adelaide) were added to each canister. Malo-lactic 

fermentation continued to progress very slowly, so all replicates, with the exception of one 

PS3 replicate, were re-inoculated at 126 days post-crush with 20 mg/L of Lallemand VP41. 

Around 195 days post-crush, individual fermentations dropped below 100 mg/L malic acid 

and were deemed complete. Further microbial activity was arrested by addition equivalent 

to 75 mg/L SO2 as PMS.  

 

As MLF completed, wines were seeded with 4 g/L potassium bitartrate and cold settled at 

0ºC for 6 days. Wines were racked off MLF lees and fined with 0.1 mg/L of copper ions as 

CuSO4. Prior to bottling, wine was passed through a plate and frame filter fitted with Z1 

and then Z6 grade filter pads respectively.  

 

Wine analyses were carried out according to the methods used for Grenache (section 

3.2.1). Acetic acid was measured using a modified Markham still as described in the 
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publications by Iland and co-workers (Iland et al. 2004a, Iland et al. 2004b). Acetic acid 

was also measured using the R-Biopharm Acetic Acid UV-method for the determination of 

acetic acid in foodstuffs and other materials (Cat. No. 10 148 261 035). Acetic acid 

concentrations were measured to determine if any replicates had been subject to elevated 

levels of volatile acidity.  

 

4.2.2 Red wine colour and phenolic spectroscopic measures 

Wine colour and phenolic compositional parameters were measured using essentially the 

same procedures as described for Grenache wine analysis in section 3.2.2. Several 

modifications were adopted, reflecting the desire to increase both the throughput of 

existing assays and the information content of the data collected. The modified Somers 

protocol outlined in Mercurio et al. (2007) was used to enable rapid analysis of large 

numbers of samples. This method uses a 96 well plate format and requires the dilution of 

all assay components, except the acidified preparation, in a model wine solution. The 

model wine solution is made of 0.5% w/v tartaric acid in 12% v/v ethanol adjusted to pH 

3.4 with 10 M NaOH and still enables the wine to follow Beer’s law.  

 

For Shiraz, following centrifugation, absorbance at 620 nm was also measured for all 

preparations except the acidified preparation. This was done in order to generate what 

Gomez-Plaza and co-workers (2006) and Glories (1984) believe is a more accurate 

estimation of total wine colour density by using the following equation: Wine colour 

density (a.u.) = A420 nm + A520 nm + A620 nm. Once again, a Multiskan® Spectrum microplate 

spectrophotometer was used to take the absorbance measurements. All measurements were 

converted to a 10 mm path length. 

 

Folin-Ciocalteau total phenolics and CIE L*a*b* characteristics of the Shiraz wine 

preparations were determined in the same manner as for Grenache (section 3.2.2). For the 

CIE L*a*b* measurements 1 mm path length quartz cuvettes were used as the Shiraz wine 

was more highly saturated in colour than the other varietal. Statistical analyses of Shiraz 

data were carried out as described for Grenache. 

 

4.2.3 Reversed-phase HPLC, MCPT assay, and extraction of 

colour from marc  

Shiraz juice/wine samples taken during vinification, and the final wines, were analysed for 

the same RP-HPLC parameters as Grenache in order to compare the consequences of the 
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EM treatments between varietals. RP-HPLC analysis of anthocyanins and pigmented 

polymers was carried out according to Method 2 as described for Grenache in section 

3.2.3. The MCPT assay and RP-HPLC analysis of (+)-catechin, (−)-epicatechin and tannin 

was also carried out as described for Grenache. 

 

Shiraz marc samples taken during vinification and stored frozen at –20°C were analysed 

for extractable colour according to the method developed and described by Vaughan 

(2008). The following marc samples underwent extraction by this method: the CS, Control 

and PS3 treatments sampled at 2 days post-crush, the CS treatment sampled at the end of 

cold soak, all treatments sampled at the end of their fermentations, and the PS3 treatment 

sampled at 11 days into the 18 days of post-fermentation EM.  

 

Immediately after being removed from the freezer, two 10 g samples were weighed such 

that each replicate of each treatment was analysed in duplicate. A single additional 30 g 

sample of marc was weighed from each replicate for dry weight analysis. The 30 g samples 

were weighed into pre-weighed metal trays and placed in an oven for 24 hours at 

approximately 60°C. The oven temperature was then increased to 100°C for 2 hours to 

completely dry the samples. Samples were weighed to ensure there was no further weight 

loss after the 100°C treatment. Sample dry weight was then determined. 

 

The 10 g marc samples were each placed in a conical flask and mixed with 50 mL of a 

15% (v/v) ethanol solution adjusted to 5,000 ppm SO2 (made from 99% ethanol,  

R.O. water and PMS) to achieve a 1:5 ratio of marc to solvent. The flask contents were pH 

adjusted to 3.0 using 1 M HCl. Flasks were placed in a reciprocating shaking water bath 

(Model RW 1812, Paton Scientific Pty Ltd, Victor Harbour, South Australia, supplied by 

Southern Cross Scientific Pty Ltd) set at 65°C and 100 oscillations per minute for  

45 minutes. At the end of 45 minutes the flask contents were filtered through a Buchner 

funnel (no filter paper) to a disposable 50 mL centrifuge tube (Falcon brand, Becton and 

Dickinson Pty Ltd, Queensland), which was centrifuged at 959 x g for 5 minutes using a 

Centurion Scientific Ltd 3000 System (made in West Sussex UK and supplied by 

Analytical Equipment Co. Adelaide). Supernatant samples were diluted 1 in 50 with 10 M 

HCl in a 10 mL tube to acidify the sample to pH 1.  

 

After mixing, the absorbance was taken in a 10 mm quartz cuvette at 420 nm and 520 nm 

using a Shimadzu UV-160A UV-visible recording spectrophotometer (Shimadzu 
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Corporation, Japan, P/N 204-04550). A second supernatant sample was diluted 1 in 100 

with 10 M HCl in a 10 mL tube. After mixing, the absorbance measurement was taken in a 

10 mm quartz cuvette at 280 nm. Absorbance values measured at 520 nm were converted 

to malvidin-3-glucoside equivalents per gram of dry weight. Results are presented in 

absorbance values for 280 nm and 420 nm. 

 

4.2.4 Sensory ranking tests 

Shiraz wine treatments were ranked for saltiness. Additional ranking tests were performed 

to determine if the human eye could see the difference in wine colour intensity between 

treatments (as determined by spectrophotometric analysis).  

 

Shiraz wine replicates were deemed consistent in appearance, taste, aroma, flavour and 

mouthfeel by a panel of experienced tasters from the Discipline of Wine and Horticulture 

(Wellington 2007). As mentioned, there were no differences in sodium or chloride ion 

concentration between treatments. Consequently, wine (250 mL) from all 4 replicates of 

each treatment was pooled and mixed to create 1 L of wine for each treatment. Wine age at 

the time of testing was almost 9 months post-crush. 

   

Twenty-nine panellists (staff and students of the Discipline of Wine and Horticulture) were 

each asked to complete 1 ranking test for saltiness and 1 for colour intensity. Tests were 

completed on paper. Thirty millilitre samples of wines were prepared in XL5 (ISO 

standard), 215 mL tasting glasses, coded with 3-digit random numbers. Samples were 

presented in individual booths in the University of Adelaide Sensory Science Laboratory 

under natural light. Panellists were not informed of the nature of the samples. One sample 

of each treatment was presented in each test, in a balanced order and in an identical 

manner. Samples in each test were presented to panellists simultaneously. Distilled water 

and crackers for palate cleansing were provided to panellists. 

 

Panellists were first asked to rank the samples for colour intensity where 1 = most intense 

colour, 3 = least intense colour, then for saltiness where 1 = most salty, 3 = least salty. 

Panellists were asked to perform each test by arranging the samples in a provisional order 

first then to re-evaluate them before assigning final ranks. As ranking tests are forced 

choice tests, no tied rankings were allowed. Results were analysed using the The Friedman 

Test (Nottingham et al. 2005, p22). The Friedman value (F) was calculated as follows for 

colour intensity, then saltiness: 
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F = 12/JP(P+1) ΣTP
2 – 3J(P+1) 

where J = number of judges (29) 

where P = the number of products (3) 

where TA, TB, TC = the rank totals for each sample 

 

If the Friedman Test showed there was a significant difference between treatments,  

pair-wise comparisons were then made using the formula (Nottingham et al. 2005):  

Rank sum minimal difference = z √[JP (P+1)/6] 

where z comes from table of critical values of t: 

 for α = 0.05, z = 1.96, and for α = 0.001, z = 3.2 

 

4.3 Results 
4.3.1 Wine analyses results and discussion 

Results indicate that the fruit was randomised across all treatments (Appendix, Table A-2). 

The CS replicate wines fermented at a slightly faster rate than for the other treatments 

despite attempts to carefully control fermentation temperature (Figure A-1).  Results from 

analyses conducted after the final racking and prior to bottling are listed in Table 4-1. 

There was good uniformity among the fermentations. Despite the slow MLF progression in 

the Shiraz treatments, likely due to the high alcohol content, the final malic acid levels 

were consistent across replicates and treatments.  

 

Table 4-1: Winemaking analytical data at bottling for 2007 Shiraz a  

Treatment TA pH 
Reducing 

Sugars Alcohol Total SO2 
L-Malic 

acid 

  
(g/L as 

tartaric)   (g/L) (% v/v) (mg/L) (mg/L) 
CS 7.5 a 3.58 a 2.2 a 15.7 a 26 a 70.9 a 
C  7.8 a 3.59 a 2.6 a 15.9 a 32 a 53.7 a 

PS3 7.8 a 3.57 a 3.0 a 15.9 a 36 a 74.7 a 
a Values reported are the mean for the 4 replicates in each treatment. Different letters 

indicate significant differences between treatment means using Tukey’s method of 

simultaneous pair-wise comparisons with 95% confidence intervals. 

 

 

Acetaldehyde concentration was measured 2 months post-crush, while replicates were 

going through MLF, to see if the PS3 treatment resulted in an increase in wine oxidation 

due to this treatment’s greater potential exposure to oxygen. Although results (Table 4-2) 
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show there were significant differences in acetaldehyde concentration between treatments, 

oxidation as measured by acetaldehyde was not significant for the PS3 treatment.  

 

At 4 months post-crush, acetic acid concentration was measured to determine if volatile 

acidity (VA) levels were becoming elevated due to the long period of MLF.  Results show 

the PS3 wines had a significantly higher acetic acid concentration than CS wines. 

However, in all cases the VA levels were below 0.5 g/L acetic acid (an acceptable level of 

VA in red wine according to The Australia New Zealand Food Standards Code, Standard 

4.5.1 [http:// http://www.foodstandards.gov.au/thecode/foodstandardscode.cfm]). Regular 

tastings also deemed the wines free of faults. 

 

Table 4-2: Additional winemaking analytical data for 2007 Shiraz a 

Treatment Acetaldehyde (mg/L) Acetic acid (g/L) 
 Days post-crush 60 120 

CS 5 a 0.12 a 
C  6 a 0.14 ab 

PS3 3 c 0.19 b 
 
a Wine had not been bottled at this stage and was undergoing MLF in stainless steel kegs. 

Values reported are the mean for the 4 replicates in each treatment. Different letters 

indicate significant differences between treatment means using Tukey’s method of 

simultaneous pair-wise comparisons with 95% confidence intervals. 

 

4.3.2 Red wine colour and phenolic spectroscopic measures 

4.3.2.1 Colour and total phenolic measures (Somers and Folin-

Ciocalteau) 

At 7 months post-crush, Shiraz wines were analysed for total phenolics and for an estimate 

of the concentration of pigments resistant to SO2 bleaching. Somers measurement results in 

Table 4-3 show that the CS treatment was significantly lower in total phenolics than the 

PS3 treatment. There was no significant difference between treatments for the estimate of 

SO2 resistant pigments or total phenolics by Folin-Ciocalteau assay. 
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Table 4-3: Spectral analyses of total phenolics and SO2 resistant pigments for 2007 
Shiraz a 
  CS C PS3 

Total phenolics (Somers) (a.u.) 42.4 ± 1.2 a 43.3 ± 1.0 ab 46.1 ± 0.4 b

Total phenolics (Folin-Ciocalteau)
mg/L GAE 2050.0 ± 129.1 a 2249.6 ± 20.9 a 2217.6 ± 77.2 a

Estimate of the concentration of
SO2 resistant pigments (a.u.) 2.59 ± 0.14 a 2.80 ± 0.05 a 2.41 ± 0.06 a

a Wines were analysed at 7 months post-crush. Values reported are the mean and standard 

error for the 4 replicates in each treatment. Different letters indicate significant differences 

between treatment means using Tukey’s method of simultaneous pair-wise comparisons 

with 95% confidence intervals. Total phenolics (Somers) and the estimate of SO2 resistant 

pigments are expressed as absorbance units (a.u.), total phenolics (Folin-Ciocalteau) are 

expressed as mg/L gallic acid equivalents (GAE). 

 

 

At 9 months post-crush, Shiraz wines were analysed for a number of colour and phenolic 

measures, the results of which are shown in Table 4-4. The PS3 treatment wines had the 

lowest WCD, degree of red pigment colouration, and estimate of the concentration of SO2 

resistant pigments for the un-modified measures. For the modified measures, the PS3 

treatment had the lowest WCD and the CS treatment had the lowest WCH. For total 

phenolics and modified degree of red pigment colouration the CS wines were significantly 

lower and higher for these respective parameters compared to the PS3 treatment. The CS 

treatment had a higher concentration of SO2 resistant pigments than the PS3 treatment for 

the modified measure. 

 



 

 105

Table 4-4: Spectral analyses of colour and phenolics for 2007 Shiraz a 

  CS C PS3 

Wine colour density (a.u.) 18.44 ± 0.53 a 19.19 ± 0.34 a 16.06 ± 0.34 b

Wine colour hue 0.66 ± 0.01 a 0.69 ± 0.01 a 0.69 ± 0.01 a

Degree of red pigment colouration (%) 38.42 ± 0.75 a 39.34 ± 0.61 a 35.50 ± 0.76 b

Estimate of the concentration of SO2
resistant pigments (a.u.) 4.23 ± 0.12 a 4.39 ± 0.09 a 3.73 ± 0.04 b

Total red pigments (a.u.) 25.80 ± 0.61 a 25.85 ± 0.30 a 24.13 ± 0.34 a

Total phenolics (a.u.) 50.56 ± 0.74 a 51.56 ± 0.51 ab 56.06 ± 0.71 b

Modified wine colour density (a.u.) 18.52 ± 0.49 a 17.77 ± 0.31 a 14.78 ± 0.61 b

Modified wine colour hue 0.65 ± 0.01 a 0.70 ± 0.01 b 0.70 ± 0.01 b

Modified degree of red pigment 
colouration (%) 38.88 ± 0.70 a 36.31 ± 1.11 ab 32.53 ± 1.42 b

Modified estimate of the concentration of 
SO2 resistant pigments (a.u.) 4.95 ± 0.22 a 4.83 ± 0.41 ab 3.81 ± 0.16 b

Chemical age index 0.19 ± 0.01 a 0.19 ± 0.01 a 0.16 ± 0.01 a
a Wines were analysed at 9 months post-crush. Values reported are the mean and standard 

error for the 4 replicates in each treatment. Different letters indicate significant differences 

between treatment means using Tukey’s method of simultaneous pair-wise comparisons 

with 95% confidence intervals. Wine colour density, and other colour values where noted 

are expressed as absorbance units (a.u.). Modified values are for wine measured with the 

addition of acetaldehyde to remove any SO2 bleaching effects. 

 

4.3.2.2 CIE L*a*b* colour measurements 

For wine at natural pH, pH adjusted to 3.60, and modified (by the addition of acetaldehyde 

plus pH adjustment to 3.60), the PS3 treatment wines were significantly lighter (L*) than 

the Control and CS treatments (Table 4-5). For wine at natural pH and when pH was 

adjusted to 3.60, the PS3 treatment wines were significantly less red (a*) than the other 

treatments. After modification, the PS3 treatment was significantly less red than the 

Control treatment. For wine at natural pH, pH adjusted to 3.60, and for modified wine, the 

PS3 treatment wines were significantly more yellow than the CS treatment. For wine at 

natural pH and pH adjusted to 3.60, the PS3 treatment wines had significantly lower 

Chroma than the Control and CS treatments. After modification, there was no significant 
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difference in Chroma between treatments. There was no significant difference between 

treatments for hue angle.  

 

Table 4-5: CIE L*a*b* colour measurements for 2007 Shiraz a 

  CS C PS3 
L* at wine pH 56.7 ± 0.9 a 56.9 ± 0.9 a 62.4 ± 1.0 b 
L* at pH 3.60 56.7 ± 0.9 a 57.6 ± 0.9 a 63.3 ± 0.9 b 

L* modified 54.3 ± 1.0 a 53.5 ± 0.5 a 58.4 ± 0.5 b 
a* at wine pH 43.7 ± 0.7 a 42.3 ± 1.0 a 38.5 ± 0.9 b 
a* at pH 3.60 42.6 ± 0.8 a 41.2 ± 1.0 a 37.2 ± 1.0 b 

a* modified 45.7 ± 1.0 ab 46.0 ± 0.4 b 43.4 ± 0.4 a 
b* at wine pH 2.4 ± 0.5 a 3.5 ± 0.3 ab 4.6 ± 0.3 b 
b* at pH 3.60 2.4 ± 0.5 a 3.3 ± 0.3 ab 4.6 ± 0.3 b 

b* modified 2.4 ± 0.4 a 3.0 ± 0.2 ab 4.1 ± 0.4 b 
C* at wine pH 43.7 ± 0.7 a 42.4 ± 1.0 a 38. 8 ± 0.9 b 
C* at pH 3.60 42.7 ± 0.8 a 41.3 ± 1.0 a 37.5 ± 1.0 b 

C* modified 45.8 ± 0.9 a 46.1 ± 0.4 a 43.6 ± 0.2 a 
hº at wine pH 21.7 ± 5.9 a 12.4 ± 1.3 a 8.4 ± 0.5 a 
hº at pH 3.60 21.3 ± 5.8 a 12.7 ± 1.4 a 8.2 ± 0.4 a 

hº modified 22.2 ± 5.6 a 15.7 ± 1.1 a 10.9 ± 1.2 a 
a Wines were analysed at 9 months post-crush. Values reported are the mean and standard 

error for the 4 replicates in each treatment. Different letters indicate significant differences 

between treatment means using Tukey’s method of simultaneous pair-wise comparisons 

with 95% confidence intervals. Values are for wine measured at wine pH, at pH adjusted to 

3.60, and for wine pH adjusted to 3.60 with the addition of acetaldehyde to remove any 

SO2 bleaching effects (modified). 

 

  

Delta E (ΔE) values indicated that all the Shiraz wines could be differentiated based on 

colour because all comparisons had a ΔE > 1. Table 4-6 shows that the largest differences 

in colour between wines at natural wine pH and at pH 3.60 were between the CS and PS3 

treatments. At wine pH 3.60 with SO2 adjustment the largest difference in colour was 

between the Control and PS3 treatments. 

 

Table 4-6: Delta E values showing the visual colour differences between Shiraz wine 
treatments for non-pH adjusted, pH adjusted, and pH adjusted and SO2 adjusted 
(modified) wines  

  Δ C,CS Δ C,PS3 Δ CS,PS3 
natural pH 1.8 6.7 7.9 

pH 3.60 2.0 7.1 8.8 
modified 1.0 5.6 5.0 
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4.3.3 Reversed-phase HPLC, MCPT assay, and extraction of 

colour from marc     

4.3.3.1 RP-HPLC analysis of fermentation samples 

The evolution of each treatment’s malvidin-3-, delphinidin-3-, petunidin-3-, peonidin-3- 

and cyanidin-3-glucoside values at selected time points during vinification are shown in 

Figures 4-1 to 4-5 respectively.   

 

While wines were still going through MLF at about 5 months (161 days) post-crush, the 

PS3 wines were lower in malvidin-3-, delphinidin-3- and petunidin-3-glucoside (Figures  

4-1, 4-2 and 4-3 respectively) compared to the Control and CS wines. At 5 months  

post-crush (the last sample date prior to bottling), peonidin-3-glucoside was lower in both 

the Control and PS3 wines compared to the CS wines (Figure 4-4). There was no 

significant difference in wine cyanidin-3-glucoside concentration at 5 months post-crush 

(Figure 4-5). Compared to the Grenache wines the concentration of monoglucosides was 

much higher in Shiraz, particularly delphinidin-3-, petunidin-3- and peonidin-3-glucoside.  
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Figure 4-1: Malvidin-3-glucoside analysis of 2007 Shiraz fermentation samples using 
RP-HPLC Method 2 a  

a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Notes about sampling presented on the figure are relevant for Figures 4-2 to  

4-9 as sample dates correspond between figures. The first sample was taken after crush and 

the last at 6 weeks before bottling. Differences between treatments at the last sample date 

are shown by different letters (P<0.05). 
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Figure 4-2: Delphinidin-3-glucoside analysis of 2007 Shiraz fermentation samples 
using RP-HPLC Method 2 a  

a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Differences between treatments at the last sample date are shown by different 

letters (P<0.05). 
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Figure 4-3: Petunidin-3-glucoside analysis of 2007 Shiraz fermentation samples using 
RP-HPLC Method 2 a  

a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Petunidin-3-glucoside is expressed in cyanidin-3-glucoside equivalents (mg/L). 

Differences between treatments at the last sample date are shown by different letters 

(P<0.05). 
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Figure 4-4: Peonidin-3-glucoside analysis of 2007 Shiraz fermentation samples using 
RP-HPLC Method 2 a  

a Means and standard errors for 4 replicates of each treatment are presented. Differences 

between treatments at the last sample date are shown by different letters (P<0.05). 
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Figure 4-5: Cyanidin-3-glucoside analysis of 2007 Shiraz fermentation samples using 
RP-HPLC Method 2 a  

a Means and standard errors for 4 replicates of each treatment are presented. Differences 

between treatments at the last sample date are shown by different letters (P<0.05). 

 

 

Concentrations of all 5 monoglucosides increased during the sample period then decreased 

prior to bottling. Cyanidin-3- and peonidin-3-glucoside peaked for Control and PS3 at 2 

days post-crush, and for CS at 4 days post-crush. For CS, this coincided with the end of the 

cold soak period. Delphinidin-3-, petunidin-3- and malvidin-3-glucoside peaked later. For 

Control and PS3 this occurred at 12 days post-crush. For CS this occurred at 13 days  

post-crush. These dates coincided with the end of primary fermentation for each treatment.  

 

Repeated measures ANOVA was conducted on the total anthocyanin data to analyse the 

change within treatments over time. Total anthocyanins were analysed rather than 

malvidin-3-glucoside alone due to the higher concentration of other monoglucosides in the 
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Shiraz wines than was observed in the Grenache wines analysed previously. Time, 

treatment and the interaction between these parameters were all significant (P<0.005, 

P<0.0001 and P<0.0001 respectively) for total anthocyanins. 

 

The evolution of each treatment’s (+)-catechin and (−)-epicatechin values during 

vinification is shown in Figures 4-6 and 4-7. From pressing (30 days post-crush) to the last 

sample date at 5 months (161 days) post-crush, the PS3 wines were higher in both  

(+)-catechin and (−)-epicatechin compared to the Control and CS wines.  

 

Of the dates measured, (−)-epicatechin concentration peaked for CS wines at the end of 

cold soaking, for Control wines at the end of primary fermentation, and for PS3 wines at 

pressing (30 days post-crush). For all treatments, (+)-catechin peaked in concentration 

around 6 weeks post-crush, while the wines were going through MLF. Time, treatment and 

the interaction were significant for (+)-catechin (P<0.0001) when the time-treatment 

interaction ANOVA was conducted using a repeated measures analysis. For  

(−)-epicatechin, only time and treatment were significant (P<0.0001).  
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Figure 4-6: RP-HPLC analysis of (+)-catechin in the 2007 Shiraz fermentation 
samples a 
a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Differences between treatments at the last sample date are shown by different 

letters (P<0.05). 
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Figure 4-7: RP-HPLC analysis of (−)-epicatechin in the 2007 Shiraz fermentation 
samples a 
a Means and standard errors for 4 replicates of each treatment are presented. Some values 

are hidden. Differences between treatments at the last sample date are shown by different 

letters (P<0.05). 

 

 

The evolution of each treatment’s pigmented polymer and tannin values during vinification 

are shown in Figures 4-8 and 4-9 respectively. The only time pigmented polymer 

concentration differed between treatments was at 6 weeks post-crush, while the wines were 

going through MLF. At this time, the CS wines were higher in pigmented polymers than 

the PS3 and Control wines for this parameter.  
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Figure 4-8: Pigmented polymer analysis of 2007 Shiraz fermentation samples using 
RP-HPLC Method 2 a  
a Means and standard errors for 4 replicates of each treatment are presented. Pigmented 

polymers are expressed in malvidin-3-glucoside equivalents (mg/L). There was no 

significant difference between treatments at the last sample date. 

 

 

Over the first 9 weeks post-crush, there was no trend in tannin concentration between 

treatments. At the last 2 sample dates, the Control treatment was significantly higher in 

tannin than the CS and PS3 treatments. At these sample times, the pigmented polymer 

concentration in the Control and CS treatments was increasing (Figure 4-8). Time and 

treatment (P<0.0001 and P<0.05 respectively), and the interaction (P<0.05) were 

significant for pigmented polymers. For tannin, time (P<0.0001) and treatment (P<0.05) 

were significant. 
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 Figure 4-9: RP-HPLC analysis of tannin in the 2007 Shiraz fermentation samples a  
a Means and standard errors for 4 replicates of each treatment are presented. Tannin is 

expressed in (−)-epicatechin equivalents (mg/L). Differences between treatments at the last 

sample date are shown by different letters (P<0.05). 

 

4.3.3.2 RP-HPLC analysis of wine 

Wines were analysed for anthocyanins, pigmented polymers, (+)-catechin, (−)-epicatechin 

and tannin at about 7 months post-crush. The results are presented in Table 4-7. At about  

7 months post-crush peonidin-3-glucoside was still higher in the CS wines compared to 

Control and PS3 wines. Petunidin-3- and delphinidin-3-glucoside were still higher in the 

CS wines than the PS3 wines. There was no significant difference in malvidin-3-glucoside 

concentration between treatments and cyanidin-3-glucoside was significantly higher in the 

CS wines compared to the Control and PS3 wines. Two months previous, there was no 

significant difference between treatments for pigmented polymers. At 7 months post-crush 

the CS and Control wines were higher in pigmented polymers than the PS3 wines and the 

CS wines were higher in total anthocyanins than the PS3 wines.  

b 

a 
a 
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At 7 months post-crush, (−)-epicatechin and (+)-catechin were significantly higher in PS3 

wines than Control and CS wines (CS wines had a greater concentration of (+)-catechin 

than Control wines, Table 4-7). Tannin was significantly higher in Control wines than CS 

wines. The combination of anthocyanin and tannin concentration resulted in a higher total 

anthocyanin to tannin ratio in the CS wines compared to the Control and PS3 wines. 

 

Table 4-7: RP-HPLC analysis of anthocyanins, (+)-catechin, (−)-epicatechin, 
pigmented polymers and tannin in the 2007 Shiraz wines a 

  CS C PS3 
Delphinidin-3-glucoside 50.5 ± 4.9 a 39.5 ± 0.9 ab 33.5± 0.3 b 

Cyanidin-3-glucoside 1.9 ± 0.2 a 1.4 ± 0.0 b 1.4± 0.0 b 
Petunidin-3-glucoside 37.4 ± 2.9 a 32.7 ± 0.4 ab 28.1± 0.4 b 
Peonidin-3-glucoside 20.4 ± 1.9 a 15.2 ± 0.3 b 14.2± 0.0 b 
Malvidin-3-glucoside 214.3 ± 15.0 a 197.4 ± 1.9 a 181.5± 3.7 a 

Total anthocyanins 318.4 ± 24.1 a 282.4 ± 3.1 ab 255.8± 4.3 b 
Pigmented polymers 61.8 ± 1.0 a 62.9 ± 0.7 a 56.2± 0.7 b 

(+)-catechin 33.7 ± 0.5 a 31.8 ± 0.3 b 51.5± 0.4 c 
(−)-epicatechin 74.3 ± 8.8 a 74.1 ± 7.6 a 145.3± 12.5 b 

Tannin 1021.1 ± 13.8 a 1176.7 ± 61.2 b 1082.3± 20.1 ab
Total anthocyanin:Tannin 0.31 ± 0.02 a 0.24 ± 0.01 b 0.24± 0.01 b 

a Wines were analysed at 7 months post-crush. Values reported are the mean and standard 

error for the 4 replicates in each treatment. Different letters indicate significant differences 

between treatment means using Tukey’s method of simultaneous pair-wise comparisons 

with 95% confidence intervals. Petunidin-3-glucoside is expressed in cyanidin-3-glucoside 

equivalents (mg/L). Pigmented polymers and total anthocyanins are expressed in malvidin-

3-glucoside equivalents (mg/L). The anthocyanins and pigmented polymers were analysed 

using Method 2. Tannin is expressed in (−)-epicatechin equivalents (mg/L). Total 

anthocyanin:Tannin is the ratio of the sum of all anthocyanins to tannin. 

 

4.3.3.3 MCPT assay 

At 7 months post-crush, MCPT tannin values were 1504, 2014 and 2207 mg/L  

(−)-epicatechin equivalents for CS, Control and PS3 treatments respectively. MCPT results 

showed the PS3 wines were higher in tannin than the CS wines (Figure 4-10). Results only 

somewhat support RP-HPLC tannin results in that the Control and PS3 wines were not 

significantly different in tannin concentration. As such, there was no correlation between 

the two tannin measurement methods (R2 value 0.097).  
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Figure 4-10: MCPT assay results for Shiraz analysed 7 months post-crush a  
a Tannin is expressed in (−)-epicatechin equivalents (mg/L). Differences between 

treatments are shown by different letters (P<0.05). 

 

4.3.3.4 Marc extraction 

Marc extract absorbance readings at 280 nm and 420 nm were transformed to take the 

dilution factor into account, then divided by the per cent dry weight of the marc samples 

used in each extraction. Values for each treatment at various stages during vinification are 

plotted in Figures 4-11 and 4-12. Absorbance readings at 520 nm were transformed into 

the equivalent of malvidin-3-glucoside (mg) per gram of marc dry weight and results are 

presented in Figure 4-13. 

 

At 4 days post-crush, the CS treatment had completed cold soak. At 12 days post-crush, the 

Control and PS3 treatments had completed their fermentations. At 13 days post-crush, the 

CS treatment had completed fermentation, and at 22 days post-crush, the PS3 treatment 

was 10 days into 18 days of EM. 

 

Results in Figures 4-11 and 4-12 show there was no significant concentration difference in 

the extractable components measured between treatments at 2 days post-crush, or between 

treatments at the end of their respective fermentations. The latter point applies to data in 

Figure 4-13 but at 2 days post-crush the CS treatment had a greater concentration of 

malvidin-3-glucoside equivalents in the marc than the Control treatment.  

 

a 

ab b 
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The amount of marc extractable phenolics (measured at 280 nm) increased significantly 

between the start and end of fermentation for all treatments. The amount of marc 

extractable phenolics measured at 420 nm in the Control treatment also increased 

significantly. For the CS and Control treatments, there was no change in the amount of 

malvidin-3-glucoside equivalents per gram of marc (dry weight) during fermentation. 

Nevertheless, all 3 treatments were similar for the measured parameters at the end of the 

fermentation period. 

 

The concentration of malvidin-3-glucoside equivalents per gram of marc DW (and 

components measured at 280 and 420 nm) of the PS3 treatment significantly increased 

between 2 and 22 days post-crush and between 12 and 22 days post-crush. However, there 

was no significant increase between 2 and 12 days post-crush (during normal fermentation 

period). As time on skins post-ferment progressed, the concentration of extractable colour 

in the marc increased.   
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Figure 4-11: Ratio of the absorbance at 280 nm of the marc extraction solution to the 
marc sample dry weight (%) for Shiraz treatments at selected time points during 
2007 vinification a  
a Means and standard errors for 4 replicates of each treatment are presented. Within 

treatment differences are shown by different letters and are only valid between sample time 

points for a given treatment (P<0.05). Red, blue and green letters show the differences 

within CS, PS3 and Control treatments respectively.  
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Figure 4-12: Ratio of the absorbance at 420 nm of the marc extraction solution to the 
marc sample dry weight (%) for Shiraz treatments at selected time points during 
2007 vinification a  
a Means and standard errors for 4 replicates of each treatment are presented. Within 

treatment differences are shown by different letters and are only valid between sample time 

points for a given treatment (P<0.05). Blue and green letters show the differences within 

PS3 and Control treatments respectively. Only significant differences are shown. 
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Figure 4-13: Pigments expressed in milligrams of malvidin-3-glucoside per gram of 
marc dry weight for Shiraz treatments at selected time points during 2007  
vinification a  
a Means and standard errors for 4 replicates of each treatment are presented. Within 

treatment differences are shown by different letters and are only valid between sample time 

points for a given treatment (P<0.05). Blue letters show the differences within the PS3 

treatment. Only significant differences are shown.                                              

 

4.3.4 Sensory ranking tests 

The Friedman values (F) for colour intensity and saltiness were F = 17.03 and F = 1.45 

respectively. As the number of panellists was greater than 15, the F value follows the  

chi-squared distribution with P-1 (2) degrees of freedom. From a table for critical values of 

chi-squared, a critical value of 5.99 is obtained for a two-tailed test at α = 0.05. In fact, a 

critical value of 13.82 is obtained for a two-tailed test at α = 0.001 (Nottingham et al. 

2005). Since for colour intensity the F value was greater than this number, there was a 

significant difference between the Shiraz wine treatments where P<0.001. There was no 

significant difference between the wine treatments for perceived saltiness. This supports 

Wellington’s (2007) findings that there were no significant differences in sodium or 

chloride ion content between these particular wine treatments. 

 

a 
a 
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Pair-wise comparisons between treatments for colour intensity were then made. It was 

determined that 2 treatments were significantly different (P<0.001) if the difference 

between their rank sums was greater than or equal to 24.37. Both the Control and CS 

treatments had significantly greater colour intensity than the PS3 treatment (P<0.001). See 

Table 4-8. There was no significant difference between the Control and CS treatments for 

colour intensity (even at the 5% level). In fact, a few panellists described the colour of the 

PS3 treatment as more “bricky” in colour than the other treatments.  

 

Table 4-8: Rank sum difference for colour intensity between Shiraz wine treatments  

Treatment comparisons CS and Control CS and PS3 Control and PS3 
Rank sum difference 4 29 25 

 

4.4 Discussion 
4.4.1 Red wine colour and phenolic spectroscopic measures 

Shiraz wines made using cold soak and post-fermentation EM treatments were compared 

against a replicated Control treatment in order to quantify their effect on wine colour and 

phenolic content.  

 

At 7 months post-crush (approximately 3 weeks after bottling), the wines were analysed 

for colour and other phenolic parameters. The Somers spectrophotometric measurement for 

total phenolics consistently showed the PS3 wines were higher in total phenolics compared 

to the CS treatment wines. This finding is in agreement with various studies that have 

shown increased maceration time increases the extraction of grape phenolic compounds 

into wine (Auw et al. 1996, Gomez-Plaza et al. 2001, Kelebek et al. 2006, Ricardo-da-

Silva et al. 1993, Sipiora and Granda 1998, Versari et al. 2007, Zitzlaff 1989). The higher 

standard error of the CS Folin-Ciocalteau total phenolics results may be the reason why the 

same trend did not occur for this assay. Both Somers and CIE L*a*b* also determined the 

PS3 wines to be less red and more yellow, lighter in colour, and less intensely coloured. 

CIE L*a*b* results suggest that this colour difference between treatments was visually 

distinguishable, especially when comparing the CS and PS3 wines under natural wine 

conditions. Winemakers are encouraged to take into account that consumers may less 

prefer the colour characteristics of post-fermentation EM wine. Future studies could test 

consumers’ colour preferences for red wine. 
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Findings from section 4.3.2 show that for young red wines, there is little difference in the 

consequences for colour and total phenolic content between wine that has undergone 

conventional maceration, and wine that has undergone 3 days of cold soak prior to 

fermentation. These findings are of interest to the 57% of Australian red winemakers who, 

according to the survey results presented in Chapter 2, use cold soak during red 

winemaking. These findings are also of interest to the 90% of winemakers who believe 

cold soaking significantly affects wine organoleptic properties. While results presented are 

for young Shiraz wines, analysis of the mature wines would determine whether the 

phenolic profiles of cold soaked and control wines differ significantly over time. Similarly, 

this would determine whether post-fermentation EM consequences for wine phenolic 

composition and colour persist during maturation and aging. If consequences do persist, a 

prediction regarding the mature wine’s phenolic profile and likely colour characteristics 

could be made early on. 

 

Based on the findings of Lee et al. (2008), who reported the outcomes of a commercial-

scale non-replicated wine trial, the increased extraction of seed-derived phenolics in the 

PS3 wines may have contributed to the colour differences between treatments. Lee et al. 

(2008) made Merlot wines to examine the effects of seed removal at 10°Brix on the 

extraction of tannins during fermentation. Wines made without seed removal, and therefore 

made with increased seed tannin extraction compared to the other treatment, were slightly 

more orange (had larger hue angle, h°) and were lighter (larger L* value) in colour. Lee  

et al. (2008) suggest that seed derived proanthocyanidins may have enabled the formation 

of new anthocyanins, contributing to the colour difference between treatments. As no 

further explaination is provided future investigations of this type warrant more detailed 

anthocyanin analysis. In the future, more detailed and fully replicated winemaking trials 

could be carried out to determine the influence different proportions of skin and seed 

derived proanthocyanidins have on wine colour parameters. Findings may allow 

winemakers to manipulate the duration of skin and seed contact with wine in order to 

obtain the desired wine hue and colour intensity.   

 

4.4.2 Reversed-phase HPLC, MCPT assay, and extraction of 

colour from marc 

Shiraz wines have a characteristically higher phenolic content compared to Grenache 

wines (Romero-Cascales et al. 2005, Somers 1983). Higher levels of phenolic and 

therefore anthocyanin compounds in Shiraz wines result from a greater extractability of 
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these compounds and their ability to remain in solution. Although all monomeric 

anthocyanin concentrations were higher in Shiraz compared to Grenache, Shiraz wine 

monomeric anthocyanin concentrations were much lower than expected. This is especially 

evident when considering the high Shiraz WCD and total red pigment absorbance values 

generated from the spectrophotometric analyses. The low anthocyanin and pigmented 

polymer concentrations suggest other coloured compounds such as the vitisins  

(as discussed in Chapter 1), or co-pigmentation, may have been contributing to the colour 

intensity of the young Shiraz wines (Brouillard 1982, Brouillard et al. 1990, Lee et al. 

2004, Timberlake and Bridle 1967). In this event, careful consideration has been taken 

before drawing conclusions regarding the influence on final wine colour of anthocyanin 

and pigmented polymer data. Future work in this area would benefit from analysis of a 

wider array of coloured wine compounds including vitisins (Beer et al. 2006) and  

co-pigmentation levels (Lorenzo et al. 2005, Versari et al. 2008). 

 

Winemakers (see Chapter 2) and various studies including those by Heatherbell and  

co-workers (1996) believe that pre-fermentation EM extracts more anthocyanins from the 

grape skins into the wine relative to conventional maceration. The only evidence to support 

this came from 6 weeks post-crush data. At 6 weeks post-crush, the CS treatment was 

significantly higher in all 5 monoglucosides compared to the other treatments. Past this 

time, cold soaking generally did not increase the concentration of wine monoglucosides 

compared to conventional fermentation. In their study, Peng and co-workers (2002) 

showed monoglucosides that dominated young Shiraz wine became less prevalent over 

time due to their inclusion in polymeric forms. Consequently, any additional free 

anthocyanins in the CS treatment compared to the other treatments may have undergone 

polymerisation reactions to stabilise wine colour (Arnous et al. 2002, Herderich and Smith 

2005, Nagel and Wulf 1979). At 5 months post-crush, there was generally a lower 

concentration of monoglucosides in the PS3 treatment compared to Control and CS 

(Yokotsuka and Singleton 2001). Perhaps the extended time on skins of the PS3 treatment 

affected the wine’s colour stabilisation reactions and favoured the formation of more stable 

pigments. In fact, incorporation of anthocyanins into more stable pigments (such as those 

described in the previous pargraph) is likely to be responsible for the decrease in the 

treatments’ monoglucoside concentration prior to bottling.  

 

Despite the sampling to 60-days post-crush occuring at the same winemaking stages for 

both Grenache and Shiraz, Grenache data does not show the same rate of decline in 
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anthocyanin concentration as Shiraz. Furthermore, over this time the concentration of 

pigmented polymers remained relatively the same in the Grenache wines but increased in 

the Shiraz wines. In the previous chapter, the difference in grape skin cell physiology 

between varieties (Romero-Cascales et al. 2005), and lower phenolic content of Grenache 

grapes compared to other varieties (Bergqvist et al. 2001, Somers 1983) is suggested to be 

responsible for the slower extraction of anthocyanins in Grenache compared to Shiraz 

(Jensen et al. 2006). The difference in the profile of pigmented polymer formation between 

varietals is harder to explain. Freezing is unlikely to have affected the concentration of 

pigmented polymers in the Grenache fermentation samples as fresh wine samples also had 

a low concentration of pigmented polymers (Table 3-7). Perhaps, in addition the pigmented 

polymers measured, other coloured compounds such as vitisins, that are not able to be 

quantified by the methods used in this study, were formed during the making of each 

varietal (Bakker and Timberlake 1997, Morata et al. 2007, Cano-López et al. 2008, Lee et 

al. 2004, Vivar-Quintana et al. 1999). This would help to explain why the concentration of 

anthocyanins in each of the Shiraz treatments decreased by about 50% between 60 and  

160 days post-crush (Figures 4-1 to 4-5), while the concentration of pigmented polymers 

only increased by about 10% (Figure 4-8). Although the current study provides insufficient 

evidence to support these statements, future studies could aim to clarify the contribution of 

other compounds to the colour and colour stability of young wines made with EM. 

 

The PS3 wines were higher in both (+)-catechin and (−)-epicatechin compared to the 

Control and CS wines at all sampled dates. These results support earlier data showing that 

flavan-3-ols are extracted later than anthocyanins in the fermentation and that extraction 

continues to increase as time on skins and ethanol concentration increases (Auw et al. 

1996, Oszmianski et al. 1986, Gomez-Plaza et al. 2001, Kennedy and Peyrot des Gachons 

2003). Interestingly, for the CS treatment (−)-epicatechin extraction peaked at the end of 

the cold soak period, whereas for the Control treatment this occurred at pressing. The 

alcoholic conditions of the post-fermentation EM resulted in an even later and higher 

extraction peak for (−)-epicatechin. The different (−)-epicatechin extraction profiles of 

wines made by different EM regimes should therefore be considered when tasting wines 

during their vinifcation. For example, if wines made by cold soaking taste bitter or are 

perceived as astringent early on, as the fermentation progresses, the contribution of  

(−)-epicatechin to the intensity of these attributes may not increase.  
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Although more (+)-catechin and (−)-epicatechin was extracted into the PS3 wines, there is 

no RP-HPLC evidence to suggest this resulted in increased polymerisation and tannin 

formation. This is unexpected because the PS3 had more time on skins and greater chance 

for alcohol-induced extraction of tannins from the seeds and skins as described in  

Chapter 1. Del Llaudy et al. (2008) have shown that the mean degree of polymerisation of 

tannins from grape skin and seed components was unaffected by maceration duration. It is 

therefore unlikely that variation in the degree of tannin polymerisation between treatments 

affected their measurement and quantification. Rather, the drawbacks in RP-HPLC tannin 

analysis accuracy discussed previously may underlie the results. In contrast, Shiraz MCPT 

data showed that post-fermentation EM achieved the highest wine tannin concentration. 

The latter finding is consistent with survey findings (Chapter 2) that show more 

winemakers believe post-fermentation EM affects wine tannin extraction than cold 

soaking.  

 

MCPT data shows that for both Grenache and Shiraz, the PS3 treament extracted the most 

tannin of all treatments. For Shiraz, the PS3 tannin concentration was about 10% higher 

than that of the Control treatment at 7 months post-crush. In contrast, the Grenache PS3 

treatment’s tannin concentration was about 76% higher than the Control treatment’s at  

12.5 months post-crush. The post-fermentation EM therefore extracted more tannin relative 

to the Control in the Grenache wines than the Shiraz wines. This may be because more 

tannin was extracted from the Grenache grape seeds than the Shiraz grape seeds during 

post-fermentation EM. Adams and Sholz (2007) have shown that the percentage of tannin 

extracted from grape seeds into wine can vary dramatically, even within a varietal and 

despite initial grape skin and seed tannin concentrations. They suggest differences in seed 

tannin extractability between varieties may be due to varietal differences in the inherent 

leakiness of the parenchyma cells outside the true seed coat and the diffusion barrier 

represented by the thick cuticle on the outer surface of the seed (Adams and Scholz 2007). 

Adams and Scholz (2007) have also demonstrated, using commercial Shiraz fermentations, 

that even a slight increase in the extraction of seed-derived tannin will significantly 

increase the resulting wine’s tannin concentration. Therefore, perhaps the physiology of 

the Shiraz seeds deterred tannin extraction to a greater extent during post-fermentation EM 

compared to that of the Grenache seeds, resulting in a lower tannin concentration relative 

to the Control treatment.  
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The current study would have benefited from a comparative analysis of proanthocyanidin 

isolates in the skin and seed of whole grape berries pre-crush and in marc extracts during 

maceration. Phloroglucinolysis, for example, could have provided information on subunit 

composition, conversion yield, and mean degree of polymerization (mDP) of 

proathocyanidin isolates within the grape seeds, skin and wine at various time points 

during winemaking (Downey et al. 2003, Kennedy and Jones 2001, Peyrot des Gachons 

and Kennedy 2003). Such information could have shown if pre- and post-fermentation EM 

influence differently the extraction of phenolics from grape seed and skin tissue. Results 

from the current study also show that the Shiraz PS3 treatment extracted more (+)-catechin 

relative to the Control treatment (88% more, 17 months post-crush data) than the Grenahce 

PS3 treatment (62% more, 7 months post-crush data), whereas the opposite was true for 

(−)-epicatechin (52% more for Shiraz, 96% more for Grenache). Analysis of the initial skin 

and seed proanthocyanidin composition of both varieties may have helped to determine 

which grape components contributed to, and therefore how EM influenced this differential 

extraction of (+)-catechin and (−)-epicatechin. It would be pertinant to consider including 

detailed analysis of initial fruit phenolic composition in future EM studies. 

 

 The adsorption of phenolic compouds including tannins and pigments by the cell wall 

material of skins and mesocarp during winemaking and its influence on extractability is a 

new area of wine research. The marc extraction experiment was conducted to see if EM 

affected the extractability of pigments from the marc during vinification. Ultimately, 

greater understanding of the mechanisms responsible for the PS3 treatment’s different 

colour characteristics was being sought. However, there are several limitations to the marc 

extraction methodology used. Limitations include the use of frozen marc for analysis and 

inability of the protocol to determine exactly which wine phenolic components are 

affected. Upon thawing of marc samples, further degradation of grape skin cell wall 

membranes occurs, which misrepresents the exact condition of the marc sample at the time 

it was taken. In addition, the dilution of the extraction solvent in 10M HCl prior to 

spectrophotometric analysis at 280, 420 and 520 nm renders the extract unsuitable for  

RP-HPLC analysis due to the high dilution factor and acidic conditions (this was 

attempted, data not shown). Ideally, RP-HPLC analysis of extracted samples for 

anthocyanins, pigmented polymers and tannins would be carried out to enable a greater 

understanding of the consequences of EM regimes for particular marc components. 

However, now the marc extraction method has been successfully used by Vaughan (2008) 
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and again in this study, there is potential to modify the existing method to accommodate 

further analyses. 

 

Despite these limitations, results show that the PS3 treatment’s marc pigment 

concentration increased during post-fermentation EM. The post-fermentation EM 

treatment produced wines that were lower in anthocyanins, less red, lighter in colour, and 

less intensely coloured other treatment wines. It is therefore possible that anthocyanins 

released from the grape skins during fermentation were readsorbed to the grape marc to 

some extent during post-fermentation EM. However, this cannot be proven from the 

existing data. Another possibility is that during the period of EM, stable phenolic pigments 

were formed within the PS3 marc, or due to its adsorbent properties (Yuan-shen et al. 

2004), were adsorbed to the marc. As the post-fermentation EM progressed, cell walls of 

the marc material may have become increasingly permeable due to the ethanolic 

environment (Lapornik et al. 2005, Spigno et al. 2007). Increased permeability could have 

favoured pigmented polymer formation due to the high concentration of anthocyanins and 

tannins in the grape skin (and seed) cell walls (Hayasaka and Kennedy 2003, Zimman and 

Waterhouse 2004, Cerpa-Calderón and Kennedy 2008). Pigmented polymers formed 

within the marc, or adsorbed to the marc surface, may have remained with the marc rather 

than been released into the wine. As well as the PS3 wine’s less intense colour, this would 

also explain the lower concentration of pigmented polymers in the PS3 wines post-bottling.  

 

The results of a study by Adams and Scholz (2007) support the possibility that 

anthocyanins (perhaps ones that had already been extracted into the wine) combined with 

tannins bound to grape marc cells to form pigmented polymers, which remained in the 

marc during pressing. Adams and Scholz (2007) carried out experiments with Cabernet 

Sauvignon fruit to assess the ability of the insoluble matrix from skins and mesocarp to 

bind tannin and thereby influence tannin extraction from fruit during fermentation. By 

calculating the total binding potential for all of the cell wall material in the skin and 

mesocarp of the berry, and comparing this value to the total amount of tannin found in the 

skins and seeds of the fruit, Adams and Scholz (2007) estimated how much tannin in the 

fruit could be bound by its own cell walls. They determined that the insoluble matrix of the 

Cabernet Sauvignon fruit could bind nearly 70% of the tannin found in the berry. The 

mesocarp cell walls were determined to have a greater tannin binding capacity compared to 

the grape skin (Adams and Scholz 2007). However, around 65% of the insoluble matrix of 

the berry (excluding seeds) was found in the skin, which can be attributed to the thickness 
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of the hypodermal cell walls (Hardie et al. 1996). Adams and Scholz’s (2007) results 

confirm that despite the lower binding capacity of grape skin cell walls, their greater total 

mass means they play an important role in influencing phenolic binding and extraction 

during winemaking. 

 

There is still much scope for further research in this oenological area, including if and how 

pigments are adsorbed to the marc cellular material and the types of binding that may be 

occurring between the two entities (Pinelo et al. 2006, Vaughan 2008, Cerpa-Calderón and 

Kennedy 2008). Furthermore, the role of cellulose, polysaccharides, plant cellular proteins, 

as well as vitisins and co-pigmentation could be explored (Kennedy et al. 2001, Amrani 

Joutei et al. 1994). Greater understanding of the phenolic interactions between wine and 

marc and the mechanisms underlying wine colour loss could lead to improved retention of 

pigmented material. Improving retention of pigmented material in wine may be of 

particular interest to those Pinot noir winemakers who have difficulty in obtaining 

adequate colour extraction during vinification. 

 

4.4.3 Sensory analysis 

The purpose of the ranking tests for saltiness was to determine if pre- and/or  

post-fermentation EM resulted in significantly saltier wines compared to the Control 

wines. If this was the case, it could mean that wines made with a longer period of skin 

contact have increased opportunity for extraction of sodium and chloride from the skins 

into the wines.  

 

Ranking test results for saltiness showed that the extended time on skins of the CS and PS3 

treatments did not result in the wines tasting saltier. Results supported Wellington’s 

analytical findings (2007) that there was no significant difference in sodium or chloride 

levels in these particular wines despite the longer skin contact time for the EM treatments.  

 

It is known that the perception of salty taste is influenced largely by experience (Wise  

et al. 2007) and age (Mojet 2004). Several different threshold tests can be used to analyse 

population thresholds (Lawless and Heymann 1999). As such, population threshold data is 

generally presented as a concentration range. According to the World Health Organisation 

(1979), taste recognition threshold for sodium present in sodium chloride is approximately 

130-140 mg/L. The taste recognition threshold for chloride is also dependent on the 

associated cation and is generally between 200-300 mg/L (Janina et al. 1980). Prior to 
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conducting raking tests, no information was gathered on panellists’ salty taste recognition 

thresholds or taste sensitivity. The Shiraz wines’ sodium and chloride concentrations were 

well above taste recognition thresholds, indicating panellist inability to perceive saltiness 

did not contribute to the lack of treatment differences. 

 

Results of the ranking test for saltiness are relevant, for example, to winemakers who 

would normally use EM on red wine varietals but are considering avoiding these 

procedures due to elevated levels of sodium and chloride in grape skins. Findings show 

that extending skin contact beyond that offered during conventional fermentation does not 

increase wine sodium or chloride concentrations. Extended maceration practices are 

therefore unlikely to affect perceived wine saltiness.  

 

All replicate wines exceeded the Australian limit for chloride ion concentration, which 

highlights an issue increasingly faced by Australian red winemakers. Water and soils are 

becoming increasingly saline throughout much of Australia’s winegrowing regions. 

Australian winemakers have been warned to monitor levels of chloride in their wines due 

to decreasing rainfall in South-Eastern Australia and increasing salinity in the Murray 

Darling Basin (Howell 2008). As the majority of chloride in grapes is present in the skins, 

future Australian red wine maceration studies should investigate the issue of salty wine. 

 

According to the Shiraz ranking results for colour intensity, panellists could see a 

difference in colour intensity between the CS and PS3 treatments and between the Control 

and PS3 treatments. Those panellists referring to the ‘bricky’ colour of the PS3 wine said 

they perceived the wine to be browner in colour and less intensely coloured than the other 

treatment wines. These sensory results for colour intensity support Somers’ WCD results 

from the previous section. Results also confirmed that the differences in wine colour 

intensity detected by spectrophotometer are visible by the human eye, and would therefore 

be visible by wine consumers.  

 

Colour intensity is only one component of a wine’s colour. Although there was no 

significant difference in colour intensity between the Control and CS treatments in the 

ranking tests, if asked to, the panellists may have been able to distinguish a difference in 

the overall colour of the wines. This is because the ΔE value of 1.8 for the Control and CS 

wines was greater than 1 (for ΔE > 1 it is likely a human can see a difference in colour 

between 2 wines). Furthermore, panellists may have found assessment of colour difference 
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to be easier than assessment of colour intensity. Instrumental assessment, where the facility 

for dilution and comparison to known concentrations exists, may be the best method of 

colour intensity assessment. Fundamentally however, consumers assess wines visually 

rather than instrumentally and sensory results show that cold soaking does not significantly 

affect wine colour.  

 

Findings from the study of Shiraz EM wines are of interest to winemakers. Post-

fermentation EM increased the concentration of (+)-catechin, (−)-epicatechin, tannin and 

total phenolics in the wine. This means winemakers can influence the desired balance of 

phenolic extraction by varying the duration of maceration post-fermentation.  

Post-fermentation EM also resulted in wine that was visibly less intensely coloured than 

the other treatments. Those winemakers seeking to produce an intensely coloured wine 

may therefore benefit from pressing at the end of primary fermentation. Shiraz results also 

provide further evidence that cold soaking is ineffective and an inefficient use of winery 

resources. 
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Chapter 5 - Effects of pre- and post-fermentation EM in red 

wine made from V. vinifera Pinot noir 
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5.1 Introduction 
The Pinot noir wines (triplicate wines for each of 5 maceration protocols) produced and 

analysed by Mazza (2005), and described in Chapter 1, were analysed for the same 

parameters as the Grenache and Shiraz wines. The data presented here with respect to 

effects of EM is the most relevant of the 3 varietals to industry because of the more 

‘relevant’ age of the wine at analysis. The Pinot noir data presented is also relevant to 

industry because, according to the survey results presented in Chapter 2 section 2.3, 39 and 

16% of winemakers used pre- and post-fermentation EM in Pinot noir winemaking 

respectively, making it the fourth most common varietal on which EM is used in Australia. 

 

Vitis vinifera cv Pinot noir is native to the Burgundy region of France and is now planted 

in many other cool climate viticultural regions in the world. Pinot noir, best suited to 

cooler, marginal climates, is a variety notorious for difficulty associated with obtaining 

adequate colour extraction in the winery. Maceration is fundamental to producing good 

quality Pinot noir because of the difficulty of achieving the desired extraction of colour and 

other phenolic compounds from this variety into the wine (Amerine 1955). 

 

Burgundian Pinot noir is known for its high phenolic content, astringency and complex 

tannins that provide the wine with body, structure and longevity. Traditionally,  

pre-fermentation EM is used in Burgundy, where winemakers believe that colour is best 

extracted in the absence of alcohol and that tannins are best extracted during  

post-fermentation EM (Halliday and Johnson 2006). New world countries such as The 

United States (in particular Oregon), New Zealand and Australia are beginning to 

challenge Burgundy in the production of premium Pinot noir. While new world methods of 

making Pinot noir wine vary, due regard is paid to the Burgundian style of vinification. 

New world Pinot noir producers are increasingly using pre- and post-fermentation EM to 

obtain the right balance of colour and tannin extraction (Halliday and Johnson 2006, 

Robinson 2006). In addition to my doctoral research, I carried out an investigation to 

determine if Burgundian wine had higher concentrations of phenolic components 

compared to new world Pinot noir wines. The phenolic content of 23 Pinot noir wines of 

diverse provenance were compared using a selection of the analytical measurements 

applied to the Grenache, Shiraz and Pinot noir experimental wines. Results of this 

investigation were published in the Australian and New Zealand Wine Industry Journal 

(Joscelyne 2008). The article is included in the Appendix as Document A-3. 
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5.2 Materials and methods 
5.2.1 Wine analyses 

At 35.5 months post-crush (30 months post-bottling), acetaldehyde concentration was 

measured to see if the Pinot noir PS1 and PS3 treatments had elevated levels of 

acetaldehyde. This was done to determine if oxidation (browning) may be a contributing 

factor to any colour differences between these wines and the other wine treatments.  

 

Wine pH was measured at 33 months post-crush (27.5 months post-bottling) to establish if 

there was a significant difference in pH value between treatments. Significant pH 

differences between wine treatments would have the potential to affect the colour 

expression of anthocyanins and other pigments (Brouillard and Delaporte 1977, Lee et al. 

2004). By determining if this was the case, wines could be modified to a common pH value 

in subsequent wine colour analyses. 

 

Acetaldehyde concentration and pH were measured according to the methods described in 

Chapter 3, section 3.2.1. 

 

5.2.2 Red wine colour and phenolic spectroscopic measures 

The same methods and statistical analyses were used to analyse the Pinot noir wines as 

described for Grenache in section 3.2.2. 

 

5.2.3 Reversed-phase HPLC and MCPT assay  

RP-HPLC analysis of anthocyanins and pigmented polymers was carried out according to 

Method 1 as described for Grenache in section 3.2.3. RP-HPLC analysis of (+)-catechin, 

(−)-epicatechin and tannin, and the MCP tannin assay were carried out as described for 

Grenache. 

 

5.2.4 Sensory analysis 

5.2.4.1 Triangle tests 

The same triangle test protocol as described for Grenache replicates and treatments 

(section 3.2.4.1) was used for Pinot noir. The CSP, Control and PS3 treatments were 

selected for triangle testing and use in subsequent sensory tests in order to limit test 

numbers to a manageable size. Of the 5 Pinot noir treatments, these 3 treatments were 

chosen because they most closely resembled the 3 Grenache and Shiraz treatments in terms 

of vinification techniques. No adjustment to SO2 or pH was made prior to testing. Wine 
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age at the time of testing was 27.5 months post-crush (wine had been bottled for 

approximately 22 months).  

 

Pinot noir replicate testing was conducted over 2 days to determine if there were any 

significant differences in the appearance of replicate wines within treatments. The Control 

replicates were tested on the first day by 36 panellists. On the second day, CSP and PS3 

replicates were tested by 26 panellists.  

 

Based on the results of the replicate difference testing, CSP replicate 3 and Control 

replicate 2 were not used in the treatment difference testing. These replicates were deemed 

significantly different to at least 1 of the other 2 replicates in their respective treatments. 

As there was no difference in appearance between PS3 replicates, none were excluded in 

this experiment. Treatment wines were triangle tested by 48 panellists. 

 

5.2.4.2 Descriptive analysis 

The Pinot noir wine treatments were analysed by DA concurrently with the Grenache DA. 

As such the DA method and statistical analyses used are the same as those described in 

Chapter 3 section 3.2.4.2.  

 

Pinot noir treatments selected for DA were the CSP, Control and PS3 treatments, these 

most closely resembled the 3 Grenache and Shiraz treatments in terms of vinification 

techniques. Only replicates 1, 2 and 3 of the 3 treatments chosen were analysed in the DA. 

Wines were evaluated by 9 panellists (7 males and 2 females). At this stage Pinot noir wine 

age was about 28 months post-crush.  

 

Pinot noir descriptive terms were narrowed down to 13 attributes including 2 colour, 5 

aroma, 3 flavour, 2 taste and 1 mouthfeel attributes (Table 5-1). Attributes were rated in 

the order of colour (purple, to red, to brown), rim transparency, dark fruit aroma, bacon 

aroma, olive aroma, pepper aroma, stewed rhubarb aroma, chocolate flavour, fresh berry 

flavour, cardboard flavour, bitterness, acid and astringency. 
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Table 5-1: Aroma and palate attribute list with agreed definitions for Pinot noir a 

Attribute       Definition        

 
Colour 
purple 
red 
brown 
 
transparent rim 

 
 
hue between violet and red 
the colour red, as opposed to ‘red wine red’ 
hue lying between red and yellow with medium to low lightness and low 
to moderate saturation 
transparency of hue at edge of wine when glass is tilted 

 
Aroma 
dark fruita 
bacona 
olivea 
peppera 
rhubarba 

 
 
fresh ripe blackberry, blackcurrant, plum 
fresh bacon  
black or green olives 
black or white pepper 
stewed rhubarb 

 
Palate 
chocolatea 
fresh berrya  
cardboarda 

astringent 
acid 
bitterness 
 

 
 
milk or dark chocolate 
fresh ripe blackberry, cherry 
aroma in mouth of cardboard soaked in water 
feelings of lack of lubrication in the mouth, a sensation of dryness 
sourness, tart, sharp taste such as lemon 
a harsh taste of caffeine, usually noticed at back of palate 
 

a Reference aromas that match the definition were provided for those attributes. 

 

5.3 Results 
5.3.1 Wine analyses results and discussion 

Pre-bottling analysis of the Pinot noir treatments had revealed there were some significant 

differences between treatments for pH and TA (Mazza 2005). At the time, the results for 

TA were accepted, as they would be unlikely to impact any of the subsequent analyses of 

colour and tannin content. Wine pH results showed the PS3 treatment was approximately 

0.2 pH units higher compared to the other treatments (P<0.05) (Mazza 2005).  This may 

have been due to the extended time on skins in a warm environment (20°C). Previous 

studies have shown pH can increase when wine is warmed at the end of fermentation 

(Koyama et al. 2007). The decision was made by Mazza to not adjust the pH of the PS3 

treatments as the pH increase was accepted as a consequence of the EM treatment (Mazza 

2005).  

 

Wine pH was measured again after 33 months post-crush. The PS3 Pinot noir treatment 

had a significantly higher pH than the Control, CSP (P<0.05) and CS treatments (P<0.01). 

The PS1 treatment was also significantly higher in pH than the CS treatment (P<0.05). 

Pinot noir pH values were as follows: CS 3.61, CSP 3.63, Control 3.64, PS1 3.69,  
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PS3 3.73. The significant difference in pH between treatments had the potential to affect 

the colour expression of anthocyanins and other pigments (Brouillard and Delaporte 1977, 

Lee et al. 2004). In subsequent analyses of these wine parameters, wines were analysed at 

natural pH and at a common modified pH value. 

 

When acetaldehyde concentration was measured at 35.5 months post-crush, there was no 

significant difference between treatments for this parameter, suggesting oxidation had not 

affected the wines (see Table 5-2 for results).  

 

Table 5-2: Additional winemaking analytical data for 2004 Pinot noir a  

Treatment Acetaldehyde (mg/L) 
CS 8 a 

CSP 13 a 
C 14 a 

PS1 11 a 
PS3  8 a 

a Wines were analysed at 35.5 months post-crush. Values reported are the mean for the 3 

replicates in each treatment. Different letters indicate significant differences between 

treatment means using Tukey’s method of simultaneous pair-wise comparisons with 95% 

confidence intervals. 

 

5.3.2 Red wine colour and phenolic spectroscopic measures 

5.3.2.1 Colour and total phenolic measures (Somers and Folin-

Ciocalteau) 

At 33 months post-crush, PS1 and PS3 had higher values of wine colour hue and degree of 

red pigment colouration (for both modified and un-modified measures), and lower values 

of total red pigments compared to CS, CSP and Control. When the effects of SO2 and pH 

on colour were eliminated in the modified measure, PS3 had a significantly higher value 

for degree of red pigment colouration than PS1. Results are displayed in Table 5-3.  

 

The CSP treatment had a significantly higher WCD than the PS3 treatment and when the 

wines were modified, a significantly higher WCD than both the PS3 and PS1 treatments. 

There were no significant differences in WCD between the CS, Control and  

post-fermentation EM treatments (PS1 and PS3). 
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For total phenolics the CS, CSP and PS1 treatments had higher total phenolics than the 

Control treatment. The PS3 wines had significantly more total phenolics compared to all 

the other wine treatments.  

 

Table 5-3: Spectral analyses of colour and phenolics for 2004 Pinot noir a 

  CS CSP C PS1 PS3 
Wine colour density 

(a.u.) 2.18 ± 0.04 ab 2.55± 0.03 a 2.23±0.14 ab 2.41± 0.08 ab 2.13 ± 0.09 b

Wine colour hue 1.03 ± 0.01 a 1.03± 0.01 a 1.04±0.01 a 1.11± 0.01 b 1.13 ± 0.01 b

Degree of red pigment
colouration (%) 28.95 ± 0.85 a 34.18± 1.56 a 30.99±1.34 a 41.52± 1.15 b 41.12 ± 0.60 b

Estimate of the 
concentration of SO2

resistant pigments
(a.u.) 0.63 ± 0.02 a 0.74± 0.01 a 0.67±0.04 a 0.68± 0.02 a  0.62 ± 0.03 a

Total red pigments
(a.u.) 3.72 ± 0.02 a 3.68± 0.12 a 3.52$ 0.09 a 2.75± 0.07 b 2.44 ± 0.08 b

Total phenolics (a.u.) 17.67 ± 0.10 a 17.79± 0.42 a 15.89±0.48 b 18.28± 0.26 a 22.72 ± 0.42 c

Modified wine colour
density (a.u.) 2.84 ± 0.03 ab 2.98± 0.03 a 2.83±0.06 ab 2.73± 0.05 b 2.62 ± 0.07 b

Modified wine colour
hue 0.92 ± 0.00 a 0.92± 0.00 a 0.90±0.01 a 0.97± 0.01 b 0.96 ± 0.01 b

Modified degree of red
pigment colouration

(%) 39.82 ± 0.43 a 42.15± 1.64 a 41.64±0.20 a 50.28± 0.43 b 54.73 ± 0.71 c

Modified estimate of
the concentration of

SO2 resistant pigments
(a.u.) 0.68 ± 0.01 a 0.74± 0.02 a 0.79±0.09 a 0.65± 0.02 a 0.62 ± 0.01 a

Chemical age index 0.18 ± 0.00 a 0.20± 0.01 a 0.23±0.03 a 0.24± 0.00 a 0.25 ± 0.01 a
a Wines were analysed at 33 months post-crush. Values reported are the mean and standard 

error for the 3 replicates in each treatment. Different letters indicate significant differences 

between treatment means using Tukey’s method of simultaneous pair-wise comparisons 

with 95% confidence intervals. Wine colour density, and other colour values where noted 

are expressed as absorbance units (a.u.). Modified values are for wine measured with the 

addition of acetaldehyde to remove any SO2 bleaching effects. 

 

 

Seven months later (40 months post-crush), PS3 was again determined to be significantly 

higher in total phenolics compared to the other treatments (Table 4-5). However, there was 

no significant difference between Control, CS, CSP and PS1 treatment for total phenolics. 
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This may be because of the higher variation in results between treatment replicates, 

resulting in a higher standard error for each treatment. Folin-Ciocalteau assay results 

supported the Somers total phenolics results.  

 

Table 5-4: Spectral analyses of total phenolics and SO2 resistant pigments for 2004 
Pinot noir a 

  CS CSP C PS1 PS3 

Total phenolics 
(Somers) (a.u.) 18.3 ± 0.6 a 18.0 ± 0.6 a 16.1 ± 0.1 a 18.9 ± 1.4 a 25.6 ± 0.4 b

Total phenolics 
(Folin-Ciocalteau) 

mg/L GAE 921.6 ± 84.9 a 892.5 ± 74.4 a 853.6 ± 43.8 a 1171.3 ± 90.8 a 1459.2 ± 63.6 b

Estimate of the 
concentration of 

SO2 resistant 
pigments (a.u.) 0.64 ± 0.03 a 0.63 ± 0.02 a 0.62 ± 0.02 a 0.63 ± 0.02 a 0.55 ± 0.01 a

a Wines were analysed at 40 months post-crush. Values reported are the mean and standard 

error for the 3 replicates in each treatment. Different letters indicate significant differences 

between treatment means using Tukey’s method of simultaneous pair-wise comparisons 

with 95% confidence intervals. Total phenolics (Somers) and the estimate of SO2 resistant 

pigments are expressed as absorbance units (a.u.), total phenolics (Folin-Ciocalteau) are 

expressed as mg/L gallic acid equivalents (GAE). 

 

5.3.2.2 CIE L*a*b* colour measurements 

At 3 years post-crush (after spending 30.5 months in the bottle), when measured at natural 

wine pH, the PS3 wines were significantly lighter in colour (L*) compared to all the other 

treatments. When wines were adjusted to the same pH the PS3 treatment was significantly 

lighter compared to CS and CSP. When wines were modified for both pH and SO2, the 

differences between treatments narrowed further. The PS1 and PS3 treatments were also 

significantly less red (a*) compared to both the CS and CSP treatments when modified. 

Under natural wine conditions the PS1 treatment was less red than the CSP treatment, with 

the PS3 treatment being significantly less red than all the other treatments. Results are 

shown in Table 5-5. 
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Table 5-5: CIE L*a*b* colour measurements for 2004 Pinot noir a 

  CS CSP C PS1 PS3 
L* at wine pH 47.5 ± 0.7 a 47.0 ± 0.6 a 48.8 ± 1.1 a 49.6 ± 0.7 a 53.8 ± 0.4 b 
L* at pH 3.60 45.7 ± 1.2 a 45.8 ± 0.4 a 47.2 ± 1.6 ab 46.2 ± 1.0 ab 50.8 ± 0.4 b 

L* modified 42.2 ± 0.2 ab 40.8 ± 0.4 a 42.6 ± 0.7 ab 43.7 ± 0.7 b 45.0 ± 0.9 b 
a* at wine pH 44.1 ± 0.4 ab 46.4 ± 0.6 a 44.5 ± 0.6 ab 42.0 ± 0.6 b 39.3 ± 0.6 c 
a* at pH 3.60 43.0 ± 0.5 ab 44.7 ± 0.3 a 42.9 ± 0.6 ab 41.2 ± 0.7 bc 40.0 ± 0.7 c 

a* modified 50.4 ± 0.1 a 51.0 ± 0.2 a 49.6 ± 0.5 ab 48.2 ± 0.6 b 47.8 ± 0.6 b 
b* at wine pH 28.7 ± 0.4 ab 26.4 ± 0.6 a 26.8 ± 1.0 a 29.7 ± 0.2 b 27.6 ± 0.7 ab
b* at pH 3.60 29.2 ± 0.3 a 27.1 ± 0.7 a 27.6 ± 0.9 a 29.5 ± 0.2 a 27.6 ± 0.5 a  

b* modified 29.3 ± 0.6 a 29.5 ± 0.2 a 29.8 ± 0.6 a 30.2 ± 0.3 a 29.5 ± 0.3 a  
C* at wine pH 52.6 ± 0.3 a 53.3 ± 0.2 a 51.9 ± 1.0 a 51.4 ± 0.6 a 48.0 ± 0.3 b 
C* at pH 3.60 51.9 ± 0.3 a 52.3 ± 0.1 a 51.0 ± 1.0 ab 50.7 ± 0.7 ab 48.6 ± 0.3 b 

C* modified 58.2 ± 0.4 ab 59.0 ± 0.3 a 57.8 ± 0.5 ab 56.9 ± 0.6 ab 56.2 ± 0.6 b 
hº at wine pH 1.32 ± 0.03 ac 1.57 ± 0.07 b 1.46 ± 0.04 ab 1.17 ± 0.02 c 1.18 ± 0.06 c 
hº at pH 3.60 1.24 ± 0.03 ab 1.44 ± 0.06 a 1.34 ± 0.04 ab 1.15 ± 0.02 b 1.21 ± 0.06 b 

hº modified 1.52 ± 0.03 ab 1.53 ± 0.01 a 1.46 ± 0.05 ab 1.38 ± 0.02 b 1.41 ± 0.01 ab
a Wines were analysed at 36 months post-crush. Values reported are the mean and standard 

error for the 3 replicates in each treatment. Different letters indicate significant differences 

between treatment means using Tukey’s method of simultaneous pair-wise comparisons 

with 95% confidence intervals. Values are for wine measured at wine pH, at pH adjusted to 

3.60, and for wine pH adjusted to 3.60 with the addition of acetaldehyde to remove any 

SO2 bleaching effects (modified). 

 

 

The PS3 treatment also had lower Chroma (C*) values compared to the other treatments 

under natural wine conditions. When modified, PS3 was significantly lower in Chroma 

compared to CSP. The CS, CSP, Control and PS1 treatments were not significantly 

different in Chroma.  

 

Under natural wine conditions, the CSP treatment had a significantly higher hue angle (hº) 

compared to the other treatments (except for the Control treatment). For most parameters, 

consistent trends were observed between treatments regardless of pH and SO2 levels, 

thereby suggesting that the maceration treatments were indeed responsible. 

 

Delta E values (data not shown) indicated that all Pinot noir wine treatments under all 

conditions measured (modified or un-modified, with perhaps the exception of Control and 

CS wines where ΔE = 1 at natural pH) could likely be differentiated by a human based on 

colour, since all comparisons had a ΔE > 1.  The largest difference in Delta E values under 

natural wine conditions and under pH and SO2 adjusted conditions was between the CSP 
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and PS3 treatments (ΔE = 9.9), followed closely by the CS and PS3 treatments (ΔE = 8.0). 

The largest difference at wine pH 3.60 was between the CSP and PS1 treatments  

(ΔE = 6.2). 

 

5.3.3 Reversed-phase HPLC and MCPT assay  

5.3.3.1 RP-HPLC analysis of wine 

Wines were analysed for anthocyanins, pigmented polymers, (+)-catechin, (−)-epicatechin 

and tannin at various time points post-bottling. The results are presented in Table 5-6. 

After approximately 30.5 months post crush (25 months post-bottling), no delphinidin-3- 

or cyanidin-3-glucoside was detected in the wines. Petunidin-3- and peonidin-3-glucoside 

was present in most wines at a concentration of around 1 mg/L. Concentrations of 

malvidin-3-glucoside were somewhat higher than this (18-21 mg/L). There was no 

significant difference between treatments for any of the monoglucosides measured that 

would impact wine colour. There were no significant differences in the pigmented polymer 

concentration between treatments. Wines were analysed again for anthocyanins and 

pigmented polymers (according to Method 2) at 35.5 months post-crush (30 months  

post-bottling, data not shown). Results were consistent with those presented in Table 5-6.  

 

At 27.5 months post-crush (22 months post-bottling), there  was no difference between 

treatments for tannin when measured by RP-HPLC. However, (+)-catechin and  

(−)-epicatechin concentrations were significantly higher in the PS1 and PS3 treatments 

compared to the other treatments. Both flavan-3-ols were significantly higher in 

concentration in the PS1 treatment compared to the PS3 treatment. At the next 

measurement date (40.5 months post-crush), (+)-catechin and (−)-epicatechin 

concentrations were again higher in the PS1 and PS3 treatments compared to the other 

treatments; at this time, concentrations of both flavan-3-ols were significantly higher in the 

PS3 treatment compared to the PS1 treatment.   

 

In comparison to results at 27.5 months post-crush, at 40.5 months post-crush (35 months 

post-bottling), the PS3 treatment had a significantly lower tannin concentration than the CS 

and CSP treatments.  
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Table 5-6: RP-HPLC analysis of anthocyanins, (+)-catechin, (−)-epicatechin, 
pigmented polymers and tannin in the 2004 Pinot noir wines samples at selected time 
points after bottling a 

    CS CSP C PS1 PS3 
Petunidin-3-

glucoside + 0.7 ± 0.1 a 0.7 ± 0.1 a 0.7 ± 0.1 a 0.6 ± 0.0 a 0.4 ± 0.2 a

Peonidin-3-
glucoside + 0.7 ± 0.1 a 0.9 ± 0.1 a 0.8 ± 0.1 a 0.5 ± 0.0 a 0.2 ± 0.2 b

Malvidin-3-
glucoside + 18.6 ± 2.3 a 20.6 ± 1.6 a 20.0 ± 2.0 a 18.2 ± 0.4 a 19.8 ± 1.8 a

Total 
anthocyanins + 20.1 ± 2.4 a 22.1 ± 1.8 a 21.5 ± 2.2 a 19.3 ± 0.4 a 20.4 ± 2.2 a

Pigmented 
polymers + 14.1 ± 0.0 a 14.6 ± 0.3 a 14.2 ± 0.2 a 13.7 ± 0.1 a 13.9 ± 0.2 a

(+)-catechin † 14.6 ± 0.6 a 15.9 ± 0.6 a 10.8 ± 0.6 a 80.8 ± 2.8 b 38.4 ± 3.2 c

(−)-epicatechin † 8.0 ± 0.2 a 8.3 ± 0.5 a 5.5 ± 0.4 a 54.7 ± 1.3 b 23.6 ± 1.9 c

Tannin † 1214.0 ± 107.4 a 1333.7 ± 115.3 a 1117.0 ± 114.4a 1329.0 ± 114.4 a 1216.6 ± 112.7 a

Total 
anthocyanin: 

Tannin  0.02 ± 0.00 a 0.02 ± 0.00 a 0.02 ± 0.00 a 0.01 ± 0.00 a 0.02 ± 0.00 a

                  

(+)-catechin ‡ 35.4 ± 0.5 a 35.8 ± 0.6 a 32.1 ± 0.3 a 53.6 ± 2.2 b 87.0 ± 2.6 c

(−)-epicatechin ‡ 53.7 ± 0.3 a 54.0 ± 0.6 a 50.8 ± 0.3 a 74.8 ± 0.8 b 109.6 ± 1.7 c

Tannin ‡ 375.2 ± 7.8 a 374.9 ± 3.8 a 356.6 ± 9.0 ab 354.0 ± 3.8 ab 340.9 ± 5.8 b
a Wines were analysed at + 30.5 months post-crush, † 27.5 months post-crush, ‡ 40.5 

months post-crush. Values reported are the mean and standard error for the 3 replicates in 

each treatment. Different letters indicate significant differences between treatment means 

using Tukey’s method of simultaneous pair-wise comparisons with 95% confidence 

intervals. The anthocyanins and pigmented polymers are expressed in malvidin-3-

glucoside equivalents (mg/L) and were analysed using Method 1. Tannin is expressed in 

(−)-epicatechin equivalents (mg/L). Total anthocyanin:Tannin is the ratio of the sum of all 

anthocyanins to tannin. 

 

5.3.3.2 MCPT assay 

At 35.5 months post-crush (30 months post-bottling), the PS3 treatment had a higher 

tannin concentration than the CS, CSP and Control treatments (Figure 5-1). The PS1 

treatment’s tannin concentration was significantly higher than the Control treatment. 
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MCPT tannin values were 191, 210, 175, 256 and 315 mg/L (−)-epicatechin equivalents 

for CS, CSP, Control, PS1 and PS3 treatments respectively. 
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Figure 5-1: MCPT assay results for Pinot noir analysed at 35.5 months post-crush a  
a Tannin is expressed in (−)-epicatechin equivalents (mg/L). Differences between 

treatments are shown by different letters (P<0.05). 

 

 

Wines were analysed by MCPT assay again at 40.5 months post-crush (35 months  

post-bottling, data not shown). While there were fewer significant differences between 

treatments at this sample date, the PS3 treatment had a significantly higher tannin 

concentration compared to the Control treatment.  

 
5.3.4 Sensory analysis 

5.3.4.1 Triangle tests 

A statistically significant number of panellists identified that Control replicate 2 was 

different from replicates 1 and 3 and this replicate was therefore not used further  

(Table 5-7). Similarly, CSP replicate 3 was different to replicates 1 and 2 and this replicate 

was therefore not used further. 
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Table 5-7: Triangle test results for comparisons between Pinot noir replicates 

Replicate 
comparisons 

Number of correct 
responses required for 
statistical significance 

Number of correct 
responses obtained 

CSP 1 and 2 14 9 
CSP 2 and 3 14 16 
CSP 1 and 3 14 14 

Control 1 and 2 18 22 
Control 2 and 3 18 21 
Control 1 and 3 18 12 

PS3 1 and 2 14 13 
PS3 2 and 3 14 11 
PS3 1 and 3 14 10 

 

 

When asked to make treatment comparisons, a statistically significant (P<0.05) number of 

panellists identified that there was a difference in appearance between all treatments  

(Table 5-8). 

 

Table 5-8: Triangle test results for comparisons between Pinot noir treatments 

Treatment comparisons CSP and Control CSP and PS3 Control and PS3 
Number of correct responses 

required for statistical significance 
27 27 27 

Number of correct responses 
obtained 

33 44 39 

 

5.3.4.2 Descriptive analysis 

Table 5-9 lists all of the attributes examined by the DA panel for Pinot noir and shows the 

F values for the mixed model ANOVAs. Mean intensity ratings for each attribute are 

displayed in Figure 5-2. For Pinot noir, colour was significantly different between all 

treatments (Figure 5-2). The PS3 wines were browner and less red than the Control and 

CSP wines (P<0.01 and P<0.001 respectively). The Control wines were more brown and 

less red than the CSP wines (P<0.05). The PS3 wines were perceived as more bitter than 

the Control wines (P <0.05). Although Table 5-9 shows that Pinot noir wines were 

significantly different in rim transparency, these differences were only between several 

replicates, rather than between treatments. As mentioned in Chapter 3, for DA, judges 

typically are a source of significant variation.  
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Table 5-9: Analyses of variance ratings for sensory attributes of Pinot noir wines 

 F values  
Attribute Wine treatments 

(W) 
Judges (J) Interaction WxJ LSD 

Pinot noir (n = 9)     
colour 2.10 a 23.81 c 1.11 0.56 
transparent rim 3.25 b 230.03 c 0.68 0.33 
dark fruit aroma 0.51 13.82 c 0.72  
bacon aroma 0.37 17.43 c 0.90  
olive aroma 0.85 27.67 c 1.00  
pepper aroma 1.86 21.73 c 0.68  
rhubarb aroma 0.81 50.59 c 0.53  
chocolate flavour 1.11 21.66 c 0.91  
fresh berry flavour 1.67 19.33 c 0.72  
cardboard flavour 1.75 75.39 c 1.11  
bitterness 2.19 a 32.60 c 0.64 0.59 
acid 0.73 17.74 c 0.98  
astringency 0.98  5.00 c 0.54 

 
 

a significant at P<0.05, b significant at P<0.01, c significant at P<0.001 
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Figure 5-2:  Polar coordinate (spider plot) graph of the mean intensity rating of 
sensory attributes for Pinot noir wines (C = colour, A = aroma, F = flavour, T= taste, 
MF = mouthfeel) 

 

 

The correlation matrix generated from the mean ratings of each wine replicate across the 

list of attributes was analysed by PCA. The first PC explained 49.7% of the variance in the 

data for the 9 Pinot noir wines (Figure 5-3). The first PC contrasted wines mainly on the 
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basis of colour and bitterness. Pinot noir wines more brown than red in hue and more bitter 

were separated from the other wines. The second PC explained 20.5% of the variance in 

the data. However, Eigenvalues for both the first and second PC are <1, which means the 

variance in the data is only partly described by the 2 axes. 

 

Figure 5-3: Principal component analysis of the mean ratings of the 13 Pinot noir 
wine sensory attributes (C = colour, A = aroma, F = flavour, T= taste, MF = 
mouthfeel) 

 

5.4 Discussion 
5.4.1 Red wine colour and phenolic spectroscopic measures 

Wine colour and other phenolic parameters were estimated by spectrophotometer, allowing 

changes in the Pinot noir wines’ colour and phenolic content since Mazza’s study (2005) to 

be to be monitored. Continued analysis enabled investigation of the effects of EM regimes 

for wines at a ‘commercially relevant’ age. 

 

The spectrophotometric results for colour are in support of other studies that have shown 

that WCD decreased, WCH increased and total phenolics increased with increasing time 

on skins  (Auw et al. 1996, Scudamore-Smith et al. 1990, Watson et al. 1997, Yokotsuka 

et al. 1999). Pinot noir and Grenache wines were visibly much lighter in colour compared 
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to the Shiraz wines which is reflected in the much lower WCD results of these varietals 

(even if A620 data is excluded from the Shiraz WCD calculation).  

 

The effects of EM on the PS3 treatment wine, which had 2 more weeks on skins  

post-fermentation, were more pronounced for modified degree of red pigment colouration, 

lightness and Chroma compared to the PS1 treatment. The PS3 treatment was significantly 

lower for the latter two parameters and higher in the former compared to the other wines. 

The results are similar to those when wines were analysed by Mazza (2005) at 146 days 

(almost 5 months) post-crush. For example, Mazza found the PS3 treatment had a 

significantly lower Chroma than the other treatments except for PS1 (see Chapter 1 section 

1.4.4). 

 

At about 5 months post-crush, the PS1 treatment had a lower hue angle than the CSP 

treatment but the hue angle of each of these was not different to the hue angle of other 

treatments. In contrast, results of analyses conducted 31 months later show that both  

post-fermentation EM treatments had a lower hue angle than the CSP and Control 

treatments. Thus, during the time in bottle between analyses, the hue angle of the PS3 

treatment decreased in relation to the CSP and Control treatments and the hue angle of the 

PS1 treatment decreased in relation to the Control treatment. Wine colour hue and hue 

angle are inversely correlated. Thus, over time, the wine colour hue of the PS1 and PS3 

treatments increased in relation to those treatments. A shift in wine hue towards browner 

colours and a decrease in colour density (and Chroma) are characteristic for maturing wine 

(Somers and Verette 1988). Post-fermentation EM accelerated the rate of this colour 

change relative to the other treatments.  

 

At 36 months post-crush, the higher total phenolics in the PS3 treatment compared to the 

other treatments may be partly due to greater extraction of grape-derived tannin and 

flavan-3-ols in this treatment during winemaking (Mazza 2005). While tannins and  

flavan-3-ols are generally not coloured because they do not possess the fully conjugated 

aromatic systems of anthocyanins, they can undergo direct condensation reactions to 

generate yellow coloured xanthylium salts with a characteristic maximum in the visible 

region at 440 nm (Jurd and Somers 1970), which is close to one of the absorbances used to 

measure wine colour hue (WCH = A420 nm/ A520 nm, the ratio of yellow/brown to red 

pigments). Vidal et al. (2002) demonstrated in model wine that an excess of  

(−)-epicatechin decreased the mean degree of tannin polymerisation to yield the 
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xanthylium cation (Somers 1971). The PS1 and PS3 treatments had the highest 

concentration of (−)-epicatechin of all treatments. The higher (−)-epicatechin concentration 

in these treatments may have favoured the formation of xanthylium pigments, which would 

help to explain the higher wine colour hue in the PS1 and PS3 wines compared to the other 

treatments at 36 months post-crush. Red wine oxidation can also lead to wine browning  

(Li et al. 2008). However, there was no significant difference in acetaldehyde 

concentration between treatments when measured by enzymatic assay (refer to section 

5.3.1). The variable acetaldehyde concentrations measured within replicate Pinot noir 

treatments may have prevented a significant difference between treatments from being 

measured. However, Yokotsuka and co-workers (1999) also found no difference in 

oxidative browning in Merlot wines subject to different lengths of maceration up to  

64 days. Although there was no difference in free SO2 concentration between the wines 

pre-bottling (Mazza 2005), if SO2 concentration was measured as part of the current study, 

this may have provided further indication of their susceptibility to oxidation.  

  

The plunging of the CSP wines appears to have significantly affected extraction when the 

pre- and post-fermentation EM treatments are compared to each other. The increased 

mixing as a result of plunging may have maintained a more favourable extraction gradient 

between the solid parts of the marc and the wine (Singleton and Draper 1964) allowing a 

greater extraction of anthocyanins. However Mazza has shown that at 5 months post-crush 

there was no significant difference in total anthocyanin concentration between treatments 

(Mazza 2005). Anthocyanin-derived pigments, such as vitisins, are more resistant than 

anthocyanins to sulphur dioxide bleaching and they express deeper colours than other 

pigments (Bakker et al. 1997, Bakker and Timberlake 1997, Fulcrand et al. 1998). Beer  

et al. (2006) have demonstrated that pre-fermentation maceration at 15°C increases wine 

vitisin A content. Thus, in the Pinot noir CSP wines, a greater proportion of the 

anthocyanins present may have undergone reactions with fermentation products such as 

acetaldehyde and pyruvic acid to form vitisin type structures such as vitisins A and B  

(Lee et al. 2004). This would have led to a more stable wine colour with the ability to 

persist over time and may help explain the higher WCD of the CSP wine compared to the 

PS3 wines prior to bottling (Mazza 2005) and several years later. Although no 

investigation was made into the presence or concentration of vitisin type pigments in the 

wine treatments, this could have been done using HPLC/electrospray ionisation–mass 

spectrometry as described by Morata et al. (2007). As mentioned, future work would 

benefit from such analysis of vitisin type wine pigments. 
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Total red pigment (AHCl
520) is a measure of the absorbance of wine under acidified 

conditions at 520 nm. Acidification converts the anthocyanins present to the flavylium 

cation form. This gives an indication of all the red pigments and potentially red pigments 

present in the wine (including uncombined free anthocyanins, oligomers such as vitisins A 

and B, and pigmented polymers), not all of which are red at normal wine pH. The degree 

of red pigment colouration is the percentage of the total red pigments that are red at natural 

wine pH and SO2 conditions [(A520/AHCl
520)*100]. While the post-fermentation EM 

treatments had a higher degree of red pigment colouration compared to the other 

treatments they were less red (a*) as determined by CIE L*a*b* than the CS and CSP 

wines. The cold soaked wines had a higher total red pigment value compared to the PS1 

and PS3 treatment but not compared to the Control wines. These results support Okubo 

and co-workers’ findings (Okubo et al. 2003). The lower concentration of total red 

pigment in the post-fermentation EM treatments may have increased the ratio of wine 

pigments that are red at natural conditions to total red pigments. This would explain the 

higher degree of red pigment colouration in the PS1 and PS3 wines compared to the cold 

soaked wines. Unfortunately, no comparisons of total phenolics or other colour parameters, 

described by Iland et al. (2004a, p88-91) and developed by Somers and Evans (Somers and 

Evans 1974, Somers and Evans 1977), nor comparisons in the position of colour between 

yellow and blue (b*), and red and green (a*) can be made between this study’s findings 

and Mazza’s (2005). These parameters were not measured in the latter study. 

 

According to CIE L*a*b* Delta E results at 5 months post-crush, the largest difference in 

colour between 2 treatments was between the CSP and PS3 treatments. Results of this 

study show that 31 months later, this was still the case. The CSP treatment was more 

different to the PS3 treatment (Delta E value was greater) than the CS treatment was to the 

PS3 treatment. The latter two treatments were also more similar for yellowness, WCD and 

hue angle than the former pair of treatments. The correlation between Mazza’s (2005) 

results and this study’s shows that post-fermentation maceration consequences for wine 

phenolic composition and colour persist during maturation and aging. These studies have 

also shown that EM effects can be measured and quantified very early on in the wine’s life. 

Future analysis of the young Shiraz wines (discussed in Chapter 4) will help to verify this. 

 

There was no significant difference in the concentration of SO2 resistant pigments between 

treatments, suggesting the cold soaked treatments did not have a greater concentration of 

pigmented polymers compared to the other treatments. These results are consistent with 
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Mazza’s (2005) findings at 5 months post-crush, which show the CS, CSP, Control and 

PS1 treatments had similar concentrations of RP-HPLC measured pigmented polymers.  

 

Thus, results show that Pinot noir wine made with a period of cold soaking and plunging 

prior to inoculation and fermentation was different in colour compared to wine made with 

3 weeks post-fermentation EM. Specifically the former wine was redder, darker in colour, 

and had a higher Chroma and hue angle than the latter wine. The differences in Chroma 

and hue angle have been consistent throughout the life of the wine (Mazza 2005). In 

contrast, there was little difference between Control and cold soaked treatments for most 

parameters. Mazza also found this to be the case for these wines when analysed 

immediately after fermentation and during the following 5 months (Mazza 2005). Results 

such as those for degree of red pigment colouration, total red pigments, lightness (L*) and 

Chroma support previous studies that have suggested cold soaking has no effect on wine 

colour compared to a conventional fermentation (Budic-Leto et al. 2003, Heatherbell et al. 

1996, Peyrot des Gachons and Kennedy 2003, Watson et al. 1997). 

 

5.4.2 Reversed-phase HPLC, MCPT assay and sensory 

analysis 

Pinot noir wines were analysed by RP-HPLC, the MCPT assay and sensorially to study the 

effect of EM treatments when measured on wine that had been stored for a significant 

period of maturation.  

 

Mazza showed that by 5 months post-crush there was no significant difference in the total 

anthocyanin concentration between treatments. At this time, cyanidin-3-, delphinidin-3-, 

petunidin-3- and peonidin-3-glucoside concentrations in the Pinot noir wines had already 

decreased to a point where these anthocyanins composed only a few percent of the total 

anthocyanins present. After 2 years in the bottle, there was still no significant difference in 

total anthocyanin concentration between treatments. Therefore, EM treatments did not 

significantly affect wine anthocyanin levels.  

 

During wine aging the concentration of pigmented polymers is reported to increase 

(Zimman and Waterhouse 2004). Mazza (2005) reported that pigmented polymer 

formation occurred during alcoholic fermentation. However, values for pigmented polymer 

concentrations in the wine treatments at bottling are not provided. It is therefore impossible 

to determine whether pigmented polymer concentrations continued to increase in the wine 
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treatments over the 2 years of bottle ageing. At 5 months post-crush, the PS3 had a 

significantly lower pigmented polymer concentration compared to the other treatments 

(Mazza 2005). Results of the current study suggest that this difference did not persist.  

 

At 5 months post-crush Mazza (2005) showed the PS1 and PS3 treatments had the highest 

(+)-catechin and (−)-epicatechin concentrations of all the treatments. At this time, the 

concentration of these flavan-3-ols in the PS1 treatment was about twice that of the 

Control, CS and CSP treatments. Additionally, the concentration of these flavan-3-ols in 

the PS3 treatment was approximately double that of the PS1 treatment. At 40.5 months 

post-crush, the concentration of these flavan-3-ols in the PS3 treatment was about twice 

that of the Control, CS and CSP treatments. For PS1, the concentration of these  

flavan-3-ols was approximately 1.5 times that of the Control, CS and CSP treatments. The 

only exception to this trend was for the (+)-catechin and (−)-epicatechin results at  

27.5 months post-crush when the PS1 treatment had a higher concentration of these  

flavan-3-ols than the PS3 treatment.  

 

As for Grenache and Shiraz, the Pinot noir MCPT results and RP-HPLC results for  

(+)-catechin and (−)-epicatechin support other studies that show that tannin and flavan-3-ol 

concentration increases with maceration time (Auw et al. 1996, Singleton and Draper 

1964). In contrast, the RP-HPLC tannin results do not support these findings. Thus, while 

Reversed-Phase HPLC analysis provided accurate monomer information, it is likely that 

the previously mentioned drawbacks of RP-HPLC analysis of polymeric phenolics have 

reduced the reliability of the Pinot noir tannin and pigmented polymer results.  

 

(+)-Catechin and (−)-epicatechin have been correlated with bitterness and astringency 

(Kallithraka et al. 2001, Kielhorn and Thorngate 1999). Arnold and co-workers (1980) 

have shown (+)-catechin to be more bitter and less astringent than tannins. Robichaud and 

Noble (1990) have shown that bitterness and astringency in wine increases as the 

concentration of phenolics increases. Furthermore, the concentration of wine tannin 

measured by the MCPT assay has been shown to correlate with perceived wine astringency 

(Seddon and Downey 2008, Mercurio and Smith 2008). Canals et al. (2008), studied how 

the elimination and addition of seeds influenced colour, phenolic composition and 

astringency of red wine. They found that the addition of seeds resulted in wines with 

higher concentrations of tannins, a lower mDP, and an increase in astringency, while the 

elimination of seeds had the opposite effect. In her Honours project, Kelly Wellington 
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conducted a DA on the mouthfeel of the 2007 Shiraz wine treatments (Wellington 2007). 

Wellington’s trained panel determined the PS3 Shiraz wines had a significantly higher 

level of ‘complexing’ astringency than the Control and CS wines (P<0.05). Findings from 

the current study show that these Shiraz PS3 treatment wines also had a higher tannin 

concentration as measured by the MCPT assay compared to the other treatments albeit not 

statistically so compared to the Control treatment. Based on these results and the findings 

of Canals et al. (2008), it may be suggested that increased maceration time increased the 

extraction of astringent phenolics from the grape seeds in addition to those extracted from 

the skin.  

 

Even though MCP tannin has been shown to correlate with perceived astringency (Seddon 

and Downey 2008, Mercurio and Smith 2008), and the Pinot noir PS3 treatment had a 

significantly higher concentration of tannin compared to the Control and cold soaked 

treatments, the Pinot noir DA did not show differences in perceived astringency between 

treatments. The same result applied to the Grenache wines. Perhaps for Pinot Noir and 

Grenache, the tannin concentration differences between treatments were not enough to 

alter their perceived astringency (Landon et al. 2008). This may have also been the case for 

the Shiraz wines and the reason why the PS3 wines were perceived as having a greater 

‘complexing’ astringency (Wellington 2007) might have been a combination of two other 

factors. Firstly, compared to the other varietals there was a larger difference in the 

concentration of (−)-epicatechin between the Shiraz PS3 wines and the other treatment 

wines (Table 4-7). The difference in (−)-epicatechin concentration between the PS3 

treatment wines and the other wines for Grenache and Pinot noir was not so great  

(Tables 3-7 and 5-6) and therefore may not have been enough to change the astringency 

perception of the PS3 treatment wines. Secondly, and more likely, Wellington’s (2007) DA 

panel was trained specifically in astringency perception. The Shiraz DA panel may have 

been more sensitive to, and therfore more likely than the Pinot noir and Grenache DA 

panels to detect astringency differences between treatments. Furthermore, Pinot noir and 

Grenache DA panellists may not have been provided with sufficient time between samples 

to rest their palate, resulting in impaired astringency perception. 

 

While the results of the Pinot noir DA did not show differences in astringency between 

treatments, results did show differences between the wine treatments for bitterness. The 

DA determined the PS3 wines were more bitter than the Control wines. The RP-HPLC 

results for (+)-catechin and (−)-epicatechin showed that the concentration of these bitter 
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flavan-3-ols was significantly higher in the PS3 treatment compared to the Control 

treatment (which had the lowest concentration of all treatments for these compounds). (If 

Wellington’s (2007) DA had measured bitterness as well as astringency, it is likely the 

Shiraz PS3 wines would have also been perceived as more bitter.) The concentration of  

(+)-catechin and (−)-epicatechin in the Grenache PS3 treatment was also significantly 

higher compared to the other Greanche treatments. Oddly however, the Grenache PS3 wine 

was not perceived by panellists as being significantly more bitter. This was despite  

flavan-3-ol concentrations being comparable between the Grenache and Pinot noir EM and 

Control treatments. In the Grenache DA the panellists sensory perception may not have 

been sensitive enough to detect any differences in bitterness between the wines. The 

potential need for more panellist training in the Grenache DA is supported by the result 

that rim transparency differed significantly between treatment replicates. Despite the 

various limiations of the descriptive analyses conducted, Pinot noir data does support what 

many winemakers believe; that post-fermentation EM affects (increases) wine bitterness. 

Sixty-four percent of winemakers who replied to the survey (presented in Chapter 2) 

reported they belive that post-fermentation EM affects wine bitterness. 

 

The DA results support the triangle test results for colour differences between treatments. 

Both the triangle tests and the DA determined that there was a significant difference in 

colour between CSP, Control and PS3 Pinot noir wines after 28 months in bottle. 

Descriptive analysis results support the spectral analyses results that showed the PS3 wines 

had a significantly different wine colour hue than the Control and CSP treatments. The DA 

results that the Control wines were browner and less red than the CSP wines are supported 

by the CIEL*a*b* Delta E findings that indicated all the Pinot noir wines could be 

differentiated based on colour. Colour differences between treatments persisted as the 

wines matured in the bottle. 

 

As was common for Grenache and Shiraz results, generally, Pinot noir cold soaked 

treatments were not different to the Control treatment for the parameters measured. The 

effects of post-fermentation EM manifested themselves in the commercially mature Pinot 

noir wines in a different phenolic profile. Post-fermentation EM wines had increased 

concentrations of the flavan-3-ols, increased tannin concentrations, modified mouthfeel 

and decreased colour intensity compared to the other wine treatments. As for Shiraz, 

pigment retention in the marc post-fermentation may have contributed to this colour 

outcome. Results of this study, together with evidence from other studies (Auw et al. 1996, 
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Sipiora and Granda 1998), also show there is a difference in the extraction of grape derived 

phenolics into the wine between 1-week and 3-week post-fermentation treatments. 

Winemakers can therefore influence the desired balance between the extraction of wine 

phenolics and economic considerations by varying the duration of maceration  

post-fermentation. 

 

Even from an early age, post-fermentation EM wines had increased concentrations of  

(+)-catechin and (−)-epicatechin compared to the other wine treatments. This fact, and the 

ease of flavan-3-ol analysis, indicates flavan-3-ol concentrations in young wines could be 

suitable markers to predict the future effect of EM on a wine’s phenolic properties. 
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Chapter 6 - Major discussion, conclusions and future 

perspectives 
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6.1 Introduction 
A number of studies have shown that as wine spends longer on skins in an alcoholic 

medium, the extraction of grape-derived phenolics including tannins and flavan-3-ols 

increases (Sipiora and Granda 1998, Gonzalez-Manzano et al. 2004, Auw et al. 1996, 

Yokotsuka et al. 1999, Kelebek et al. 2006, Ricardo-da-Silva et al. 1993, Zitzlaff 1989, 

Singleton and Draper 1964, Budic-Leto et al, 2003, Kovac et al. 1992, Oszmanski et al. 

1986, Scudamore-Smith et al. 1990, Krantz and Singleton 1999). Other consequences for 

wine colour and phenolic parameters in relation to extending the period of maceration 

during winemaking are less well understood.  

 

The literature is divided as to whether or not maceration pre-fermentation increases the 

extraction of grape-derived anthocyanins and tannin, and whether this EM regime is 

beneficial or detrimental to wine colour expression. For example, results of studies by 

Budic-Leto et al. (2003), Watson et al. (1997) and des Gaschons and Kennedy (2003) 

show that pre-fermentation maceration does not increase wine anthocyanin, tannin or total 

phenolic concentration. In contrast, Fulcrand et al. (2004), Cheynier et al. (1997a) and 

Alvarez et al. (2006) have shown that pre-fermentation maceration does increase the 

extraction of both anthocyanins and tannins. Few studies have investigated the 

consequences of pre-fermentation maceration for levels or formation of pigmented 

polymers, and those that have are in disagreement.  For example, Koyama and co-workers 

(2007) found that pre-fermentation maceration (must held between 10-15°C for 3 days) 

significantly decreased the rate of pigmented polymer formation compared to a control 

wine. In contrast, Alvarez et al. (2006) found that pre-fermentation maceration (must held 

between 4-8°C for 4 or 8 days) increased the concentration of polymeric pigments 

compared to control wines. 

 

Generally, it is accepted that post-fermentation EM increases total phenolic concentration, 

due to the wine spending longer on skins in an alcoholic medium. Post-fermentation EM 

has also been shown to increase wine astringency (Scudamore-Smith et al. 1990,  

Gomez-Plaza et al. 2002) as a result of increasing proanthocyanidin extraction. Both 

Fulcrand et al. (2004) and Cheynier et al. (1997a) found that post-fermentation EM 

increases tannin extraction more than anthocyanin extraction. Furthermore,  

post-fermentation EM has been shown to reduce wine colour intensity (Bautista-Ortin  

et al. 2004, Gomez-Plaza et al. 2001, Sipiora and Granda 1998).  
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While the consequences for post-fermentation EM are more consistent across studies than 

for pre-fermentation, few studies of either EM regime have attempted to determine the 

reasons behind changes to wine parameters, especially colour changes. Furthermore, 

rigorously evaluated scientific trials, in which replication and appropriate experimental 

design have been fully considered, are notably absent. Consequently, winemakers seeking 

to use EM have few objective studies on which to base their decisions. The results of the 

current study have advanced the field of EM research and addressed deficiencies in the 

currently available research by conducting a rigorous analysis of the consequences of EM 

for wine colour and phenolic composition.  

 

This investigation was carried out on Grenache, Shiraz and Pinot noir experimental wines 

made in replicated 50 kg lots. Three-day cold soak treatments with or without plunging, 

control treatments, and post-fermentation EM treatments lasting 1 or 3 weeks were 

compared. A variety of chemical and sensory test methods were used to determine changes 

in phenolic components and organoleptic properties between treatments of all 3 varietals as 

they aged in the bottle. Among other results, it was determined whether wines made with a 

period of pre-fermentation EM had increased colour intensity, and increased 

concentrations of monomeric anthocyanins and pigmented polymers compared to wines 

made without a period of EM. It was also determined whether wines made with a period of 

post-fermentation EM had increased concentrations of the flavan-3-ols (+)-catechin and 

(−)-epicatechin, increased tannin concentrations, decreased colour intensity and modified 

mouthfeel compared to the other wine treatments. As a prelude to the small-scale 

experimental winemaking and analyses, an understanding of the extent of use and types of 

EM processes used in the Australian wine industry and, in particular, what winemakers 

believe are the consequences for red wine made using EM regimes was achieved with a 

survey. As such, findings from this study have considerable industry relevance. 

 

This Chapter presents the conclusions drawn from the results of this study. The results and 

their possible implications have been related back to the broader framework of the red 

winemaking discipline and to the red winemaking industry as a whole. Observations on the 

limitations of this study have also been made and areas for further research have been 

identified. 
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6.2 Conclusions 
6.2.1 Post-fermentation EM had the greatest effect on wine 

phenolic and organoleptic properties 

6.2.1.1 Tannin and total phenolics 

The small-scale winemaking protocol adopted resulted in good replicate data within 

treatments. With the exception of total SO2 for Grenache, measurements of pH, TA, 

reducing sugars, alcohol content, total SO2 content and L-malic acid concentration, made 

after the final racking and prior to bottling, were uniform between the Grenache treatments 

and between the Shiraz treatments. This indicates that fruit of both varietals was 

adequately randomised across all treatments prior to crush. Some difficulties were 

experienced during the making of the Shiraz wines, including the slow progression of 

MLF. Furthermore, the Shiraz wines finished with a very high salt content. During the 

making of Grenache wines, an incorrect addition of PMS to the Control treatment 

occurred. Attempts were made to overcome the impact of this error on the colour 

expression of the Control wines in subsequent analyses by adjusting their SO2 content. 

Despite these drawbacks, the small-scale wine fermentations produced enabled a 

comparison of EM treatments against each other and against a Control treatment. 

 

Results of the experimental winemaking show that for Grenache and Pinot noir,  

post-fermentation EM for 3 weeks extracted more tannin as determined by the MCPT 

assay and total phenolics (Somers, Folin-Ciocalteau) compared to the other treatments. For 

Grenache and Pinot noir respectively, the PS3 tannin concentration was about 80% higher 

than that of their Control treatments at 12.5 and 35.3 months post-crush. The tannin 

concentration was also higher in the Shiraz PS3 treatment than the other treatments, 

although not significantly so compared to the Control treatment. At 7 months post-crush 

there was only 10% more tannin in the Shiraz PS3 treatment compared to the Control. 

Furthermore, the concentration of total phenolics in the Shiraz Control treatment was not 

significantly different to the EM treatments. As outlined in Chapter 4, during post-

fermentation EM, less tannin may have been extracted into the wine from the Shiraz seeds 

compared to Grenache and Pinot noir. Adams and Scholz (2007) have shown that because 

grape seeds contain more tannin than grape skins (Souquet et al. 1996), even a small 

increase in the percentage of total seed tannin extracted into wine can significantly increase 

the wine’s total tannin concentration. Canals et al. (2008) have also demonstrated that 

increasing seed tannin extraction into wine resulted in wines with higher concentrations of 

tannins. Adams and Scholz (2007) suggest that seed tannin extraction is influenced by the 
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inherent leakiness of the seed’s parenchyma cells as well as the thick cuticle surrounding 

the seed that acts as a diffusion barrier. Thus, Shiraz seed physiology may have deterred 

tannin extraction to a greater extent during post-fermentation EM compared to the other 

varietals, resulting in a lower tannin concentration relative to the Control treatment. This 

supports findings of other studies that show prolonged maceration primarily affects the 

extraction of phenolics from the seeds  (Koyama et al. 2007, del Llaudy et al. 2008). 

Tannin comprises the greatest proportion of all the Shiraz phenolic components measured 

and presented in Table 4-7 and Figure 4-10, which may help to explain why there was no 

significant difference in total phenolics between Shiraz PS3 and Control treatments.  

 

There was disparity between the MCPT assay results and RP-HPLC results for tannin. This 

disparity has been discussed extensively in Chapter 3 in relation to Grenache results for 

tannin, however similar findings emerged for the other varietals. For example, at  

40.5 months post-crush, RP-HPLC analysis showed the Pinot noir PS3 treatment had a 

significantly lower tannin concentration than all treatments except Control and PS1. At the 

same sampling date, the MCPT assay determined the PS3 treatment to have a significantly 

higher tannin concentration compared to the Control treatment. Despite the high 

correlation reported between MCPT and HPLC-tannin measurement in wine  (Sarneckis  

et al. 2006), and the use of HPLC as a reference tool to monitor tannin removal from the 

sample matrix for the validation of the MCPT assay (Mercurio et al. 2007, Mercurio and 

Smith 2008), other studies have found no correlation between the two methods. For 

example, Seddon and Downey (2008), who analysed 38 grape skin samples by protein 

precipitation assay, MCPT assay and by HPLC-phloroglucinolysis, found no correlation 

between the tannin levels measured by these methods.  

 

Quantification of tannins is challenging due to their high reactivity, diverse range of 

structures, and formation of matrices with other phenolic molecules with similar functional 

groups (Herderich and Smith 2005). Tannin concentration results often vary depending on 

the analytical method used (Kennedy et al. 2006a). Mercurio and Smith (2008) highlight 

that the operating principles of the methods used should be considered when making direct 

comparisons between tannin concentrations quantified by different analytical methods. For 

this study, the MCPT assay was considered to be more robust and reproducible, and 

therefore more suitable than tannin analysis by RP-HPLC. Reversed-Phase HPLC analysis 

did, however, provide consistent and reproducible results for wine (+)-catechin and  

(−)-epicatechin concentrations. This is because the same drawbacks associated with the 
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quantification of polymeric material by RP-HPLC do not apply for monomeric compounds 

(Gambuti et al. 2004, Garciaviguera and Bridle 1995, Jaworski and Lee 1987, Oszmianski 

et al. 1988). 

 

6.2.1.2 Flavan-3-ols and mouthfeel 

For all varietals, at all time points post-crush, (+)-catechin and (−)-epicatechin were 

significantly higher in the post-fermentation EM treatments compared to the Control and 

cold soaked treatments. These findings are in support of studies that have shown long 

maceration times and alcoholic conditions favour the extraction of these monomers from 

grapes into the wine (Sun et al. 1999, Meyer and Hernandez 1970, Oszmianski et al. 1986, 

Singleton and Draper 1964). The trend in the Grenache and Shiraz fermentation data for 

(+)-catechin and (−)-epicatechin is similar; each show that the concentrations of both 

flavan-3-ols were the highest in the PS3 treatment from around 30 days post-crush. 

 

Post-bottling results show that for all varietals, the concentration range of (+)-catechin and 

(−)-epicatechin among the wine treatments did not change significantly between sample 

dates. For Pinot noir wines, however, there was a slight increase in the concentration range 

of these flavan-3-ols between 27.5 months post crush and 40.5 months post-crush. At 27.5 

months post-crush the concentration range of both (+)-catechin and (−)-epicatechin was  

5-80 mg/L, whereas at 40.5 months post-crush the concentration rage of both (+)-catechin 

and (−)-epicatechin was 30-110 mg/L. For the Grenache wines, there was a slight decrease 

in the concentration ranges of these flavan-3-ols between bottling [35-70 mg/L of  

(+)-catechin and 55-90 mg/L of (−)-epicatechin] and 2.5 months post-crush [10-55 mg/L of 

(+)-catechin and 7-40 mg/L of (−)-epicatechin]. These discrepancies cannot be explained 

by experimental error when generating standard curves due to the minimal variation in  

(+)-catechin and (−)-epicatechin standard curve values between sets of RP-HPLC runs. 

Flavan-3-ols are highly reactive and undergo a variety of chemical reactions during a 

wine’s life (Cheynier et al. 1997b, Bakker et al. 1998). Thus, a more probable explanation 

is that (+)-catechin and (−)-epicatechin concentrations increased as a consequence of  

acid-catalysed cleavage of proanthocyanidins (Herderich and Smith 2005), and decreased 

after undergoing reactions to form oligomers and polymers (Nagel and Wulf 1979).  

 

By 40.5 months post-crush, the Pinot noir PS3 treatment had 115% more (−)-epicatechin 

and 171% more (+)-catechin than the Control treatment. The PS1 treatment had 47% more 

(−)-epicatechin and 67% more (+)-catechin than the Control treatment. The larger 
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difference between the PS3 and Control data compared to PS1 and Control is consistent 

with the PS3 treatment extracting more (+)-catechin and (−)-epicatechin during 

vinification (Mazza 2005). At 17 months post-crush, the Shiraz PS3 also had more  

(+)-catechin relative to the Control than (−)-epicatechin (88% and 52% more respectively). 

The opposite was true for Grenache at 7 months post-crush. At this time, the Grenache PS3 

treatment had 96% more (−)-epicatechin than the Control treatment and 62% more  

(+)-catechin. Thus, while post-fermentation EM increased the extraction of both  

flavan-3-ols relative to the Control treatments, for two of the varietals studied, conditions 

during the extended time on skins were most favourable for the extraction of (+)-catechin. 

This may be a result of more extractable (+)-catechin being present in the Pinot noir and 

Shiraz grapes at harvest. Although this cannot be proven in the current study because the 

grapes at harvest were not analysed for (+)-catechin and (−)-epicatechin, other studies 

(Fuleki and Ricardo Da Silva 2008, Gambuti et al. 2004, Goldberg et al. 1998, Sakkiadi  

et al. 2001, Jensen et al. 2008) have shown that the biosynthesis of (+)-catechin and  

(−)-epicatechin in grapes, and the amount of these flavan-3-ols available for extraction is 

strongly influenced by cultivar.  

 

As discussed in Chapter 5, the Pinot noir and Grenache descriptive analyses did not show 

differences in perceived astringency between treatments. This was despite the MCP tannin 

assay having been shown to correlate with perceived astringency (Seddon and Downey 

2008, Mercurio and Smith 2008), and despite the PS3 treatment of both varietals having a 

significantly higher concentration of tannin compared to the Control and cold soaked 

treatments. Perhaps the tannin concentration differences between treatments were not 

enough to alter their perceived astringency. Holt et al. (2008), who examined the 

relationships between wine composition and sensory characters, also found that higher 

wine tannin concentrations did not result in higher perceived astringency. In hindsight, it 

would have been interesting if the current study had quantified tannin concentration by 

protein precipitation with bovine serum albumin (BSA), which has also been shown to be a 

good indicator of potential mouthfeel (Seddon and Downey 2008, Mercurio and Smith 

2008, Kennedy et al. 2006). If results from both assays correlated, this would support the 

theory that tannin concentration differences between treatments were not enough to alter 

their perceived astringency.  

 

The Pinot noir DA determined that the PS3 wines were more bitter than the Control wines. 

Perceived bitterness in wine has been shown to positively correlate with increased  
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(+)-catechin and (−)-epicatechin concentrations (Kallithraka et al. 2001, Kielhorn and 

Thorngate 1999, Peleg et al. 1999, Arnold et al. 1980, Robichaud and Noble 1990, Radeka 

et al. 2008). The DA result is consistent with the RP-HPLC results for (+)-catechin and 

(−)-epicatechin, which showed that the concentration of these bitter flavan-3-ols was 

significantly higher in the PS3 treatment compared to the Control treatment. Although 

flavan-3-ol concentrations were comparable between the Grenache and Pinot noir EM and 

Control treatments, the Grenache PS3 wine was not perceived by panellists as being 

significantly more bitter. This was attributed to panellists’ sensory perception not being 

sensitive enough to detect any differences in bitterness between the wines.  

 

6.2.1.3 Wine colour  

   Anthocyanins, pigmented polymers and SO2 resistant pigments 

For all varietals, post-bottling, there was no difference between treatments in the 

concentration of any of the 5 monoglucosides measured that would have resulted in a 

significant colour difference between treatments.  

 

There was no difference in the level of SO2 resistant pigments nor pigmented polymer 

concentration (as measured by RP-HPLC) between any Pinot noir treatments at any sample 

date. Similary for Grenache, there was no difference in these parameters between the EM 

treatments pre-bottling or when measured again at 8 months post-crush. Results were 

different for Shiraz. At 7 months post-crush RP-HPLC analysis determined the PS3 

treatment to have a significantly lower concentration of pigmented polymers compared to 

the other treatments. This data conflicts with measurements for SO2 resistant pigments that 

were conducted at the same time; results show there was no difference in this parameter 

between treatments. However, 2 months later the measurement of SO2 resistant pigments 

produced the same result as the earlier RP-HPLC analysis (PS3 < CS and Control for SO2 

resistant pigments). Interestingly, Mazza (2005) reported that at 5 months post-crush, the 

Pinot noir PS3 had a significantly lower pigmented polymer concentration compared to the 

other treatments. Results of the current study suggest that this difference did not persist 

through maturation. Thus, findings of this study for Pinot noir and Grenache suggest that 

EM does not significantly affect pigmented polymer concentrations. Some of the Shiraz 

data and earlier Pinot noir data (Mazza 2005) suggests, that for young wines,  

post-fermentation EM may result in wine with a lower concentration of pigmented 

polymers. For Shiraz, the lower concentration of pigmented polymers in the PS3 wines is 

probably because this treatment had a smaller pool of total anthocyanins available for 
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inclusion in polymeric forms (Peng et al. 2002). A possible explaination for the lower 

anthocyanin concentration in the Shiraz PS3 treatment will be discussed later in this 

section. 

 

Few studies have investigated how extended maceration affects the presence or 

concentration of wine polymeric pigments. Furthermore, findings have been shown to 

conflict. Bautista-Ortin et al. (2004) found that an extended maceration beyond 15 days 

resulted in wines with lower polymeric pigments (and reduced wine colour). In contrast,  

Gomez-Plaza et al. (2001) found that wines made with 10 days of skin maceration had 

more polymeric pigments and enhanced wine colour compared to maceration durations of 

4 and 5 days. Bautista-Ortin et al. (2004) agree that prolonged pomace contact is 

accompanied by oxidative polymerisation of anthocyanins and their complexing with other 

phenols to produce polymeric pigments. They (Bautista-Ortin et al. 2004) go on to suggest 

that polymerisation may result in the precipitation of pigments followed by a decrease in 

red colour and an increase in browning (Yokotsuka et al. 1999). Perhaps  therefore, 

maceration up to 10 days encourages polymeric pigment formation, but beyond this time 

prolonged polymerisation results in precpitation and the associated decrease in wine colour 

intensity. This could also explain why Pinot noir and Shiraz post-fermentation EM wine 

may have had a lower concentration of pigmented polymers; PS3 wines in the current 

study received 3 weeks of maceration. However, as Bautista-Ortin et al. (2004) did not 

study maceration durations shorter than 15 days this cannot be confirmed from their 

results. Thus, as a number of factors make it difficult to draw parallels between findings of 

the current study and others, it would be pertinent to confirm results of the current study 

with further red wine fermentations.  

 

For all varietals the concentration of pigmented polymers determined by RP-HPLC was 

low (13-75 mg/L in malvidin-3-glucoside equivalents). The low pigmented polymer 

concentrations suggest other coloured compounds such as the vitisins (as discussed in 

Chapter 1) may have been contributing to the colour profile of the wines (Bakker et al. 

1997, Bakker and Timberlake 1997, Fulcrand et al. 1998, Beer et al. 2006). Future studies 

investigating the consequences of EM for wine colour would benefit from analysis of a 

wider array of coloured compounds. The low concentrations and lack of significant 

difference between treatments for RP-HPLC pigmented polymers could also be influenced 

by the limiations of this method (Singleton and Trousdale 1992), as discussed in Chapter 3. 

Before firm conclusions regarding the consequences of EM for wine polymeric pigments 
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are drawn, it would be ideal to analyse wines for polymeric pigment using the protein 

precipitation spectrophotometric method of Harbertson and Adams (Adams and 

Harbertson 1999) [although, this method has been shown to have poor precision (Brooks  

et al. 2008)] and the HPLC method developed by Peng et al. (2002). The method by Peng 

et al. (2002) analyses unbleached polymeric pigments in red wines by incorporating the 

addition of SO2 to the mobile phases.  

 

Results of this study show that pre-fermentation EM did not increase the extraction of 

anthocyanins in wine to a significant extent. Findings are in agreement with  results of 

studies by Budic-Leto et al. (2003), Watson et al. (1997) and des Gaschons and Kennedy 

(2003) that have shown pre-fermentation maceration did not significantly increase wine 

anthocyanin levels. The duration of skin contact under normal red wine fermentation 

conditions seems to be sufficient to extract the maximum amount of available 

anthocyanins. By around 6 days of maceration (depending on variety) (Kelebek et al. 2006, 

Nagel and Wulf 1979, Riberéau-Gayon 1982, Sims and Bates 1994), an equilibrium 

established between anthocyanins in the grape cellular material and those in the wine may 

prevent further extraction (Cerpa-Calderón and Kennedy 2008). In disagreement with 

findings of Koyama et al. (2007) and Alvarez (2006), this study observed that for maturing 

wine, pre-fermentation EM did not result in a significantly higher concentration of 

pigmented polymers compared to the Control. This is likely to be because pre-fermentation 

EM did not increase the pool of anthocyanins available for incorporation into polymeric 

forms.  

 

   Wine colour intensity and hue 

Somers and CIE L*a*b* results determined the Shiraz and Pinot noir PS3 treatment wines 

to be less red and more yellow, lighter in colour, and less intensely coloured. CIE L*a*b* 

results suggest that these colour differences between treatments were visually 

distinguishable, especially when comparing the cold soaked and PS3 wines. In contrast, 

there was little difference between Control and cold soaked treatments for most 

parameters. This result contrasts with findings by Darias-Martin et al. (2001) and Reynolds 

et al. (2001), which have that shown cold soaking resulted in more intensely coloured 

wine. Pinot noir spectrophotometric results for colour are in support of other studies that 

have shown that WCD decreased and WCH increased with increasing time on skins (Auw 

et al. 1996, Scudamore-Smith et al. 1990, Watson et al. 1997, Yokotsuka et al. 1999, 

Budic-Leto et al. 2008). A shift in wine hue towards browner colours and a decrease in 
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colour intensity are characteristic for maturing wine (Somers and Verette 1988). Although 

the significance of difference in wine colour hue and colour intensity between Pinot noir 

treatments has been consistent throughout the life of the wine (Mazza 2005),  

post-fermentation EM seems to have accelerated the rate of this colour change relative to 

the other treatments.  

 

Pinot noir sensory analysis results for wine appearance also support the spectral analyses.  

The DA showed that the PS3 wines were browner and less red than the Control and CSP 

wines. Triangle tests determined that there was a significant difference in the colour of 

these wines after 28 months in bottle. Even for the young Shiraz wines, ranking results for 

colour intensity highlighted that the PS3 wines were different to the Control and CS 

treatments. Panellists commented that they perceived the Shiraz PS3 wines to be browner 

in colour and less intensely coloured than the other treatment wines. These results for Pinot 

noir and Shiraz confirmed that the differences in wine colour detected by 

spectrophotometer (delta E values) were visible by the human eye and would therefore 

have been visible by wine consumers.  

 

There may be several explainations why, for these varietals, the PS3 wines were browner 

in colour compared to the other treatments including: Chemical reactions of phenolic 

compounds during winemaking involving the progressive accumulation of yellowish 

pigments (xanthylium salts), the influence of differential extraction of seed tannins, and/or 

binding of polymeric pigments to the insoluble maxtrix of the grape skin and mesocarp 

during EM. 

 

Prolonged pomace contact is often accompanied by oxidative polymerisation of 

monomeric anthocyanins and their complexing with other phenols to produce oligomeric 

and polymeric pigments (Yokotsuka et al. 1999). Some of these reactions may be partly 

responsible for the colour changes (from bright red to tawny) during red wine maturation 

and aging (Monagas et al. 2005). It has been speculated that this progressive browning 

could be due to direct condensation between these flavonoids giving rise to xanthylium 

structures which have a characteristic maximum in the visible region at 440 nm  

(Santos-Buelga et al. 1995, Jurd and Somers 1970).  

 

For example, the anthocyanin-tannin condensation reaction is proposed to start with the 

nucleophilic attack of (+)-catechin, (−)-epicatechin or an oligomeric procyanidin at the C8 
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or C6 position, to the electrophilic C4 position of an anthocyanin in its flavylium cation 

form. This gives rise to a flavene that may be oxidised to a flavylium cation, which later 

evolves into the yellow coloured xanthylium salt (Jurd and Somers 1970, Somers 1971, 

Liao et al. 1992, Santos-Buelga et al. 1995, 1999). Alternatively, a colourless dimer may 

be formed (Santos-Buelga et al. 1999). It has also been shown that many of the pigments 

leading to the browning of wine-like solutions do not need anthocyanin for their formation 

and can be produced in model solutions that only contain flavanols (Francia-Aricha et al. 

1998, Santos-Buelga et al. 1999). Furthermore, Vidal et al. (2002) demonstrated in model 

wine, an excess of (−)-epicatechin decreased the mean degree of tannin polymerisation to 

yield the xanthylium cation (Fulcrand et al. 2006). Therefore, the higher (−)-epicatechin 

concentration in the post-fermentation EM treatments may have favoured the formation of 

yellow-coloured xanthylium pigments, which would help to explain browner hue of these 

wines. 

 

The increased (−)-epicatechin concentration in the post-fermentation EM wines may be 

due to the increased time for extraction of alcohol soluble phenolics from the seeds relative 

to the other wines (Singleton and Noble 1976a, Cheynier et al. 1997a, Cerpa-Calderón and 

Kennedy 2008). This may also explain why Lee et al. (2008), who examined the effects of 

seed removal at 10°Brix on the extraction of tannins during fermentation, found that wines 

made without seed removal, and therefore made with increased seed phenolic extraction 

compared to the other treatment, were slightly more orange and lighter in colour.  

 

Adams and Scholz (2007) have shown that binding of polymeric pigments to the insoluble 

maxtrix of the grape skin and mesocarp occurs during winemaking. In the current study, 

results of the Shriaz marc extraction experiment showed that the concentration of pigments 

in the PS3 treatment’s marc increased during post-fermentation EM. In Chapter 4, it was 

discussed that anthocyanins (perhaps even ones that had already been extracted into the 

wine) may have combined with tannins bound to grape marc cells to form pigmented 

polymers, which remained in the marc during pressing. Polyphenol extraction requires that 

cell walls be broken to allow their contents to be extracted or diffused into the wine 

(Amrani Joutei and Glories 1995). As the post-fermentation EM progressed, cell walls of 

the marc material probably became increasingly permeable due to the ethanolic 

environment (Lapornik et al. 2005, Spigno et al. 2007). Increased permeability could have 

favoured pigmented polymer formation due to the high concentration of anthocyanins and 

tannins in the grape skin (and seed) cell walls (Hayasaka and Kennedy 2003, Zimman and 
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Waterhouse 2004). The elimination of some pigment through adsorption to marc material 

in the PS3 wines could have also contributed to the lower colour intensity, ligher colour, 

and browner hues of these wines relative to the other treatments. 

 

This experiment was only carried out on Shiraz, however similar colour differences were 

observed between the Pinot noir wine treatments. As such, the binding of polymeric 

pigments to the insoluble maxtrix of the grape skin and mesocarp, especially during EM, 

may have also occurred for the Pinot noir wines. These events described above would also 

explain the lower concentration of pigmented polymers in the Pinot noir and Shiraz PS3 

wines post-bottling as well as the lower concentrations of Shiraz petunidin-3-,  

delphinidin-3- and malvidin-3-glucoside. 

 

The colour density and hue of the Grenache PS3 wines was not affected by the EM 

regimes in the same way as seen in Shiraz and Pinot noir. While Grenache PS3 wines were 

higher in total phenolics than the CS wines, this did not translate to these treatments having 

different colour parameters. In contrast to Shiraz and Pinot noir wines, the Grenache CS 

and PS3 treatments behaved similarly for Somers and CIE L*a*b* parameters, and 

appearance as measured by sensory analysis. As such, it would be pertinent to repeat the 

experimental winemaking and analytical measures for Grenache using the same source of 

grapes. Repeating the experimental protocols could help to determine whether the lack of 

significant differences between EM treatments may be due to a varietal influence. For 

example, it was discussed in Chapter 3 that the difference in grape skin cell physiology 

between varieties (Romero-Cascales et al. 2005), and lower phenolic content of Grenache 

grapes compared to other varieties (Bergqvist et al. 2001, Somers 1983) may have been 

responsible for the slower extraction of anthocyanins in Grenache compared to Shiraz 

(Jensen et al. 2006). Arozarena et al. (2000) have also shown Grenache wines to have a 

lower anthocyanin content, colour intensity and hue compared to other varietals. Extended 

maceration regimes may therefore affect Grenache differently. Compared to the current 

study, no other studies have used as wide an array of sensory and chemical analyses to 

investigate the consequences of pre- and post-fermentation EM for Grenache. It is 

therefore difficult to compare results between the current study and other studies on 

Grenache made with EM. This further highlights the benefit of repeating the investigation 

on this varietal. Repeating the winemaking protocol using Grenache would also provide an 

opportunity to compare EM wines against Control wines in the absence of significantly 

different total SO2 concentrations between treatments. Furthermore, analysis of a wider 
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range of wine phenolic compounds such as xanthylium salts (Jurd and Somers 1970, 

Somers 1971, Liao et al. 1992, Santos-Buelga et al. 1995, 1999), vitisins (Beer et al. 2006) 

and the level of co-pigmentation (Lorenzo et al. 2005, Versari et al. 2008) may also 

provide important additional information towards understanding how pre- and  

post-fermentation EM affect phenolic parameters for Grenache.  

 

6.2.2 Duration of post-fermentation EM affected Pinot noir 

wine phenolic properties 

Two Pinot noir post-fermentation EM treatments were analysed; one that lasted 1 week 

and one lasting 3 weeks. Both post-fermentation treatments had a higher wine colour hue 

and higher concentration of flavan-3-ols and total red pigments compared to the other 

treatments. However, results of many analyses show that the 3-week post-fermentation EM 

treatment was significantly higher again in some phenolic parameters, and significantly 

different in several colour parameters. For example, the effects of EM on the PS3 treatment 

wine, which had 2 more weeks on skins post-fermentation, were more pronounced for 

degree of red pigment colouration, lightness and Chroma compared to the PS1 treatment. 

The PS3 treatment was significantly lower for the latter two parameters and higher in the 

former compared to the other wines. The results are similar to those obtained when wines 

were analysed by Mazza (2005) at 146 days (almost 5 months) post-crush. For example, 

Mazza found the PS3 treatment had a significantly lower Chroma than the other treatments 

except for PS1 (see Chapter 1 section 1.4.4). 

 

At 40.5 months post-crush, the concentration of (+)-catechin  and (−)-epicatechin in the 

PS3 treatment was about twice that of the Control, CS and CSP treatments. For PS1, the 

concentration of these flavan-3-ols was approximately 1.5 times that of the Control, CS 

and CSP treatments. Results for total red pigments and redness (a*) also show that the PS1 

treatment was less red than the Control treatment but slightly more red (although not 

significantly so) compared to the PS3 treatment. Furthermore the PS1 treatment was 

slightly higher in the following parameters compared to the Control treatment, but lower 

compared to the PS3 treatment: chemical age index, total phenolics, MCP tannin.  

 

These results suggest the extra 2 weeks on skins spent by the 3-week post-fermentation 

EM treatment were very important for significantly altering the phenolic profile of the final 

wine compared to its 1-week counterpart. These results further support the findings of 



 

 171

Zimman et al. (2002) and findings of the other studies previously cited as having shown 

that increased phenolics are extracted into wine as the duration of maceration increases.  

 

Some winemakers may want to increase the concentration of flavan-3-ols, tannin and total 

phenolics (albeit not significantly for the latter 2 parameters) in the wine compared to those 

that would be achieved if the wine were pressed off skins at dryness. In these instances,  

1 week of post-fermentation EM may be enough to attain the desired wine outcomes. This 

option is particularly relevant for those wineries that are unable or unwilling to use 

fermentation vessels beyond 1 week after fermentation is complete. The phenolic profile 

offered by 1-week post-fermentation EM may even be considered by winemakers and 

consumers as more desirable than that offered by its 3-week counterpart. This is because 

the shorter period of maceration means slightly fewer bitter and astringent phenolics are 

extracted (Cerpa-Calderón and Kennedy 2008, Haslam 1998, Su and Singleton 1969). 

Consumer preference testing (Lawless and Heymann 1999) would enable further insight 

into this. 

 

6.2.3 Cold soaking had no effect on wine phenolic and 

organoleptic properties  

There were some differences in colour parameters between Grenache CS and Control 

treatments, however, these differences may not be a true reflection of EM consequences. 

The differences may just be a reflection of the Control samples’ longer duration with 

higher SO2. This uncertainty further highlights the need to repeat the experimental 

winemaking and analyses using Grenache. However, results for Pinot noir and Shiraz were 

very consistent. Results show that cold soaking for 3 days prior to inoculation and 

fermentation did not make a significant difference to the measured wine phenolic content 

or organoleptic properties of any of these varietals. No consistent differences in colour 

properties (perceived by the sensory panellists or measured by the analytical 

instrumentation) could be observed. Furthermore, no significant differences were obvious 

between aromas or flavours of the Grenache or Pinot noir wines made with and without 

cold soaking.  

  

To test whether differences in the cold soaking procedure had any effect, 2 Pinot noir cold 

soak treatments were analysed: a 3-day, 10oC cold soak without plunging and an otherwise 

identical cold soak mixed by 20 plunges once daily. The majority of data show that there 

was no difference between these cold soak treatments for wine phenolic properties at any 
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stage. None of the RP-HPLC results, nor the total phenolics results measured at 40 months 

post-crush showed a difference between the CSP, CS or Control treatments; neither did 

most of the spectrophotomer measurements taken at 33 months post-crush. Although 

anthocyanins, phenolic acids, and skin-derived flavonols are very water-soluble and 

rapidly extracted (Koyama et al. 2007, Kelebek et al. 2006, Nagel and Wulf 1979, 

Yokotsuka et al. 1999), results strongly suggest that a pre-fermentation aqueous extraction 

environment does not achieve a differential extraction of these grape-derived components 

compared to conventional maceration.  

 

Although a number of studies have been conducted on pre-fermentation EM, the effect of 

mixing the crushed grapes during cold soak has not been studied (Alvarez et al. 2006, 

Clare et al. 2004, Koyama et al. 2007, McMahon et al. 1999, Reynolds et al. 2001, 

Gomez-Miguez et al. 2007). One exemption is the work by De Beer et al. (2006), which 

investigated the effects of cold soaking (for 1, 2 and 4 days) at different temperatures 

(10°C and 15°C) and with different mixing treatments (punching-down, pumping-over and 

rotor action every hour and every 3 hours) on Pinotage wine phenolic composition and 

colour. De Beer et al. (2006) conducted this comprehensive investigation over 2 vintages 

but few significant differences were found between cold soak and control wines. The 

punching-down and rotor treatments, and hourly mixing produced wine with higher 

concentration of some phenolic compounds compared to the other mixing treatments but 

results were not consistent across vintages. The findings by De Beer et al. (2006) and 

results of this study imply that cold soaking with or without plunging achieves the same 

result as wine made without this period of maceration prior to fermentation. It remains 

possible that to date, our analyses lack the sophistication to discriminate pre-fermentation 

EM effects. Furthermore, winemakers’ beliefs in the worth of pre-fermentation EM 

emphasise the need for further study be undertaken.  

 

6.2.4 Summary of the consequences of extended maceration 

for red wine colour and phenolics 

Results of the analytical and sensory parameters measured, which were consistent across 

wine ages and varietals, suggest cold soaking (with or without plunging) prior to 

fermentation has no effect on wine phenolic or organoleptic properties. Wines made with a 

period of cold soak did not have increased colour intensity, and increased concentrations of 

monomeric anthocyanins and pigmented polymers compared to control wines. 

Furthermore, findings suggested that post-fermentation EM for 3 weeks results in wines of 
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higher phenolic content compared to wines made without a period of EM. Specifically, 

results suggest post-fermentation EM for 3 weeks can produce wines higher in flavan-3-ol 

and tannin concentrations compared to wines made without extended skin contact post-

fermentation. Post-fermentation EM also has consequences for wine colour and mouthfeel. 

For example, these wines can have reduced colour intensity and heightened wine colour 

hue, and may be perceived as having a modified mouthfeel due to increased bitterness 

compared to cold soaked or conventionally made wines.  

 

Findings of this study support other studies, which have shown that extraction of phenolic 

compounds increases as wine spends longer on skins in an alcoholic medium (Auw et al. 

1996, Budic-Leto et al. 2003, Kovac et al. 1992, Oszmianski et al. 1986, Scudamore-Smith 

et al. 1990, Sipiora and Granda 1998, Yokotsuka et al. 1999, Cerpa-Calderón and Kennedy 

2008). Results of this study are also in support of findings by Bautista-Ortin et al. (2004), 

Gomez-Plaza et al. (2001), and Sipiora and Granda (1998), who found that increased 

maceration time up to 30 days can reduce wine colour. The current study has further 

highlighted that grape cell wall material from the skin and mesocarp plays an important 

role in influencing phenolic binding and extraction during winemaking and EM  

(Adams and Scholz 2007).  

 

Reliably, significant differences between treatments for some phenolic and colour 

parameters were consistent across sample dates. For example, from pre-bottling to several 

years later, the Pinot noir 3-week post-fermentation EM wines consistently had a higher 

total phenolic content, lower wine colour density and higher wine colour hue compared to 

the other treatment wines. This suggests that phenolic differences between wines made by 

different vinification treatments can be determined soon after vinification and, as the 

differences between treatments seem to remain consistent as the wines mature, early results 

can be used to predict how the wines will compare to each other later on.  

 

6.3 Industry relevance of findings  
The current study has demonstrably furthered the field of EM research and addressed 

deficiencies in the currently available research through a rigorous analysis of the 

consequences of EM for wine colour and phenolic composition. Few studies have 

investigated the consequences of post-fermentation maceration for wine colour, or the 

consequences of cold soaking for polymeric pigment content. This study carried out these 

investigations. Furthermore, no other study has used as wide a range of colour parameters 
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or as wide a variety of chemical and sensory test methods to investigate the effects of  EM 

on colour and phenolic composition as this study. The current study was carried out over 

several years, enabling analysis of wines of varying varietals and ages, including wines at a 

commercially relevant age. Importantly, study findings can be directly translated into 

winemaking practices that may enable wineries to save time and reduce the cost of wine 

production. 

 

Although the high salt content of the Shiraz grapes and subsequent wines was not planned 

for, it provided the opportunity to examine the effects of EM on wine saltiness, which is an 

issue increasingly faced by Australian red winemakers. Australian winemakers have been 

warned to monitor levels of chloride in their wines due to water and soils becoming 

increasingly saline throughout much of Australia’s winegrowing regions (Howell, 2008). 

As the majority of chloride in grapes is present in the skins, investigating how extraction 

techniques affect wine saltiness is highly relevant to the Australian winemaking industry. 

The current study, through chemical and sensory analyses of the Shiraz EM treatments, 

showed that EM practices are unlikely to affect perceived wine saltiness. This finding may 

be of interest to winemakers who would normally use EM on red wine varietals but are 

considering avoiding these procedures due to elevated levels of sodium and chloride in 

grape skins.  

 

The survey of Australian red winemakers is another unique and important aspect of the 

current study. Dissemination of survey findings has provided the winemaking discipline 

with a greater understanding of the use of EM in commercial winemaking and the 

consequences of EM for wine phenolic parameters from winemakers’ perspectives 

(Joscelyne and Ford 2006). Results of the Australian red winemaker survey confirmed the 

extensive use of pre- and post-fermentation EM regimes in Australian wineries. Survey 

responses also confirmed there is a poor understanding of the consequences of EM regimes 

for red wine phenolic composition and organoleptic properties. Survey respondents felt 

further research was required in this oenological area. This study’s findings have industry 

relevance because it examined the aspects of EM that were identified by winemakers as 

requiring urgent investigation.  

 

The survey confirmed that winemakers are concerned about the economic cost and logistic 

pressures associated with the use of EM regimes during vintage, as these wines need to 

spend longer in fermentation vessels, which are in high demand during this time. Findings 
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show more winemakers would use EM regimes if these pressures did not apply. However, 

results of this study suggest that even if winemakers did adopt these practices, some may 

not achieve the desired outcome of such EM regimes, such as improved colour or 

mouthfeel properties. For instance, results showed that cold soaking did not make a 

difference to wine colour compared to conventional fermentation maceration. Similarly, no 

significant effects of plunging during cold soak were observed. Based on this evidence, 

wineries may wish to consider discontinuing their use of pre-fermentation maceration and 

reduce labour costs. Even without cold soaking red must, winemakers may be able to 

achieve their desired organoleptic characteristics at a reduced cost.  

 

Post-fermentation EM visibly reduced wine colour intensity and imparted a browner hue to 

the wine compared to red wine that was pressed off skins upon reaching dryness. This EM 

regime is therefore not necessarily benefiting winemakers who are seeking to produce 

highly coloured wines. In this study, for the first time, Vaughan’s (2008) marc pigment 

extraction protocol was used to examine EM wines. Results suggest that grape marc cells 

play an important role in influencing phenolic binding and extraction during  

post-fermentation EM. Further research into wine and marc pigment retention during  

post-fermentation EM could enable winemakers to better manage this EM outcome. 

Prolonged maceration post-fermentation also affected wine mouthfeel and increased the 

concentration of wine phenolic compounds such as tannins, and flavan-3-ols, which are 

associated with bitterness. As discussed in the previous section, winemakers can aim to 

influence the desired balance between the extraction of wine phenolics and economic 

considerations by varying the duration of maceration post-fermentation. 

 

6.4 Other further research  
A large amount of industry significant information resulted from this study, and a number 

of improvements to existing methodologies and additional analyses have been identified 

that would benefit future research in this oenological area. Some areas of improvement and 

further research have already been highlighted in this chapter and in previous chapters; 

others will be discussed now. 

 

In comparison to industry red wine fermentations, which take approximately 5 to 7 days to 

complete (Boulton et al. 1998, Boulton 2003, Robinson 2006), the Grenache and Shiraz 

fermentations progressed more slowly and took between 9 and 11 days to complete. If the 

study were repeated, precautions would be taken to ensure fermentation rates better 
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represented those of commercial red wines. As Shiraz wines were analysed only once for 

most parameters, additional analyses of the Shiraz wines as they mature in the bottle are 

warranted to further understand how wines made by EM regimes change over time. The 

influence of oak contact during winemaking on the phenolic composition of red wine made 

with different EM regimes was not examined in this study. Oak influences the flavour, 

aroma and style of red wine by imparting oak extractives such as tannins, volatile phenols, 

and oak lactones (Pocock et al. 1994, Barrera-Garcia et al. 2007, Vivas and Glories 1996). 

As most red wines are matured in oak cooperage, the inclusion of oak contact as a 

controlled variable in future EM research would be of industry relevance (Guadalupe and 

Ayestaran 2008). Fermentation scale and tank shape are other variables that could be 

considered for inclusion in future EM studies as these parameters can affect the surface 

area to volume ratio of the must and wine, and therefore the effectiveness of phenolic 

extraction (Zoecklein et al. 1999). If limitations with respect to damage to cellular integrity 

upon thawing and subsequent anomalous phenolic extraction rates were considered, the 

option to do out of season research into the consequences of EM for red wine using frozen 

grapes and smaller scale fermentations could also be explored. Schmid et al. (2007) have 

developed a protocol that produces small scale volumes of red wine from frozen and stored 

must (20 kg and 50 kg), which represent commercial wines in composition.  

 

Results of wine acetaldehyde analyses provided no indication that oxidation involving 

acetaldehyde was a contributing factor to the less intense and browner colour of the Shiraz 

and Pinot noir 3-week post-fermentation maceration treatments. However, further research 

is warranted to confirm this is the case. Analysis of the concentration of other wine 

compounds associated with oxidative processes may have provided a clearer indication of 

the contribution of oxidation to wine browning. For example, changes in xanthylium 

pigment concentrations might have provided a better indication as to whether wine 

oxidative processes had increased (Es-Safi et al. 2000). Similarly, hydroxycinammic acids, 

through an additive effect, are involved in oxidation reactions in the early stages of 

vinification, as they are important substrates for polyphenol oxidase enzyme (Cheynier  

et al. 1990, Cheynier et al. 1989, Fernandez-Zurbano et al. 1998, Singleton et al. 1978). 

Estimation of the change over time in hydroxycinnamates by HPLC, as described by 

Arnous et al. (2001) for example, might also have provided additional insight into 

differences in wine oxidation levels between treatments. Future studies could also 

investigate the consequences of EM for red wine flavonols such as quercetin and 

myricetin, including their impact on wine sensory attributes. It has been suggested that the 
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aglycones quercetin and myricetin impart bitterness to wine (Preys et al. 2006, Singleton 

and Noble 1976b), and studies have demonstrated that quercetin acts as a co-factor in  

co-pigmentation (Lambert 2002, Preys et al. 2006). 

 

Results from the extraction of colour from Shiraz marc suggest more research needs to be 

done to determine exactly what is happening to pigment during post-fermentation EM. It 

would be interesting to label phenolic compounds contained in grape berries with a 

radioactive component to investigate their extraction and adsorption pattern during 

winemaking (Zimman and Waterhouse 2004). Peyrot des Gachons and Kennedy (2003) 

have developed a protocol that can simultaneously monitor grape skin and seed 

proanthocyanidin extraction into wine. This procedure could be utilised in future EM 

studies to further determine the influence of different EM regimes on berry integrity and 

the differential extraction of proanthocyanidins from the skins and the seeds. 
 

While RP-HPLC analysis provided accurate monomer information, spectrophotometric 

methods were found to be more useful than RP-HPLC for analysing polymeric material. 

The limitations of the RP-HPLC methods used to measure wine polymeric material have 

been explained in the chapter discussions. Although tannin composition is subject to much 

conjecture at the present time (Skogerson et al. 2007), in subsequent studies, the use of 

additional tannin analyses would be explored. Such additional wine tannin analyses may 

include analysis of proanthocyanidin subunit composition by acid-catalysed cleavage in 

excess phloroglucinol (Downey et al. 2003, Kennedy and Jones 2001, Peyrot des Gachons 

and Kennedy 2003, Cerpa-Calderón and Kennedy 2008), tannin characterisation by gel 

permeation chromatography (Kennedy and Taylor 2003), analysis of tannins with  

4-dimethyl-aminocinnamaldehyde (DCMA) (Nagel and Glories 1991), or isolation by 

solid-phase extraction (Jeffery et al. 2008). Improvements in tannin analyses will enable 

further understanding of how different EM regimes affect the extraction of tannin localised 

in the skin and the extraction of seed-derived tannin. As both pools impart different 

sensory properties to the wine, information of this kind may be used to modify existing 

protocols to target extraction of specific tannins required to achieve the desired wine style.  

 

Findings from this study provide winemakers with more information to consider before 

making decisions about their use of cold soak and/or post-fermentation EM. As no 

significant effects of cold soak or plunging during cold soak were observed, wineries may 

consider discontinuing these practices to free up vessel space and reduce costs. Results of 
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this study support the use of varying durations of post-fermentation EM by winemakers 

seeking to produce wines of higher phenolic content. This EM regime will not necessarily 

benefit winemakers seeking to produce intensely coloured wines. If winemakers feel that 

the consequences of this EM regime for wine colour and phenolic composition are 

contributing positively to a desired wine style, the next challenge for research and wineries 

alike is to identify opportunities for increased wine processing efficiencies. Strategies that 

result in the ability to make wines with desirable sensory properties equivalent to those 

produced through EM techniques in a reduced time period would present winemakers with 

improvements in process efficiency. An economic analysis of the costs to wineries and 

industry of using current EM regimes would also provide information of significant 

industry relevance. 
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Figure A-1: Total soluble solids (TSS), expressed as degrees Baumé, during 2006 
Grenache fermentation for each replicate of each treatment a  
a Grapes were crushed on 20 March 2006. Numbers behind treatment codes are the 

replicates.  

 

 

Table A-1: Standard analyses results of 2006 Grenache berry samples a 

Treatment TA pH TSS 
  (g/L as tartaric)   (ºBaumé) 

CS 5.6 a 3.51 ab 13.8 a 
C  5.6 a 3.48 a 13.4 a 

PS3 5.6 a 3.56 b 13.9 a 
a Values reported are the mean for the 4 replicates in each treatment.  Different letters 

indicate significant differences between treatment means using Tukey’s method of 

simultaneous pair-wise comparisons with 95% confidence intervals. 
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Figure A-2: Total soluble solids (TSS), expressed as degrees Baumé, during 2007 
Shiraz fermentation for each replicate of each treatment a  
a Grapes were crushed on 15 February 2007. Numbers behind treatment codes are the 

replicates.  

 

 

Table A-2: Standard analyses results of 2007 Shiraz berry samples a 

Treatment TA pH TSS 
  (g/L as tartaric)   (ºBaumé) 

CS 5.4 a 3.48 a 15.4 a 
C  5.1 a 3.47 a 15.4 a 

PS3 5.2 a 3.52 a 15.4 a 
a Values reported are the mean for the 4 replicates in each treatment.  Different letters 

indicate significant differences between treatment means using Tukey’s method of 

simultaneous pair-wise comparisons with 95% confidence intervals. 
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Document A-1: Extended maceration survey sent to 700 Australian red winemakers 

 
Part 1.  QUESTIONS REGARDING YOUR USE AND UNDERSTANDING OF EM 
 
Question 1.  
Do you use pre-fermentation EM treatments to complement conventional maceration during red wine 
making? 

Y □ N □ 
 

Question 2.  
If you answered ‘no’ to Question 1: Please go to Question 3. 
 
If you answered ‘yes’ to Question 1: What do you do? 

• Please describe the process used for pre-fermentation EM; include temperatures, duration of 
treatment and any mixing of solid and liquid phases. 

 
 
 
 
 
 
 
 
 

• Varieties used (please tick) % of each variety undergoing EM 
Shiraz   □  _____ 

Cabernet Sauvignon  □  _____ 

Pinot noir   □  _____ 

Merlot    □  _____ 

Grenache   □  _____ 

Malbec    □  _____ 

Cabernet Franc   □  _____ 

Mataro    □  _____ 

Petit Verdot   □  _____ 

Sangiovese   □  _____ 

Other ____________   _____ 

Other ____________   _____ 

Other ____________   _____

EXTENDED MACERATION SURVEY 
 

PLEASE PROVIDE YOUR DETAILS: 

Name: 

Position: 

Company: 

GI zone or region: 

Years experience in winemaking: 

 

 

School of Agriculture and Wine
Faculty of Sciences 
Discipline of Wine and Horticulture 
 
THE UNIVERSITY OF ADELAIDE 
Waite Campus 
Private Mail Bag 1 
GLEN OSMOND 
SOUTH AUSTRALIA 5064 
 
venetia.heazlewood@adelaide.edu.au 
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Question 3.  

Do you use post-fermentation EM treatments to complement conventional maceration during red wine 
making?  
 

Y □ N □ 
 
Question 4. 
If you answered ‘no’ to Question 3: Please go to Question 5. 
 
If you answered ‘yes’ to Question 3: What do you do? 

• Please describe the process used for post-fermentation EM; include temperatures, duration of 
treatment and any mixing of solid and liquid phases. 

 
 
 
 
 
 
 
 
 
 
 
 

• Varieties used (please tick) % of each variety undergoing EM 
Shiraz   □  _____ 

Cabernet Sauvignon  □  _____ 

Pinot noir   □  _____ 

Merlot    □  _____ 

Grenache   □  _____ 

Malbec    □  _____ 

Cabernet Franc   □  _____ 

Mataro    □  _____ 

Petit Verdot   □  _____ 

Sangiovese   □  _____ 

Other ____________   _____ 

Other ____________   _____ 

Other ____________   _____ 

 
Question 5. 
If you use both pre- and post-fermentation EM: Please go to Question 6. 
 
If you answered ‘no’ to either Question 1 and/or Question 3 (i.e. you use only one or no EM technique), and 
you believe there is insufficient information on EM: 
Would you consider using (other) EM techniques if sound and practical information were available? 
 Y □  If yes, why?  
 
 
 
 
 

N □ Please elaborate: 
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Part 2.  CONSEQUENCES OF EM 
 
Question 6.  
In your opinion does EM makes a difference to the organoleptic (how wine affects the organs of sense - taste, 
colour, odour and texture) properties of red wine? 
 

Pre-fermentation EM Post-fermentation EM 
Y □ N □  Y □ N □ 
 

Question 7. 
In particular, do you believe EM affects: 

• Bitterness  Y □ N □  Y □ N □ 
• Astringency  Y □ N □  Y □ N □ 

Please explain any effects: 
 
 
 
 
 
 
 
 
Question 8. 
What else does EM affect? Please mark your opinion of the degree of effect on the line scale below: 
 

• Pre-fermentation EM: 
 

0 = No effect    5 = Large effect 
    0 1 2 3 4 5 
Colour stability 
 
    0 1 2 3 4 5 
Structure 
 
    0 1 2 3 4 5 
Mouth-feel 
 
    0 1 2 3 4 5 
Palate length 
 
    0 1 2 3 4 5 
Depth of flavour 
 
    0 1 2 3 4 5 
Improved extraction of colour 
 
    0 1 2 3 4 5 
Extraction of softer tannins 
 
    0 1 2 3 4 5 
Improved fruit characters 
 
    0 1 2 3 4 5 
Other___________ 
 
    0 1 2 3 4 5 
Other___________ 
 
    0 1 2 3 4 5 
Other___________ 
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• Post-fermentation EM: 

 
 

0 = No effect    5 = Large effect 
    0 1 2 3 4 5 
Colour stability 
 
    0 1 2 3 4 5 
Structure 
 
    0 1 2 3 4 5 
Mouth-feel 
 
    0 1 2 3 4 5 
Palate length 
 
    0 1 2 3 4 5 
Depth of flavour 
 
    0 1 2 3 4 5 
Improved extraction of colour 
 
    0 1 2 3 4 5 
Extraction of softer tannins 
 
    0 1 2 3 4 5 
Improved fruit characters 
 
    0 1 2 3 4 5 
Other___________ 
 
    0 1 2 3 4 5 
Other___________ 
 
    0 1 2 3 4 5 
Other___________ 
 
 
 
Part 3.  INDUSTRY UNDERSTANDING OF EM 
 
Question 9. 
In your opinion does the industry know enough about the consequences of pre- and post-fermentation EM? 

Y □ N □   
Please elaborate: 
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Part 4.  GENERAL/STRATEGIC INTERPRETATION 
 
Question 10.  
Are there particular aspects of EM, for instance, optimal varieties, ripeness, processes, sensory outcomes or 
economic considerations that you feel merit specific attention in this study of EM?  

Y □ N □  
Details: 
 
 
 
 
 
 
 
Part 5.  ADDITIONAL COMMENTS 
 
This space is for any additional comments: 
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Document A-2: Effects of canopy exposure levels on phenolic composition, and on 
aroma, flavour and mouthfeel aspects of Cabernet Sauvignon and Shiraz wines 

(Starts next page) 



Partial Shading of Cabernet Sauvignon and Shiraz
Vines Altered Wine Color and Mouthfeel Attributes,

but Increased Exposure Had Little Impact

VENETIA L. JOSCELYNE,† MARK O. DOWNEY,§ MARICA MAZZA,§ AND

SUSAN E. P. BASTIAN*,†

Discipline of Wine and Horticulture, School of Agriculture, Food and Wine, University of Adelaide,
Waite Campus P.M.B. 1, Glen Osmond 5064, Australia, and Department of Primary

Industries-Mildura Centre, Primary Industries Research Victoria,
P.O. Box 905, Mildura 3502, Australia

Few studies have investigated the impact of vine shading on the sensory attributes of the resultant
wine. This study examines the effects of canopy exposure levels on phenolic composition plus aroma,
flavor, and mouthfeel aspects in wine. Wines were made from Cabernet Sauvignon and Shiraz grapes
(Vitis vinifera L.) subjected to different levels of canopy exposure in a commercial vineyard in the
Sunraysia region, Victoria, Australia. Canopy exposure treatments included control (standard vineyard
practice), exposed (achieved with a foliage wire 600 mm above the top cordon), highly exposed
(using a foliage wire with leaf plucking in the fruit zone), and shaded treatment (using 70% shade-
cloth). Spectral and descriptive analyses showed that levels of anthocyanins, other phenolics, and
perceived astringency were lower in wines made from shaded fruit; however, the reverse was generally
not observed in wines of exposed and highly exposed fruit. Descriptive analysis also showed wines
from the shaded fruit were different from other treatments for a number of flavor and aroma characters.
These findings have implications for vineyard management practices.

KEYWORDS: Shading; grapes; red wine; Cabernet Sauvignon; Shiraz; phenolic composition; descriptive

analysis

INTRODUCTION

Although somewhat difficult to define, there is some agree-
ment as to which sensory attributes contribute to wine quality.
Components of quality that have been examined and character-
ized to various degrees include, color, mouthfeel, and some
aspects of the flavor and aroma of wine (1–3).

The best-characterized single quality component of grapes
and red wine is that of color. In the fruit, color is primarily due
to the presence of anthocyanins in the skin and occasionally
the flesh of the mature berry. These are then extracted into the
wine (1). However, anthocyanins are unstable in wine, and long-
term color stability in wine results from interactions of antho-
cyanins and tannins to form pigmented polymers (4, 5). Boulton
also proposed that anthocyanins form short-lived copigment
complexes with the flavonols derived from grape skin during
the early stages of winemaking (6). Tannins, or proanthocya-
nidins, are polymeric compounds derived from the seeds and
skin of grape berries (7). Tannin content and composition as

well as tannin interactions with other wine components including
polysaccharides, anthocyanins and other tannins are responsible
for bitterness and mouthfeel properties including astringency,
as well as long-term color stability (1, 2, 4, 5).

Anthocyanins, proanthocyanidins, and flavonols are closely
related polyphenolic compounds and form part of a large class
of plant secondary plant metabolites known as flavonoids (8).
Research to date suggests that flavonoid biosynthesis in many
plants is under the control of photoreceptors (9). An example
of this is the coloration of the skin of apples, which is completely
dependent on light exposure for anthocyanin biosynthesis (10).
In grapes, there have been a number of reports of light exposure
affecting anthocyanin accumulation (11–14). However, this
appears to be cultivar dependent, with some cultivars showing
little or no response to shading (8, 15–17).

Although the general view is that increased exposure results
in enhanced anthocyanin biosynthesis, there is a point at which
the temperature load begins to have a negative impact (8). This
temperature has been reported to be 32 °C (8); however, this
may also be cultivar dependent.

To date, the impact of light exposure on tannin biosynthesis
has attracted little attention. Early investigations in the leaves
of rainforest trees showed that tannin levels were higher in sun-
exposed compared to shaded leaves (18). In grapes, the effect

* Author to whom correspondence should be addressed (telephone
+61883036647; fax +61883037116; e-mail sue.bastian@
adelaide.edu.au).

† University of Adelaide.
§ Primary Industries Research Victoria.

10888 J. Agric. Food Chem. 2007, 55, 10888–10896

10.1021/jf072162l CCC: $37.00  2007 American Chemical Society
Published on Web 12/04/2007



of shading on tannin accumulation has been examined in Shiraz
and Pinot Noir (17, 19). In both Shiraz and Pinot Noir, the level
of total tannins was lower in the skin of the shaded fruit at
veraison than it was in the sun-exposed fruit. At commercial
harvest (around 24 °Brix), there was no difference in tannin
levels between treatments for Shiraz, whereas in Pinot Noir,
tannin levels remained lower in the shaded fruit (17, 19). In
both Shiraz and Pinot Noir, the shift in anthocyanin composition
with shading based on ring B hydroxylation was also reflected
in tannin subunit composition (17, 19). To date, no data exist
on the effect of shading on tannin subunit composition in warm-
climate fruit.

The levels of other less abundant secondary metabolites in
grapes, such as those contributing to the aroma and flavor of
wine, may also be affected by canopy light exposure. Oxidative
degradation of carotenoids present in the flesh and skin of the
grape berry gives rise to a range of volatile compounds generally
known as norisoprenoids (20). Readily detected in wine, these
compounds contribute to the flavor and aroma of red and white
wines (3). Previous studies have reported changes in the sensory
character of wines in response to shading, with lower levels of
carotenoids and higher levels of norisoprenoids in sun-exposed
fruit compared to shaded fruit (13, 21–23).

There is a large body of published literature both on the
secondary metabolite composition of grapes and, to a lesser
extent, on the impact of shading on the levels of these
compounds, but few studies have examined their extraction into
wine and the subsequent impact on the sensory properties of
that wine. Price et al. (15) reported lower levels of anthocyanins,
flavonols, and phenolic polymers in Pinot Noir wines made from
shaded fruit, whereas levels of monomeric flavan-3-ols were
higher. It is interesting to note that Price et al. (15) observed
differences in wine anthocyanins despite there being no differ-
ence in grape anthocyanin levels between treatments. Differ-
ences between grape and wine anthocyanins could be the result
of differences in extraction and stability among individual
anthocyanins (24, 25).

Few sensory studies exist of wines made from differently
shaded fruit. Of these, a study of Cabernet Sauvignon showed
differences in anthocyanin and total phenolic levels, but no
perceived difference in wine aroma or flavor between wines
made from shaded and exposed fruit (13). However, an informal
tasting of Pinot Noir wines made from shaded and exposed fruit
indicated that there were differences in the sensory character
of the wines, although these were not quantified (15). Recently,
wines made from artificially shaded and normally exposed
Shiraz fruit were analyzed by descriptive sensory analysis, and
it was determined that wine made from shaded fruit was rated
lower for overall fruit flavor and fruit flavor persistence, as well
as a number of mouthfeel characteristics including overall
astringency (21). Although mouthfeel descriptors were different
in the Shiraz wines, no analysis of grape or wine tannin
composition was conducted.

Whereas there is evidence that exposure to light influences
grape composition and in some cases subsequent wine composi-
tion, there is not a clear understanding of transition from grapes
to wine and very little information on the impact of these
changes on wine quality as defined by sensory analysis. Altering
the level of canopy exposure provides a mechanism whereby
the impact of light on grape and subsequent wine composition
can be examined. Practically, understanding light exposure
effects offers the potential to manipulate the final wine style.
Here we report the influence of different levels of canopy

exposure of Shiraz and Cabernet Sauvignon grapes on the
phenolic composition and sensory character of the subsequent
wines.

MATERIALS AND METHODS

Field Site and Viticultural Treatments. Trials were conducted in
a commercial vineyard (Wingara Wines) located in Iraak, Victoria,
Australia (34° 27′ S, 142° 19′ E). Canopy exposure treatments were
applied to Vitis Vinifera L. vines of Cabernet Sauvignon and Shiraz
during the 2003–2004 growing season. Vines were approximately 10
years old, on their own roots, trained to a two-wire vertical trellis and
drip irrigated. Vines were grown in three vine panels, spaced at 1.8 m
intervals, with a row spacing of 3.0 m and an east–west row orientation.

Four exposure treatments were applied, with the first treatment
designated the “control”, for which there was no change to the canopy.
The controls spanned nine panels in each of three rows. Other treatments
were applied to the two rows between the control rows. The second
treatment involved the canopy being lifted approximately 600 mm using
a trellis extension and a foliage wire. This treatment was the “exposed”
treatment. The third treatment also consisted of the canopy being lifted
600 mm but, in addition, leaves were removed in the fruit zone, further
increasing canopy exposure to light. This was the “highly exposed”
treatment. The final treatment was a “shaded” treatment, for which the
canopy was lifted 600 mm, leaves were removed in the fruit zone, and
70% shade-cloth was applied to both sides of the row to partially cover
the canopy, resulting in all of the remaining leaves on the shoots and
fruit below the lifting wire being shaded.

Treatments alternated between the exposed, highly exposed, and
shaded treatments, with each treatment occurring three times in the
same row. This pattern is repeated in two rows with a control treatment
row between and on either side. A two-panel (six vine) buffer was
retained between treatments and the end of the row.

The lifting of the canopy and removal of the leaves for various
treatments took place 4 weeks post fruit-set, and the shade-cloth was
applied to the shaded treatment the following week. In Shiraz, veraison
occurred at 7 weeks post fruit-set for the control, exposed, and highly
exposed treatments, whereas veraison for the shaded Shiraz treatment
occurred 1 week later. In Cabernet Sauvignon, veraison for the control
also occurred 7 weeks after fruit-set; however, veraison for the exposed
and highly exposed treatments did not occur until the following week,
and in the shaded Cabernet Sauvignon veraison was at 9 weeks post
fruit-set. Veraison was defined as the week before a marked increase
in total soluble solids was measured in the fruit. Total soluble solids
(°Brix) were measured by refractometer. Fruit was monitored throughout
berry development for maturity and hand-harvested at commercial
ripeness for small-scale winemaking. Juice °Brix, pH, and titratable
acidity (TA) were determined, and must pH was adjusted to 3.5 prior
to fermentation.

Small-scale Winemaking. Wines were made in the Experimental
Winery at the CSIRO Plant Industry (Merbein, Victoria) according to
a standard protocol (26). Fruit from each treatment was crushed and
divided among three replicate fermentation vessels. Wines underwent
3 days of maceration during fermentation; maceration time refers to
the duration of contact between juice and skins. At the completion of
fermentation wines underwent 3 months of cold storage at 1 °C, after
which wines were bottled into 375 mL bottles, closed with Stelvin
closures. Wines did not undergo malolactic fermentation. Finished wines
were stored at 18 °C until descriptive sensory and wine chemical
analyses were performed after 2 years of bottle aging.

Chemical Analysis of Juices and Wines. At the time of wine
sensory evaluation, wines were analyzed for pH, TA, free and total
SO2, and volatile acidity using standard analytical techniques (27).
Alcohol was measured using an Anton Paar Alcolyzer. The phenolic
parameters of wine color density, wine hue, total phenolics, total tannins,
non-tannin phenols, total anthocyanins, total polymeric pigments, and
small and large polymeric pigments were determined by the Har-
bertson-Adams assay (28). Total phenolics as expressed here refers
to those phenolics that react with ferric chloride and does not include
anthocyanins or monohydroxylated phenolics (28).
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Sensory Analysis of Wine. A descriptive analysis (DA) was
performed to quantitatively characterize differences in the perceived
organoleptic profile between wine treatments and between fermentation
replicates within treatments. Wine replicates were evaluated over
August, September, and October of 2006 by a panel of 11 (4 females
and 7 males) and 10 (4 females and 6 males) people for Cabernet
Sauvignon and Shiraz, respectively. Panelists were University of
Adelaide students enrolled in postgraduate coursework enology pro-
grams aged between 22 and 49 years. Panelists underwent 5 weeks of
high-level training in aroma, taste, and trigeminal (mouthfeel) sensation
detection and evaluation prior to the formal DA training. Despite a
high level of wine evaluation skills within the group, none of the
students had previous experience with descriptive analysis.

Six 1 h sessions were held over 5 weeks to train the panel. During
training, panelists were presented with a selected replicate of each
experimental wine treatment in coded, covered, XL5 (ISO standard),
215 mL tasting glasses and asked to individually generate and then
reach panel consensus on appropriate descriptive terms for each variety.
Descriptive terms were narrowed to three color, eight aroma, four flavor
(where flavor is defined as aromas by mouth), two taste, and three
mouthfeel attributes for Shiraz and two color, eight aroma, four flavor,
three taste, and three mouthfeel descriptive terms for Cabernet
Sauvignon. Panelists practiced rating the wines for each term using an
unstructured 100 mm line scale with anchor points at each end of the
scale in conditions identical to those used in the subsequent formal
tasting session. Intensity standards (crushed cloves ) 10, high intensity;
a 1 in 8 dilution of raspberry cordial ) 5, medium intensity; a 1 in 40
dilution of raspberry cordial ) 0, low intensity) representing points on
the scale were provided at each session as an intensity rating aid. Some
aroma references (in covered wine tasting glasses) and color charts
were presented at subsequent sessions and modified in response to
panelist suggestions (Table 1). No references were provided for the
taste and mouthfeel attributes as all panelists had extensive training in
that area of wine tasting as part of their postgraduate study
program.

Formal Sensory Evaluation. A final discussion session followed
by three 2 h formal rating sessions for each wine variety was held
under controlled temperature conditions and natural light. At every
rating session, each panelist was presented with 12 wines (four
treatments by three replicates) in random order. Each wine was
evaluated in triplicate over the course of the formal rating period. Thirty
milliliter samples were presented in coded, clear, XL5 (ISO standard)
215 mL tasting glasses covered with small Petri dishes. Distilled water
was provided for palate cleansing, and panelists had a forced rest of
30 s between each sample. At the beginning of each session, panelists
familiarized themselves with the aroma standards and had access to
the intensity standards within their booths.

Data Analysis. Chemical composition data between treatments were
analyzed with one-way analyses of variance (ANOVA) and all pairwise
multiple comparisons with the Tukey Test using SigmaStat 3.5 Jandel
Scientific. Sensory data were collected using the 1994–2001 Bio-
systèmes FIZZ for Windows Acquisition version 2.00E software
application. Mean ratings and Fischer’s least significant differences for
each attribute were calculated by analyses of variance (ANOVA) using
the 1994–2001 Biosystèmes FIZZ Calculations for Windows version
2.01b software application (Couternon, France). Differences among
attributes for each variety were assessed with mixed model ANOVAs,
in which judges were considered a random effect. No comparisons were
made between varietals. Principal component analysis (PCA) was also
performed using the 1994–2001 Biosystèmes FIZZ Calculations for
Windows version 2.01b software application.

RESULTS

Chemical Composition of Juices and Wines. Cabernet
Sauvignon and Shiraz juices were analyzed at the time of
crushing to determine sugar level (°Brix), pH, and TA (Table
2). In both Cabernet Sauvignon and Shiraz juices, sugar levels
were lower in the highly exposed and shaded treatments
compared with the control. Juice from the shaded treatment had
lower sugar levels than highly exposed juice. In Cabernet

Sauvignon, there was no difference in juice pH between any of
the treatments. However, TA of juice from the shaded fruit was
higher than those of the other three treatments. In Shiraz, the
pH of juice from highly exposed and shaded fruit was higher
than the control and exposed juices. Juice pH from the shaded
treatment was higher than juice pH from the highly exposed
treatment. TA in Shiraz juices of all treatments was lower than
the control. TA of highly exposed and shaded treatments was
lower than the TA from the exposed treatment. After crushing,
must pH was adjusted to pH 3.5 for Cabernet Sauvignon and
to pH 3.35 for Shiraz through the addition of tartaric acid.

At the time of sensory assessment (2 years postbottling), wine
pH, TA, volatile acidity (VA), and alcohol (%v/v) were
determined. With the exception of the shaded wine VA, in
Cabernet Sauvignon wines, there was no difference in wine pH,
TA, and VA between any of the treatments (Table 2). In Shiraz,

Table 1. Aroma and Palate Attribute List with Agreed Definitions for
Cabernet Sauvignon and Shiraz

attribute definition

Color
rubyf red with a purple-blue tint
garnet red with an orange tint
violets purple with bluish tint
pink rims pink hue at edge of wine when glass is tilted
depthf (intensity) appearance of wine in the glass such as pale to

opaque

Aroma
pluma,f whole plums in juice
earthya soil, dirt
mint/greena,f fresh or dried mint
spirity clean alcoholic aroma such as clear drinking spirits and

methylated spirits
blackberrya blackberries, blackberry jam
black cherrya cherry pulp, fresh cherries with stones, skins, and stems

removed
rose perfumea rose essential oil
dried fruita mixed dried fruit such as dried apricots, raisins, sultanas,

apples
green peppera,s green bell pepper (green Capsicum)
oreganoa,s fresh or dried oregano
stalkya,s stems from grapevine
eucalyptusa,s eucalyptus essential oil
menthola,s menthol throat lozenges
canned beana,s canned green beans in liquid

Palate
spicea mixture of cinnamon and nutmeg
pencil shavingsa shavings of a gray-lead or graphite pencil
blackberrya blackberries, blackberry jam
pluma whole plums in juice
blackcurranta,s black currant juice
dark fruita,s blackberry, black cherry, prune
balsamica,s balsamic element of balsamic vinegar, minus the acetic

acid
vinegara,s white wine vinegar
bitterness harsh taste of caffeine, usually noticed at back of palate
acidf fresh sharp taste, such as lemon
sourf tart taste, vinegar, sour cream
astringencyf feelings of lack of lubrication in the mouth, a sensation of

dryness; all astringency - can include that from tannin
and acid

tannin tactile feeling of wine in mouth, such as fine, soft, smooth
to aggressive, related to the wine structure; contributed by
inherent characters in the grapes/wine and from wood

bodyf roundness and fullness of wine in mouth, from empty and
thin to robust

lengths persistence of wine in the mouth after expectoration

a Reference aromas that match the definition were provided for those attributes.
s Indicates sensory attributes specific for Shiraz wines. f Indicates sensory attributes
shared by both varietals.
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there was no difference in wine pH between treatments;
however, TA was higher in highly exposed and shaded fruit
wines compared with the control and exposed fruit wines.
Furthermore, VA was lower in wine made from the shaded fruit
than in all other treatments.

In both Cabernet Sauvignon and Shiraz, alcohol levels were
higher in wine made from control and exposed fruit compared
with wines made from highly exposed and shaded fruit (Table
2). Additionally, for both varieties, alcohol levels in wine made
from the shaded treatments were lower than those in wine from
the highly exposed treatment. There was no difference in the
levels of free and total SO2 between any of the treatments for
either Shiraz or Cabernet Sauvignon (data not shown).

Spectral Analysis and Phenolic Measurement of Wine.
Immediately prior to sensory assessment, wines were analyzed
for wine color density, wine hue, and a number of phenolic
parameters determined by the Harbertson-Adams assay (28).
In Cabernet Sauvignon, wines from all treatments had lower
wine color density than the control (Table 3). Cabernet
Sauvignon wines made from the exposed and highly exposed

treatments had similar wine color densities, whereas wine made
from the shaded fruit had around half that level. In Shiraz, only
wines made from the shaded fruit had significantly lower wine
color density than the control. In both Cabernet Sauvignon and
Shiraz wines, hue was higher in the wines made from shaded
fruit relative to the control (Table 3). Hue was also higher than
the control in the Cabernet Sauvignon wine made from the
highly exposed treatment. In Shiraz, wine from the highly
exposed treatment had a hue similar to that of the control,
whereas wine from the exposed treatment had a lower hue.

In both Cabernet Sauvignon and Shiraz, the levels of total
iron-reactive phenols were similar between wines made from
the control, exposed, and highly exposed fruit (Table 3). Wines
made from shaded fruit of both cultivars were 60% lower in
total phenolics relative to the control. Total anthocyanins were
also (50–60%) lower in the wines made from the shaded fruit
from both cultivars compared to the control (Table 3).

Total tannin in the wine made from shaded Cabernet
Sauvignon fruit was lower than all other treatments and around
half the level observed in the control (Table 3). In the Shiraz

Table 2. Chemical Measures for Cabernet Sauvignon and Shiraz Juices and Winesa

control exposed highly exposed shaded

Cabernet Sauvignon
juice °Brix 23.67 ( 0.06 a 23.63 ( 0.23 a 22.30 ( 0.03 b 19.80 ( 0.21 c
juice pH 3.89 ( 0.01 a 3.89 ( 0.01 a 3.86 ( 0.03 a 3.89 ( 0.00 a
juice titratable acidity (g/L) 3.91 ( 0.05 a 3.99 ( 0.05 a 3.95 ( 0.00 a 4.72 ( 0.04 b
adjusted wine pH 3.49 ( 0.04 a 3.50 ( 0.04 a 3.50 ( 0.01 a 3.50 ( 0.03 a
adjusted titratable acidity (g/L) 7.38 ( 0.04 a 7.41 ( 0.14 a 7.39 ( 0.07 a 7.43 ( 0.12 a
volatile acidity (g of acetic acid/L) 0.22 ( 0.01 a 0.20 ( 0.01 a 0.18 ( 0.01 a 0.13 ( 0.01 b
alcohol % v/v 20 °C 13.58 ( 0.05 a 13.51 ( 0.04 a 12.12 ( 0.01 b 10.29 ( 0.01 c

Shiraz
juice °Brix 21.40 ( 0.00 a 21.57 ( 0.03 a 20.53 ( 0.15 b 18.90 ( 0.00 c
juice pH 3.93 ( 0.02 a 3.95 ( 0.01 a 4.09 ( 0.01 b 4.15 ( 0.01 c
juice titratable acidity (g/L) 3.46 ( 0.03 a 3.32 ( 0.01 b 3.13 ( 0.02 c 3.11 ( 0.01 c
adjusted wine pH 3.34 ( 0.04 a 3.40 ( 0.01 a 3.33 ( 0.04 a 3.34 ( 0.02 a
adjusted titratable acidity (g/L) 8.48 ( 0.07 a 8.25 ( 0.04 a 8.89 ( 0.10 b 8.85 ( 0.04 b
volatile acidity (g of acetic acid/L) 0.24 ( 0.00 a 0.22 ( 0.00 a 0.22 ( 0.01 a 0.16 ( 0.01 b
alcohol % v/v 20 °C 12.66 ( 0.02 a 12.88 ( 0.03 b 12.11 ( 0.03 c 10.34 ( 0.06 d

a Juice data were collected at time of crushing; wine data were collected at time of sensory evaluation of wines (2 years postbottling). Data represent mean ( standard
error (n ) 3). In each row, mean values followed by different letters are significantly different (p < 0.05).

Table 3. Spectral Analyses of Color and Phenolics for Cabernet Sauvignon and Shiraz Winesa

control exposed highly exposed shaded

Cabernet Sauvignon
wine color density (AU) 12.75 ( 0.66 a 10.80 ( 0.09 b 10.68 ( 0.25 b 5.43 ( 0.21 c
wine color hue (AU) 0.72 ( 0.01 a 0.77 ( 0.02 ab 0.79 ( 0.00 bc 0.85 ( 0.03 c
total phenolics (mg/L CE) 927.9 ( 71.0 a 905.83 ( 28.0 a 945.9 ( 34.2 a 663.2 ( 12.0 b
total anthocyanins (mg/L M3G) 150.6 ( 10.8 a 161.9 ( 7.0 a 150.0 ( 8.5 a 81.4 ( 2.2 b
total tannins (mg/L CE) 274.3 ( 29.4 a 214.1 ( 7.1 a 246.6 ( 10.0 a 142.9 ( 8.7 b
non-tannin phenolics (mg/L CE) 691.1 ( 31.8 abc 653.6 ( 52.1 a 699.3 ( 27.2 b 520.3 ( 16.0 c
small pigmented polymers (AU) 2.60 ( 0.13 a 2.17 ( 0.05 b 2.02 ( 0.08 b 1.20 ( 0.08 c
large pigmented polymers (AU) 1.88 ( 0.14 a 1.33 ( 0.11 b 1.30 ( 0.11 b 0.60 ( 0.07 c
total pigmented polymers (AU) 4.48 ( 0.24 a 3.50 ( 0.13 b 3.31 ( 0.19 b 1.80 ( 0.15 c

Shiraz
wine color density (AU) 7.82 ( 0.12 a 7.57 ( 0.10 a 7.04 ( 0.54 a 4.56 ( 0.08 b
wine color hue (AU) 0.69 ( 0.01 a 0.75 ( 0.01 b 0.72 ( 0.02 ab 0.75 ( 0.01 b
total phenolics (mg/L CE) 624.8 ( 18.7 a 581.0 ( 39.9 a 628.4 ( 33.4 a 440.5 ( 23.4 b
total anthocyanins (mg/L M3G) 43.9 ( 7.0 a 53.0 ( 8.5 a 57.5 ( 11.9 a 26.8 ( 8.0 b
total tannins (mg/L CE) 339.6 ( 10.1 a 268.2 ( 6.2 ab 251.8 ( 26.6 b 197.1 ( 17.3 b
non-tannin phenolics (mg/L CE) 285.2 ( 22.0 ab 312.8 ( 37.8 ab 376.6 ( 22.4 b 243.4 ( 6.8 a
small pigmented polymers (AU) 2.62 ( 0.04 a 2.44 ( 0.03 a 2.33 ( 0.16 a 1.53 ( 0.04 b
large pigmented polymers (AU) 0.85 ( 0.02 a 0.82 ( 0.04 a 0.62 ( 0.09 a 0.91 ( 0.14 a
total pigmented polymers (AU) 3.47 ( 0.05 a 3.25 ( 0.02 a 2.94 ( 0.20 ab 2.44 ( 0.16 b

a Wines were analyzed at the time of sensory analysis after 2 years of bottle aging. Data represent mean ( standard error (n ) 3). In each row, mean values followed
by different letters are significantly different (p < 0.05). Phenolic and tannin values are expressed as mg/L catechin equivalents (CE), anthocyanins are expressed as mg/L
malvidin-3-O-glucoside equivalents (M3G); wine color density, hue, and polymeric pigment values are expressed as absorbance units (AU).
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wines, total tannin was 75 and 60% lower than the control in
the highly exposed and shaded treatments, respectively.

In Cabernet Sauvignon wines, non-tannin phenols in the wine
made from the shaded fruit were 75% lower than the control
(Table 3). Wine made from the highly exposed fruit did have
a significantly higher level of non-tannin phenols than wine
made from the exposed treatment; however, there was <10%
difference.

In Shiraz, there was no difference in the level of non-tannin
phenols between the control and any of the treatments (Table
3). However, there was a difference between the highly exposed
and shaded treatments, with the level in wine from the shaded
treatment only around 65% of the level of non-tannin phenols
in wines made from the highly exposed treatment.

The levels of polymeric pigments in wines from both cultivars
were also determined (Table 3). In the Cabernet Sauvignon
wines, the pattern across treatments was the same for all three
pigmented polymer measures: small polymeric pigments, large
polymeric pigments, and total pigmented polymers (the sum of
small and large polymeric pigments). The level in the control
wines was significantly higher than those in all other treatments
and around 2–3-fold higher than the level in wines made from
the shaded fruit.

In the Shiraz wines, there was no difference in large polymeric
pigments between any of the treatments (Table 3). However,
small polymeric pigments were significantly lower in wines
made from the shaded fruit than in wines made from all other
treatments. This pattern was duplicated in the observations for
total pigmented polymers in Shiraz wines, except for there being
no difference between highly exposed and shaded treatments.

Descriptive Analysis (DA). DA was used to quantitatively
characterize differences in the perceived organoleptic profile of
the wines made from grapes subject to different shading
treatments. Table 4 lists all of the attributes examined by the
DA panel for each varietal and shows the F values for the
mixed-model ANOVAs. For Cabernet Sauvignon, wines made
from the shaded fruit were different from all other treatments
in 10 of the 20 attributes measured (Figure 1): color, depth,
plum aroma, black cherry aroma, spice flavor, blackberry flavor,
bitterness, body, astringency, and perceived tannin. Grapes from
the shaded Cabernet Sauvignon vines produced wines more
garnet than ruby in hue and of lower color intensity (depth).
Shaded wines were also perceived as lower in tannin, astrin-
gency, body (all p < 0.001), bitterness, blackberry aroma, black
cherry aroma, spice flavor, and blackberry flavor, but higher in
plum aroma (all p < 0.05). Spirity aroma, which is related to
the alcohol content of the wine (Table 2), was only significantly
lower in the wine made from the shaded fruit than in the control.
Wine made from the exposed treatment had a lower level of
blackberry aroma than wine made from the highly exposed fruit
(p < 0.05).

In the Shiraz wines, 7 of the 20 attributes measured differed
between shaded wines and wines of all other treatments (Figure
2): color, depth, body, length (all p < 0.001), dark fruit flavor,
astringency, and sourness (all p < 0.05). Highly exposed wines
were significantly sourer (p < 0.05) than the control. Grapes
from the shaded Shiraz vines produced wines more ruby than
violet and of lower color intensity (depth), lighter body, softer
astringency, shorter length, and less intense dark fruit flavor
and were sourer.

Judges are not trained to allocate each wine with the same
rating; rather they are trained to consistently rate the wines in
the same relative order. As such, for descriptive analysis, judges
typically are a source of significant variation. Although for

Shiraz the pink rim attribute appears to be different between
treatments, there was a significant wine × judge interaction
(Table 4), indicating that panelists had difficulty rating this
attribute.

Principal Component Analysis (PCA). The correlation
matrix generated from the mean ratings of each wine replicate
across the list of attributes was analyzed by PCA. The first
principal components (PC) accounted for 90.7 and 87.4% of
the variance in the PCA of the data for 12 wines for Cabernet
Sauvignon (Figure 3) and Shiraz (Figure 4), respectively. As
illustrated in Figures 3a and Figure 4a, the first PC contrasted
wines on the basis of depth, hue (color), and mouthfeel. Cabernet
Sauvignon shaded wines, which were more garnet than ruby in
hue and lower in depth, body, astringency, and perceived tannin,
were separated from the rest of the treatment wines (Figure
3b). Similarly, Shiraz shaded wines, which were more ruby than
violet in hue and lower in depth, body, astringency, and length,
were separated from the other treatment wines (Figure 4b). The
second PC explained only 4.6 and 5.0% of the variance in the
data for Cabernet Sauvignon and Shiraz, respectively. Eigen-

Table 4. Analyses of Variance Ratings for Sensory Attributes of Cabernet
Sauvignon and Shiraz Wines

F values

attribute wines (W) judges (J)
interaction

W × J LSD

Cabernet Sauvignon (n ) 9)
color 30.86c 9.21c 1.11 0.89
depth 38.20c 18.17c 1.20 0.67
plum aroma 2.96c 14.46c 0.86 0.67
earthy aroma 0.34 46.92c 0.86
mint/green aroma 1.50 67.83c 1.31a

spirity aroma 4.49c 42.19c 0.71 0.43
blackberry aroma 2.09a 42.72c 1.08 0.55
black cherry aroma 1.92a 53.66c 1.00 0.54
rose aroma 0.75 53.24c 1.50b

dried fruit aroma 0.68 16.26c 1.12
spice flavor 5.69c 39.37c 1.20 0.57
pencil shaving 1.17 72.71c 0.98
blackberry flavor 4.57c 59.20c 1.02 0.52
plum flavor 0.62 33.90c 1.54b

bitterness 3.67c 50.87c 0.90 0.49
sour 1.32 59.34c 1.38a

acid 1.35 57.40c 1.06
body 21.08c 64.78c 0.79 0.53
astringency 8.78c 103.86c 0.83 0.63
tannin 20.72c 88.23c 0.69 0.55

Shiraz (n ) 11)
attribute
color 18.45c 35.14c 0.95 0.84
pink rim 4.56c 59.24c 1.38a 0.94
depth 25.69c 38.21c 1.03 0.62
green pepper aroma 0.93 77.03c 1.07
mint aroma 1.63 56.34c 0.86
oregano aroma 1.09 33.77c 0.76
canned bean aroma 2.07a 52.84c 0.75 0.37
eucalyptus aroma 1.39 50.17c 0.93
menthol aroma 0.91 48.09c 1.19
stalky aroma 0.63 87.93c 1.05
plum aroma 0.86 52.94c 1.19
dark fruit flavor 3.93c 46.05c 1.10 0.49
black currant flavor 1.99a 99.19c 1.12 0.46
balsamic flavor 0.90 65.59c 1.20
vinegar flavor 1.51 46.32c 1.08
sour 2.61b 42.67c 1.09 0.60
acid 1.02 38.92c 0.74
body 10.57c 60.45c 0.69 0.51
astringency 4.86c 70.27c 0.69 0.56
length 8.33c 83.87c 0.88 0.57

a Significant at p < 0.05. b Significant at p < 0.01. c Significant at p < 0.001.
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values of the second PC for both varietals are <1, confirming
this PC does not contribute to the variance observed in the data.

DISCUSSION

Previous research has examined the impact of shading on
fruit composition (17, 19) and, to a lesser extent, explored the
influence of these changes on the sensory character of wine (21).
Although the effect of increased bunch exposure on fruit and
juice composition has been explored (29), no studies have
investigated in detail the sensory attributes of the resultant wine.
Here we report on the effect of both increased and decreased
canopy exposure on chemical and phenolic composition, along
with sensory characteristics of Shiraz and Cabernet Sauvignon
wines.

Ripening of fruit was delayed in the shaded treatment for
both cultivars as indicated by juice °Brix levels. A study by
Spayd et al. (16) had previously observed a delay in ripening

of shaded Merlot fruit without significant leaf removal. In both
the Cabernet Sauvignon and Shiraz wines, the level of sugar in
the fruit at harvest was lower in the highly exposed and shaded
treatments than in the control. This is reflected in the final
alcohol concentrations of wine made from those fruits. De-
creased sugar levels in fruit from these treatments is likely the
result of decreased photosynthetic capacity of the vines (30).
In both the highly exposed and shaded treatments extensive leaf
plucking was conducted in the fruit zone. In the highly exposed
treatment the purpose was to increase sun exposure of the fruit.
In the shaded treatment, leaf plucking was designed to create a
comparison for the highly exposed treatment, for which leaves
had been removed, without increasing the sun exposure of the
fruit. Leaf plucking and shading appear to have additive effects
in reducing photosynthetic capacity by shading many of the
remaining leaves.

Whereas there were differences in fruit pH and TA between
treatments for both varieties at crushing, these were largely
eliminated in the wine through the addition of tartaric acid
during winemaking. Differences in pH and TA in grapes in
response to light and temperature have previously been
reported (8, 13, 30).

In both Shiraz and Cabernet Sauvignon wines, wine color
density was lower in the wines made from shaded fruit,
consistent with previous work in Shiraz (21). This was also
consistent with the lower level of total anthocyanins in these
wines and in the Shiraz wines from Ristic’s previous work (21).
This result was also reflected in the different color rating scores
from the DA of the wines. Wines produced from shaded fruit
were rated lower in color intensity, consistent with the measured
wine color density, lower total anthocyanin, and pigmented
polymer measurements. Although Cabernet Sauvignon wine
color density for exposed and highly exposed fruit was lower
than control, sensory color intensity ratings for these treatments
were not lower. Lower perceived color in wines with lower
levels of anthocyanins and pigmented polymers was consistent
with the contribution of these compounds to wine color (1, 4–6).

Although earlier work showed no difference in pigmented
polymers with shading (21), the results presented here showed
that in both Shiraz and Cabernet Sauvignon wines, there were
lower levels of total pigmented polymers in the wines made
from shaded fruit. This is consistent with the lower levels of
tannins and total phenolics in wine made from these fruit. Lower
total phenolics in fruit from the shaded treatment could be due
to down-regulated flavonoid biosynthesis under decreased light
conditions. However, previous studies suggest the light sensitiv-
ity of flavonoid biosynthesis is quite low in Shiraz (14, 17, 21).
Although this has not been well established in Cabernet
Sauvignon, the indication is that anthocyanins increase with
increasing light; however, at high exposure levels increasing
fruit temperature results in decreased anthocyanin accumulation
and even degradation (8, 17). What seems the most likely
explanation of the results observed here is that the combination
of both shading and leaf removal resulted in substantially
decreased photosynthetic capability of these vines, resulting in
decreased accumulation of all metabolites, both primary (e.g.,
sugar) and secondary (flavonoids, etc.; reviewed in ref 8).

Previous work suggested that wines made from shaded fruit
would have lower levels of phenolics (21). On the basis of these
observations and research that had shown increases in some
phenolic classes with increasing bunch exposure (8), higher
levels of phenolics might have been expected in wines made
from the exposed and highly exposed treatments. However, this
was not the observed trend, as phenolic levels in wines made

Figure 1. Polar coordinate (spider plot) graph of the mean intensity rating
of sensory attributes for Cabernet Sauvignon wines (C ) color, A )
aroma, F ) flavor, T ) taste, MF ) mouthfeel).

Figure 2. Polar coordinate (spider plot) graph of the mean intensity rating
of sensory attributes for Shiraz wines (C ) color, A ) aroma, F ) flavor,
T ) taste, MF ) mouthfeel).
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from both exposed treatments did not significantly differ
compared to control wines.

DA of the wines identified differences in the perceived color
of the wines made from shaded fruit consistent with the
measured changes in total anthocyanins, wine color density, and
phenolic measures such as pigmented polymer levels. Wines
made from shaded fruit were perceived as lower in astringency
than the control and those wines made from exposed and highly
exposed fruit. PCA also supports the chemical data that wine
color, mouthfeel, and body are the most important attributes in
separating the shaded wines from the others. This observation
was consistent with the shaded wines having lower levels of
total tannins, where tannin concentration is strongly correlated
with perceived astringency (31) and lower alcohol, which is a
contributor to wine body. Similar observations were made of

Shiraz wines made from fruit grown in complete darkness (21).
The level of total tannins was lower in the wine made from the
shaded fruit compared to the control, and these wines scored
lower for overall astringency (21). Wines made from shaded
fruit also scored lower for coarse and grainy mouthfeel
characters that were not identified in the current study. In the
previous study of wine made from shaded Shiraz fruit there
was no difference in perceived bitterness. However, in the
current study, bitterness was not perceived in any of the Shiraz
wines, but Cabernet Sauvignon wines made from shaded fruit
were perceived as being less bitter than wines made from other
treatments. Unlike astringency, it is not possible to correlate
changes in bitterness with any of the current chemical measures.
Flavan-3-ol monomers have a reportedly bitter character, and
this sensation increases with increasing alcohol concentration

Figure 3. Principal component analysis of the mean ratings of (a, top) the 20 Cabernet Sauvignon and (b, bottom) the 12 Cabernet Sauvignon wine
sensory attributes (C ) color, A ) aroma, F ) flavor, T ) taste, MF ) mouthfeel).
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(32); however, flavan-3-ols were not measured in the current
study. Although flavan-3-ols were not measured directly, they
would be included in the determination of total phenolics (28).
Compared to the Shiraz wines, total phenolics were around 50%
higher in the Cabernet Sauvignon wines, which may be why
bitterness was detected in the Cabernet Sauvignon wines and
not in Shiraz. Furthermore, the level of total phenolics in the
Cabernet Sauvignon wine made from the shaded fruit was lower
than in any of the other treatments, which may account for the
lower perception of bitterness in this wine. In addition, alcohol
was lower in the wine made from the shaded Cabernet
Sauvignon fruit. Taken together, lower total phenolics, which
may represent lower flavan-3-ols, and lower alcohol, which
would reduce the perceived bitterness of flavan-3-ols, were
consistent with lower perceived bitterness in the wine made from
shaded Cabernet Sauvignon fruit.

In this study, a number of fruit characters were also different
between treatments. In Shiraz, dark fruit flavor was lower in
the wine made from the shaded fruit compared to all other
treatments, whereas between the other treatments there was no

difference in this attribute. Previously in wines made from
shaded Shiraz fruit, overall fruit flavor and fruit flavor persis-
tence were rated lower for wines made from the shaded fruit
(21). We also observed that persistence, or length, was rated
lower in the Shiraz wine made from shaded fruit. Whereas
persistence was not different between Cabernet Sauvignon
wines, there were differences in a number of fruit flavor and
aroma characters. Generally, all of these were lower in the wines
made from shaded fruit.

Whereas lower levels of any secondary metabolite in wines made
from fruit of the shaded treatment might be a reflection of the lower
maturity of that fruit, lower levels of some flavor aroma compounds
suggest that their metabolism may be under photocontrol. Noriso-
prenoids are a class of secondary metabolites that have been
identified as contributing to flavor and aroma characters in wine
(3). Previous research has shown that accumulation of noriso-
prenoids increased with increasing bunch exposure (13, 21–23).
Whereas the results presented here tend to support the observation
that flavor and aroma compounds are likely to be lower in wines
made from shaded fruit, the reverse postulate was not generally
observed, with the exception of perceived blackberry aroma, which
was higher in Cabernet Sauvignon wines made from the highly
exposed treatment relative to the exposed treatment. In this study,
there was no perceived increase in any flavor or aroma attribute
between the control and wines made from the exposed and highly
exposed treatments.

The level of sun exposure received by the exposed and highly
exposed treatments did not affect the sensory profile of the wines
compared to the control. Given the location of the field trial in
Sunraysia (Victoria, Australia), it is likely that light levels in
the control treatment were sufficient to up-regulate any aspects
of flavor and aroma metabolism under photocontrol. Thus,
increased canopy exposure in the exposed and highly exposed
treatments had little additional effect. This may limit the
potential to manipulate wine flavor and aroma in the vineyard
in warm irrigated vineyards. In addition, a number of measured
parameters were lower in wines made from highly exposed fruit
compared to the control. Although this may represent slightly
lower photosynthetic capacity due to leaf removal, there is also
a possibility that increased exposure resulted in an excessive
heat-load within the fruit, inhibiting some metabolic processes
or initiating degradation of metabolites (8). This indicates
potential merit in repeating these experiments in cool-climate
viticulture production areas. That substantial differences in
measured parameters or sensory characters were not observed
with increasing canopy exposure relative to the control suggests
that increased canopy exposure as a consequence of other
management practices, for example, deficit irrigation reducing
effective leaf area, may not have a detrimental impact on
perceived wine quality.

ABBREVIATIONS USED

ISO, International Standards Organization; TA, titratable
acidity; VA, volatile acidity; ANOVA, analysis of variance;
PCA, principal component analysis; LSD, least significant
difference; PC, principal component.
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INTRODUCTION

Fascination with Pinot Noir wine spans 

continents. Th ere are many intricacies 

associated with growing and vinifying 

fi ne Pinot Noir, and when the subtleties 

and complexities of the fi nal wine are 

successfully achieved, the outcomes are 

considered by many to be amongst the 

most rewarding of all wine experiences. 

Pinot Noir is most revered in its region of 

origin, Burgundy, where it is generally 

made in a conservative and traditional 

way. In Australia, the Mornington 

Peninsula, Geelong and the Yarra Valley 

of Victoria, Tasmania and the South 

Australian Adelaide Hills are believed to 

produce the best Pinot Noir. Other New 

World countries producing fi ne Pinots 

are New Zealand (particularly Central 

Otago), and the United States (Oregon). 

Th e quantity and chemical profi le of 

red wine phenolic components aff ect 

wine sensory properties and therefore 

wine quality. It is well known that grape 

phenolic components are located within 

the seeds, skins and stems, and that 

upon crushing, these components are 

liberated and continue to be extracted 

during fermentation, with the extent of 

extraction based on parameters such as 

temperature, time on skins, inclusion of 

stems, pH, and cap management practices. 

While investigating the consequences of 

extended maceration (cold-soak and post-

fermentation extended maceration) for 

wine phenolic composition during red 

winemaking for my PhD, I came to realise 

that extraction is particularly important 

for Pinot Noir and that anecdotally, 

Burgundian wines have higher phenolic 

levels compared to New World Pinot 

Noir wines. Following discussions with 

Graham Jones, one of the supervisors of 

my PhD project, I became interested to 

see if, generally, this is the case and if it is 

possible to objectively discriminate such 

wines based upon sensory and analytical 

parameters associated with phenolic 

composition. We decided to compare a 

range of Pinot Noir wines from around 

the world, using advanced analytical 

measurements to determine various 

aspects of their phenolic compositions, and 

further to present these wines to an expert 

panel of winemakers, oenologists and 

advanced students for their consideration, 

particularly seeking feedback on the 

structure and mouthfeel properties of the 

wines under examination.

New and Old World Pinot Noir 

wines of diverse provenance were 

sourced for this study including; four 

wines from the Adelaide Hills (2005 

vintage), three wines each from 

Tasmania (2005 vintage), Victoria 

(2005 vintage), New Zealand (2005 

vintage), and Oregon (2004 vintage), 

plus seven wines from Burgundy (2004 

vintage) including three Grand Cru 

and three Premier Cru wines. 

TASTING

In a blind tasting, four fl ights of fi ve 

wines and one fl ight of three wines were 

presented in random order. Ten highly 

skilled panelists consisting of one female 

and nine males with extensive experience 

in red wine tasting and articulating red 

wine mouthfeel were asked to describe 

the mouthfeel properties of each wine, 

the summaries of which are presented 

below the tasting notes. 

For the purpose of this study, 

‘mouthfeel’ was defi ned as ‘the textural 

(touch) sensations associated with tannin 

perception of wine in the mouth such as 

astringency, body, length, warmth, as 

well as the taste bitterness, and acidity’. 

At the time of tasting, wines were 

sampled and the samples frozen at –20°C 

for later instrumental analysis of tannins 

and other phenolic compounds. It was 

felt that the panelists’ ability to 

communicate red wine mouthfeel 

terminology would assist the study by 

relating perceived sensory diff erences 

between the wines to the chemical 

analysis results. 

CHEMICAL ANALYSIS

Wines were analysed for total phenolics 

by the Folin-Ciocalteu assay using a 

modifi ed version of the method by 

Slinkard and Singleton (1977), with 

results expressed in gallic acid equivalents 

(GAE mg/L), and by a scaled-down 

New Zealand Pinot Noir rivals 
Burgundian wine in phenolic content

Pinot Noir tasting panel. Back (left to right): Stephen George (Ashton Hills Vineyard), Patrick Iland 
(Patrick Iland Wine Promotions), Trent Johnson (University of Adelaide), Paul Smith (AWRI), 
Graham Jones (University of Adelaide), Brian Croser (The Tiers Vineyard), Henry Vaughan 
(University of Adelaide). Front (left to right): Richard Gawel (AWRI), Sue Bastian (University of 
Adelaide), Stephen Clarke (University of Adelaide).
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version of the Somers method (Somers and Evans, 1977), with 

results expressed in absorbance units (au). 

Tannin concentration was analysed by the Methyl Cellulose 

Precipitable Tannin (MCPT) assay (Mercurio et al. 2007) and 

by RP-HPLC with results expressed in (–)-epicatechin 

equivalents (mg/L). Reverse-phase HPLC also enabled the 

quantifi cation of (+)-catechin and (–)-epicatechin (mg/L) 

according to a method described by Kennedy (2003). An 

estimate of the concentration of pigments resistant to bisulphite 

bleaching (au), which is an estimation of polymeric pigment 

content (it is an estimation because there are non-polymeric 

pigments that are also resistant to bisulphite bleaching) was also 

determined for each wine (Mercurio et al. 2007). 

Wines were not adjusted to a standard pH prior to analysis. 

As alcohol content, pH and titratable acidity (TA) also 

contribute to the perception of mouthfeel, these parameters 

were also measured.

CHEMICAL ANALYSIS RESULTS

As total phenolics were measured by two diff erent methods, 

results should show a correlation. Th ere was an excellent 

correlation (R2 value of 0.885) between the Folin-Ciocalteu 

total phenolic data and the Somers total phenolic data, 

suggesting that these two measures of phenolic composition 

were each providing comparable data. 

For the two tannin measures (MCPT assay and RP-HPLC), 

even though the results are expressed in mg/L (–)-epicatechin 

equivalents for both, the values obtained were diff erent, which 

is refl ected in the weaker correlation between the MCPT assay 

data and the RP-HPLC tannin data (R2 value 0.482). While 

techniques to measure other phenolic compounds have been 

refi ned, there are few robust and effi  cient analytical methods to 

quantify wine tannins, making it diffi  cult to compare tannin 

data obtained by diff erent methods (Herderich and Smith, 

2005). Reverse-phase HPLC works by pumping mobile phases 

at varying gradients together with a small amount of wine 

through a column. Wine components interact with the surface 

of the column to diff erent degrees based on their hydrophobic 

character, causing them to separate and elute at diff erent times. 

Th e elution of a single compound is visualised as a peak and the 

compound quantifi ed according to the area under the peak. 

Reverse-phase HPLC is eff ective at quantifying monomeric 

phenolics such as (+)-catechin, but is less eff ective at quantifying 

condensed tannins due to their heterogeneous nature. While 

most condensed tannins elute in one large peak, a proportion 

of tannins elute prior to the peak. Only the tannins eluted in 

the large peak, and therefore only a sub-portion of the total 

tannin, are analysed and quantifi ed by RP-HPLC. 

Relative to each other, wines performed similarly across 

analyses. Th e New World Pinot Noir wines generally had a 

lower (+)-catechin, (–)-epicatechin (Figures 1 and 2, 

respectively), tannin (Figures 3 and 4) and total phenolic 

content (Figures 5 and 6) than their French counterparts 

(although the distinction between countries was less for the 

bisulphite resistant pigment results, shown in Figure 7). Th e one 

exception was the New Zealand wines, which on average, 

produced similar results to the Burgundian wines. Th e 2005 

Ata Rangi Pinot Noir from Martinborough consistently had the 

highest phenolic content of the New World wines having 

tannin, total phenolic and bisulphite resistant pigment 

concentrations similar to the Grand Cru wines of Burgundy. 

Th e 2005 Mount Diffi  culty Pinot Noir from Central Otago 

also achieved consistently high results. Two Grand Cru wines, 

the Bonneau du Martray 2004 Corton Rouge Grand Cru and 

the Faiveley 2004 Laticières Chambertin Grand Cru, stood 

apart from the other Burgundian wines, with the Domaine 

Bouchard Père & Fils 2004 Beaune du Château Premier Cru 

also having higher levels of (+)-catechin, (–)-epicatechin and 

total phenolics. 

Despite the much lower average phenolic content of the 

Australian and Oregon Pinot Noir wines, some of these wines 

consistently had higher tannin and total phenolic contents than 

Figure 1. Concentration of (+)-catechin (mg/L) in the 23 Pinot Noir 
wines, as determined by RP-HPLC.
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Figure 2. Concentration of (–)-epicatechin (mg/L) in the 23 Pinot Noir 
wines, as determined by RP-HPLC.
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the other wines from their country of origin. Th ese were the 

Ashton Hills Reserve and the Grosset Pinot Noir from the 

Adelaide Hills, the Freycinet Vineyard and Kelly’s Reserve 

Home Hill Pinot Noir from Tasmania, and the Bass Phillip 

Pinot Noir from Gippsland in Victoria (all 2005 vintage).

On average, the Tasmanian Pinot Noir wines had the 

lowest pH (3.56, range: 3.51-3.61) and highest average TA 

(6.3g/L, range: 5.8-6.7g/L) whereas the Oregon Pinot Noir 

wines had the highest average pH (3.87, range 3.85-3.90) and 

lowest average TA (4.8g/L, range: 4.6-5.0g/L). Th e South 

Australian Pinot Noir wines had the highest average alcohol 

content of 14.4% (range: 13.8-15.0%) and the Burgundian 

wines had the lowest average alcohol content of 13.2% (range: 

12.8-13.7%). Th e average pH, TA and alcohol content values 

for the other countries were similar (results are listed with the 

tasting summaries).
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equivalents (mg/L) in the 23 Pinot Noir wines, as determined 
by RP-HPLC.

Figure 4. Concentration of tannin expressed in (–)-epicatechin 
equivalents (mg/L) in the 23 Pinot Noir wines, as determined by the 
MCPT assay.
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Figure 6. Concentration of total phenolics expressed in absorbance units 
(a.u.) in the 23 Pinot Noir wines, as determined by the Somers method.
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DISCUSSION AND CONCLUSIONS

Th e analytical and tasting results supported each other. Intense, 

saliva-puckering and chewy/grippy tannins dominated the 

palate of the Burgundian wines. Panellists perceived these wines 

as being less fruit forward than the new world wines. Th e new 

world wines were perceived as having a greater presence of fruit 

on the palate, as being generally more delicate and as having a 

less aggressive and more approachable mouthfeel for their age. 

Perhaps during PVPP fi ning of the new world wines, a greater 

amount of bitter tasting compounds were removed. Th is may 

account for part of the reason why these wines generally had a 

lower level of (+)-catechin and (–)-epicatechin compared to the 

Burgundian wines. Tasting notes show the lower pH and higher 

TA of the Tasmanian wines did not negatively aff ect their acid 

balance. Tasters were also sensitive to the higher average alcohol 

content of the South Australian wines as they found these wines 

to have a prickly fi nish, which may have slightly masked the 

phenolic aspects of their mouthfeel. 

Premium Pinot Noir wine is produced with ageing in mind 

and Burgundies are not supposed to be savoured until at least 

fi ve to seven years after vintage. Th e Burgundian wines were 

only three years old when tasted, and the new world wines six 

months younger again. Th e greater extraction of phenolics into 

the Burgundian wines during vinifi cation and subsequent 

higher phenolic content in the fi nal wines compared to new 

world wines suggests these wines require longer ageing than our 

new world counterparts. Regardless of optimal drinking age of 

the wines selected for this study, the old world wines generally 

had the highest phenolic content and were matched only by two 

New Zealand wines (the Ata Rangi Pinot Noir from 

Martinborough and the Mount Diffi  culty Pinot Noir from 

Central Otago). 

Wines used in this study were selected from regions with 

reputations for producing high quality Pinot Noir wines. 

Although the selection of wines from each region sourced for 

this study was necessarily small, results suggest that despite 

variability in the phenolic parameters measured within 

countries, overall, each country has its own style of profi le for 

those parameters. Th e popularity of Pinot Noir wines from 

around the world attests to the continuing development of this 

diverse style of red wine, manifest at least in part by the range 

and extent of phenolic compositions examined in this study.
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Ashton Hills Reserve 2005, Adelaide Hills, 
South Australia
Wine code: South Australia a
pH 3.94, TA (g/L) 6.40, alcohol (% v/v) 14.96

Tasting notes
Ultra-ripe macerated Pinot fl avour with soft, velvety, 
fi ne, mouthcoating and slightly puckering tannins and 
a medium viscosity that tends towards oily. Chewy 
fi nish that becomes drying. Very hot and prickly 
mouthfeel due to high alcohol and acidity.

Grosset 2005, Adelaide Hills, South Australia
Wine code: South Australia b
pH 3.61, TA (g/L) 5.84, alcohol (% v/v) 14.70

Tasting notes
Light to medium bodied with good depth of fruit on 
the palate. Tannins build in the mouth to a slightly 
silky mouthfeel with strong, drying tannins. 
Astringency present along the length of the palate. 
Finishes slightly puckery with some coarse graininess, 
warmth and salivating acidity.

Giles (Henschke), Lenswood 2005, 
Adelaide Hills, South Australia
Wine code: South Australia c
pH 3.48, TA (g/L) 5.73, alcohol (% v/v) 13.80

Tasting notes
Sweet, rich fruit and vanilla with a low to moderate 
astringency, medium body and velvety, soft tannin in 
mouth that leads to a grainy fi nish, dominated by high 
acid and alcohol. 

University of Adelaide 2005, Adelaide Hills, 
South Australia
Wine code: South Australia d
pH 3.91, TA (g/L) 4.48, alcohol (% v/v) 14.30

Tasting notes
Confectionary and cherry aromas with thin, acidic 
palate and a light tannin fi nish that builds. Medium 
bodied wine of moderate astringency and silky, 
smooth, fi rm but round and mouthcoating talc-like 
tannins. The fi nish is drying, of good length and with 
a prickly alcohol.

Providence “Miguet” Reserve 2005, Tasmania
Wine code: Tasmania c
pH 3.57, TA (g/L) 6.35, alcohol (% v/v) 13.32

Tasting notes
Velvety, round mouthfeel that is soft and smooth, 
providing only medium puckering and persistence but 
quite a drying, gluey fi nish. 

Yering Station Reserve 2005, Yarra Valley, 
Victoria
Wine code: Victoria a
pH 3.52, TA (g/L) 5.83, alcohol (% v/v) 13.55

Tasting notes
Long, ripe Pinot fruit providing freshness, with stalk 
addition? Medium bodied and medium astringency 
with a velvety, full mouthfeel provided by the soft, 
slippery tannins that elicit a fi ne, powdery fi nish. Also 
described as like “sucking on riverbed pebbles”. The 
wine is oak driven but pleasant with a light, puckery 
fi nish right at the end.

Stonier Reserve 2005, Mornington Peninsula, 
Victoria
Wine code: Victoria b
pH 3.60, TA (g/L) 5.56, alcohol (% v/v) 14.33

Tasting notes
Sweet fruit with medium bodied, velvety mouthfeel 
provided by the fi ne tannins. Round but with fi rm 
acidity and medium astringency, producing a 
puckering and drying sensation at the end, also 
characterised by alcohol hotness.

Bass Phillip 2005, Gippsland, Victoria
Wine code: Victoria c
pH 4.05, TA (g/L) 6.45, alcohol (% v/v) 13.80

Tasting notes
Stalky nose with a green character and subtle fl avour. 
The wine is medium bodied with a very astringent and 
sour fi nish. The wine is more drying than puckering 
and is chewy and hot with a sticky fi nish. The tannins 
are stalky, green and persistent.

Freycinet Vineyard 2005, Tasmania
Wine code: Tasmania a
pH 3.51, TA (g/L) 5.84, alcohol (% v/v) 14.18

Tasting notes
Fruit driven, round, medium grained, dirty, silky to 
velvety (soft) and chalky tannins, with well-balanced 
acidity, which fi nishes with a grainy, particulate, furry 
texture and a chewy hotness.

Ata Rangi 2005, Martinborough, New Zealand
Wine code: New Zealand a
pH 3.71, TA (g/L) 5.46, alcohol (% v/v) 13.45

Tasting notes
Macerated, ripe, thick and viscous fruit on the palate 
that lacks varietal character. The tannins are rather 
soft and fi nd grained in the mouth, building to a 
coarser, grippy character with time. The fi nish is 
chewy and warm.

Kelly’s Reserve, Home Hill Wines 2005, 
Tasmania
Wine code: Tasmania b
pH 3.61, TA (g/L) 6.70, alcohol (% v/v) 14.24

Tasting notes
Cherries, lifted fruit, violets on the palate. Moderate 
astringency, fi rm but balanced acidity and soft, 
velvety, fi ne, mouthcoating tannins with a lovely 
structure and a light grippy (pleasant) fi nish that gives 
the wine some fi rmness. 

Mount Diffi culty 2005, Central Otago, 
New Zealand
Wine code: New Zealand b
pH 3.80, TA (g/L) 6.16, alcohol (% v/v) 13.69

Tasting notes
Strong, ripe Pinot fruit. Peacock’s tail, with fi ne 
chamois-like, silky, supple, soft tannins with a 
delicate phenolic impact. The astringency is medium 
and the wine is softly mouthcoating with good length.
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Villa Maria 2005, Marlborough, New Zealand
Wine code: New Zealand c
pH 3.66, TA (g/L) 4.96, alcohol (% v/v) 13.94

Tasting notes
Lovely fruit and a soft, silky palate that remains fi ne 
grained. Satin, smooth, svelte, talc-like feel to the 
tannins. The wine has balanced, salivating acidity and 
is delicate with a good length. “Great fi nish, great 
wine.”

Argyle 2004, Willamette Valley, Oregon, USA
Wine code: Oregon a
pH 3.90, TA (g/L) 4.57, alcohol (% v/v) 13.90

Tasting notes
Long, sweet fruit with a barnyard nose. Light to 
medium bodied wine with a particulate based tannin 
structure that is grainy, slightly grippy and very subtle. 
The overall wine character is well balanced with a 
soft, salivating acidity on the fi nish.

Chehalem 3 Vineyard 2004, Willamette Valley, 
Oregon, USA
Wine code: Oregon b
pH 3.85, TA (g/L) 5.02, alcohol (% v/v) 14.57

Tasting notes
Moderate aroma of berry with some greenness. The 
wine is medium bodied and has a soft, round, slippery 
texture in the mouth that, after expectoration, fi rms 
up to become a fi ne emery-like fruit tannin fl avour 
persistence. This wine has good acidity and length, is 
a delicate Pinot with a soft, mocha fruit fi nish. 

Rex Hill 2004, Willamette Valley, Oregon, USA
Wine code: Oregon c
pH 3.87, TA (g/L) 4.81, alcohol (% v/v) 13.25

Tasting notes
Very slightly volatile nose with sweet and sour 
fl avours. The wine is light bodied, has a silky 
mouthfeel, the tannins are talc-like, mouthcoating 
and do not linger but are slightly chewy under the top 
lip. The salivating acidity and tannins are in good 
balance in the delicate-style wine.

Méo Camuzet 2004 Marsannay Rouge, France
Wine code: Burgundy c
pH 3.65, TA (g/L) 5.13, alcohol (% v/v) 12.81

Tasting notes
Green/menthol characters on nose and cooked 
vegetables. This wine lacks fruit, has high astringency 
and is spirituous with light, sticky, mouthcoating 
tannins that become bitter. The structure of this wine 
was unpleasant for the tasters.

Faiveley 2004 Latici res Chambertin Grand Cru, 
France
Wine code: Burgundy d
pH 3.74, TA (g/L) 5.29, alcohol (% v/v) 13.06

Tasting notes
Very intense, saliva puckering tannins that 
immediately dry the mouth and result in a grippy, 
over-extracted, persistent and coarse fi nish with 
some light bitterness. The wine was described as 
“overworked”.

Domaine de L’Arlot 2004 ‘Clos de Forets’
 Nuits Saint Georges Premier Cru, France
Wine code: Burgundy e
pH 3.90, TA (g/L) 4.73, alcohol (% v/v) 13.23

Tasting notes
Very stalky/green character and minimal fruit on the 
nose, with the palate dominated by strong, extracted, 
grippy tannins of coarse, grainy roughness. The 
astringency is high and the fi nish is long and bitter. 

Domaine Bouchard Père & Fils 2004 
Beaune du Château Premier Cru, France
Wine code: Burgundy f
pH 3.79, TA (g/L) 5.64, alcohol (% v/v) 13.30

Tasting notes
Velvety mouthfeel with fi ne tannins and puckering 
astringency. The oak covers the fruit and the wine has 
a long tannic, slightly bitter and drying fi nish that is 
out of balance with the fruit and ends very sticky.

Bonneau du Martray 2004 Corton Rouge 
Grand Cru, France
Wine code: Burgundy a
pH 3.69, TA (g/L) 5.68, alcohol (% v/v) 13.07

Tasting notes
Immediately drying tannins that are fi ne grained, 
mouthcoating and have a talc/chalky texture. The 
fi nish is also chewy, grippy, big and mouthcoating 
with lightly pleasing astringency. This “great” wine 
has light fl avour interests abound.

Domaine des Héritiers Louis Jadot 2004 
Beaune Clos des Ursules Premier Cru, France
Wind code: Burgundy g
pH 3.50, TA (g/L) 5.64, alcohol (% v/v) 13.39

Tasting notes
Teeth coating, rough, coarse, aggressive, stalky 
tannins that are out of balance with the wine and 
produce a puckering, grainy, and sticky fi nish.

Domaine Dujac 2004 Clos Saint Denis 
Grand Cru, France
Wine code: Burgundy b
pH 3.79, TA (g/L) 5.09, alcohol (% v/v) 13.67

Tasting notes
Dominant, toasted oak, fl at, lifeless fruit and an 
earthy/barnyard character. The wine has coarse 
tannin, high acid and a bitter aftertaste. The wine was 
described by one taster as “a very unpleasant wine” 
but by another as “peacock’s tail”.
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