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ABSTRACT 

 

The contribute of wood on winemaking has a long story. Oak wood (Quercus spp.) is present 

in many species and spread in all over the world. Nowadays, few of these species represent 

the most suitable kind of wood for wine fermentation and maturation. Wood quality depends 

on many factors, from the botanic species and the nature of the geographical region to the 

cooperage practices. All of these determine the character of the barrel, then the profile of the 

wine aged inside.  

 

The aims of this experiment are:   

 Observe the suitability of a red wine, made from Jaen grape variety, to an ageing in oak 

wood barrels, in comparison to the same wine matured in stainless steel. 

 Compare the effect of different kinds of wood barrel on red wine quality, during a 6 

months ageing. Barrels used were different for toasting level (soft and medium), 

geographical origin of the woods (America, France, Hungary) and number of uses (2 and 

3 years old).  

 

In order to fulfil these purposes, several chemical parameters of the wine have been monthly 

investigated, focusing on colour and phenolic profile, and a sensory analysis has been 

carried out in two different moments of the maturation.  

 

Many parameters showed a significant evolution and differences between the wines. In 

general, barrel ageing can improve the colour and sensory quality of Jaen red wines. 2 wines 

in particular appeared for their better quality. One, aged in a French, medium toasted, 3 

years old barrel, reached a good colour and a good tasting balance after 3 months. The 

other, aged in a French, soft toasting, 2 years old barrel, acquired the best colour and a more 

intense aroma than the other samples, after 6 months ageing. 

 

 

 

 

 

 

 

 

Key words:  wood maturation, toasting level, oak species, Dão region, PCA 
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RIASSUNTO 

 

 

Il contributo del legno al processo di produzione del vino ha una storia antica. La quercia 

(Quercus spp.) è presente in numerose specie e occupa regioni di tutto il mondo. 

Attualmente, alcune di queste specie costituiscono la tipologia di legno più adatta alla 

fermentazione e conservazione del vino. La qualità del vino dipende da numerosi fattori, 

dalla specie botanica e dalla natura della regione geografica alle tecniche di produzione in 

bottaia. Sono tutti essi a determinare il carattere della barrica, quindi il profilo del vino in essa 

conservato.  

 

Gli obiettivi di questo esperimento sono: 

• Osservare l’adattabilità di un vino rosso, prodotto da uve di varietà Jaen, 

all’invecchiamento in barriche di rovere, confrontandolo con lo stesso vino invecchiato in 

acciaio inossidabile. 

• Comparare gli effetti di diversi tipi di barriche sulla qualità del vino rosso, durante 6 mesi 

di maturazione. I contenitori utilizzati differivano per livello di tostatura (leggero e medio), 

l’origine geografica del legno (America, Francia, Ungaria), e il numero di utilizzi (2 e 3 

anni di età). 

 

Al fine di realizzare tali propositi, vari parametri chimici del vino sono stati mensilmente 

indagati, con particolare attenzione al colore e alla frazione fenolica, inoltre è  stata effettuata 

un’analisi sensoriale in due momenti differenti della maturazione. 

 

Numerosi fattori hanno testimoniato una evoluzione significativa del prodotto nel tempo e 

differenze tra i vini studiati. In generale, è possibile asserire che la conservazione entro 

barriche di rovere può incrementare la qualità colorante e sensoriale di un vino rosso Jaen.  

2 vini in particolare appaiono per la loro qualità superiore. Il primo, invecchiato in un 

contenitore di legno francese, con media tostatura e 3 anni di età, ha raggiunto un buon 

colore e un buon equilibrio sensoriale dopo 3 mesi. Il secondo, maturato in una barrica 

francese, leggermente tostata e di 2 anni di età, ha acquisito il miglior profilo colorante e un 

aroma più intenso rispetto agli altri campioni, dopo 6 mesi di invecchiamento. 

 

 

 

 

Parole chiave: maturazione in legno, livello di tostatura, specie di quercia, regione Dão, PCA 
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1.0 INTRODUCTION 

 

 

1.1 Impact of oak wood on winemaking 

 

In the Mediterranean area, wine consumption is one of the most ancient symbols of 

civilization, whose culture is still alive in XXI century. During history, wine and vine have been 

integral part of the economy for many countries in this area, so that wood casks always 

accompanied this culture, being used for making, aging and transporting wine.   

 

In the beginning barrels were used just for transport wine and other beverages, more 

resistant than terracotta vases and wineskins. At that time was totally ignored the positive 

effect of the wood for the liquid contained, in particular wine and distillates. In the beginning 

of the XX century, the introduction of new materials, such as plastic, concrete and just later 

stainless steel, economically convenient and microbiologically easier to control, determined a 

high reduction of cooperage activity. In the end of the ‘60s, thanks to a favourable economic 

situation, wood regained a significant role in wine ageing, with the awareness of the effects 

on quality and trying to adapt this to the profile of each wine. A mindful control of the different 

parameters and their application allowed, with time, a correct use of the wood, with positive 

effects on wine quality (Guimberteau G., 1992; Moutounet et al., 1999). 

 

In the modern age, the use of wood barrels for the maturation of many high quality wines is 

imperative, representing the most suitable material for them, regulating the gas exchanges, 

intervening on colour stabilization, improving the aroma and taste complexity. 

 

Along the history there have been many kinds of wood used for winemaking, generally those 

already present in the region, such as acacia (Robinia pseudoacacia), chestnut (Castanea 

sativa), eucalyptus, cherry (Prunus avium), mulberry (Morus alba) (Citron, 2003). The 

cooperage practices allowed deepening the behaviour of different woods, leading to 

distinguish them in function of their characteristics and their impact on wine production. 

Those kinds considered less suitable for winemaking have been progressively abandoned, in 

favour of those with positive effects.  

 

Currently oak wood (Quercus sp.) is the essence most used for make barrels and barriques. 

Its behaviour is more suitable then the others for gas exchanges, quantity and quality of the 

flavours given to the wine, and for its relative ease of processing (Citron, 2003).  
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Oak wood: botanic classification and geographical location. 

 

Quercus is a genre of plants, belonging to the Fagaceae family, both evergreen and 

deciduous, that is spontaneous in all over the world. Depending on the authors there are 

between 300 (Lawrence, 1951; Elias, 1971) and 600 (Soepadmo, 1972) reported oak 

species. Since the beginning of the Linnaean taxonomy, the classification within the genus 

Quercus has raised conflicting opinions, from De Candolle (1868) to Nixon (1993), and more 

than 20 classifications were proposed. Genus Quercus L. is characterized by high 

polymorphism, and especially in some sections, by highly complex patterns of variation, 

thanks to its high ease on hybridisation between different species (Burger 1975; Manos et al. 

1999). This makes the taxonomy of the genus very complex and often controversial (Burger 

1975; Rushton 1993; Franjić 1996).  

 

The most complete classification, as much for its geographic as specific cover, is that of 

Camus (1936-1954), in which the genus Quercus (sensu lato) is subdivided in two sub 

genera: sub genus Euquercus (Quercus sensu stricto) and sub genus Cyclobalanopsis. 

There are about 150 species belonging to Cyclobalanopsis, that exist only in South Asia 

(tropical and subtropical regions); whereas species belonging to Euquercus sub genus are 

the more familiar oak species. The Euquercus sub genus has been further subdivided into 6 

different sections by Camus (1936-1954):  

• Cerris – Q. suber L., Q. cerris L.; 

• Erytrobalanus – Q. rubra L., Q. palustris, Q. veluntina Lam.; 

• Lepidobalanus – Q. robur L., Q. pyrenaica Willd., Q. sessiliflora Salisb., Q. alba L., Q. 

pubescens Willd.; 

• Macrobalanus – Q. insignes; 

• Mesobalanus – Q. ponticae; 

• Protobalanus.  

More recent is the Nixon 

classification (1993):  

 

Figure 1: correlation 

between the Euquercus 

subgenus taxonomy 

between Nixon (1993) and 

Camus (1936-54); from 

https://w3.pierroton.inra.fr/

QuercusPortal.  

https://w3.pierroton.inra.fr/QuercusPortal.
https://w3.pierroton.inra.fr/QuercusPortal.
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Is in the Lepidobalanus section (White oak sensu stricto from Nixon 1993)  that are present 

the species most used by coopers: Q. robur, Q. sessiliflora and Q. alba.  

 

In North America Q. alba, known as white oak, is the most diffused in the continent, the most 

used and suitable for cooperage. 

 

Q. robur  or Q. peduncolata, commonly named English oak or European red oak, is diffused 

in all over the world, but mainly concentrated in Europe, in conjunction with Q. sessiliflora or 

Q. sessilis or Q. petraea (Mosedale et al., 1999). Q. robur is characterized by a faster 

growing, a higher porosity of the wood, a higher concentration in tannins, polyphenols 

extractable and poorer in aromatic compounds than Q. sessiliflora. The latter is relatively less 

porous and tannic, but very rich of aromas, making this species ideal for fermentation and 

ageing of the wine (Vales, 2003; Stevenson, 2005). Q. robur is well spread in all over the 

European continent, both North and South, while Q. sessilis is well present in the South, 

reaches the Russia on East side but in the North doesn’t reaches the latitudes of 

pedunculated oak (Citron, 2003).  

 

Relatively to the geographical distribution, most of the oak species are located in the North 

hemisphere, therefore in the Euro-Asiatic zone, Mediterranean basin, North America and 

some species in Central and South America (Keller, 1987).  

 

 

1.1.1.1 European regions  

 

In Europe, the most important country for presence of oak is France; Centre (Allier, Never 

and Tronçais), Limousin, Bourgogne and Vosges are the main regions (Chatonnet, 1995; 

Stevenson, 2005). The two main species are spread in a heterogeneous way between these 

regions: 

• Q. robur, also known as pedunculated oak, predominates in Limousin, but it's also 

present in Bourgogne and in the South France; it grows up in coppice woods under high 

forests on clay-limestone and granitic soils. 

• Q. petraea, named sessile oak, is more concentrated in Centre and Vosges; this grows 

up on clay-silica soils, with lower fertility and it makes high forests.  

 

In France are present also other species of oak wood, but those are not used in the barrel 

manufacture. 
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The heartwood, called duramen and used for the manufacture of the barrels, doesn't 

exercise any physiologic activity in the plant. It differs for its resistance to insects and fungi 

and for its hardness. Its structure is constituted by three principal categories of tissue: fibres 

(element of support), cells of parenchyma and rays (reserve tissues) and also conducting 

vessels (Ribéreau-Gayon et al, 1998). 

 

Vivas (1997a) created a relationship between the porosity of the wood and its ultra-structure, 

defined with the electronic microscope: the macro-porosity depends on the quantity of large 

vessels, while the other tissues determine the micro-porosity. According to this author, the Q. 

robur wood of Limousin is less porous than the Q. petraea of Vosges and Allier. This 

procedure is considered correct because it's based on the totality of the vessels of the wood. 

 

The geographical origin and the species make a strong influence on the content of aromas 

and polyphenols of the wood (Tab. 1). The quality of oak wood varies depending not only by 

the species of Quercus but also by the age of the plant, the height of the sample, the climate 

of the region (temperature, humidity, rainfall), the slope (water retention) and the 

mountainside (sun exposition).  The wood taxonomic classification, then, should be always 

implemented with the information about the region of origin besides the specie, in order to 

know which could be the possible effects on winemaking (Q. petraea kind Centre, Q. petraea 

kind Vosges, etc.). French winemakers are used to work with oak barriques from different 

regions, blending the wines to enhance the complexity of the resulting one (Stevenson, 

2005). 

 

Table 1: Influence of the geographical origin on the composition of French oak, naturally 

seasoned in open air (Chatonnet, 1995). 

Parameters Limousin  Centre  Bourgogne  Vosges 

        
Total Extractable (mg/g) 140  90  78,5  75 

Eugenol (μg/g) 2  10  1,8  0,6 

β-Methyl-octalactone (μg/g) 17  77  10,5  65,5 

Total polyphenols OD 280) 30,4  22,4  21,9  21,5 

Colour (OD 420) 0,040  0,024  0,031  0,040 

Ellagitannins (mg/g) 15,5  7,8  11,4  10,3 

Catechic tannins (mg/g) 0,59  0,3  0,58  0,3 

Data are the average of 7 samples; compounds extracted in a dilute alcohol medium, under 

standard conditions.  
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 In the Iberian Peninsula, there are 12 species and 3 subspecies of marcescent oaks (Vila-

Viçosa, 2014). Besides Q. robur and Q. petraea, other oak species are interesting in 

oenology, in particular the Pyrenean oak or Quercus pyrenaica Willd. It grows frequently in a 

mixed forest of deciduous oaks (Quercus robur) and sweet chestnut (Castanea sativa). The 

plant is characterised by an Atlantic–Mediterranean distribution, that comprises south-

western France, the Iberian Peninsula and northern Morocco (Rodriguez, 2014; Rodriguez-

Bencomo et al., 2009). Different works have studied the utility of oak wood from Spanish 

forests in oenology (Cadahìa et al. 2007; Fernandez-de-Simòn et al., 2003; Guchu et al., 

2006). All of these studies have concluded that oak wood from Spanish forests, regardless of 

the species, is suitable for aging wine to improve its quality. 

 

Italy as well possesses oak species, such as Q. ilex (holm), Q. cerris, Q. lanuginosa, but 

none of these is interesting for winemaking and is then impossible to talk about Italian woods 

for cooperage industry (Citron, 2003).  

 

In the center Europe we can find oaks in Slavonia forests (Croatia), the most famous for rich 

and fresh soils, then in Bosnia, Serbia, Hungary, Romania and Moldavia.  Here is mostly 

present Q.  robur subsp.  slavonica (Gàyer Matias), synonym of Q. robur subsp. robur, which 

is known for its tight grain, low aromatics and medium level tannins, but we can also find Q. 

petraea in some hilly zone. Oak forests are present also in Poland, Baltic countries and 

European Russia, in which Q. robur is still predominant (Citron, 2003). Oak from other areas 

in the centre of Europe (Hungary, Russia, Bulgaria) are suitable for aging or fermenting wine 

(Chatonnet, 1998). There is very  little information about Hungarian oak composition, but 

Towey and Waterhouse (1996a) found similar concentrations of oak lactones in wines aged 

in French and Hungarian oak barrels. 

 

Chira and Teissedre (2015) studying the behaviour of wine aged in barrels of different 

geographical origin, reported that European oaks (Q. robur and Q. petraea from France and 

from Slavonia forests) have higher concentration of furfural and guaiacol than American oak 

(Q. alba from Pennsylvania); eugenol is more present in American and French (Centre & 

Allier) oak than Slavonian oak; American oak is far richer in cis-oak lactones than European 

species (Guichard et al., 1995), and the valour is significantly different between the French 

regions; vanillin is more concentrated in French (Allier) oak, Slavonian oak has a medium 

amount between French and American (lower value); Q. robur (from Limousin) is the richest 

in ellagitannins, Q. robur and Q. petraea (from Slavonia) have an intermedium value, Q. alba 

is the poorer. The impact on wine sensory profile showed differences as well: American oak 

is more sweet, followed by Slavonian oak; vanilla smell is more present in Slavonian oak, 
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immediately followed by American oak; French oaks are more spicy and woody but also 

astringent and slightly more bitter.   

 

1.1.1.2 Northern American regions: 

 

In United States, the dominant species is white American oak (Quercus alba).  Other species 

used for barrels are Q. lobata and Q. garryana (Oregon oak) but to a lesser extent relatively 

to Q. alba (Citron, 2003). The American white oak used for winemaking is usually grown in 

the Carolinian forests of the lower Great Lakes area and the Mississippi River floodplains, 

including Alabama, Arkansas, the Carolinas, Indiana, Kentucky, Missouri, Ohio, Tennessee 

and Virginia. In the last 15 years born out a cooperage industry also in Canada, which also 

uses Quercus alba specie (Ebjich, 2003). Canadian oak is too recent for being compared on 

long wine ageing with American (from USA) and European oak.  

 

Previous studies compared the impact of species and geographical origin on heartwood 

composition, with different conclusions.  

 

Many authors concord on the higher concentration of phenols, in particular ellagitannins, in 

European oaks than American white oak (Chatonnet, 1995; Jordão et al, 2007; 

Dharmadhikari, 1998; Puech, 2002; Cabrita et al, 2011, only for gallic acid). According to 

Mämmeläa (2000), north American white oak and European red oak have both many kinds 

of tannins, mainly various glucose gallic and ellagic acid esters, grandinin/roburin, 

castalagin/vescalagin, gallic acid, valoneic acid bilactone, monogalloyl glucose, digalloyl 

glucose, trigalloyl glucose, ellagic acid rhamnose and ellagic acid in different concentrations. 

But quercitrin has been found only in American oak wood and not in European red oak . 

Table 2: Variation in volatile and fixed compounds according to the botanic origin of oak wood  

Parameter Q. petraea Q. robur Q. alba 

Total Extractables (mg/g) 90 140 57 

β-Methyl-γ-octalactone (μg/g) 77 16 158 

Eugenol (μg/g) 8 2 4 

Vanillin (μg/g) 8 6 11 

Extractable polyphenols (DO280) 22 30 17 

Ellagitannins (mg/g) 8 15 6 

Catechic tannins (mg/g) 0.3 0.6 0.45 

 Data are the average of 10 samples; compounds extracted in dilute alcohol medium, in 

standard conditions (Chatonnet, 1995).   
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About aromatic profile results are sometimes in disagreement; according to Chatonnet 

(1995) and Dharmadhikari (1998), the American oak is richer in aromatic substances then 

the European oaks, such as vanillin and methyl-octalactones, that affects markedly the 

characteristics of the wine during the aging, (Tab. 2). While, according to Jordão et al. 

(2005a), Q petraea and Q. alba  unheated wood have similar total volatile compounds 

amount, and no statistical differences have been found for furfural, γ-lactons, eugenol, 

vanillin and syringaldehyde.  Then, according to Cabrita et al (2011), European oak (Q. 

petraea and Q. robur) is richer than Q. alba in some 5-methyl furfural and syringic acid + 

vanillin.  

 

1.1.2 Heartwood composition 

 

Many factors contribute to variations on oak heartwood composition: differences within a 

tree, age of trees, rate of growth, soil and climate of the region, and more importantly, the 

genetic differences between various species. These variations can be considerable, for 

example: higher tannin levels have been found in the wood at the base of the trunk, than 

near the crown, and the content increases as the tree gets older (Dharmadhikari, 1998).  

 

The variability between original wood pieces is reduced during the process of barrel making 

in cooperage (seasoning on the open-air and toasting at different intensities), which, in its 

turn, determines a technological variation between them (Cadahía et al., 2003; Spillmann et 

al., 1997).  

 

 

    Table re-elaborated by Le Floch et al. (2015). 

The chemical components that characterize the oak wood are: cellulose, lignin, 

hemicellulose, tannins, organic compounds and various extractable substances.  Table 3 

shows some results obtained from different authors on quantitative analysis of oak wood 

Table 3: Oak wood chemical composition; value are expressed as % of dry weight. 
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macromolecule composition (Scalbert et al., 1988; Puech et al., 1978; Petterson, 1984; Wise 

et al., 1947; Kollmann et al., 1965). According to this, cellulose is most present in wood, 

hemicellulose and third lignin. Polysaccharides are widespread in plant kingdom, and 

account for around 66% of all global bound carbon.  

 

Cellulose is the principal component of cell wall, it provides wood’s strength and comprise 

40–50% of dry wood. Cellulose is a high molecular weight (106 or more Da), linear and highly 

ordered (often crystalline) polymer of d-glucopyranosyl-β-1,4-d-glucopyranose. It is a glucan 

polymer consisting of linear chains of 1,4-β bonded anhydroglucose units (Le Floch et al., 

2015). Its degradation produces, through dehydration and oxidation, compounds like 

hydroxymethyl-furfural and 5-methyl-furfurale. Until now, it is accepted that cellulose, due to 

its crystalline form, has no direct effect on beverage flavour. However, the native crystalline 

structure of cellulose has a determining role in mechanical properties required for barrel 

quality (Reiterer et al., 1998; Reiterer et al., 1999). 

 

Hemicelluloses are polysaccharides as well as cellulose, with whom participate on wood 

structure. They are connected to lignin and cellulose by covalent bonds, but because few 

hydrogen bonds are involved, linkages are much more easy to break down than crystalline 

structure of cellulose (Brigham et al., 1996). Considered as the second major wood chemical 

constituent, hemicelluloses usually account for 25–35% of dry wood mass (28% in softwood, 

35% in hardwood). They are a heterogeneous polymer which may contain pentoses (β-d-

xylose, α-l-arabinose), hexoses (β-d-mannose, β-d-glucose, α-d-galactose) and/or uronic 

acids (α-d-glucuronic, α-d-4-O-methylgalacturonic and α-d-galacturonic acids). Hardwood 

hemicelluloses are rich in xylan, more sensitive to degradation, and contain small amounts of 

glucomannan, the sugar more resistant to biotic decay, made of galactose, glucose and 

mannose. Major softwood hemicelluloses contain a small amount of xylan and they are 

acetylated galacto-glucomannan (Le Floch et al., 2015; Fengel & Wegner, 1989). 

Hemicellulose hydrolyses is also favoured by acid pH, and this can determine effect on the 

aroma, for oak wood aged wines (Haluk & Irmouli, 1998).  

 

After cellulose and hemicelluloses, lignin is the third major component of wood that accounts 

for 23–33% of softwood mass and 16–25% of hardwood mass (Bridgwater, 2004). Lignins 

are three-dimensional phenolic polymers, constituted by 2 phenyl-propanoic alcohols 

polymerized: conyferilic and synapilic alcohol (Monties, 1987).  There are 2 kinds of lignin: 

extractable and insoluble. The first one solubilizes in hydroalcoholic mediums, the second 

one is extracted from sulfuric acid and is rich in syringol (Haluk & Irmuli, 1998). In oak wood, 

lignin is made of guaiacol and syringol, is not a carbohydrate and contribute to the cell wall 

structure, with cellulose.  Physically, It confers mechanical resistance to the wood and it is 
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highly resistant to chemical and biochemical degradation, so it has a very important impact 

on barrel properties especially concerning their hydrophobicity, which contributes to the 

impermeability and decreases the frequency of leakage (Tsoumis, 1968).   

 

Extractable compounds in oak wood below to many chemical families, organics and 

inorganics. Although they represent a minor part of the wood compounds, they affect 

considerably the quality of the barrel.  

 

 

1.1.2.1 Extractable compounds: wood phenols 

 

Phenols are characterized from a functional group, a hydroxyl (-OH) bonded 

to the carbons in the benzoic ring; since this atom is mobile, phenols are very 

reactive (Ribéreau-Gayon, 1968). They are capable of strong binding with 

other substances, such as protein (tannin-protein complex, involved in many 

processes in the wine stabilization and responsible for the astringent 

taste), anthocyanins (wine colour stabilization) and polysaccharides. 

 

Their solubilisation depends on the species, and is strongly linked to the polymerization; 

bigger polymers are less soluble (Scalbert et al., 1989). The oxidability depends on the 

molecular mass, on the configuration and the number of substituents, and on the medium 

conditions (Vivas & Glories, 1993).   

 

They can be distinguished in flavonoids and non-flavonoids. In oak wood are present 6 

phenolic acids in free form: gallic, vanillic, syringic, p-coumaric, ferulic and caffeic acid 

(Vivas, 2002). The first three are benzoic acids (C6-C1), the other three are cinnamic acids 

(C6-C3), present in free form but mainly esterified with glucose (Ribéreau-Gayon, 1968; 

Pearl et al., 1957; Rice-Evans et al., 1996). It is also possible to find free ellagic acid, derived 

from ellagitannins and gallotannins partial hydrolyses (Vivas, 2002). 

 

Four phenolic aldehydes are present in oak wood (Canas, 2003): benzoic (vanillin and 

syringaldehyde, C6-C1) and cinnamic aldehydes (Conyferaldehyde and Synapaldehyde, C6-

C3). All of these come from the chemical and thermic degradation of the oak wood. They can 

be free or bonded to cell wall components, mainly lignin (Ribéreau-Gayon, 1968). 

 

Furanic aldehydes are present in low concentration in the un-heated oak wood, because they 

come mainly from the toasting process. They are heterocycle compounds, with a furanic ring, 

mainly 5-metilfurfural and 5-hidroxi-metil-furfural (Puech e Maga, 1993). 

Figure 2: Benzenol  (Phenol)        

(www.organicchemistry.com). 

 

http://www.organicchemistry.com/
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Tannins are polymers of phenols, which can bind stably with proteins and other vegetable 

polymers, normally present in vegetables tissues, mainly in wood. Generally they are 

relatively big polymers, and this is necessary for react with proteins. They can be 

distinguished in hydrolysable and condensed: 

 Hydrolysable or Gallic – they are bonded to β-DGlucose and esterified with gallic acid or 

hexa-hydroxyl-phenolic acid. They are easily hydrolysable through enzymes, acid or 

basic pH, producing gallic acid (gallotannins) or ellagic acid (ellagitannins). Ellagic acid in 

the wine can come from wood ageing or tannin addition, gallic acid comes from grape 

skins or seeds. Quantitatively, ellagitannins (hydrolysable tannins) are the most important 

extractable components from non-toasted wood, since they can represent up to 10% in 

dry weight of heartwood, and they are responsible for the high durability of the wood 

(Scalbert et al., 1988). Since they are so abundant, wines treated with not toasted oak 

woods are generally more astringent and with stronger bitterness than the control wine, 

not treated (Chira & Teissedre, 2013). It is excepted from the scientific community that in 

oak wood are present 8 ellagitannins: four monomerics (vascalagin, castalagin, grandinin 

and roburin-E) and four dimers (roburin A, B, C and D). They are all hydrosoluble, their 

oxidation interests the wood ageing of red and white wines and the more abundant are 

vascalagin and castalagin (Joardao et al., 2007).  

 Condensed tannins or catechic tannins are oligomers and polymers of flavan-3-ols or 

cathechins: (+) cathechin and (-) epicathechin (Canas, 2003). They represent a minor 

part of dry heartwood: 0,03% (Scalbert et al., 1989; Chatonnet, 1995).  

 

1.1.2.2 Other extractable substances 

 

The oak heartwood also shows high levels of low molecular weight phenolic compounds, 

such as ellagic and gallic acids, and a great variety of volatile compounds belonging to very 

different chemical families (Cadahía et al., 2003; Spillman et al., 1996; Chatonnet, 1995), 

such as: 

• phenolic aldehydes (vanillin, syringaldehyde etc.),  

• phenolic ketones and their isomers,  

• volatile phenols (eugenol, guaiacol etc., and ethyl-phenols in case of Brettanomyces 

contamination),  

• lactones (trans and cis isomers of whisky lactones etc.),  

• furanic compounds,  

• pyranones 

• furanones 

• terpenes 

• norisoprenoids  
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1.1.2.3 Influence of the grain on oak wood composition 

 

A considerable parameter of quality for wood is the grain. This structural characteristic 

defines the average width of the annual growth rings of the tree. Plants grow just in worm 

seasons, generating a spring ring and a summer ring of wood; together they represent the 

annual ring. Spring wood’s width is relatively constant in during the years. The width of 

summer wood varies due to the tree’s growing conditions: primarily climate (rain, sun, 

temperature, humidity), but also the nearby tree population (height, shade), properties of the 

soil (drainage, mineral composition) and terrain (hilltop, slope) (De Pracomtal et al., 2014). 

Spring growth consists of large vessels, then it is porous and lighter, while in summer growth 

the pores are relatively small and the wood is richer in fibre and parenchyma, then more 

tannic and dense (Figure 3). Since in a slow growing tree heartwood is characterized by a 

greater proportion of spring wood and a smaller proportion of summer wood, it results as less 

dense, softer, and easier to work, therefore would be preferred by the cooper. A slower 

growth of the tree will result in tighter or finer grain, 1-3 mm of average annual growth ring; a 

faster growth rate determines larger growth rings (open or course grain) (Dharmadhikari, 

1998, De Precomtal, 2014). According to Citron (2003) the grain can be tight (<2 mm 

average ring), medium (3-4,5 mm average ring) and course (>4,5 mm average ring). 

 

Data regarding wood density and extractable phenols in spring and summer growth of 

American (Q. alba) and European (Q. robur and Q. petraea) oak are shown in Table 4. 

According to this study, summer wood is invariably more dense than spring wood, both in 

American and European oak. High difference has been observed on extractable phenols: 

spring wood is richer than summer wood, but the difference is highly major between the oak 

species, so the European wood has more aromatic phenols than American wood.  

Figure 3 Schematic view of the side of two staves: difference between open-grain stave, with more 

fibre (black), and tight grain stave, with more vessels (white circles) (De Pracomtal et al., 2014). 
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Source Growth 

mm/year 

Density Air Dry 

gram/cm3 

(Spring) 

Density Air Dry 

gram/cm3 

(Summer) 

Extractable 

Phenols Oven Dry 

gram GAE*/100 

grams (Spring) 

Extractable 

Phenols Oven 

Dry gram 

GAE*/100 grams 

(Summer) 

European oak 2.7 0.49 0.73 7.3 4.8 

American oak 3.3 0.6 0.84 1.9 1.5 

Table 4: Average density of summer and spring oak wood for staves (Singleton, 1974).                    

*Gallic Acid Equivalent. 

 

Recent studies have demonstrated that both phenolic composition and volatile composition 

of Quercus pyrenaica and Quercus faginea species are comparable to chemical data 

reported for other oak wood species (Q. robur and Q. petraea) commonly used for barrel 

making (Cadahìa et al., 2001; Fernández de Simón et al., 2003; Jordão et al., 2007; Towey 

and Waterhouse, 1996).  

Table 5: Concentration of phenols in oak wood, depending on species, region and grain. 

 Q. pyrenaica Q. petraea Q. alba 

Compounds Gerȇs forest Guarda forest Allier region Missouri state 

 Medium grain Medium grain Fine grain Medium grain Fine grain Medium grain 

Vescalagin  30.45 ± 4.2 10.88 ± 3.19 5.03 ± 0.71 21.8 ± 4.5 1.89 ± 0.42 6.44 ± 1.41 

Castalagin  26.93 ± 3.22 19.48 ± 4.01 17.87 ± 3.2 24.81 ± 3.2 4.45 ± 1.03 2.49 ± 0.72 

Roburin D  4.53 ± 1.05 9.08 ± 2.1 0.95 ± 0.02 3.81 ± 0.71 n.d. n.d. 

Roburin E  10.67 ± 4.2 7.49 ± 1.92 5.83 ± 1.2 9.6 ± 1.81 0.59 ± 0.04 n.d. 

Grandinin  5.35 ± 1.4 7.35 ± 2.32 2.2 ± 0.41 13.5 ± 2.34 n.d. n.d. 

Total 

ellagitannins 
 77.9a 54.28b 31.88c 73.52a 6.93d 8.93d 

Ellagic acid  1.06a ± 0.49 4.39b ± 0.2 2.28a ± 0.66 3.79 b ± 0.37 1.92a ± 0.37 1.67a ± 0.1 

Results are presented in mg/g of ellagic acid present in wood; valours accompanied by the 

same letter are not significantly different (p<0,5); n.d. = non detected. (Jordão et al., 2007). 

According to Jordão et al. (2007), the same species (Q. petraea)  and geographical region 

can determine a difference in total ellagitannins and ellagic acid concentration, depending on 

the grain level (tight and medium). But this is not always true, Q. alba from Missouri did not 
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show differences between fine and medium grain, on ellagitannins and ellagic acid content 

(Table 5). 

 

Among European oak woods, Q. robur usually produces a wider-grained wood than Q. 

petraea and is richer in ellagitannins.  Anyway, even in the same tree, staves, made from the 

bottom or top portion of the trunk, show differences in grain (Puech, 2002; Dharmadhikari, 

1998).  

 

According to De Pracomtal (2014), medium/open-grain barrels release more tannins 

(ellagitannins) and guaiacol than tight grain, and in a faster way; medium/open grain seems 

to match better with shorter aging or for highly tannic juices in long maturations. On the other 

hand, the tight grain wood gives more eugenol and cis-whisky lactone than medium/open 

grain wood; fine grain is considered more suitable for long aging, in which the wine acquires 

texture, aromas but less ellagitannins (astringents). 

 

1.1.3 Oak barrels manufacture 

 

First step in barrels production is the choice of the wood. White American Oak trees are 

typically between 80 – 120 years old prior to harvesting, 180 – 200 years for European oak 

(Citron, 2003);  the preferred diameter is 45 – 60 cm (Jackson, 1994); trees are typically 

harvested in the winter months when there is less sap in the trunk.  

 

In the course of barrel production, the oak used for barrels must pass through several 

processing stages important to wine flavour. The main technical difference between French 

and American barrel manufacture is due to the grain: American oak results more dense and 

it can be sawn, in order to obtain the boards. This is possible thanks to the closure of the 

longitudinal vessels (by the presence of tyloses) that avoids the barrel leaking. The French 

oak, on the contrary, need to be split along the fibre sense of the wood, in clapboards. This 

practice leads to high losses of wood, but is indispensable for the French oak, for avoid 

losses of liquid through the vessels that are open on outside and finish inside the cask. The 

barrels produced with sawn staves have to be spread with glue on the internal surface and 

the wood can lose part of beneficial effects on wine evolution (Ribéreau-Gayon et al. 1998). 

An American oak tree can be used for the 40-45% for make staves, against the 20-30% of 

French oak; also for this reason the Q. alba barrels result often cheaper than the French 

woods (Theron, 2013). 
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1.1.3.1 Seasoning 

 

After being split, the wood is submitted to a drying process, to ensure the mechanical 

resistance of the barrels. Generally, on commerce is present fresh wood or artificially dried, 

then it is task of the cooperage to give the boards a natural seasoning. This process is made 

in open air, and it’s preferred by many winemakers because gives to the final wine a 

character more soft and vanillalike than kiln drying (Pontallier et al., 1982). 

 

Natural Seasoning takes at least 8 months for cm of depth of the wood 

(www.garbellotto.com), so that every board takes 2-3 years before reach the desirable 

moisture (15-17%, starting from 65-75%) and leach out sufficient tannins under the rain. 

According to Fernández de Simón et al. (2010), the natural seasoning is more variable, 18 – 

36 months. Longer is the process, softer will be the tannins.  

 

In United States kiln drying is commonly applied at 50-60 °C in order to accelerate the 

process and reach a moisture of 14-18% (Jackson, 1994). According to Ribéreau-Gayon 

(1998) it takes 1 month at 40-60°C; it is economically convenient than natural seasoning but 

the evolution of the wood is different, with “green” tannins more astringent and bitter 

coumarins (Pontallier et al., 1982). 

 

In climates too warm and dry it can be required to wet the boards in order to prevent a rapid 

drying and cracking of the wood. On the contrary case, an excessive rain and cool conditions 

may force the use of kiln drying to obtain the desired moisture content (Theron, 2013).  

 

During the seasoning in open air specific fungi penetrate into the wood grains, convert 

hemicelluloses into simple sugars and liberate lactones and aldehydes from lignin (Chen & 

Chang, 1985). Drying, toasting and hydrolysis result in hemicelluloses breakdown, with 

release of monosaccharides during the wine ageing, such as galactose and fructose or 

xylose (Del Alamoa, 2000).  

 

The ageing process is followed by cooperage actions. By using planers, joiners and routers, 

the cooper removes the microflora from the aged boards to sort the most suitable wood for 

barrel making. The clapboards are now conjunct together in groups of 18-30, with pressure, 

by metal hoops, for being bended in staves and reach in the end the shape of the final barrel 

(Chatonnet & Boidron, 1989; www.garbellotto.com).  

 

 

 

http://www.garbellotto.com/
http://www.garbellotto.com/
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1.1.3.2 Toasting 

 

After the staves are tightly joined, the toasting of the barrel is started. Barrel toasting it’s the 

most delicate and incisive operation in a cooperage. This process can be manual with an 

ember located on the floor at the center of the barrel, or mechanical, in which temperature 

and duration are more easily controlled. The heat produced is necessary to bend the staves 

and toast the wood, in a combination of temperature, humidity and time that will characterize 

the barrel quality.  

 

The conditions of this process are very different between the cooperages and inside the 

same cooperage, where the operation is made manually by artisans.  Factors that intervene 

are: the kind of combustible substance (gas, wood and electricity), the dimension of the fire, 

the modalities of heating (with the cask open or closed), the position of the barrel relatively to 

the floor, the intensity and the time (risk of charring over 250 °C, according to Jackson, 

1994), the frequency of humidification. The toasting operations influence the internal 

structure and the external surface of the wood (Ribéreau-Gayon et al., 1998, Matricardi & 

Waterhouse, 1999). 

 

The process uses different combinations of factors depending to the cooperage experience. 

One example mentioned by Chatonnet (1991), with open barrel, states so: 

1. Soft toasting – wood maintains for 5 minutes a superficial temperature of 120 – 180 °C; 

the modifications are only on lignin and hemicellulose; 

2. Medium toasting – 10 min at a superficial temperature of 200 °C; the parietal 

constituents disappear for complete fusion; 

3. Strong toasting – 15 min at a superficial temperature of 230 °C; the cellular structure is 

highly disorganized and the surface is swollen and full of cracking. 

 

An alternative can be with the barrel closed above (Chatonnet & Boidron, 1989): 

1. Soft toasting – 5 min at 180°C; 

2. Medium toasting – 7,5 min at 200 °C; 

3. Strong toasting – 11,5 min at 220 °C. 

 

Chira and Teissedre (2015), from Nidalie cooperage, reported: 

1. Soft toasting – 56 min at 47 ± 3 °C; 

2. Medium toasting – 68 min at 57 ± 3 °C; 

3. Medium plus – 68 min at 62 ± 3 °C. 
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Table 6: Influence of toasting intensity on the extraction of polyphenols and the formation of 

aromatic compounds in oak wood. 

Compounds (mg/L) Not 

toasted 

Soft Medium Strong Perception 

Threshold 

(mg/L) 

Sensorial 

Descriptor 

DO 280A 17,5 17,2 15,3 13   

Ellagitannins A,B 333 267 197 101  
Astringency 

Bitterness 

Gallic Acid A 20 10,3 9,8 2   

Ellagic Acid A 21 18 13,8 13,7   

Sum of furanic 

aldehydes 
0.3 9.4 21.8 19.1   

Furfural 0,3 5,2 13,6 12.8 15-65a,b
 

Caramel, 

almond 

5-Methylfurfural 0 0.6 1.3 1.5 16-52a,b 

Caramel, 

bitter almond, 

acetone 

5-Hidroxy-

methylfurfural 
0 3.6 6.9 4.8  

Chamomile 

flower 

Sum of volatile 

phenols 
0,028 0,2 0,834 0,845   

Guaiacol 0.001 0.005 0.028 0.03 0.02-0.075a,b Smoke 

4-methyl-guaiacol 0.002 0.01 0.039 0.025 0.065a 
Burning 

wood, ash 

4-ethyl-guaiacol 0 0 0 0.008 0.047-0.14a,b 
Smoke, 

wood, bacon 

4-propyl-guaiacol 0 0 0 0.006   

Eugenol 0.02 0.018 0.072 0.044 0.015-0.5a Cloves 

Phenol 0.005 0.012 0.012 0.02 5.5-25b Spices 

meta-cresol 0 0 0 0.001 0.065-0.38a Pharmacia 

Syringol 0 0.078 0.311 0.313   

4-metyl-syringol 0 0.017 0.081 0.193   

4-allyl-syringol 0 0.06 0.299 0.204   

Sum of phenolic 

Aldehydes 
0.2 12.7 28.8 20   

Vanillin <0.1 2.1 4.8 3.1 0.032-0.065b Vanilla, coffee 
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Syringaldehyde 0.2 5.6 12.9 12.2 0.2-50a 
Pepper, 

spices 

Conyferaldehyde Traces 3.1 6.2 2.1   

Synapaldehyde Traces 1.9 4.9 2.6   

Trans+cis-Methyl- 

Octalactone 
0.8 0.68 1.49 1.73   

Trans-Methyl -

octalactone 
0.16 0.11 0.11 0.14 0.46-0.11b,c Coconut, oak 

Cis-Methyl- 

Octalactone 
0.64 0.57 1.38 1.59 0.046-0.79c,d Coconut, oak 

Ratio of cis/trans 4 5.3 12.7 11.2   

       

The values are the average of several analyses, expressed in mg/L in a hydro-alcoholic 

solution used for the extraction, in standard conditions (Chatonnet, 1995).                 Legend: 

 A mean of 3 samples taken at 1,2 and 3 mm of depth in wood.  

 B ellagitannins are expressed as hexahydroxy-diphenyl-4-6-glucose 

 a Boidron et al. (1988); b Chatonnet  et al. (1992); c Chatonnet (1995); d Wilkinson et 

al. (2004). Adapted by Jordão (2005).   

Table 6 resumes a study of Chatonnet (1995), in which he shows the impact of the different 

toasting levels on extractable polyphenols and the formation of various volatile compounds in 

the wood. The thermal treatment causes the thermodegradation of some components of oak 

wood, such as carbohydrates, lignins and the so called “oak” or “whiskey lactones” isomers 

(Cadahìa et al., 2001; Gimenez-Martinez et al., 1996), and the appearance of new classes of 

odoriferous compounds, such as volatile phenols, pyrazines and furans (Gimenez-Martinez 

et al., 1996; Puech & Maga, 1993; Ribéreau-Gayon et al., 1998). Some aromatic compound 

is already present in the non-heated wood in small quantities (Vanillin, Eugenol, traces of 

phenolic aldehydes), but their concentration increases radically with medium or strong 

toasting (Cadahìa et al., 2001; Gimenez-Martinez et al., 1996; Jordão et al., 2005a).  

 

With such a complexity of reactions, can be useful to analyse separately the main wood 

components transformed during toasting: 

1) Ellagitannins are the principal compound extracted from the non-toasted wood, but, during 

toasting, they are highly degraded. According to Chatonnet (1995), ellagic acid, derived from 

ellagitannins degradation, and gallic acid decrease along the heating process. According to 

Cabrita et al. (2001) a medium toasting affects positively these acids in American oak chips, 

but the level is the same between non-toasted and strong toasted; he also reported that, in 
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French chips, gallic acid decreases in medium toasting and increases in strong toasting 

higher than the unheated wood, while ellagic acid increase with medium toasting. According 

to Jordão et al. (2007), ellagitannins decrease with toasting in Q. pyrenaica, Q. petraea and 

Q. alba, while ellagic acid have a higher or equal amount than non-toasted oak chips.  

 

2) The natural composition of cellulose makes it resistant to heat; it is therefore degradable 

only over 200 °C (Fengel & Wegner, 1989). Its thermodegradation produces hydroxymethyl-

furfural and 5-methyl-furfurale, but since just very high temperature can damage its 

structure, the production is considered not so affecting for the flavour profile (Reiterer et al., 

1998; Reiterer et al., 1999). 

 

3) Seasoning and toasting on the one hand and hydrolysis on the other hand, due to 

beverages ageing in barrel, result in hemicellulose breakdown. This is implicated in sugar 

increases. Thus, brandies aged for 40 years in oak wood may present sugar concentration 

around 2000 mg/L, as well as cognac aged in oak wood can obtain up to 500 mg/L. (Viriot et 

al., 1993). Del Alamo et al. (2000) observed that both, oak variety and the coopery, 

influence the monosaccharide composition in the aged wine.  

 

The increase in monosaccharide content during ageing gives body to the wine. 

Hemicelluloses represent an additional sugar source which may caramelize directly during 

toasting and yield aromatic precursors (Le Floche et al., 2015). Hemicelluloses are more 

thermosensible than other main compounds, they are dehydrated and depolymerized 

already at 120-130 °C, with production of furfural, hydroxymethyl furfural, maltol, cyclotene 

and more (Hodge, 1967) (Table 7). According to Chatonnet (1995), furanic aldehydes don’t 

reach the perception threshold with toasting, thus their direct impact on olfactory woody 

character can be considered little important (Table 6).  

 

In contraposition, other studies demonstrated the active influence of furanic aldehydes:  

 

A. According to Jordão et al., (2005a), furanic aldehydes are produced proportionally to the 

toasting level, thanks to the carbohydrates degradation, but in different amounts 

depending on species and grain; furfural overcame the perception threshold, both after 

medium and strong toasting.  
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B. It has to be considered that the sensory impact of a compound is not only determined by 

the perception threshold, but also from its interactions with other compound derived from 

oak or from microbial activity during the maturation phase. Threshold data (Boidron et 

al., 1988) suggest that vanillin has more direct influence on wine aroma than furfural and 

5-methylfurfural, which have no more than a minor impact. However, furfural has been 

reported to have an important modifying effect on the perception of oak lactones aroma 

(Reazin, 1981); for example levels of 10 mg/L furfural and 1 mg/L oak lactone imparts a 

pleasant wood, caramel or vanilla-like odour, proportional to the furfural concentration. 

Table 7: Main oak wood volatile compounds coming from oak wood biomacromolecules 

(Le Floch et al., 2015). 

 

4) Lignin degradation is the process more incisive on wood modifications, thus on the barrel 

quality. The products derived from this have an important aromatic impact, and are mainly 

volatile phenols and benzoic aldehydes (Table 7). Lignin starts to be degraded at 120-150 

°C, with decarboxylations and breaking of the terminal bonds, and formation of cinnamic 

aldehydes (conipheraldehyde and sinapaldehyde). At higher temperatures (185-215 °C) are 

produced benzoic (phenolic) aldehydes (vanillin, syringaldehyde). At these temperatures the 

phenolic aldehydes produced, generate, by decarboxylation, the corresponding phenolic 

acids (vanilic ac., siringic ac.). Above 195 °C, phenolic acids are degraded in volatile phenols 

(cresol, guaiacol, but mainly eugenol) and gases (Brebu & Vasile, 2010); then toasting level 

increases these compounds. This is in accordance with the experiences of Chatonnet (1995) 

and Guchu et al. (2006). According to Jordão et al. (2005a), in strong toasted wood, eugenol 

is less than in medium toasted wood, but guaiacol is more abundant. Unheated American 

oak seems to be richer in eugenol and guaiacol, than French wood. The heating effect on 

vanillin and syringaldehyde formation, showed similar results in Q. alba wood, Q. petraea 
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and Q. pyrenaica (Jordão et al., 2005a). According to Guchu et al. (2006), guaiacol and 

eugenol are released more from American than Hungarian oak wood. 

 

Nevertheless, the chemical differences between cellulose, hemicellulose and lignin result in 

significant variability in their abilities to interact with organic compounds in solution. Daniela 

Barrera et al. (2008 and 2007) highlighted the sorption capacity of these macromolecules, 

showing  that cellulose and hemicellulose sorb all phenolic compounds without apparent 

distinction, whereas lignin is a selective sorbent of these compounds. Is then present a 

irreversibly interaction between guaiacol and lignin, through conjugated double bond (Barrera 

et al, 2011). 

 

5) About lipids, at high temperature, they originate lactones (cis and trans isomers of β-methyl-

γ-octalactone). The cis-isomer is far more odoriferous then the trans-isomer, and the 

proportion cis/trans is even higher after the toasting (Chatonnet, 1995). There are 

controversial opinions about the lactones production during toasting. Marsal and Sarre 

(1987) and Guchu et al (2006) reported a decrease from non-toasted to toasted wood; Maga 

(1989) observed an increase of oak lactones level after heating; Jordão et al. (2005a), 

reported a not significantly increment of β-methyl-γ-octalactone isomers in Q. pyrenaica 

(medium-strong toasting, medium grain) and Q. petraea (medium-strong toasting, fine- 

medium grain), but a good increase in the Q. alba (medium toasting, fine grain) oak.   

 

Another factor to be considered is the combination between toasting level and oak species or 

grain level, which can always determine different results.  According to Jordão et al., (2005a), 

the production of wood aromas during toasting is strongly dependent on the species; in his 

experience, Q. pyrenaica unheated wood (Portugal), that was poorer in total volatile 

compounds than Q. petraea (France) and Q. alba (USA) wood, results to be much more 

aromatic than the others after medium and strong toasting. The strong toasting produced 

less final aromatic compounds than medium toasting, probably because the higher 

temperature for a longer time determined an uncontrolled decomposition of the compounds 

earlier produced, with decrease of the final concentration. American oak, that before heating 

was the richest in volatile compounds, produced less aromas during the toasting, probably 

because the staves, from which have been taken the chips, were sawn and not spitted as 

Portuguese staves. According to Cadahìa et al. (2001), this practice can affect the result of 

the toasting, in terms of lignin degradation and aromas production.  
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1.1.3.3 Final assembling of the barrel 

 

The funds of the barrel are toasted as well, for determine a flavour dissolution uniform in all 

the volume. The final assembly of the barrel follows after the completion of toasting. The 

metal hoops are removed from the middle of the barrel and this is sanded, inside and 

outside, in order to make them esthetically more appreciable and easier to sanitize. Then the 

hoops are being reapplied and knocked into position. On the middle of the cask a hole is 

drilled in order to apply the cap (Theron, 2013). 

 

The barrel can then be tested for leaks by applying pressure. Considering all the factors 

which play a role, from the cutting of the oak tree to the final assembly of the barrel, it is 

logical that individual barrels will differ. This must be borne in mind by winemakers when final 

blends are prepared (Stern, 2012). 

 

 

1.1.4 Phenols and colour evolution in red wines 

 

The phenolic profile is the main difference between a white wine and a red wine. It is 

determined during the maceration, when the phenols are extracted from the berries, and it 

changes constantly during the maturation and ageing of the wine. Phenols can be 

distinguished in flavonoids and non-flavonoids.  

 

Non-flavonoids are phenolic acids (benzoic and cinnamic acids), volatile phenols, stilbenes 

and various compounds. Benzoic acids (C6-C1) are mostly present in free forms, thanks to 

degradation and hydrolyse of complex molecules, in particular anthocyanins: gallic, syringic, 

vanillic, procatechic p-hydroxybenzoic acid and in minor presence salycilic and gentisic acid. 

Cinnamic acids (C6-C3) are present in free forms, esterified, mainly with acid tartaric, and as 

glycosides (Ribéreau-Gayon, 1965): p-cumaric, caffeic, ferulic and synaptic acid. Benzoic 

and cinnamic acids in total can have a concentration of 100- 200 mg/L in red wines. They are 

not colored, but if oxidized they become yellow and may contribute to the red wine colour 

stabilization. They are tasteless and odourless, but they are precursors of volatile phenols, 

and some have antioxidant activity on human health (resveratrol) (Ribéreau-Gayon et al., 

1998). 

 

Flavonoids constitute the major family of phenols, of which the most present in the wine 

molecule is cathechin (flavanol), the structural base of condensed tannins. The typical 

structure is composed by 2 benzoic rings linked by an oxygenated heterocycle (saturated or 

unsaturated). 
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Flavones are light yellow flavonoids, distinguished into: flavones, flavonols, flavanones and 

flavanonols. Flavonols and flavanonols are the most abundant (Ribéreau-Gayon, 1964). 

Some example: kampferol, quercetin, myricetin, taxifoline.  

 

 

Anthocyanins are the red pigments of the grapes, located essentially in the skin and 

exceptionally in the flash. Their structure is the same as flavonoids, unsaturated and in 

cationic form (+) (flavylium cation). Depending on the substituents, we can have: cyanidin, 

peonidin, delphinidin, petunidin and malvidin, the most abundant (50-90% of the total 

anthocyanins) (Ollivier, 1987, from Ribéreau-Gayon et al., 1998). They can be glycosylated 

when bonded to a glucose, and glycosylated acylated when bonded to glucose and a p-

coumaric / cafeic / acetic acid.  The di-glycoside anthocyanins are present only in American 

vine species (Vitis riparia or Vitis rupestris). Their colour depends mainly on pH: low pH 

improves the balance toward the flavylium form, in presence of O2, which is red coloured; a 

higher pH can change the configuration and make the molecule blue coloured (quinonic 

base) at pH >4, then yellow (calchone) or uncoloured (carboniol) at neutral and alkaline pH 

(Brouillard et al, 1978, 1979; from Ribéreau-Gayon et al., 1998). The maximum loss in 

coloured forms is observed from pH 3.2 to 3.5. At low pH there are more red pigments, but 

the SO2 is more active and applies a bleaching effect on anthocyanins. Also the glycosylation 

and acetylation change the optical wavelength and the molecule appears orange (Ribéreau-

Gayon et al., 1998). 

 

 

Tannins are polymers of phenols with high volume. They are responsible for an astringent 

taste and they are involved in many reactions with proteins and other vegetable polymers, for 

which they have a strong chemical affinity. Their ability to bind proteins depends on the 

dimension, if the molecule is too small the charge in not enough, while if it’s too big the 

superficial charge doesn’t interact with proteins. Tannins are distinguished between 

condensed or hydrolysable. 

 

 

Hydrolysable tannins include ellagitannins and gallotannins, and they can be glycosylated. 

They are highly soluble and stable in hydroalcoholic mediums (Moutounet, 1998). With time 

they will hydrolyse or oxidise or polymerize with many compounds. Their oxidability and 

astringency makes them very influent on wine maturation (Pocock et al., 1994; from 

Ribéreau-Gayon et al., 1998). In grape they are present in very small quantities, thus they  

reach the wine through barrel, commercial pieces of wood or commercial tannins contact. 

 



37 
 

Condensed tannins are polymers of flavan-3-ols or cathechins. These are the basic 

molecular structure, present in 4 isomers, in which the more stable are: (+) cathechin and (-) 

epicathechin (Canas, 2003). They are also called proanthocyanidins because at high 

temperatures and acid pH they release carbocations highly instable, that become brown 

compounds and red anthocyanins (ex. cyanidin from procyanidin). They are present in every 

solid tissue of grape (skin, seeds and stems) and reach the wine through maceration; for this 

reason they are much more concentrated then hydrolysable tannins in red wine. They have 

high propensity on polymerization, until they precipitate or they flocculate in suspension with 

proteins, and they result more reactive with proteins than the hydrolysable ones. Tannins 

have also the capacity on bind heavy metals, such as copper, in the wine (Vivas, 1997). 

 

 

  

Legend: Y degradation products from anthocyanins; TA tannin-anthocyanin complex; TP 

tannin-polysaccharide or tannin-protein complex; CT condensed tannins; CTt tannins very 

condensed; Td degraded tannins;        = precipitation. 

 

                  Figure 4: Development of phenols in red wine during ageing (Glories, 1990). 
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A well carried aging always improves the red wine quality. It promotes a balanced 

development of colour, aroma and taste. The speed and the good behaviour of these 

processes depend on: 

• the external conditions, such as air contact, temperature, sulphites, release of 

substances from wood contact; 

• the composition of the wine, mainly phenolic compounds, in total amount, relationship 

tannins/anthocyanins, composition of the tannins, and every substance capable to react with 

phenols, such as polysaccharides, proteins and acidity; 

• microbial activity, yeasts and bacteria’s products and their cellular residues. 

 

Wine colour is the first contact with our senses, is then a very important quality parameter. 

During time phenolic compounds are in part degraded/oxidized/bleached and in part they 

polymerize/condensate, increasing their level of complexity (Fig. 4). Anthocyanins will 

polymerize gradually until they reach equilibrium with their corresponding phenolic 

components; the free forms will disappear, degraded in proportional way to temperature, O2, 

light, alcohol level, or bleached by SO2 and pH, with loss in red and blue colour; with time, 

acylated anthocyanins are degraded and remain only the 5 mono-glucosidic forms, with high 

predominance of malvidin (Del Alamo & Dominguez, 2005). 

 

Besides the loss in colour, there will be also a variation in the shade, which shifts from 

red/ruby to granted red and red/orange; monomeric red pigments are polymerized or 

degraded, with a loss in red and blue pigments that leads to a browning of the colour (Del 

Alamo & Dominguez, 2005).  

 

During the aging, anthocyanins undergo a series of processes that affect directly the wine 

color. These processes take place mainly during oxidative breeding period or storage in 

wood, rather than in reducing conditions. Besides the chemical and technical conditions that 

affect the coloured anthocyanins stability (pH, temperature, light, oxygen, alcohol), what is 

strictly important for colour permanence in wine are complexing agents. Nowadays is proven 

that copigmentation is the main color-stabilizing mechanism in wine maturation; it occurs 

between the various forms of anthocyanins or between anthocyanins and others compounds 

(copigments), and it’s hindered by alcohol concentrations (Bakowska, 2003; Del Alamo & 

Dominguez, 2005).  

 

Tannins play a role on colour intensity, binding anthocyanins and making them stable, in a 

direct condensation (A-T or T-A, figure 5) or a mediated condensation through ethanal (figure 

6). Acetaldehyde in wine comes from the alcoholic fermentation and the oxidation of the 
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ethanol, in which peroxides from flavans are involved. Mediated condensation is promoted by 

high temperature, oxygen dissolution, low pH, and it’s hindered by SO2, that capture the free 

ethanal; it leads the increase of colour intensity and a shift to blue notes, which is responsible 

for a red-mauve shade of the wine. The optimal ratio T/A for let this process evolve the 

colour is 4 (Galvin, 1993; from Ribereau-Gayon et al.¸1998). However, due to the fact that 

some acetaldehyde-derived flavanol–anthocyanin polymers are insoluble, a precipitation of 

these compounds also occurs (Escribano-Bailon et al., 2001).  

 

According to Jordão et al. (2005), the polymerizations between phenols during ageing 

determine instability that leads to precipitation and loss in colour intensity. Generally, if 

tannins are insufficient, anthocyanins will be degraded; if they are too many they can be 

degraded or polymerize between themselves or with other compounds (proteins, 

polysaccharides) making orange-yellow pigments (Saucier et al., 1997).   

 

 

Figure 5: Direct condensation 

reaction between 

Anthocyanins and Tannins 

during colour stabilization 

(Ribéreau-Gayon et al., 1998).  

A) carbocations from flavanols 

T bind in position 6 or 8 the 

neutral pseudobase AOH of 

anthocyanins; the product     

T-A+ is red coloured. 

B) flavylium cation A+ reacts with a flavanol T producing a complex flavene A-T uncoloured; in 

presence of oxygen it becomes A+-T and AO-T, red coloured. 

 

 

 

Figure 6: condensation between 

tannins and anthocyanins, 

mediated by ethanal, with low 

concentration of flavylium ions 

(Ribéreau-Gayon et al., 1998). 
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Another phenomenon that participates to the colour is the spontaneous formation of 

castavinols, from anthocyanins and diacetyl (or other C4 yeast metabolites), a series of 

pigments not present in the grape, just found in red wine (Castagnino & Vercaiteren, 1996). 

This compound is produced in few mg/L, but is stable and contributes to the colour reserve.  

 

 

1.1.5 Wood ageing of red wine 

 

Currently only oak and chestnut are approved by the International Organisation of Vine and 

Wine (OIV) to wine aging (De Rosso et al., 2009a; Fernández de Simón et al., 2009; Flamini 

et al., 2007 and Sanz et al., 2012). 

 

The European Union authorized the use of oak wood pieces for winemaking in 2005 (Council 

Regulation EC n° 2165/2005, in 20 December 2005: “Annex IV: in point 4, the following point 

is added: usage of pieces of oak wood in winemaking”) and 2006 (Council Regulation EC n° 

1507/2006, in 11 October 2006).  Today oak wood chips are authorized and commercialized 

in many forms (chips, cubes, boards, powder, granulated, shavings, dominoes, blocks and 

segments). These products have been used since a long time in Australia, USA, Chile and 

South Africa, since they have a different regulation (Chira & Teissedre, 2013). 

 

The impact of the wood aging on wines has been assumed as positive for the quality since a 

long time. The barrel creates conditions favourable to a good stabilization of the colouring 

matter and an evolution of the sensory profile. The final result is a consequence of many 

factors: wood chemical characteristics (botanical species, geographical origin, manufacturing 

of barrels, and number of uses of barrels), dimension of the cask (ratio surface in contact 

with wood / volume of wine), wine chemical profile (variety, geographical origin, winemaking 

operations), temperature, ratio oxygen consumed by the wine / oxygen transpired through 

the wood, time of ageing. 

 

 

1.1.5.1 Colour evolution 

 

The aeration is a fundamental factor. In a hermetic tank or in bottle, without oxygen, the 

colour intensity stays stable or varies slightly. On the contrary case, in presence of oxygen, 

the colour intensity can increase, despite the loss in total anthocyanins (Saint-Emilion, 1986; 

from Ribéreau-Gayon et al., 1998). Barrel creates a suitable condition for this process, 

releasing ellagitannins and transpiring oxygen. This one makes A-T complexes coloured 

during direct condensation, and it is involved, with ellagitannins, in the oxidation of ethanol 
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into ethanal (through H2O2), responsible for the mediated condensation (Ribéreau-Gayon et 

al., 1998). 

 

Sulphites is strictly necessary during the aging, in order to protect the wine from an 

excessive oxidation, but its level shouldn’t be too high, because it hinds the polymerizations, 

binding ethanal and acting as antioxidant. The speed of consumption of the oxygen in a 

barrel needs to be faster than the oxygen in entrance, through wood pores, for a correct 

maturation (Zironi et al., 2005). 

 

Basically, aeration is helpful in the beginning of the maturation, when the young wine needs 

to lose the carbon dioxide from the fermentation and stabilize the colour. In a second 

moment it must be reduced in order to maintain a high oxide-reduction potential, suitable for 

the tannins evolution (softening). Generally a wine rich in components such as phenols, 

polysaccharides and with a right balance tannins/anthocyanins can well face an aeration 

process; while a wine poor in substances to protect itself from oxygen, will undergo an 

excessive oxidation, with phenols precipitation (Zironi et al., 2005). It is then important to 

know the wine before to submit it to a wood ageing. 

 

According to Saint-Emilion (1986; from Ribéreau-Gayon et al., 1998), the temperature plays 

a role on ageing: lower temperatures (12 °C), in oxidant conditions (oxygen or ellagitannins), 

allow a slower polymerization, that leads to an increase of colour intensity; with higher 

temperatures (25 °C), in oxidant and reducing conditions, the increase of colour intensity is 

limited and the colour shade shifts to orange. At high temperatures tannins are more active 

and the polymers created with anthocyanins, proteins or polysaccharides grow too much and 

precipitate. According to Ribéreau-Gayon et al. (1998), temperature over 20 °C in barrel can 

be dangerous, as well as a long period at low temperature can limit the evolution, but it is 

highly recommended for some week. Temperature is more influent than alcohol and pH on 

ellagitannins extraction (Jordão et al., 2005). 

 

A considerable factor is the capacity of wood to adsorb wine components. According to 

Barrera-Garcia et al. (2007), the 50% of resveratrol is adsorbed by oak wood, which 

indicates a selective ability of wood on binding certain molecules. 

 

About the species influence, according to Del Alamo and Dominguez (2005), Hungarian (Q. 

robur) and French (Allier, Q. sessilis) oak wood barrels make wines far richer in 

anthocyanins, mainly malvidin, than American (Q. alba) oak barrels. This should be 

determined by a major effect of stabilization of anthocyanins, through condensation. 
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1.1.5.2 Sensory impact 

 

Besides the reactions on the colouring matter, wine shows an evolution on taste and aroma; 

this is the main raison that justify the wood ageing, since it represents the aspect most 

appreciated by wine consumers. 

 

The taste changes mainly in relation to phenols. The principal extractable components of the 

wood are ellagitannins. The oral sensation imparted by these has been described as 

astringent at relatively low threshold concentrations spanning from 0.19 to 5.9 mg/L (of 

castalagin), whereas bitterness was strongly dependent on ellagitannin structure and a bitter 

taste was perceived at threshold concentrations between 383 and 1542 mg/L (Glabasnia & 

Hofmann  2006). However, the toasting level reduces their amount in the wood.  

 

On one side ellagitannins are constantly released by wood and they accumulate inside wine; 

according to De Pracomtal (2014), their level increases during ageing, reaching a peak at 8 

months, for decrease radically just after that. On the other side, they are slowly but 

continuously degraded (acid hydrolysis and oxidation) or condensed in compounds le 

reactive with proteins, then less astringent (Jourdes et al., 2011). According to De Coninck et 

al. (2006), the resultant of this equilibrium is a trend more or less stable, in which total 

phenols and flavonoids still stay constant; meanwhile non-flavonoids increase because they 

are released from the wood, such as gallic, ellagic, benzoic, coumaric and caffeic acid. 

A proof of the ellagitannins breakdown during ageing is the softening of the tannins in the 

mouth; they are degraded in acid mediums into ellagic acid, as well as gallotannins become 

gallic acid; these acids are not correlated to bitterness or astringency (Chatonnet, 1995).  

 

The impact of wood ageing on aroma is due to release of volatile compounds from wood. 

They can reach different levels of perception in wine; some of them are accumulated in 

quantity superior to the perception threshold, hiding some varietal aromas, but still improving 

the organoleptic complexity. (De Coninck et al., 2006).  

 

The main volatile families of compounds susceptible to migration from oak wood to wine are 

the cis and trans isomers of β-methyl-γ-octalactone, furanic aldehydes, phenolic aldehydes 

and volatile phenols. (Cèdran et al., 2004; Chatonnet, 1995; Jordão et al, 2005a; Cadahìa et 

al., 2007). 

 

Differences depending on oak species, geographical origin, coarseness of the grain and 

barrel making have been already discussed, in the respective paragraphs.   
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Wood ageing, which brings polyphenols and oxygen to the wine, has a certain impact on 

sulphured compounds. From one side, this process is helpful in case of reduction defect: 

ellagitannins, in presence of oxygen, can easily bind those sulphured compounds, 

responsible to hide the varietal flavours, reducing the global aroma of the wine. On this 

process are also helpful the yeast cells, rich in cysteine (mannoproteins), which can bind 

sulphated compounds through disulphide bond (R-S-S-R) (Lavigne & Dubourdieu, 1997).  

On the other side, polyphenols (ellagitannins or anthocyanins) can eliminate those sulphured 

molecules responsible for the varietal aroma: according to Lavigne (2004), 3-

mercaptoexhanol decreases majorly with a new barrel (more ellagitannins) and an 

oxygenation, rather than a used barrel with oxygen or a new barrel without aeration.  

 

Other effects of wood ageing are the loss of carbon dioxide in new wine, the spontaneous 

clarification of particles in suspension, a reduction of the initial wine volume, cause it 

vaporizes through the wood, and a consequent possible increase of total acidity and volatile 

acidity.  

 

 

1.1.5.3 Use of aged barrels compared to new barrels. 

 

Another parameter to take in consideration is the age of the barrel, namely its number of 

uses. Oak is the most suitable wood for contain liquids since it is a durable, tough, bendable 

wood and contributes to the wine aroma. However, the increasing demand of oak barrels 

caused a remarkable increase in costs due to the limited availability of materials. Moreover, 

in view of the critical role exercised by the forest in sequestering carbon and mitigating 

impact of CO2 emissions and in line with one of the main axis of the OIV strategic plan 

(2009–2012) and the American Association of Wine Economists, the use of oak in winery 

needs to be reviewed, taking into account the development of a sustainable winemaking. 

Thus, a multi-year use of oak containers is a way to reduce the costs and the ecological 

impact of tree harvesting, in those forests where the replacement of trees is not guaranteed. 

Also the use of alternative woods, such as chestnut, may be an interesting option (Gambuti 

et al., 2010). 

 

According to Gambuti et al., (2010), colour intensity in red wine, from Merlot, Cabernet 

Sauvignon and Piedirosso grapes, can increase with use of new oak barrel, aged oak barrel 

as well as bottle, after one year ageing. He showed that the three wines, stored in aged 

barrels, have a major content in free anthocyanins and ethanal-mediated A-T complexes 

than those aged in new barrels. This difference between barrels has been shown in a major 

variety of anthocyanin free forms in Cabernet Sauvignon wine than Merlot and Piedirosso 
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wines. Thus, grape variety makes a difference on the answer of the wine to the wood. In the 

three wines, the different age of the barrels didn’t affect the vanillin amount, which doesn’t 

show significantly differences. A significant diversity on gallic acid amount has been 

observed only for Cabernet Sauvignon, between aged and new barrels; caffeic acid is always 

more in wines from aged barrels; p- coumaric acid shown a difference only in Piedirosso 

wine, with a major amount after a new barrel ageing. 

 

According to Barrera-Garcia et al. (2007), during time the pores of the wood get filled and old 

barrels lose gradually the capacity of transpire oxygen and release wood compounds, 

becoming less influent on wine composition: 

 the less oxygen transpires from the wood, the less will be oxidations of free 

anthocyanins and polymerizations of tannins, that lead to their precipitation;  

 the less ellagitannins are extracted from wood, the less will be the condensations of 

free anthocyanins; the reaction with wood reactive components is the major cause of 

loss in free anthocyanins; 

 the less pores are available, the less anthocyanins will be sorbed by the wood. 

 

Generally a newer barrel brings more oxygen and releases more phenols and aromatic 

compounds, producing a faster evolution of the wine, which can lead to a faster stabilisation 

but also a more rapid degradation of the compounds. 
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2.0 Dão Region 

 

The demarcated region of Dão has more 

than a century of history. Established in 

1908, Dão region is the oldest 

demarcated region of non-liqueur wine in 

Portugal. Located in the Center-North of 

Portugal, it has about 20.000 hectares of 

vineyards in approximately 376.000 

hectares of land, spread over 60.000 

grape producers. It produces about 40 

million liters of wine per year, 6% of the 

national wine production, of which 18 

million are DOC (www.acmang.com/Dao-

Region; Salvador, 2006).   

 

 

This region is generally characterized by granitic soils (70% of the total) and low fertility, on 

which are cultivated the 97% of the vines; the rest is composed by schist and clay (South 

and West), more fertile. It has a climate that although tempered, it is quite cold and rainy in 

winter and often very dry and hot in the summer (D’Avillez, 2006). 

 

The geographical area of DO production " Dão "is surrounded to the west by the peaks of the 

Caramulo and Buçaco and the North and East by the mountains of Nave and Estrela which 

constitute a major barrier to humid masses of coastal and continental harsh winds. This is a 

high country, rising from 200 metres above sea level at its highest spots to 1,000 metres in 

the Serra da Estrela; the region where the vines are predominant is in the quotas of 400-500 

m, however going up to 800 m (IVV, IP, 2009).  

 

Currently the most cultivated grapes are for red, Touriga Nacional, Alfrocheiro, Tinta Roriz 

(also known as Aragonez, or, in Spain, Tempranillo), then the traditional Jaen, Baga, 

Bastardo and Tinta Pinheira. White grape most diffused is the Encruzado, followed by Bical, 

Malvasia Fina, Cerceal Branco and Guveio (D’Avillez, 2006). 

  

Figure 7: Dão region map (www.laithwaites.co.uk). 



46 
 

3.0 Jaen Red Grape Variety 

 

Jaen (T) is a red variety 

currently cultivated in Portugal, 

but whose origin in this country 

is quite recent, because, 

according to Menezes & Pinto 

(1896), it was still unknown in 

1897.  

 

 

This variety has been imported in the country by 

foreign people, well established fact since the low 

indicators of genetic variability of yield are 

incompatible with a long establishment of Jaen in 

Portugal. In 1994 the variety has been found in 

Bierzo (Spain), close to Galizia, with the name of 

Mencía (Gonçalves, 1996).  

 

In Spain the genetic intravariability of this variety is 

significantly superior to Portugal (Martins A., 2005; 

from Böhm, 2010). According to Martinez & Peréz 

(1999) the Mencía was present in Spain before the 

phylloxera invasion. It is lawful to think that has been 

brought by pilgrims returning home through the paths 

of Santiago de Compostela (Comissão Vitivinícola 

Regional do Dão www.cvrdao.pt). 

 

In Portugal the total surface is 2.400 ha, it is mainly 

cultivated in Dão region and is used for base red 

wines in the DOC “Dão”, “Douro”, “Bairrada”, “Cova 

de Beir”, “Alenquer”, “Arruda”, “Torres Vedras” and 

“Ribatejo”. In Portugal is present with the historical 

synonyms of  Fernão Pires Tinto, Jaen Galego and 

Gião (Dão). Is also diffused in Center and North-

West of Spain, where is used for red wines of the DO 

“Bierzo”, and where is known as Tinta Mencía (Böhm, 

2010). 

Figure 8: Jaen variety cluster and adult leaf (www.acmang.com). 

Figure 9: Distribution of Jaen variety in 

Portugal (Böhm, 2010). 

http://www.cvrdao.pt/
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Presently has been identified 8 clones of Jaen (91 – 97 ISA), distinguished for different 

attitudes in alcohol, acidity and colour production (Böhm, 2010). 

 

The ampelographyc characteristics are: 

• early germination; hermaphrodite flower;  

• young leaf – green color, weak pigmentation and glabrous villosity;   

• adult leaf – small size, pentagonal shape, with five lobes, color green top page, medium 

teeth, as wide as long, convex; within petiole very open with the base V-shaped and upper 

lateral sinuses open with the base V-shaped; 

• bunch – small/medium size, loose compactness, peduncle short and medium 

lignification; 

• berry – medium size, rounded shape, blue-black color, averagely pruinose and medium 

thickness of the epidermis; not colored, soft and juicy pulp; pedicel short and easy 

separation; grape seeds  missing; 

• branches –  flattened section, striated surface (Böhm, 2010). 

 

The vegetative potential of this variety is characterized by: medium/low vegetative vigour; 

internode very shorts; Jaen variety has a very regular production, it doesn't suffer the 

alterations of weather, good adaptability; average production recommended generally less 

than 50 HL/ha. Abiotic susceptibility very sensible to wind, in the first phase it breaks the 

shoots and in the final phase it causes the berries falling. Cryptogamic susceptibility is high 

to powdery mildew, downy mildew and botrytis; low susceptibility to parasites, like vine moth, 

and medium to leafhopper. The cluster is compact, medium size, weight 180 – 230 g. The 

variety presents a high adaptability to every kind of soil, except humid soils; adaptable to 

many kind of pruning; it prefers dry climates (Böhm, 2010). 

 

Oenological potential: the must of this variety is characterized by: 

• medium-high probable alcohol strength (13 – 14%); 

• low total acidity (3 – 4,5 g/L, in which 0,6 g/L is malic acid and 3,5 g/L is tartaric acid); 

• total anthocyanins 737,22 mg/L; 

• TPI (280 nm) 30,96 (all data are the average of at least 40 samples, studied during 5 

years; reference RNSV). 

 

The wine has colour intensity red to dark red, violet color shade, medium sensibility to 

oxidation, low longevity (due to the low acidity).  In Dão region is the richest grape in 

terpenes, after Touriga Nacional: Linalol 39 µg/L, Nerol 35,8 µg/L, Geraniol 20 µg/L (RNSV; 

data taken in more than 10 years and related to the production, alcohol potential, acidity, phenols and 

anthocyanins of different grape varieties). 
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2.0 OBJECTIVES 

 

Since a long time, oak barrels have been used for wine ageing, on red and white wines, with 

the aim to improve their quality. At the same time it’s not easy to distinguish the real 

influence of different kinds of wood on wine quality, considering the number of parameters to 

be considered, about wood and about wine itself. In order to produce high quality wines must 

first considered the predisposition of the wine to the wood contact and the best combination 

of factors on choosing a barrel.  

 

This experiment was carried out on a red wine, obtained from Jaen grape variety, which has 

been aged for 6 months in 5 different oak barrels. The casks had different toasting level 

(medium and soft), they have been used for 2 or 3 times before the test, and they were made 

with woods coming from different countries (France, America, and Hungary). 4 cooperages 

made the barrels. The ageing has been conducted by the winery Casa da Passarella, 

located in Dão region. 

 

The aims of this work where 2: 

1. Know if a red wine produced with pure Jaen grapes, which is usually not stored in barrels 

for the maturation, can undergo an interesting evolution on global quality, during a wood 

ageing; this eventuality could open the way to a new style of production for one of the 

most produced red wine in Dão region. 

2. Appreciate the effect of different levels of toasting, different geographical origins and 

different ages of barrel, on wine quality during a wood ageing, comparing it to the same 

wine aged in a stainless steel tank. 

 

The wines have been analysed every month, in order to describe the evolution of the colour 

and the phenols. The sensory profile has been studied with 2 tasting sessions, by a panel of 

7 expert tasters, in the middle and at the end of the ageing. Basic chemical parameters have 

been checked at the beginning and the end of the experiment.  
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3.0 MATERIALS AND METHODS 

 

 

3.1 The wine 

 

The wine used in this study case was a young wine, obtained from 100% Jaen grape variety, 

harvested in 2014. All the grapes came from a 50 years old vineyard, belonging to Casa da 

Passarella winery, in Dão region, sub region Serra da Estrella. These grapes were monitored 

prior to the harvest, in order to describe the trend of maturation and decide the most suitable 

time for the collect, that occurred in 18 September 2014.   

 

 

3.1.1 Vinification  

 

The vinification has been conducted in the same winery. It started the same day of the collet. 

First the grapes were destemmed together with crushing, with application of 40 mg/kg of 

SO2, for protect them from oxidation and hind undesirable fermentations. Then the crashed 

grapes have been transferred in a stainless steel vat, totally open above, and inoculated with 

active dry yeasts, of Saccharomyces cerevisiae species. In order to avoid the drying of the 

grapes above the must and homogenise the liquid part, favouring the skin extraction and 

oxygen dissolution, an automatic system of mechanic fulling has been applied. The 

fermentation took 7 days in total, at 22-26 °C average of temperature. During the 

fermentation no nutrients have been applied to the yeasts, nether commercial tannins for 

stabilize the colour.  

 

After the fermentation, the wine undergone a further maceration of 15 days, in order to 

improve the extraction of colouring matter. After the process, a further addition of sulphites 

has been applied (50 mg/L). Then the mass has been pressed and the wine was separated 

from the solid parts, being transferred in a stainless steel tank. Here has been achieved the 

malolactic fermentation, after inoculation. 

 

The wine didn’t require further treatment for avoid heavy metals instability.  
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3.1.2 Oak wood ageing 

 

5 oak barrels (225 L) have been used in the experiment. For simplify the discussion of the 

results an identification code has been applied on each barrel, for identify the wine aged 

inside. The main differences are shown in table 8: 

 

Identification 

code 

Origin Age Toasting level Cooperage 

B1 America 2nd year Medium J. Dias 

B2 France 2nd year Soft J. Dias 

B3 France 2nd year Soft Hermitage 

B4 France 3rd year Medium Vicard 

B5 Hungary 3rd year Medium / 

Table 8: Characteristics of the barrel used in the experiment 

 

The ageing took place from January to June 2015, for 6 months in total. Prior to the transfer, 

the barrels have been sanitized with water vapour flue at 80°C 

 

3.2 Chemical analysis 

 

Every month samples have been taken from the 5 barrels and the steel tank. A 375 mL bottle 

have been filled for each wine and sent to the ISA laboratory, in Lisbon, in order to be 

analysed. 

 

3.2.1 Basic chemical parameters of the wine 

 

At the first and sixth months, a basic chemical profile of the wine has been studied, focusing 

on: pH, total acidity, volatile acidity, residual sugars, total and free sulphites level, alcohol 

strength and density. A test of malolactic fermentation has been done on the first samples, 

by chromatography paper method. All these analyses have been executed at the ISA 

laboratory. 
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3.2.2 Colour and phenols analysis 

 

The analysis of phenols and pigments was one of the aims of the experiment, in order to 

appreciate the differences in evolution between the 6 wines. All these analysis has been 

made in the ISA laboratory, through spectrophotometer. The colouring matter has been 

investigated following the methods proposed by Somers and Evans (1997). The total 

phenols, flavonoids and non-flavonoids amount has been analysed with the Kramling and 

Singleton (1969) method and expressed as mg/L of gallic acid; this converting curve has 

been used:                        

X = (0.0169 + A280) / 0.0309 

 

Previously, the analysis the wines were centrifuged at 10.000 rpm for 10 min, for eliminate 

eventual suspensions. The following parameters have been investigated: 

Parameter Formula 

Colour Intensity I  (A.U) (A420 + A520 + A620) x 10 

Colour Shade N  (A.U) A420/A520 

Total Anthocyanins  (mg/L) 20 x (A520 HCl x 101  – 5/3 A520 SO2 x 10) 

Ionized Anthocyanins  (mg/L) 20 x (A520 x 10 - A520 SO2 x 10) 

Ionization Index % 
100 x (A520 x 10 - A520 SO2 x 10) / 

(A520 HCl x 101 - 5/3 A520 SO2 x 10) 

Total Pigments  (A.U) A520 HCl x 101 

Polymerized Pigments  (A.U) A520 SO2 x 10 

Polymerization Index % 
100 x (A520 SO2 x 10 /  

A520 HCl x 101) 

Total phenols index TPI  (A.U) A280 x 100 

Total Not Flavonoids  A280 HCL x 10 

Total Flavonoids TPI – Total Not Flavonoids 

Table 9: Formulas for chromatic analysis and total phenols amount. Legend: A.U = absorbance 

unites  
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3.2.3 Tannin power analysis 

 

Tannin power has been studied through the method proposed by De Freitas & Mateus 

(2001).  It allows quantifying the reactive tannins trough the turbidity gained from a 

hydroalcoholic solution, in presence of proteins for a certain period. The analysis has been 

performed by Nephelometer (Hack 2100N), in the ISA laboratory. As well as the chromatic 

and phenolic determinations, the wine previously has been centrifuged at 10.000 rpm for 10 

min.  It provides the preparation of a model hydroalcoholic solution with 12% (v/v) alcohol 

and 3,2 pH, with whom the wine is diluted in rapport 1:50. The turbidity of this dilution was 

then red, after calibration with standard solutions. Later the reaction has been carried on:   

0,3 µL of Serum Bovine Albumin (SBA)  +  8 mL wine diluted solution. The albumin reacts 

with the tannins creating polyphenol-protein colloids and improving the turbidity. After 45 

minutes in dark, the turbidity of the solution obtained has been red, by Nephelometer. The 

tannin power value was obtained with the formula:  
 

Tannin power (NTU / mL wine) = (d – d0) / 0,08  

 

d0 is the turbidity of the diluted wine without SBA and d is the turbidity after the reaction. 

 

3.3 Sensory analysis 

 

In order to value the aromatic characteristics of the wine has been done a sensory analysis. 

Two tasting session were performed by a panel of 7 expert tasters, in the tasting room of the 

Agrarian Higher School of Viseu. The first tasting was in data 13 May 2015, evaluating the 

quality of the 3rd month samples; the second one in data 01 June 2015, for the 6th month 

wines. Each wine received a random identification code: 

 

Control (99)   –   B1 (301)   –   B2 (110)   –   B3 (450)   –   B4 (720)   –   B5 (342) 

 

Each taster received a tasting sheet (Annex 1). This asked to evaluate the colour, the aroma 

and the taste, with a sub-division of each category in different classes. The parameters 

investigated were focused oak wood impact on a red wine. A 5-unit scale has been used for 

each parameter; for colour, aroma and taste the scores were: 1 attribute not perceptible, 2 

slightly perceptible, 3 moderately perceptible, 4 intensely perceptible and 5 highly 

perceptible; for equilibrium and global appreciation the categories were:  

1 mediocre, 2 satisfactory, 3 good, 4 very good, 5 excellent. 
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3.4 Statistical Analysis 

 

In order to achieve a minimum statistical representativeness of the values, chemical analysis 

on chromatic compounds and phenols has been repeated 3 times, then averages between 

the repetitions have been obtained for each parameter. The sensory analysis results have 

been approached as average between all the tasters. 

 

A one-way analysis of variance (ANOVA), implemented with Tukey-Kramer test, has been 

performed with Microsoft Excel 2010, in order to discriminate the presence of significant 

difference on the parameters across the time (evolution of wines) and between the samples 

(comparison of the wines). All the parameters were evaluated using a α 0.05.  

 

A Principal Component Analysis has been performed on chemical and sensory analysis, in 

order have a global picture of the relationships between the samples and the attributes; the 

software used was XLstat 2011 (Addinsoft). 
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4.0 RESULTS AND DISCUSSION 

 

 

Considering the quantity of results obtained from the experiment, the discussion had been 

divided in 5 paragraphs: 

1. Basic characteristics of the wine (acidity, sulphites, alcohol, and sugar), taken at the 

beginning and at the end of the ageing. 

2. Discussion of the colour expression, considering both the evolution of every parameter 

along the ageing and the statistical differences between the samples on every month. 

3. Discussion of total phenols and tannin power of the wine, looking to the evolution of their 

amount along time and the main differences between the samples, on each month. 

4. Discussion of the two sensory analyses. 

5. General picture of the wines behaviour at 3rd and 6th month. 

 

 

 

4.1 Basic chemical profile of the wine 

 

A basic chemical profile has been delineated on the first and the last month of ageing. At the 

beginning, the wine investigated was the Control. On the second check, the sample analysed 

was a mix of the wood aged wines, without the control.  

 

Valours are quite normal for a young red wine (Table 10). The pH, after complete malolactic 

fermentation, reached an acceptable value. Generally 2 g/L is the maximum amount of 

residual sugars for the wine to be considered dry; in this case sugars are a little over the 

technical limit (2,13 g/L); a light increase occurred during the ageing (from 2,13 to 2,55 g/L), 

it can be justified with a release of simple sugars from the wood, coming from the thermic 

degradation of hemicelluloses, during toasting (Le Floche et al., 2015). The fermentation 

produced a medium alcohol concentration for a red wine (13,1 %). Free sulphur dioxide had 

an acceptable value (25 mg/L in the beginning and 12 mg/L at the end). Total sulphite 

amount was not high (almost 50 mg/L). Total acidity had an average value for a red wine (5,1 

g/L). Volatile acidity increased a little during the ageing, but still stayed acceptable for a red 

wine (0,5  0,65 g/L). The chromatographic test of malolactic fermentation confirmed that 

the process was already achieved before the 1st month ageing. 
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 1° Month 6° Month OIV reference 

pH 3.66 3.66 MA-E-AS313-15 

Alcohol strength 13.1% 13.3 % OIV-MA-AS312-01B 

Total acidity 5.1g/L tartaric acid 5.1g/L tartaric acid OIV-MA-AS313-01 

Volatile acidity 0.504 g/L acetic acid 0.65 g/L acetic acid OIV-MA-AS313-02 

Free sulphur dioxide 25 mg/L 12 mg/L OIV-MA-AS323-04B 

Total sulphur dioxide 48 mg/L 52 mg/L OIV-MA-AS323-04B 

Density 0.9918 g/cm3 0.9922 g/cm3  

Reducing sugars 2,13 g/L 2.55 g/L OIV-MA-AS31101A 

Malolactic fermentation Done / 

Paper 

chromatography 

method 

Table 10: Basic chemical profile of wine at 1° month and 6° month, with respective OIV 

references. 

 

4.2 Colour and pigments evolution 

 

Most of the parameters investigated in this experiment are involved in wine colour. It 

depends on anthocyanins, the pigments of red wines, on their grade of condensation, 

ionization and on ratio tannins/anthocyanins.  

 

In order to understand the statistical significance of the evolution trend of the parameters and 

the difference between the samples in each month, an ANOVA, with given α 0,05, , has been 

performed. In case the P value was lower than the given α, the analysis was implemented 

with Tukey-Kramer test. 

 

Many references (Ribéreau-Gayon et al., 1998; Zironi et al., 2005) sustain the increase of the 

colour intensity as well as the colour shade during wine ageing, in oxidant conditions (wood 

ageing). According to Gambuti et al. (2010), colour intensity grows up both with oxidant 

(wood) and reductive conditions (bottle), but in fewer amounts in the second one.   
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In the study case, colour intensity undergone a different evolution between wines, with a 

general decreasing trend (Graphic 1). Some of them showed an increase with peak at 3rd 

month (B4 and B5, 3 years old barrels), then a decrease; the others (Control, B1, B2 and B3) 

had a fluctuating trend, with initial decrease, then a peak at 4th month, followed by a fast 

decrease. At the end of the ageing, all the wines had lower amount in colour intensity, than 

the beginning. This trend is in accordance with another master thesis, performed in ISA by 

Ferreira Santos (2011), about a Portuguese red wine, aged in barrel of different toasting 

levels; also in that case, all the wine lost colour intensity across time. 

 

Every month has been found a statistical difference between the samples (Table 11). The 

wood aged wines generally showed a higher values than control wine, in accordance with 

Ribéreau-Gayon et al (1998). Only B4, had a lower colour than Control, in the second half of 

the ageing. 

 

Geographical origin determined some difference. According to Hernandez et al. (2007), 

American oak (B1) determined a partial higher colour intensity than French oak (B3, B4); as 

well as B5 (Hungarian) was often more coloured than B3 and B4. On the contrary, B1 and B2 

(French) didn’t show statistical difference, except than in the last month, with B2 more 

coloured than B1. Moreover, B2 was frequently more coloured than B5. 

 

Toasting level also determined some difference; B3 (soft) was poorer in colour then B1 and 

B5 (medium), but was also poorer than B2, which has the same toasting level and 

geographical origin. This is probably due to a different manufacture of the barrels from the 

cooperages (J. Dias and Ermitage).  

 

 

Graphic 1: evolution of colour intensity in Jaen wine ageing in different wood barrels. 
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The age of the barrel influenced considerably the evolution of colour. B4 and B5 reached a 

peak in colour earlier than the other wines (3rd month), but while B5 maintained a good 

amount, B4 decreased progressively, becoming the poorest in colour. 

 

Table 11: Average colour intensity of Jaen wine ageing in different wood barrels. 

C I  
1° 
Month 

St. 
dev. 

2° 
Month 

St. 
dev. 

3° 
Month 

St. 
dev. 

4° 
Month 

St. 
dev. 

5° 
Month 

St. 
dev. 

6° 
Month 

St. 
dev. 

C 16,1 c,A ±0,04 16,1 c,A ±0,08 15,7 b,A ±0,06 16,7 d,B ±0,10 15,8 b,AB ±0,04 15,2 a,B ±0,02 

B1 19,1 e,D ±0,04 16,6 b,B ±0,12 17 c,B ±0,12 18,1 d,D ±0,10 16,1 a,B ±0,06 15,9 a,D ±0,07 

B2 19  c,D ±0,07 17,8 b,D ±0,06 16,7 ab,B ±0,05 18,1 bc,D ±0,09 15,1 a,AB ±1,09 16,2 a,E ±0,04 

B3 17,5 d,C ±0,06 16,7 c,B ±0,06 15,8 b,A ±0,05 17,4 d,C ±0,07 15,8 b,AB ±0,07 15,5 a,C ±0,14 

B4 16,7 b,B ±0,36 16,3 b,A ±0,19 17,5 c,C ±0,13 16,1 b,A ±0,30 14,7 a,A ±0,01 14,4 a,A ±0,02 

B5 17,1 b,C ±0,08 17,4 bc,C ±0,06 18 d,D ±0,18 17,7 cd,C ±0,06 15,8 a,AB ±0,35 15,8 a,D ±0,04 

The same lowercase letters indicate valours of the same wine not significantly different, across time; 

the same capital letters indicate valours not significantly different between the wines, at the same 

moment. Legend: C = Control 

 

According to bibliography (Del Alamo & Dominguez, 2005), colour shade increased during 

ageing (Graphic 2). It indicates a shift in the colour, from red to orange, due to loss in red 

coloured pigments (browning). The trend is similar in all the wines, with a faster increase from 

4th to 5th month. According to Hernandez et al. (2007), tonality did not show differences between 

American and French oak. B1 and B2 showed the lowest value, means that red colour is more 

stable to changes. Control maintained an average value between the wines. The age of the 

barrels affected the evolution, accelerating the ageing of B4 colour, sign of higher loss in red 

anthocyanins (Table 12). 

 

 

Graphic 2: evolution of total phenols in Jaen wine ageing in different wood barrels. 
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Table 12: Average colour shade of Jaen wine ageing in different wood barrels 

CS 
1°  
Month 

St. 
dev. 

2°   
Month 

St. 
dev. 

3°       
Month 

St. 
dev. 

4°  
Month 

St. 
dev. 

5°  
Month 

St. 
dev. 

6°  
Month 

St. 
dev. 

C 0,586 a,C 0 0,59 a,A ±0,001 0,605 b,C ±0,001 0,605 b,C ±0,003 0,629 c,A ±0,001 0,64 c,B ±0.01 

B1 
0,566 
a,A 

±0,001 0,58 b,A ±0,002 0,593 b,AB ±0,002 0,589 b,A ±0,003 0,624 c,A ±0,002 0,62 c,A ±0.002 

B2 
0,567 
a,A 

±0,002 
0,59 
bc,A 

±0,001 
0,596 
c,ABC 

±0,003 
0,590 
b,AB 

±0,002 0,630 e,A ±0,003 0,62 d,A ±0.001 

B3 
0,575 
a,B 

±0,002 
0,60 
c,BC 

±0,002 0,586 b,A ±0,002 0,60 c,BC ±0,002 
0,633 
d,AB 

±0,003 
0,63 
d,AB 

±0.004 

B4 0,60 ab,E ±0,006 0,61 b,C ±0,007 0,597 a,BC ±0,004 0,616 b,D ±0,007 0,65 c,C ±0,003 0,64 c,B ±0.001 

B5 
0,595 
a,D 

±0,002 
0,60 
ab,B 

±0,000 0,607 b,C ±0,008 0,598 
ab,ABC 

±0,002 
0,641 
d,BC 

±0,007 
0,63 
c,AB 

±0.001 

The same lowercase letters indicate valours of the same wine not significantly different, across time; 

the same capital letters indicate valours not significantly different between the wines, at the same 

moment. Legend: C = Control 

During time total anthocyanins interact with other compounds, condensing and polymerizing, 

becoming in part more stable and in part going to precipitate, to be degraded or to being 

adsorbed from the wood (in case of barrel ageing) (De Coninck, 2006; Jordão et al, 2008). 

According to Ribéreau-Gayon et al. (1998), oak wood aged wines have a lower anthocyanins 

content during time, than a control wine aged in inert tank.  

In accordance with the bibliography, in this study case, every wine showed a loss in total 

anthocyanins; Control wine has been the richest after 1 month, then is homogenises with the 

other wines; in the end the level is statistically the same for every wine (Graphic 3, Table 13).  

 

 

Graphic 3: evolution of total anthocyanins in Jaen wine ageing in different wood barrels. 

Value expressed in mg/L of anthocyanins. 
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No significant differences have been found between the wood aged wines, except than for 

B3 on 3rd month, which showed a peak in contrast with the decreasing trend; anthocyanins 

come only from grapes, an increase in the middle of the ageing can be considered an 

analytical error.  

Table 13: Average total anthocyanins of Jaen wine ageing in different wood barrels 

TA  
1° 
Month 

St. 
dev. 

2° 
Month 

St. 
dev. 

3°   
Month 

St. 
dev. 

4°   
Month 

St. 
dev. 

5°   
Month 

St. 
dev. 

6°   
Month 

St. 
dev. 

C 689,9 c,B ±1,4 597,5 b ±19,7 599,8 b,B ±16,8 565,5 ab,B ±1,9 547,4 a ±31,4 529,1 a ±7,7 

B1 626,6 c,A ±16,1 592,5 c ±14,1 576,6 bc,AB ±24,7 496,7 a,A ±22,5 523,7 ab ±26,3 523,7 ab ±17,4 

B2 637,4 c,A ±21,8 578,6 b ±16,6 575,4 b,AB ±24,0 506,6 a,A ±30,4 519,2 a ±7,2 515 a ±1,0 

B3 644,3 c,A ±15,7 576,3 b ±28,7 595 b,B ±7,0 514,2 a,AB ±10,4 519,2 a ±12,0 508,6 a ±10,9 

B4 619,9 c,A ±17,3 557,5 b ±17,1 531,2 ab,A ±11,5 527,7 ab,AB ±34,4 507,9 a ±15,3 531,5 ab ±5,2 

B5 627,5 d,A ±11,9 557,2 c ±20,7 544,1 bc,A ±9,6 520,5 ab,AB ±8,0 527 abc ±5,3 506,6 a ±17,2 

Valours are expressed as mg/L of anthocyanins ± standard deviation; the same lowercase letters 

indicate valours of the same wine not significantly different, across time; the same capital letters 

indicate valours not significantly different between the wines, in the same month. Legend: C = Control 

 

Red wine colour is an integration of contributions from monomeric anthocyanins and polymeric 

pigment forms (Somers & Evans, 1977). Total pigments analysis quantifies only the red 

pigments (OD 520nm), which is mostly malvidin.  

Results reflect almost the same trend of total anthocyanins, with Control being the richest in 

the beginning and with a uniformity of the wines in the end. The general trend is decreasing for 

every wine (Graphic 4). Also in this case no significant differences have been found between 

the barrel aged wines, except B3 on 3rd month, which showed a peak in contrast with the 

general trend (Table 14). 

 

Graphic 4: evolution of total pigments in Jaen wine ageing in different wood barrels.  

Value expressed in Absorbance Units (A.U.) of malvidin. 
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Table 14: Average total pigments of Jaen wine ageing in different wood barrels 

TP 
1°   
Month 

St. 
dev. 

2° 
Month 

St. 
dev. 

3°        
Month 

St. 
dev. 

4°   
Month 

St. 
dev. 

5° 
Month 

St. 
dev. 

6° 
Month 

St. 
dev. 

C 42,05 b,B ±3,47 35,52 a ±1,02 35,69 a,BC ±0,85 34,10 a,B ±0,15 33,57 a ±1,58 32,52 a ±0,44 

B1 36,55 c,A ±1,94 35,49 bc ±0,72 34,88 bc,ABC ±1,22 30,97 a,A ±1,08 32,72 ab ±1,37 32,66 ab ±0,91 

B2 37,91 d,AB ±1,11 35,11cc ±0,78 34,81 bc,ABC ±1,17 31,61 a,AB ±1,46 32,49 ab ±0,32 32,19 a ±0,06 

B3 37,91 7 d,AB ±0,77 34,81 bc ±1,37 36,29 cd,C ±1,65 31,75 a,AB ±0,56 32,45ab ±0,61 31,75 a ±0,51 

B4 36,73 b,A ±0,86 33,87 a ±0,85 32,39 a,A ±0,57 32,08 a,AB ±1,47 31,65 a ±0,72 32,78 b ±0,25 

B5 37,24 c,AB ±0,59 33,87 b ±0,82 33,16 ab,AB ±0,52 32,12 a,AB ±0,44 32,86 ab ±0,21 31,71 a ±0,88 

Valours are expressed as A.U. ± standard deviation; the same lowercase letters indicate valours of the 

same wine not significantly different, across time; the same capital letters indicate valours not 

significantly different between the wines, at the same moment. Legend: C = Control 

 

Ionized anthocyanins are the % of total anthocyanins which have a red colouration. This 

phenomenon is helped by air contact, that oxidizes the oxygenated heterocycle of the 

flavylium ion, making it red coloured. According to Ribéreau-Gayon et al (1998), a wine aged 

in wood barrel has a greater portion of anthocyanins coloured, than a wine aged in inert tank. 

The oxygen transpiration is higher in younger barrels than elders. B1, B2 and B3 should 

have a greater % of ionized anthocyanins, followed by B4 and B5, then by control wine.   

The general trend is oscillating for all the wines; they reached a peak in the middle of the 

ageing, and then they decreased; B4 and B5 reached the maximum value at 3rd month, while 

the others at 4th month, Control included. B1, B2, B3 and B4 had a lower value in the end 

than in the beginning (Graphic 5).  

 

 

Graphic 5: evolution of ionization index in Jaen wine ageing in different wood barrels.  

Value expressed in % of ionized anthocyanins on total anthocyanins. 
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Control wine had a lower index than some other wines, but after the peak they are all similar. 

Only B2 always had a higher value than Control wine. 

 

In this case the trends doesn’t allow to attribute the differences found to geographical origin 

and toasting level. It is possible to assign to the barrel age, the earlier peak of B4 and B5, 

and the continuous decrease of the index in B4. This confirms that this wine undergone an 

earlier ageing, as already saw for the previews parameters. 

 

The peak on 4th month can be considered a singularity, since it involved the Control wine. 

Considering that this wine was stored in an inert tank and no transfers have been done 

during the ageing, no oxygen could improve ionization of the anthocyanins. The other wines 

(B1, B2 and B3) were exposed to oxygenation through wood transpiration, the ionization is 

expected to happened, but the peak is in contrast with the global trend of the parameter 

across the whole ageing. Apparently the wines have been exposed to air contact or a high 

temperature between the collect and the final analysis.  

 

Table 15: Average ionization index of Jaen wine ageing in different wood barrels. 

II  
1°   
Month 

St. 
dev. 

2° 
Month 

St. 
dev. 

3° 
Month 

St. 
dev. 

4°  
Month 

St. 
dev. 

5°   
Month 

St. 
dev. 

6° 
Month 

St. 
dev. 

C 16.3 a,A ±1,40 18,6 bc,A ±0,83 17,4 ab,A ±0,60 20,1 c,A ±0,35 17,4 ab,AB ±1,10 16,9 ab,B ±0,68 

B1 22.6 b,D ±1,46 19,3 a,A ±0,62 19,99 a,B ±0,85 25,7 b,C ±1,00 18,1 a,B ±0,98 18 a,BC ±0,58 

B2 22,3 c,CD ±0,84 21,2bc,B ±0,63 19,5 ab,B ±0,84 24,8 d,BC ±1,27 18,3 a,B ±0,18 18,98 a,C ±0,16 

B3 19,9 c,BC ±0,60 19,2 bc,A ±0,71 17,4 a,A ±0,99 23,3 d,B ±0,37 17,5 ab,AB ±0,45 17,9 ab,BC ±0,68 

B4 18,5 b,B ±0,91 19,1 bc,A ±0,67 23,5 d,C ±0,55 20,5 c,A ±1,03 15,8 a,A ±0,37 14,9 a,A ±0,21 

B5 18,99 b,B ±0,46 21,3 c,B ±0,48 23,2 d,C ±0,47 23,5 d,BC ±0,63 17,1 a,AB ±0,81 18,4 ab,BC ±0,74 

Valours are expressed as average % ± standard deviation; the same lowercase letters indicate 

valours of the same wine not significantly different, across time; the same capital letters indicate 

valours not significantly different between the wines, at the same moment. Legend: C = Control 

 

The amount in ionized or coloured anthocyanins (Graphic 6) reflects in part what just 

observed for the ionization index. The general trend is decreasing, with a lower final amount 

in coloured anthocyanins than the beginning for every wine. It seems that, the amount of 

degraded or bleached anthocyanins is higher than the ionization process. Despite this, a 

peak appeared in the middle of the ageing. 
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Graphic 6: evolution of ionized anthocyanins in Jaen wine ageing in different wood barrels. 

Value expressed in mg/L of anthocyanins 

 

B1 and B2 always showed a higher value than control wine (except at 5 th month); B5 was 

higher in the first half of the ageing; B3 was similar and B4 often lower. Barrel age 

determined a different moment of the peak for B4 and B5, and a lower value in colour 

anthocyanins for B4. B1 resulted richer than B3, but not than B2; then this difference cannot 

be directly attributed to the geographical origin or the toasting level, but to a mixture of these 

factors, including the cooperage manufacture. 

Table 16: Average ionized anthocyanins of Jaen wine ageing in different wood barrels. 

CA 
1° 
Month 

St. 
dev. 

2°   
Month 

St. 
dev. 

3° 
Month 

St. 
dev. 

4°   
Month 

St. 
dev. 

5°   
Month 

St. 
dev. 

6° 
Month 

St. 
dev. 

C 112,8 d,A ±0,80 110,9 d,B ±1,42 104,1 c,A ±0,81 113,9 d,AB ±2,14 95,3 b,B ±0,64 89,6 a,B ±2,31 

B1 141,5 d,D ±1,29 114,4 b,BC ±1,06 115,1 b,B ±0,83 127,5 c,D ±1,89 94,7 a,B ±0,83 94,2 a,CD ±0,20 

B2 142,1 e,D ±1,03 122,7 c,D ±0,50 112,3 b,B ±0,31 125,5 d,CD ±1,81 95,3 a,B ±0,42 97,7 a,D ±0,83 

B3 128,2 e,C ±0,72 110,7 c,AB ±1,68 105,8 b,A ±0,53 119,7 d,BC ±0,58 91,1 a,B ±0,92 90,7 a,B ±1,68 

B4 114,4 c,A ±2,40 106,2 b,A ±1,06 124,6 d,C ±1,73 107,9 bc,A ±5,51 80,5 a,A ±0,64 79,1 a,A ±0,81 

B5 119  bc,B ±1,50 118,7 b,CD ±2,95 126,2 c,C ±1,44 122,1 bc,CD ±1,45 90,3 a,B ±5,15 92,8 a,BC ±0,87 

Valours are expressed as mg/L of anthocyanins ± standard deviation; the same lowercase letters 

indicate valours of the same wine not significantly different, across time; the same capital letters 

indicate valours not significantly different between the wines, at the same moment. Legend: C = 

Control 

 

During time, pigments go spontaneously to polymerize and stabilize in different forms, both in 

presence of oxygen and in reducing conditions. This process is favoured by temperature and 

presence of co-polymers, such as wood compounds (ellagitannins). The process is 

supposed to be more intense in wood aged wines than the control (no co-pigments are 

added); in particular younger barrels, with lower level of tasting and from French wood 

possess more ellagitannins (Chatonnet, 1995; Jordão et al, 2007; Gambuti et al, 2010).  
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Graphic 7: evolution of polymerization index in Jaen wine ageing in different wood barrels. 

Value expressed as % of polymerized pigments on total pigments. 

The general trend of polymerization index respects the expectances, with an increase for all 

the wines during maturation (Graphic 7), as well as observed in the previous study of 

Ferreira Santos (2011). This trend justifies the decrease of total pigments, that polymerize 

and then precipitate. Control wine had a lower average index during the ageing, but this 

wasn’t always significantly different than the other wines, which were often all similar. In 

discordance with references, no significant differences have been found depending on 

geographical origin, barrel age, and toasting level (Table 17).  

Table 17: Average polymerization index of Jaen wine ageing in different wood barrels 

PI 
1°  
Month 

St. 
dev. 

2° 
Month 

St. 
dev. 

3°        
Month 

St. 
dev. 

4°      
Month 

St. 
dev. 

5° 
Month 

St. 
dev. 

6°    
Month 

St. 
dev. 

C 7,98 a,A ±0,60 9,54 b ±0,21 9,58 b,AB ±0,22 10,25 bc,A ±0,15 11,09 c ±0,50 11,19 c,A ±0.07 

B1 10,08 a,C ±0,55 9,91 a ±0,21 10,42 a,BC ±0,39 11,90 b,B ±0,51 12 b ±0,41 11,9 b,BC ±0.29 

B2 9,56 a,BC ±0,24 10,58 b ±0,32 10,42 ab,BC ±0,41 11,95 c,B ±0,66 12,06 c ±0,19 11,99 c,C ±0.05 

B3 9,02 a,B ±0,21 10,35 b ±0,51 9,55 ab,A ±0,42 11,41 c,AB ±0,16 12,01 c ±0,21 11,95 c,C ±0.26 

B4 9,37 a,BC ±0,27 10,62 b ±0,28 10,78 b,C ±0,20 10,69 b,AB ±0,94 11,86 b ±0,36 11,38 b,AB ±0.12 

B5 9,45 a,BC ±0,16 10,66 b ±0,73 10,78 b,C ±0,15 11,39 bc,AB ±0,10 11,89 c ±0,21 12,13 c,C ±0.29 

Valours are expressed as average % ± standard deviation; the same lowercase letters indicate 

valours of the same wine not significantly different, across time; the same capital letters indicate 

valours not significantly different between the wines, at the same moment. Legend: C = Control 

 

Polymerized pigments showed an increase (Graphic 8), despite the general decrease of total 

pigments (Graphic 4), with higher final values than the beginning. 
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Graphic 8: evolution of polymerized pigments in Jaen wine ageing in different wood barrels. 

Value expressed as A.U. 

Control wine has generally been the poorer, since it could not incorporate tannins as well as 

wood aged samples (Table 18). Geographical origin didn’t affect the wines, B1, B2 and B5, 

from 3 different regions, had similar amounts during the maturation. Toasting level didn’t 

determine significant differences between the wines. Age of the barrel affected the trend of 

B4, but not of B5; in general B4 had a similar evolution to Control wine. 

Table 18: Average polymerized pigments of Jaen wine ageing in different wood barrels. 

PP 
1°  
Month 

St. 
dev. 

2°  
Month 

St. 
dev. 

3°  
Month 

St. 
dev. 

4°  
Month 

St. 
dev. 

5° 
Month 

St. 
dev. 

6°   
Month 

St. 
dev. 

C 3,34 a,A ±0,05 3,39 a,A ±0,03 3,42 ab,A ±0,01 3,5 b,AB ±0,06 3,72 c,A ±0,01 3,64 c,A ±0,04 

B1 3,68 b,D ±0,02 3,52 a,AB ±0,04 3,63 b,C ±0,03 3,68 b,B ±0,03 3,92 c,B ±0,03 3,88 c,D ±0,04 

B2 3,62 a,D ±0,02 3,71 b,B ±0,03 3,62 a,C ±0,03 3,77 b,B ±0,04 3,92 c,B ±0,02 3,86 c,CD ±0,02 

B3 3,42 a,AB ±0,02 3,6 b,AB ±0,04 3,46 a,A ±0,03 3,62 b,B ±0,04 3,9 d,B ±0,02 3,79 c,BC ±0,02 

B4 3,44 a,BC ±0,05 3,6 ab,AB ±0,01 3,5 a,AB ±0,02 3,42 a,A ±0,15 3,75 b,A ±0,03 3,73 b,B ±0,03 

B5 3,52 a,C ±0,02 3,61 a,B ±0,18 3,57 a,BC ±0,05 3,66 ab,B ±0,04 3,91 c,B ±0,05 3,85 bc,CD ±0,02 

Valours are expressed as A.U. ± standard deviation; the same lowercase letters indicate valours of the 

same wine not significantly different, across time; the same capital letters indicate valours not 

significantly different between the wines, at the same moment. Legend: C = Control 

Many colour parameters showed B4 as the most aged wine. This has been correlated to the 

higher age of the barrel in which it was stored. With time the wood pores get obstructed, since 

the wood adsorbs substances from the wine, such as anthocyanins and other phenols 

(Barrera-Garcia et al., 2007). Once many pores are closed, the possibility of the wood on 

transpire gasses and release substances is reduces. Then, the active influence of the wood on 

wine may have different life time, depending on porosity, linked to wood grain, to species, and 

region, depending on barrel manufacture and on oenology approach. This can justify the 

behaviour of B4 wine and why B5, stored in a barrel of the same age, followed a different way. 
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4.3 Phenols and tannin power analysis 

 

Total phenols have been investigated during the ageing, between the samples, and 

compared to the control wine.  

According to Chatonnet (1995) and to Matricardi and Waterhouse (1999), the level of 

toasting affect significantly the amount in ellagitannins present in the wood, which can be 

released in the wine. Higher is the toasting level, greater is the loss in tannins relatively to the 

unheated wood; moreover, wines aged with unheated wood contact have higher OD280 than 

others aged in toasted barrels. French wood is highly richer in ellagitannins than American 

wood (Jordão et al. 2007).  In accordance with Barrera-Garcia et al. (2007), the elder wood 

releases less substances, and ellagitannins are the principal extractable component. 

According to the statistical analysis, in this study case the evolution of total phenols hasn’t 

been significant for 4 wines on 6 (Graphic 9, Table 19). Only Control and B2 showed a 

relevant change during this time. Control lost phenols gradually for 5 months, then faster in 

the last month; a decreasing trend is normal for a red wine aged in an inert tank, since 

tannins naturally polymerize and precipitate. In B2, phenols from the grape gradually 

decreased, but at the same time they were released from the wood; this equilibrium 

determined an increase of total phenols until the 3rd month, then a decrease, with a final level 

that was higher than the beginning. 

Only at 1st and 6th months wines were significantly different. At 1st month Control wine is the 

richest in total phenols, followed by B5, B4, B3, B1 and B2 (in decreasing order); at 6 th month 

the wines are all similar; has been found only a difference between B3, richest in phenols, 

and Control, poorest wine. 

 

Graphic 9: evolution of total phenols in Jaen wine ageing in different wood barrels. 

Value expressed in g/L of gallic acid. 
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Table 19: Average total phenols of the samples of Jaen wine ageing in different wood barrels. 

TPh  
1°  
Month 

St. 
dev. 

2° 
Month 

St. 
dev. 

3° 
Month 

St. 
dev. 

4° 
Month 

St. 
dev. 

5° 
Month 

St. 
dev. 

6° 
Month 

St. 
dev. 

C 2434 b,D ±11,4 2417 b ±12,9 2404 b ±6,5 2397 b ±36,1 2405 b ±10,4 2336 a,A ±30,9 

B1 2354 AB ±24,5 2376 ±8,1 2407 ±11,2 2405 ±32,6 2393 ±6,7 2378 AB ±30,9 

B2 2343 a,A ±6,5 2389 ab ±21,5 2403 b ±32,7 2415 b ±13,1 2413 b ±22,7 2391 ab,AB ±8,6 

B3 2372 ABC ±14,1 2391 ±24,4 2373 ±11,4 2402 ±19,8 2388 ±23,3 2414 B ±12,9 

B4 2380 BC ±3,7 2410 ±13,1 2396 ±1,9 2419 ±9,3 2392 ±33,1 2359 AB ±48,3 

B5 2391 C ±5,6 2386 ±16,6 2391 ±14,1 2391 ±11,7 2398 ±12,9 2398 AB ±18,0 

Valours are expressed as g/L of gallic acid ± standard deviation; the same lowercase letters indicate 

valours of the same wine not significantly different, across time; the same capital letters indicate 

valours not significantly different between the wines, at the same moment. Legend: C = Control 

 

Total flavonoids had a similar behaviour than total phenols (Graphic 10). Statistical analysis 

said that B1, B2, B3 and B5 had a significant evolution; all of them showed an increase 

during the ageing (Table 20). However the wines showed a significant difference between 

themselves only in the first month: Control wine was the richest, followed by B5, B4 and B3, 

then B1 and B2. At the end of the ageing the amount was similar in each wine, Control 

included, that had a decrease but was not significantly different than the others. 

 

 

 

Graphic 10: evolution of total flavonoids in Jaen wine ageing in different wood barrels. 

Value expressed in g/L of gallic acid. 
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Table 20: Averages total flavonoids of Jaen wine ageing in different wood barrels. 

TF 
1° 
Month 

St. 
dev. 

2° 
Month 

St. 
dev. 

3° 
Month 

St. 
dev. 

4° 
Month 

St. 
dev. 

5° 
Month 

St. 
dev. 

6° 
Month 

St. 
dev. 

C 2270 C ±12,1 2242 ±13,8 2230 ±5,1 2245 ±37,9 2256 ±10,7 2213 ±33,4 

B1 2182 a,A ±20,8 2176 a ±35,0 2238 ab ±12,2 2254 b ±30,4 2239 ab ±6,7 2254 b ±31,2 

B2 2170 a,A ±6,5 2211 ab ±24,5 2234 b ±31,6 2257 b ±12,1 2260 b ±22,5 2263 b ±8,6 

B3 2200 a,AB ±9,1 2207 ab ±13,7 2207  ab ±11,2 2247 bc ±15,9 2233 ab ±23,7 2287 c ±14,6 

B4 2214 B ±5,0 2223 ±39,1 2229 ±0,7 2264 ±9,3 2234 ±31,4 2230 ±48,6 

B5 2222 a,B ±7,3 2217 a ±16,9 2229 a ±17,3 2239 ab ±8,8 2253 ab ±10,8 2270 b ±21,3 

Valours are expressed as g/L of gallic acid ± standard deviation; the same lowercase letters indicate 

valours of the same wine not significantly different, across time; the same capital letters indicate 

valours not significantly different between the wines, at the same moment. Legend: C = Control 

 

The analysis of tannin power wants to investigate the quantity of tannins reactive towards the 

proteins, which is comparable to the astringency of those tannins while react with the saliva’s 

proteins. This value is directly related to the total amount in tannins and their availability to 

react. In this study case has been observed an oscillating trend of average values in every 

wine (Graphic 11). Statistically, only B1, B2 and B4 had a significant evolution during time: 

B1 and B2 showed a peak at 5th month, and then decreased until the initial level; B4 showed 

a peak at 3rd month, then decreased and stayed standard until the end (Table 21). This 

significant oscillation in wines oak wood aged can be justified with the contemporary 

precipitation of tannins, their adsorption from the wood and the constant release of 

ellagitannins from the barrel. 

 

Graphic 11: evolution of tannin power in Jaen wine ageing in different wood barrels. 

Value expressed in NTU/mL of wine. 
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Table 21: Average tannin power of Jaen wine ageing in different wood barrels. 

TPw  
1°   
Month 

St. 
dev. 

2° 
Month 

St. 
dev. 

3° 
Month 

St. 
dev. 

4° 
Month 

St. 
dev. 

5°   
Month 

St. 
dev. 

6° 
Month 

St. 
dev. 

C 196,37  ±18,4 193,87  ±42,7 209,33  ±15,4 172,83  ±3,6 217,9 BC ±14,4 185,54 ±9,8 

B1 194,96 abc ±10,2 177,0 a ±16,3 219,6 bc ±16,6 189,5 ab ±12,3 234,2 c,CD ±21,1 183,3 ab ±5,4 

B2 189,08 a ±4,5 188,2 a ±13,6 193,54 a ±6,9 187,08 a ±6,1 255 b,D ±12,6 191,25 a ±8,0 

B3 194,33  ±4,9 201,83  ±47,5 204,04  ±22,4 185  ±13,0 188,2 AB ±3,7 197  ±14,2 

B4 190,33 ab ±8,3 183,2 a ±14,7 215,25 b ±15,0 183,5 a ±13,4 179 a,A ±3,1 182,12 a ±9,7 

B5 197,45  ±3,1 198,56  ±10,5 220,46  ±14,5 185,5  ±40,1 181,3 A ±11,3 178,08  ±4,4 
 

            

Value expressed as NTU/ml wine ± standard deviation; the same lowercase letters indicate valours of 

the same wine not significantly different, across time; the same capital letters indicate valours not 

significantly different between the wines, at the same moment. Legend: C = Control 

 

Results of phenolic parameters didn’t allow to attribute any difference to toasting level, 

geographical origin and age of the barrels. 

 

 

4.4 Organoleptic analysis 

 

In order to investigate an eventual positive effect of the wood, in comparison with a wine 

aged in stainless steel, samples have been tasted by a panel of 7 expert tasters. Two distinct 

sessions of tasting have been made, for evaluate if the wines evolved on different lines 

across time, and for appreciate the changes undergone from 3rd to 5th month.  

 

The tasting sheet (Annex 1) was specific for red wines aged in oak wood. The attention was 

focused on typical aromatic notes present in this kind of wines: furanic aldehydes (caramel), 

volatile phenols (woody, smoky, tobacco, toasted), phenolic aldehydes (vanilla, coffee, 

spices) and methyl-octalactone (coconut, chocolate).  

 

 

 

4.4.1 Evolution of wines 

 

Some change appears during ageing, between the first and the second tasting; many 

parameters received a lower average score in the second tasting; only red colour improved 

in each wine from 3rd to 6th month. However, a further investigation of the data did not show a 

significant evolution between the two tasting sessions, in any parameter.  
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Graphic 12: average scores of the tasting parameters and standard deviations of Control wine. 

 

 

 

Graphic 13: average scores of the tasting parameters and standard deviations of B1 wine.  
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Graphic 14: average scores of the tasting parameters and standard deviations of B2 wine. 

 

 

 

Graphic 15: average scores of the tasting parameters and standard deviations of B3wine. 
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Graphic 16: average scores of the tasting parameters and standard deviations of B4 wine. 

 

 

    Graphic 17: average scores of the tasting parameters and standard deviations of B5 wine. 
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4.4.2 Comparison between the wines 

 

Besides the evolution of the wines, have been investigated the differences between the 

wines in each tasting.   

 

Table 22: sensory analysis of colour of Jaen red wine ageing in different wood barrels 

C 
St. 
Dev. 

B1 
St. 
Dev. 

B2 
St. 
Dev. 

B3 
St. 
Dev. 

B4 
St. 
Dev. 

B5 
St. 
Dev. 

P-
Value 

Red 1 3,29 ±1,25 3,43 ±1,27 3,43 ±1,27 3,29 ±1,25 3,14 ±1,35 3,29 ±1,25 0,99 

  2 3,67 ±0,82 3,50 ±0,84 3,83 ±0,41 4,00 ±0,63 3,67 ±0,52 3,67 ±0,52 0,82 

Violet 1 3,57 ±0,79 3,43 ±0,79 3,43 ±0,76 3,29 ±0,95 3,86 ±1,07 3,71 ±0,95 0,95 

  2 3,33 ±1,37 3,67 ±1,21 3,33 ±1,21 3,33 ±1,21 3,50 ±1,38 3,00 ±1,26 0.97 

Brown 1 1,29 ±0,49 1,43 ±0,53 3,71 ±0,49 1,43 ±0,53 1,57 ±0,79 1,29 ±0,49 0,91 

  2 1,33 ±0,82 1,33 ±0,82 1,17 ±0,41 1,33 ±0,52 1,50 ±0,84 1,50 ±0,55 0.96 

Results are expressed as average between the tasters ± the standard deviation.  The numbers 1 and 

2 indicate respectively 1st and 2nd tasting. Legend: C = Control 

 

Considering the influence of oxidant ambient on colour stabilization, it was expected a higher 

intensity on wood aged wines than the control. In the two tastings, colour showed different 

average values between wines. A one-way ANOVA has been performed for confirm this, but 

no significant differences have been found; all the P values were higher then 0,05 (Table 22). 

Aroma’s parameters were the most important for distinguish the Control wine from the other 

samples and compare their quality. Considering the releasing effect of typical oak flavours 

from wood, it was expected a higher intensity of these aromas in barrel aged wines than the 

Control.  

 

In this study case, average values of aroma showed some differences (Table 23). After 6 

months ageing, most of the aromatic notes investigated did not reached a moderate intensity 

(3/5). Only fruity aroma on B4 (3,17), floral note on Control (3) and vanilla smell on B2 (3,17) 

reached it. The average differences have been verified with a one-way ANOVA. For most of 

the parameter, the P value was higher than 0,05, then no significant differences have been 

found between the samples.  

 

Only Coffee, 2nd tasting, had a P value lower than the given α (0.026). In order to understand 

the intra-character variation, the ANOVA has been implemented with a Tukey-Kramer test. 

The result is that in B2 coffee was significantly more intense than Control and B5, but not 

than B1, B3 and B4.  
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   Table 23: sensory analysis of aroma of Jaen red wine ageing in different wood barrels 

C 
St. 
Dev. 

B1 
St. 
Dev. 

B2 
St. 
Dev. 

B3 
St. 
Dev. 

B4 
St. 
Dev. 

B5 
St. 
Dev. 

P 
Value 

Fruity 1 2,86 ±1,07 3,14 ±0,90 2,57 ±1,13 3,29 ±0,95 3,29 ±1,38 3,00 ±1,41 0.84 

  2 2,50 ±0,84 2,33 ±1,03 2,50 ±1,05 2,50 ±0,55 3,17 ±0,75 2,50 ±0,84 0.63 

Floral 1 3,00 ±0,82 2,71 ±0,95 2,29 ±1,11 2,71 ±0,95 2,57 ±1,27 2,86 ±1,35 0.87 

  2 2,67 ±0,52 2,50 ±0,55 2,33 ±0,52 2,67 ±0,82 2,50 ±0,84 2,17 ±0,75 0.78 

Vanilla 
  

1 1,71 ±0,95 2,57 ±1,27 2,29 ±1,38 2,14 ±1,21 2,43 ±1,27 1,86 ±0, 90 0.74 

2 1,5a ±0,55 2,17ab ±0,75 3,17b ±0,75 2ab ±0,63 2,17ab ±0,98 2,33ab ±1,21 0.052 

Woody 1 1,86 ±1,21 2,14 ±1,21 2,29 ±1,25 1,71 ±0,76 1,57 ±1,13 1,86 ±1,21 0.86 

  2 1,33a ±0,82 2,33ab ±0,52 2,83b ±1,17 2,17ab ±0,75 2,33ab ±0,82 2,33ab ±0,52 0.07 

Toasted 
  

1 2,29 ±0,95 2,29 ±1,11 2,29 ±0,95 2,14 ±0,90 2,43 ±1,13 2,14 ±0,38 0.99 

2 1,33 ±0,52 1,50 ±0,84 2,17 ±1,17 1,50 ±0,84 1,50 ±0,55 1,67 ±0,82 0.63 

Smoky 1 
2 

2,86 ±1,07 2,43 ±1,13 3,14 ±0,69 2,57 ±0,53 3,00 ±0,58 3,00 ±1,15 0.65 

  1,83 ±0,75 2,17 ±0,98 2,67 ±1,21 2,33 ±1,03 2,00 ±0,63 1,83 ±0,98 0.63 

Spices 
  

1 2,43 ±1,13 2,57 ±1,27 2,57 ±1,13 2,86 ±0,69 3,14 ±0,90 2,43 ±1,27 0.8 

2 1,83 ±0,75 2,00 ±0,63 2,67 ±1,21 1,83 ±0,75 2,00 ±0,63 1,83 ±0,98 0.52 

Caramel 1 1,43 ±0,53 1,86 ±1,07 1,57 ±0,79 1,14 ±0,38 1,43 ±0,53 1,57 ±0,53 0.53 

  2 1,17 ±0,41 1,17 ±0,41 1,67 ±1,03 1,00 0 2,17 ±1,60 1,33 ±0,52 0.19 

Chocolate 1 2,00 ±1,15 2,00 ±1,00 1,86 ±0,90 1,86 ±1,07 2,00 ±1,00 1,86 ±0,90 0.99 

  2 1,50 ±0,84 1,50 ±0,55 1,67 ±0,52 1,17 ±0,41 1,67 ±0,82 1,33 ±0,82 0.78 

Coconut 1 1,71 ±0,95 2,00 ±1,00 1,57 ±0,53 1,29 ±0,49 1,57 ±0,79 1,29 ±0,49 0.47 

  2 1,00 0 1,17 ±0,41 1,83 ±1,17 1,17 ±0,41 1,00 0 1,33 ±0,82 0.23 

Coffee 
  

1 2,00 ±1,00 1,57 ±0,79 1,71 ±0,76 2,00 ±1,15 1,57 ±0,53 1,71 ±0,76 0.86 

2 1a 0 1,33ab ±0,52 1,83b ±0,75 1,17ab ±0,41 1,1ab ±0,41 1a 0 0.026 

Tobacco 1 1,71 ±0,95 1,43 ±0,53 1,86 ±0,69 1,71 ±0,76 1,43 ±0,53 1,71 ±0,76 0.83 

  2 1,00 ±0,63 1,50 ±0,55 2,00 ±1,26 1,33 ±0,52 1,33 ±0,52 1,33 ±0,52 0.31 

Board / 
Sawdust 

1 2,14 ±1,35 1,43 ±0,79 2,29 ±1,11 1,43 ±0,53 1,57 ±0,53 2,00 ±1,41 0.45 
0.42 2 1,33 ±0,82 1,50 ±0,55 2,33 ±1,21 2,00 ±0,89 1,67 ±0,82 1,67 ±0,82 

Results are expressed as average between the tasters ± the standard deviation; numbers 1 and 2 indicate 

respectively 1st and 2nd tasting. Values accompanied with the same letter are not significantly different. 

 

Vanillin is the only aldehyde derivative of lignin that can have a significant effect on the 

aroma of wines aged in oak barrels, if present in appreciable quantities (Singleton, 1995). In 

white and red wine, vanillin concentration is associated to vanilla of course, but also to other 

aromas, such as smoky (also guaiacol), cinnamon, dark chocolate and mainly coffee 

(Spillman et al., 1996; Spillman et al., 1997). Vanillin occurs generally in greater quantities in 

wines treated with toasted oak due to degradation of lignin (Chatonnet, 1998; Singleton, 

1995). According to Guchu et al. (2006), vanillin is more present in a wine treated with 

toasted Hungarian wood, than toasted American wood. The difference between French and 

American unheated oak showed controversial results during time; some author reported that 

American in richer than French (Chatonnet, 1995; Dharmadhikari, 1998), someone that they 

are both similar (Jordao et al. 2005a), and someone that French is richer than American oak 

(Cabrita et al, 2011). 
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Cis- and trans-β-methyl-γ-octalactone have been described as responsible for the woody or 

oak flavour, having low perception thresholds (Abbott et al, 1995). According to Chatonnet 

(1995) and Dharmadhikari (1998), these compounds are more abundant in American oak 

than French oak wood. According to Towey and Waterhouse (1996a), wines aged in French 

and Hungarian oak woods have similar concentration of oak lactones. In accordance with 

Guchu et al. (2006), a wine treated with toasted American oak has a greater sensation of 

woody character than a wine in contact with toasted Hungarian wood; this is due to the 

different oak lactones concentration between the wines. It can be assumed that American 

oak is richest in oak lactones than French and Hungarian, which are similar to each other. 

 

In this study case, vanilla and woody characters had a P value higher but close to the given 

α; their intravariability has been investigated as well, and a difference has been found: B2 

had more powerful aroma of vanilla and woody than the Control, and they were both similar 

to the other wines (Table 23). 

 

According to the sensory analysis, B2 appears to be richer in vanillin and oak lactones than 

control wine, at the end of the ageing. In general B2 stands out over the other wines for a 

higher average intensity of the aromatic compounds (Graphic 18 and 19).  
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Spider plot with average values of 2nd tasting session, with no st. deviation. 

Spider plot with average values of 2nd tasting session, with no st. deviation.  
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Graphic 19: sensory comparison between B3, B4 and B5 according to their aromas 

 

Graphic 18: sensory comparison between Control, B1 and B2 according to their aromas 
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The taste of the wine also includes important parameters, which can help on distinguish a 

wine aged in an inert tank than a one matured in barrel. Bitterness and astringency in red 

wines are strictly linked to the phenolic components, especially ellagitannins, present in oak 

wood aged wines (Glabasnia & Hofmann  2006). According to Jordão et al. (2007), Q. alba 

species heartwood has less tannins than European species; was then expected B1 to be 

less bitter and astringent than the other wines. Moreover, was expected that wines aged in 

medium toasted barrels (B1, B3 and B5) would be less astringent than those aged in soft 

toasted barrels (B2 and B3), since heating reduces the ellagitannins amount (Chatonnet, 

1995).  

In this study case all the wines showed a moderate body taste, slightly intense bitterness 

(except B2 on 1st tasting), a moderate astringency and a moderate persistence. Statistical 

analysis did not show any significant difference between wines, on these parameters. The 

absence of variation in astringency is in accordance with the chemical analysis of tannin 

power, which did not show any difference between Control wine and the other samples at 3rd 

and 6th month. (Table 21). 

Table 24: sensory analysis of taste of Jaen red wine ageing in different wood barrels 

C 
St. 
Dev. 

B1 
St. 
Dev. 

B2 
St. 
Dev. 

B3 
St. 
Dev. 

B4 
St. 
Dev. 

B5 
St. 
Dev. 

P 
Value 

Body 
  

1 3,00 ±0,82 3,57 ±0,53 3,29 ±0,76 3,14 ±0,69 3,57 ±0,53 3,00 ±1,15 0.56 

2 2,50 ±0,55 2,83 ±0,75 2,67 ±1,03 2,67 ±0,82 2,83 ±0,75 3,00 ±0,89 0.92 

Bitter 
  

1 2,57 ±0,79 2,71 ±0,95 3,14 ±1,07 2,14 ±0,69 2,57 ±1,13 2,29 ±0,76 0.42 

2 2,17 ±0,75 2,67 ±1,21 2,17 ±1,17 3,00 ±1,10 2,83 ±0,98 2,17 ±0,98 0.56 

Astringent 
  

1 3,14 ±0,90 3,14 ±0,90 3,29 ±1,11 2,86 ±1,07 3,00 ±1,15 2,86 ±1,07 0.96 

2 3,00 0 3,33 ±1,03 2,67 ±0,82 3,50 ±1,05 3,33 ±1,03 2,83 ±0,98 0.56 

Persistence 
  

1 3,43 ±0,98 3,29 ±0,95 3,57 ±0,98 3,43 ±0,98 3,57 ±0,98 3,14 ±1,07 0.96 

2 2,83 ±0,75 3,17 ±0,75 3,17 ±0,41 3,33 ±1,21 3,33 ±1,21 3,33 ±1,21 0.94 

Results are expressed as average between the tasters ± the standard deviation; the 

numbers 1 and 2 indicate respectively 1st and 2nd tasting.  

Table 25: sensory analysis of balance of Jaen red wine ageing in different wood barrels 

C St. Dev. B1 
St. 

Dev. 
B2 

St. 
Dev. 

B3 
St. 

Dev. 
B4 

St. 
Dev. 

B5 
St. 

Dev. 
P  

Value 

Aroma 
Balance 

1 2,29 ±0,76 3,00 ±0,82 2,29 ±0,49 2,43 ±0,53 3,00 ±0,82 2,86 ±0,69 0.15 

2 2,33 ±0,52 2,17 ±0,75 2,83 ±0,75 2,67 ±0,82 3,17 ±0,98 2,83 ±0,75 0.28 

Taste 
Balance 

1 2,57 ±0,79 2,86 ±0,69 2,71 ±1,11 2,71 ±0,49 3,00 ±0,82 2,71 ±0,76 0.94 

2 2,33 ±0,52 2,33 ±0,82 2,33 ±1,03 2,33 ±1,03 3,00 ±0,89 3,00 ±0,89 0.49 

Global 
Balance 

1 2,79 ±0,57 3,14 ±0,69 2,79 ±0,57 2,71 ±0,49 3,29 ±0,49 3,07 ±0,61 0.34 

2 2,50 ±0,55 2,50 ±1,05 2,67 ±1,21 2,50 ±1,22 2,67 ±1,03 2,67 ±0,82 0.99 

Results are expressed as average between the tasters ± the standard deviation; the 

numbers 1 and 2 indicate 1st and 2nd tasting session. 
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In general, B4 received the highest score on aromatic, taste and global balance, but also in 

this case no statistical differences have been found between the wines (Table 25). The lack 

of significant differences between the wines and between the tastings didn’t allow any 

statistical discussion. 

 

4.5 Synthesis of the data 

 

In order to appreciate a global picture of the experiment, a PCA analysis has been 

performed, at 3rd and 6th month, about the relationship between the wines and the 

chemical/sensory analysis. 

 

4.5.1 Sensory analysis 3rd month 

 

First has been analysed the sensory analysis on 3rd month (Graphic 20). The components F1 

and F2 explain the 64,53% of the total variance of the samples: 

 

 F1 is positively influenced by the variables taste, aroma and global balance, brown colour 

and spices note, which let B4 contribute for 48,82% of the variance, and by vanilla, 

toasted, chocolate and body, among which is placed B1 (17,14%). Control  is quite linked 

to tobacco (with no apparent reasons), which has a negative influence on F1. 

 F2 is positively conditioned by woody, sawdust, bitter, astringent and red colour, which 

are close to B2 (47,01% of contribution); then this component is negatively influenced by 

floral aroma (linked to B3), fruity and coffee. 

 

 

Table 26: % contribution and square cosines of the observations, related to the sensory 

analysis of 3rd month samples 

  
 

F1 F2 F3 F4 F5  F1 F2 F3 F4 F5 

Control  

 

15,322 0,018 0,070 1,027 66,897  0,491 0,000 0,001 0,010 0,498 

Barrique 1  
 

17,142 8,203 56,771 1,203 0,014  0,368 0,123 0,502 0,008 0,000 

Barrique 2  
 

10,278 47,010 11,731 4,856 9,458  0,199 0,638 0,094 0,027 0,042 

Barrique 3  
 

2,397 37,265 0,000 39,247 4,425  0,059 0,638 0,000 0,279 0,025 

Barrique 4 
 

48,816 0,794 30,202 1,828 1,694  0,778 0,009 0,198 0,008 0,006 

Barrique 5 

 

6,045 6,711 1,226 51,839 17,513  0,199 0,155 0,017 0,496 0,134 

(LEFT) % contribute of each observation to the factors; (RIGHT) Cosines; valours in bold 

correspond to the factor for which each observation had the highest % contribution or square 

cosine. 
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Graphic 20: PCA of wines related to the 1st sensory analysis: components F1 and F2.  
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4.5.2 Sensory and chemical analysis 3rd month 

 

The PCA allowed separating the 6 wines according to chemical and sensory analysis. 

Components F1 and F2 explain the 60,1% of the variation of the samples (Graphic 21). Here 

the wines are all separated:  

 F1 is negatively conditioned by tobacco note, total pigments and total anthocyanins and 

coffee, which located the Control in this area; this component is then strongly and 

positively conditioned by taste, aroma and global balance, colored anthocyanins and 

ionization index, which are correlated to B4;  

 F2 is strongly and positively influenced by woody, board, red colour, bitter and astringent 

taste, total phenols and total flavonoids; these variables are very close to the sample B2, 

that contributed strongly to the % variance (Table 27). 

 B1 has not a strong influence on the variance of 2 factors, but is positioned closely to 

smoky, vanilla, toasted, violet, colour shade and polymerization index. 

 

 

Control, B1, B2 and B4 have been strongly correlated to the different investigated parameters. 

B2 results more bitter and astringent; B1 is close to interesting aromatic notes for an oak aged 

wine (vanilla, toasted, chocolate and smoky); B4 is more correlated to the general sensorial 

appreciation of the 1st tasting session (taste, aroma and global balance) and to the coloured 

compounds at 3rd month. 

 

 

Table 27: % contribution and square cosines of the observations, related to the sensory and 

chemical analysis of 3rd month samples. 

  
 

F1 F2 F3 F4 F5  F1 F2 F3 F4 F5 

Control  

 

21,824 2,575 0 4,909 54,025  0,540 0,042 0 0,041 0,377 

Barrique 1  
 

8,587 4,907 26,177 36,408 7,255  0,221 0,084 0,328 0,315 0,052 

Barrique 2  
 

2,282 42,902 0,278 28,585 9,287  0,053 0,661 0,003 0,223 0,060 

Barrique 3  
 

23,524 40,342 4,915 2,302 12,250  0,412 0,471 0,042 0,014 0,060 

Barrique 4 
 

40,860 7,751 1,911 18,974 13,838  0,714 0,090 0,016 0,112 0,068 

Barrique 5 

 

2,923 1,524 66,718 8,822 3,346  0,072 0,025 0,806 0,074 0,023 

(LEFT) % contribute of each observation to the factors; (RIGHT) Cosines; valours in bold 

correspond to the factor for which each observation had the highest % contribution or square 

cosine. 
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Figure 21: PCA of wines related to the analysis of colour and phenols at 3rd month: F1 and F2 
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4.5.3 Sensory analysis 6th month 

 

PCA on sensory analysis of 6th month showed a variation of 66,34%, explained by F1 and F2 

(Graphic 22). the wines are divided in 3 main groups: 

 

 B2 is closely related to tobacco, vanilla, coconut, spices, coffee, toasted, smoky and 

board aroma, with positive and strong influence on F1. 

 F2 is strongly and positively influenced by taste, aroma and global balance, body, fruity, 

caramel, persistence and brown colour; B4 is still close to these variables, but also B5 is 

correlated in this case.  

 Control wine is negatively correlated to F1 and it doesn’t match to any parameter. 

 

 

 

Table 28: % contribution and square cosines of the observations, related to the sensory 

analysis of 6th month samples 

  
 

F1 F2 F3 F4 F5  F1 F2 F3 F4 F5 

Control  

 

25,072 12,000 20,309 8,459 17,494  0,563 0,157 0,154 0,053 0,072 

Barrique 1  
 

1,952 6,768 0,493 3,693 70,427  0,098 0,197 0,008 0,052 0,646 

Barrique 2  
 

69,759 8,133 1,038 1,575 2,829  0,920 0,062 0,005 0,006 0,007 

Barrique 3  
 

2,967 6,638 34,107 34,737 4,885  0,102 0,133 0,398 0,336 0,031 

Barrique 4 
 

0,201 38,404 17,283 24,797 2,649  0,006 0,623 0,163 0,194 0,014 

Barrique 5 

 

0,050 28,057 26,771 26,740 1,716  0,001 0,491 0,273 0,226 0,009 

(LEFT) % contribute of each observation to the factors; (RIGHT) Cosines; valours in bold 

correspond to the factor for which each observation had the highest % contribution or square 

cosine. 
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Graphic 22: PCA of wines related to the 2nd sensory analysis: components F1 and F2. 
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4.5.4 Sensory and chemical analysis 6th month 

 

The PCA of 6th month explains the 62,21% of the variation with the factors F1 and F2 (Graphic 

23):  

 F1 results strongly  and positively influenced by coconut, smoky, spices, vanilla, coffee, 

tobacco, board and toasted aroma, polymerization index, polymerized pigments, total 

phenols and total flavonoids. B2 is very close to these variables, justifying the 47,9% of 

F1 variations. 

 Control wine is negatively correlated to F1 and it’s associated to floral smell. 

 F2 is strongly and positively conditioned by aroma, taste and global balance, not 

flavonoids, caramel and fruity; the closest sample to this area is B4, linked also to brown 

and colour shade, and explaining the 53,44% of the F2 variations. 

 

At 6th month the most interesting wines are B4 and B2.  

 

B4 is more linked to a more evolved and oxidized colour, but is also the closest sample to 

taste, aroma and global balance, that makes it the most equilibrated wine from the sensory 

analysis.  

 

B2 is the wine more related to the phenols concentration and to polymerization reactions, 

inked between themselves, since anthocyanins polymerize highly in presence of tannins; 

however is far related to astringency and bitterness, contrarily to the 3rd month results. This 

wine is also the most powerful aromatic, showing a strong relationship with many quality 

aromas for an oak aged red wine.  

 

Table 29: % contribution and square cosines of the observations, related to the sensory and 

chemical analysis of 6th month samples. 

  
 

F1 F2 F3 F4 F5  F1 F2 F3 F4 F5 

Control  
 

30,868 19,795 7,237 5,940 19,493  0,612 0,213 0,061 0,037 0,077 

Barrique 1  
 

0,001 10,650 0,923 1,564 70,195  0,000 0,280 0,019 0,024 0,677 

Barrique 2  
 

47,931 0,252 29,553 0,140 5,458  0,776 0,002 0,203 0,001 0,018 

Barrique 3  
 

1,073 8,210 27,315 44,466 2,270  0,034 0,141 0,367 0,443 0,014 

Barrique 4 
 

17,044 53,443 3,164 8,527 1,156  0,339 0,577 0,027 0,053 0,005 

Barrique 5 
 

3,084 7,650 31,808 39,363 1,428  0,092 0,124 0,404 0,370 0,009 

(LEFT) % contribute of each observation to the factors; (RIGHT) Cosines; valours in bold 

correspond to the factor for which each observation had the highest % contribution or square 

cosine.  
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Graphic 23: PCA of wines related to the analysis of colour and phenols at 6th month: F1 and F2  
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5.0 CONCLUSION 

 

 

This work wanted to investigate the effect of an oak wood ageing on a red wine, from Jaen 

grape variety, along 6 months, and find out which one could be the best combination of 

parameters related to the barrels, focusing on oak origin, toasting level and age of the casks. 

 

In order to investigate on these focuses, wines have been monthly analysed on their 

chemical characteristics, mainly on colour and phenols aspects, and on their sensory profile, 

through a tasting sessions, in 2 different moments of the ageing. 

 

The wine showed a standard basic chemical profile; the alcoholic fermentation has been 

carried out successfully; the malolactic fermentation was already achieved at the first month 

of ageing; alcohol level, acidity and sulphites were regular.  

 

Colour analysis showed a significant evolution of the parameters during the time. Colour 

intensity, total anthocyanins, total pigments, coloured anthocyanins and ionization index had 

a decreasing trend. Colour shade, polymerization index and polymerized pigments showed 

an increasing trend.  Control wine often showed a difference with the wood aged samples.  

 

The different geographical origin determined some difference between the wines. The colour 

intensity of the wine in American (B1) and Hungarian (B5) barrels was higher than some 

wine aged in French oak (B3 and B4); but on the contrary, B2 (French) is more coloured than 

B5 and showed similar amount with B1.  

 

The different toasting level affected the colour intensity. Soft toasted barrels can make wines 

poorer (B3) or richer (B2) in colour than wines aged in medium toasted barrels (B5); such a 

difference, despite the same toasting level and the same geographical origin, can be 

determined from the different manufacture, since B3 and B2 come from different cooperages. 

 

The age of the barrels determined a significant difference in colour intensity, colour shade, 

ionization index, ionized anthocyanins and polymerized pigments. According to these 

parameters, B4 wine reached its best colour quality at the 3rd month, with higher intensity, 

ionization index and a lower colour shade; after that moment, it showed a loss in colour 

quality correlated to the control wine. After 6 months, B4 appeared to be poorer in colour and 

more aged than the others samples. PCA analysis confirmed it: at 3rd month B4 is linked to 

positive parameters (ionization index and coloured anthocyanins), but at the 6 th month is 

correlated to colour shade, as sign of ageing. 
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Some chemical parameter was not clearly conditioned by toasting level, geographical origin 

or age of the barrel; the differences observed between the wines may be a consequence of 

everything, included the cooperage that made the barrels. Actually it has been observed that 

often B1 and B2, aged in barrels with different oak origin and toasting level, but made from 

the same company, had similar trend and amount on some colour parameter: colour 

intensity, colour shade and ionized anthocyanins. 

 

In other case hasn’t been found any interesting difference between the wines, like in total 

anthocyanins, total pigments and polymerization index. 

 

Phenolic analysis showed an oscillating trend in total phenols; Control wine decreased, B2 

showed an increase and the other wood aged wines stayed in standard amounts during the 

whole ageing. At the end B3 was the richest wine in phenols, and control the poorest one. 

Total flavonoids showed a general increase during time, only control and B4 stayed 

standard. No differences have been found between the wines, except than at 1st month. 

Tannin power showed an oscillating trend in the wines, but no statistical evolution.  These 

oscillations of the phenols, in wood aged wines, are the result of the equilibrium between the 

phenols released from the barrel and those lost through precipitation, degradation or 

adsorption from the wood. The results of phenolic parameters didn’t allow any statistical 

discussion about the wine. 

 

Sensory analysis did not show an evolution during the  time, between first and second 

tasting. In wine taste, colour, and global appreciation it hasn’t been found any statistical 

difference between the samples. It is possible to conclude that the ageing time hasn’t been 

enough for determine a minimum difference between the wood aged wines and the Control. 

 

In aroma analysis, coffee, vanilla and woody showed some difference. In the second tasting, 

B2 resulted significantly richer in coffee note than Control and B5, and it was also richer in 

Vanilla and Woody characters than Control wine. Looking to this results, it can be presumed 

that B2 accumulated more vanillin and methyl-lactones during the ageing, than the other 

wines. B2 has been in general the most aromatic wine, after 6 months, and PCA analysis 

confirmed it: at 6th month B2 is strongly correlated to coffee, smoky, vanilla, tobacco, board, 

coconut and spices aromas. 

 

About the global appreciation, no statistical differences have been found, but in both the 

tastings B4 reached the highest average values. It appears to be the most balanced wine. 

PCA on sensory analysis, showed that at 3rd and 6th month B4 was the most correlated wine 

to taste, aroma and global balance.  
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PCA helped on synthesise efficiently the relationships between barrels and the parameters 

under investigation, dividing the samples depending on their correlations. 

At 3rd month PCA showed that: 

 B2 is strongly correlated to woody and board aroma, red colour, then bitterness, 

astringency and total phenols, which are related between themselves. 

 B1 is more correlated to the principal wood ageing descriptors (vanilla, chocolate, toasty 

and smoky aroma), then to polymerization index, colour shade, violet colour and body 

taste; it was apparently the most aromatic after 3 months ageing. 

 B4 is linked to ionization index and coloured anthocyanins, then aroma balance, taste 

balance and global balance; it was clearly the most balanced wine and it showed an 

appreciable colour at that time. 

 Control wine is separated from the other wines and correlated to tobacco aroma, then 

pigments and anthocyanins. 

 

At 6th month PCA showed different results: 

 B2 is strongly correlated to coconut, smoky, spices, coffee, tobacco, board and toasted 

aroma, polymerization index, polymerized pigments, total phenols and total flavonoids; at 

the end of the ageing it was the most aromatic wine, and the richest in phenols, but no 

more related to bitterness and astringency. 

 B5 is also linked to similar aromas than B2, such as toasted, board, tobacco and species.  

 B4 now is related to colour shade and brown colour, showing a major ageing than the 

other wines; otherwise, this is correlated to fruity aroma and is the closest wine to taste, 

aroma and global balance.  

 Control is well separated from the other wines and is linked to floral aroma. 

 

A general picture of this work assumes that toasting level, age of the barrel and geographical 

origin affected the profile of the wine aged inside. It is possible to say that a Jaen red wine 

can improve its colour quality if aged in oak barrels, but also the aroma can be amplified. In 

order to obtain a satisfying result on colour and aroma complexity, French oak showed the 

best results.   
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Name:                                                                       Data:     /     /                       Session : 

 

Taste the wines in the presented order and classify the different attributes using the following scales: 

 

For color, aroma and taste:   1. None     2. Slightly Intense      

3. Moderately Intense      4. Intense       5. Very Intense 

 

For equilibrium (aroma and taste) and Overall Assessment:   1. Mediocre     

2. Satisfactory      3. Good       4. Very Good        5. Excellent 

 

  

WINES / CODES 

   

99 301 110 450 720 342 

Color 

Red             

Violet             

Brown             

Aroma 

Fruity             

Floral             

Vanilla             

Woody             

Toasted             

Smoky             

Spices             

Caramel             

Chocolate             

Coconut             

Coffee             

Tobaco             

Board / Sawdust             

Aroma Balance             

Taste 

Body             

Bitter             

Astringent             

Persistence             

  Taste Balance             

Global Balance             

Observations:  

 

Institute Superior of Agronomy 

Tasting Sheet for red Wines 
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