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ABSTRACT 
The aim of this study was to assess the influence of blends of  wood from different botanical species in a 

white wine from Encruzado variety; the botanical species used in this study were French oak (Quercus 

peatraea), American oak (Quercus alba) and Cherry (Prunus avium) during a  60 days maceration period, 

with sampling done after 15, 30 and 60 days.  

The blends were obtained by combining 2 woods species in a ratio of 1:1, obtaining 3 blends; that is, Cherry 

and American oak (Ch+Am), French and American oak (Fr+Am), and Cherry and American oak (Ch+Am). 

In addition to these treatments 3 Control treatments were created by adding single wood of Cherry (CCh), 

American oak (CAm) and French oak (CFr), moreover a treatment without wood was kept (C). The amount 

of wood used was the same for all the treatments, that is 0,5 g/l.  on the different sampling days were run 

both sensory analysis, by a panel of judges, evaluating aroma and taste parameters, and chemical analysis, 

that is, total phenols, non flavonoids  and flavonoids phenols, color evolution, maderization test and tanning 

power. At the end of the experiment statistical analysis showed relevant data in almost all the analysis, for 

the chemical analysis cherry showed the highest level of total phenols and flavonoids, which is reflected also 

in the blends with other woods, while the French oak and its blends showed significant levels of non 

flavonoids phenols. The browning potential showed an decrease in wines in contact with wood except for 

CCh, while tanning power showed an increase in all the wines in contact with wood with the blend of cherry 

and American  being the highest tannicity. In the sensory analysis we can observe how the global 

appreciation of the wines decrease with increasing maceration period with the wood both for the taste and 

aroma parameters, with C being the most appreciated wine at the last sampling, while the sampling of 15 and 

30 days shows the wine with cherry  and with American oak showing the highest values. 

 

 

KEY WORDS: wood,  cherry,   oak,  chips,  encruzado. 

 

 

 

 

 

 

 

 



 
 

RESUMO 
 

O objetivo deste estudo foi avaliar a influência de misturas de madeira de diferentes espécies botânicas num 

vinho branco da castaEncruzado. As espécies botânicas utilizadas neste estudo foram carvalho francês 

(Quercus petraea), carvalho americano (Quercus alba) e cerejeira (Prunus avium) durante um período de 60 

dias de maceração, com amostragem feita após 15, 30 e 60 dias. 

As misturas foram obtidas pela combinação de duas espécies de madeiras na proporção de 1:1, obtendo-se 3 

misturas, ou seja, cerejeira e carvalho americano (Ch + Am), carvalho francês e americano (Fr + Am) e 

cerejeira e carvalho francês(Ch + Fr). Além desses tratamentos, 3 tratamentos de controlo foram criados, 

adicionando-se madeira única de cereja (CCh), carvalho americano (CAm) e carvalho francês (CFr) e além 

destes, foi mantido um tratamento sem madeira (C). A quantidade de madeira utilizada foi a mesma para 

todos os tratamentos: 0,5 g / l. Nos diferentes dias de amostragem foram realizadas análises sensoriais por 

um painel de juízes, avaliando-se os parâmetros aromáticos e gustativos, e análise química, ou seja, fenóis 

totais, não flavonóides e fenóis flavonóides, evolução de cor, teste de maderização e poder tanante. No final 

doensaio experimental, a análise estatística mostrou dados relevantes em quase todas as análises.Para a 

análise química, a cerejeira apresentou o maior teor de fenóis totais e flavonóides, o que se reflete também 

nas misturas com outras madeiras, enquanto que o carvalho francês e as suas misturas demonstrar am níveis 

significativos de fenóis não flavonóides. O potencial de oxidaçãoa presentou decréscimo nos vinhos em 

contacto com a madeira, com exceção do CCh, enquanto que o poder tanante apresentou aumento em todos 

os vinhos em contacto com a madeira, sendo a mistura de cerejeira e americano a de maior tanicidade. Na 

análise sensorial observou-sequea apreciação global dos vinhos diminui com o aumento do período de 

maceração com a madeira, quer para os parâmetros de sabor, quer de aroma, sendo o C o vinho mais 

apreciado na última amostragem, enquanto que o C+Am foi o mais apreciadonas amostragensaos 15 e 30 

dias. 

 

 

PALAVRAS-CHAVE: madeira, cerejeira, carvalho, encruzado, misturas. 
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RESUMO ALARGADO 

 

O uso de madeira para o envelhecimento è reconhecido como uma ferramenta fundamental para a produção 

de vinho ha mais de 200 anos. De facto, , não só esta prática é cada vez mais importante para vinhos tintos, 

mas também para vinhos brancos, ajudando a aumentar a sua complexidade e estabilidados vinhos. 

O envelhecimento do vinho em barris de madeira promove importantes modificações como clarificação 

espontânea, alterações de cor, adstringência, amargor, estrutura e, especialmente,modificações 

aromáticas.Tudo isto devido a os contributos que diferentes compostos extraídos da madeira dão à 

complexidade e estabilidade do vinho. 

Contudo, o sistema tradicional de envelhecimento tem várias desvantagens, como os longos períodos de 

envelhecimento, os elevados custos de investimento e os requisitos de espaço na adega. Por estas razões, 

foram desenvolvidos recentemente métodos alternativos, como a adição de aparasde madeira em vinhos, de 

modo a simplificar e acelerar o processo de envelhecimento, bem como a utilização de novas espécies de 

madeira, mais disponíveis e económicas para as empresas. 

Tradicionalmente, os vinhos são envelhecidos em barris de madeira feitos principalmente a partir de espécies 

de carvalho como Quercus robur (Quercuspedunculata) e Quercus petraea (Quercus sessiliflora), que são as 

mais comuns nas florestas francesas, e ainda Quercus alba (carvalho americano) do continente norte-

americano. 

Nos últimos anos, barris e aparasobtidos de espécies alternativas como a cerejeira (Prunus avium) também 

têm sido considerados como possíveis agentesde envelhecimento, originando vinhos com um perfil 

aromático único e mais complexo, mesmo queatualmente esta não seja uma prática enológica oficial. 

O objetivo deste estudo foi avaliar as mudanças ocorridas, durante 60 dias, a nível químico e sensorial, de 

um vinho branco da castaEncruzado envelhecido em misturasde diferentes espécies botânicas, i.e. Cerejeira 

(Prunus avium), carvalho americano (Quercus alba) e carvalho francês (Quercus petraea), obtendo três 

diferentes misturas de 2 madeiras numa relação de 1:1, resultando em 3 tratamentos - cereja mais carvalho 

americano, carvalho francês maiscarvalho americano e carvalho francês maiscerejeira - com 3 vinhos de 

controlo de cada espécie botânica e um controlo sem madeira, para um total de 7 tratamentos. 

Análise fenólica (fenóis totais, flavonóides e fenóis não flavonóides, aspectos cromáticos,suscetibilidade à 

oxidação epoder tanante) e uma avaliação sensorial foram realizadas para todas as amostras. 

Os resultados mostraram diferenças estatisticamente significantes entre as amostras na maioria das 
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análises fenólicas, permitindo notar diferenças entre o vinho de controlo e os vinhos envelhecidosemcontacto 

com as diferentesaparas de misturas de madeiras. A análise química mostrou resultados interessantes, 

destacando como os compostos extraídos da madeira mudaram de acordo com as espécies de madeira 

utilizadas e suas características. As aparas de madeira de cerejeira apresentaram a maior capacidade de 

extração para o perfil total de fenóis, com os vinhos envelhecidos com essas aparasa apresentarem uma 

concentração fenólica extrema. A análise para determinação dos flavonóides fenólicos confirmou o que foi 

observado para os fenóis totais, sendo os flavonóides uma das principais classes de compostos fenólicos 

(Ribéreau-Gayon, et al. 2006), com os vinhos com madeira de cerejeira a apresentarem o maior nível desse 

tipo de compostos. Decontrário, os ensaios com maior quantidade de fenóis não flavonóides foram os de 

carvalho francês, embora neste caso a mistura de carvalho francês/americano tenha sido a que apresentou o 

maior nível final (após 60 dias de maceração com madeira). 

Os parâmetros de cores esperados mostraram um aumento na tonalidadeda cor em quase todos os vinhos, 

exceto para os tratamentos Controlo e carvalho francês/cerejeira, com a mistura 

cerejeira/carvalhoamericanoa demostrar o maior aumento de cor, destacando mais uma vez a ligação entre os 

fenóis e a cor no vinho branco. 

O teste de madeirizaçãomostrou, em geral, um decréscimo no potencial de oxidaçãodos vinhos, com exceção 

do CCh, que confirma o estreito vínculo existente entre os fenóis totais e o potencial de oxidaçãode um vinho 

branco. É também de referir que todos os vinhos em contacto com a madeira apresentaram, eventualmente, 

um maior potencial de oxidaçãodo que o vinho C, como esperado e sugerido por váriosestudos. 

Os resultados do poder tanante mostraram um grande aumento na tanicidade dos vinhos, especialmente entre 

as medições aos 30 e 60 dias, com as misturas de madeira a obterem os maiores valores, sendo Ch + Am 

significativamente maior do que os vinhos em madeira simples e o Controlo. 

Considerando a baixa quantidade de aparasusada (0,5 g / l) - muito baixa se considerada a média de uso na 

produção de vinho branco (0,5-2 g / l) - os resultados mais marcantes eram esperados na análise sensorial. 

Os vinhos commadeira, de facto, mostraram resultados interessantes ao níveldos parâmetros aromáticos e 

gustativos, com a madeira americana obtendoos melhores resultados logoapós 15 dias, apresentando uma 

maior qualidade aromática e notas mais frutadas e florais. Esta, juntamente com a madeira de cerejeira, foi 

mais apreciada do que as outras, embora os parâmetros de sabornão tenham mostrado significância nos 15 

dias. 

Depois de 30 dias, os vinhos mais apreciados ainda eram os que tinham madeira de cerejeira, mas também o 

Controlo, por causa do aumento das notas amadeiradas dos outros ensaios, que diminuíam a qualidade do 

aroma. O sabor também mostrou um aumento deequilíbriopara a madeira de cerejeira, enquanto que a 

perceção da acidez permaneceu a mais alta para o Controlo. 

 

Na última amostragem, após 60 dias de maceração, as diferenças dos parâmetros aromáticos entre os vinhos 

commadeira tornaram-se cada vez menos acentuadas, enquanto que o vinho Controloapresentou diferenças 

significativas em relação ao resto dos vinhos, com maior qualidade aromática, maisfrutado e com notas 

florais. 
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Também a apreciação global mostrou o Controlocomo sendo o primeiro entre os vinhos, com a madeira de 

Cerejeira em segundo. 

Assim, o uso de mistura de madeiras mostrou resultados interessantes a nível químico, com a cerejeira e as 

suas misturas dando mais ao perfil de flavanóides, enquanto que o carvalho francês e as suas misturas mais 

ao perfil de não flavanóides. Na análise sensorial os vinhos apresentaram os melhores resultados na 

apreciação global após 15 dias de contacto, diminuindo depois com o aumento dos dias de contacto entre o 

vinho e a madeira. Os ensaios com melhor feedback nesta fase foram o de cerejeira e o de carvalho 

americano, enquanto que aos 30 dias o vinho Controlo apresentou os melhores resultados, seguido da 

cerejeira. 

Estes resultados preliminares mostram a complexidade das interações envolvidas e a necessidade de 

pesquisa no futuro sobre este assunto, incluindo análises químicas mais detalhadas sobre a composição e 

perfis voláteis aromáticos de vinhos brancos de alta qualidade envelhecidos em contacto com madeiras 

alternativas. 

 

 

PALAVRAS-CHAVE: madeira, cerejeira, carvalho, encruzado, misturas, fenóis totais, análise sensorial. 
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1. INTRODUCTION 

 
 

1.1.WOOD IN WINE AGING 

The use of wood during the aging process of wine is a common practice in most of the wine producing 

regions having many positive effects on it, from color stabilization to aromatic molecular composition 

(Vivas, 2000; Nevares and Del-Alamo, 2008). These processes are influenced by numerous factors such as; 

the species of the wood, the level of toasting and the length of the aging process (Jordao et al. 2006). 

The prevalent wine aging practice is the use of oak barrels, which has been proved by many studies to have 

beneficial effects on phenolic composition of the wine; increasing or adding into the wine, among others, 

polyphenols,coumarins, polysaccharides, volatile phenols (eugenol), cis- and trans-β-methyl-γ-octalactone, 

volatile phenol aldehyde, and furanic aldehydes(Sefton, 1991; Towey and Waterhouse, 1996; Flamini et al. 

2009), but having beneficial effects also on spontaneous clarification (Del Alamo Sanza et al. 2004). 

Moreover the pores present in the wood slowly convey oxygen to the wine inducing chemical changes 

between the wine phenols and the compounds extracted from the wood, eventually stabilizing the color, 

reducing the astringency of the wine  and improving wine’s quality and organoleptic characteristics (McRae 

et al., 2012; López-Roca & Gómez-Plaza, 2006; Cerdan and Ancin-Azpilicueta, 2006; Izquierdo-Canas et 

al., 2016). 

 The barrel aging process gives structure and complexity to the wine inducing a higher persistence of the 

bouquet even though it  cannot  increase the quality of a wine, but rather it can enhance its intrinsic value, if 

rationally used (Frangipane et al., 2006). 

 

On the other hand issues such as; the rising demand for barrels; the environmental issue linked to the 

decreased availability of the oak woodand the long period normally needed for aging in barrel (linked to 

higher maintenance costs), induced many producers to adopt alternatives to oak barrels (Jordão et al., 2017; 

Gonzalez-SanJose et al., 2016). 

Chips and staves are a good example; theyare used in order to reduce the costs of productionand obtain an 

analogous extraction process, if compared to barrel aging, regarding the aromas and mouthfeel (Teissedre et 

al. 2011; Ancın-Azpilicueta et al., 2006).  

 Indeed even though a wine obtained through a chips maceration period does not show characteristics similar 

to abarrel-aged wine, it seems to slightly resembleas to the aroma profile, for 30 days of chips maceration, 

awine aged for about 3 months in a barrel (Wilker&Gallander, 1988; González-San José et al. 2010). 

https://www.sciencedirect.com/science/article/pii/S0023643810001921#!
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The use of this technology, can also have  positive effects not present in the case of barrel-aged wines. In 

particular the oxidation aromas and color changes linked to the barrel aging in white wines could be avoided 

through the use of wood chips, which can also confer to the wine the typical wood aromas without 

sacrificing the fruity notes (Sanchez-Palomo et al., 2017). 

Other alternatives to oak barrels could be the use of species other than oak, indeed even though wood chips 

addition practice appeared initially in the new wine world and became legal in the EU just in 2006 ((CE) N° 

1507/2006), to this day only Oak (Quercus genus) and chestnut (Castanea genus) are recognized by the OIV 

as suited to be used in wine production (Kyraleou et al., 2015). 

Nevertheless,the use of wood alternatives to oak  could be an advantage for producers (besides for 

overcoming the previously mentioned problems), since the growing sensibility of the consumers on 

sustainability issues (Schäufele and Hamm, 2017).  

This kind of approach would translate in a diversification in the market and in an increase of  the range of 

products to offer to the consumers (Sanchez-Palomo et al., 2017). Using local species of wood rather than 

imported wood products can be seen in this optic, as well as linked to neweconomic possibilities that in some 

market sharecould be given by originality,rather than homogenization of the wine(Scozzafava et al., 

2016).For these reasons the utilization  of different wood species such as acacia, cherry, mulberry (Chinnici 

et al., 2011; Gortzi et al., 2013; De Rosso et al., 2009) has seen an increase in the last years both in barrels 

and in wood derivates (staves, chips, wood dust or oenological tannins from wood) utilization (Oberholster et 

al. 2015), due to an increase interest in wine typicality especially in Italy (Flamini et al. 2009). 

 

 

 

 

1.2.OAK WOOD SPECIES AND COMPOSITION 

Worldwide, hence, oak is the most spread wood used for the aging of the wine,  both for the barrels and 

chips (Sanz et al., 2012). The species of  wood from which a barrel is made of and its manufacturing, i.e. 

seasoning and toasting,  are the main factor influencing the evolution of the wine, because of their influence 

on the extractable  compounds (Dourtoglouet al., 2013; Kyraleou et al. 2015; Mosedale et al. 1996).  

The most used oak species for barrel and chips production are:Quercus alba from North America also known 

as American oak and Quercus peatraea and Quercus robur from Europe normally referred to as French oak 

(Guchu et al., 2005; Spillman et al. 2004), but recently also Quercus pyrenaica has been subjected to many 

https://www.sciencedirect.com/science/article/pii/S0959652617301336#!
https://www.sciencedirect.com/science/article/pii/S0959652617301336#!
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studies on wood chemical composition, and the effects on wine (Jordao et al., 2007; Fernandez de Simon et 

al., 2008).  

 

 

 

The vast use of oak for wine aging is to be searched in its aromatic nature, and into the various phenolic and 

volatile compounds that are transferred from the wood into the wine (Del Alamo Sanza et al., 2003). 

 

 

 

1.2.1. AROMATIC COMPOUNDS PRESENT IN OAK 

Many aromatic compounds have been identified in oak wood but just few of them influence the sensory 

characteristic of the wine, which is to be attributed to the presence of  β-methyl-γ-octalactone, also known as 

oak lactones or whisky lactones, and its isomers originated from oak lipids (Mosedale et al., 1999), specific 

to the Quercus genus  and responsible for its typical aroma(Chatonnet, 1998; Baumes et al.1995). This 

compound has 4 isomers which can be found in the untreated wood, with different aromatic characteristics 

(coconut, spicy, leather), and whose concentration change in different oak species with Q. alba showing the 

highest concentration (Ribereau-Gayon et al., 2010). 

Vanillin (4-hydroxy-3- methoxybenzaldehyde) is an aromatic aldehyde obtained from lignin and contributes 

to the typical vanilla aroma of all the oak-aged alcoholic bevarages including wine. It is present in high 

quantities, if compared to other aldehydes from lignin, with the exception of syringaldehyde, which is, 

though, less odorous (Marin et al., 2005; Singleton 1995). Such cited aldehydes are the most important under 

Figure 8- Distribution of A) QuercusSessil B) QuercusRobur and C) Quercus Alba (Jackson, 2008) 
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aromatic contribution and can be further oxidized in the correspondent phenolic acids (vanillic and syringic 

acid)resulting in a loss of flavour (Del Alamo Sanza et al., 2003;Singleton 1995).  

Other volatile compounds which can pass from the wood to the wine are the volatile phenols which includes 

various forms ofeugenol,guaiacol and ethyl and vinyl phenolspresents in different quantities in untoasted 

wood according to the species and zone of origin and can be increased during the toasting process (Cadahia 

et al., 2003; Cadahia et al., 2001; Towey and Waterhouse, 1996). 

Eugenol, which is the main volatile phenol according to Ribereau-Gayon(2010), and guaiacolare responsible 

respectively for the cloves and smoky aroma of the wine (Guchu et al., 2005). While the 4-ethyl and 4-vynil 

forms of phenol and guaiacolare of importance because responsible for various off-flavorslike horse, animal 

and sweaty “saddle”-like  notes if present in high concentrations.  These unpleaseantflavours are mostly 

originated by Brettanomyces and not by the wood as initially thought; indeed, although being ubiquitous in 

red wines,  are perceived just following the action of the mentioned microorganisms (Pollnitz et al., 

2000;Doussot et al., 2002; Singleton, 1995).  

The risk of developing these bacteria increase with the repeated use of the barrels as the latter become more 

and more impregnated with wine becoming more suited to the Brettanomyces and to the risk of wine 

spoilage, that is why a barrel is considered not anymore of use after five to six years (Towey and 

Waterhouse, 1996).  

The last group of volatile phenols which can affect wine aromatic characteristics is the one of furans and its 

derivates. These compounds, differently from the previously mentioned, are originated in oak only after the 

toasting process, as visible in table 1,through the heating of pentose (Singleton, 1995)and confer to the wine 

a characteristic toasted aroma (Guchu et al., 2005).  

The most common derivatives which are of interest  for wine aroma are furanic aldehydes such as; 5-

(hydroxymethyl)furfural,5-methylfurfural and furfuralwhose chemical structure we can see in figure 2, those 

compounds areoriginated by the heating of the Glucose at 180 °C  resulting from a complex series of 

reaction known as Maillard reactions (Cutzach et al., 1997).  
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Figure 9- Furanic derivatives formed during barrel toasting: 1, furfural; 2, methyl- 5-furfural; 3, hydroxymethyl-5-furfural; 4, 
cyclotene; 5, maltol; 6, isomaltol (Ribereau-Gayon, 2010) 

All the previously mentioned volatile compounds are present in very small or no quantities in untoasted 

wood, changing, as already mentioned, according to the species of oak, place of origin and single individuals 

(Jordao et al. 2006). The processes of staves seasoning is of extreme importance in order to let the wood dry 

(till 14-18 % of water), decreasing its level of water soluble compounds such as ellagitannins during a 

process of costantrehydratation in order to slow the process and preserve the wood integrity (Martínez et al., 

2008). This phase can last from 2 to 3 years in case of natural seasoning, while for artificial seasoning this 

process is significantly shorter, but the wood such treated shows higher presence of bitter coumarins and 

astringent tannins (Martínez et al. 2008; Reynolds, 2010). 

 As to the volatile compounds, researches show different results; whisky lactones, eugenol and vanillin, 

indeed, seems to increase, decrease or remain stable during this process (Doussot et al., 2002). Another 

reason for seasoning it’s the action it shows to perform against possible wood shrinking and consequent 

leakage during wine aging in barrels (Spillman et al., 2004).  

The following step is the toasting process, which can be made in different ways according to the desired 

characteristics of the woods; the heating method may change from various degrees of intensity by European 

coopers, to a more intense degree applied by American ones, with significant differences on the availability 

and concentration of the extractable compounds (Mosedale and Punch,1998 ). We can distinguish between 

light (120-180 °C for 5 minutes), medium (210 °C for 10 minutes) and heavy (230°C for 15 minutes) 

toasting (Ribereau-Gayon et al., 2010). 

Among the various changes obtained in this process the most significant are the aldehydes which reach a 

maximum concentration with medium heat, volatile phenols which increase constantly with increasing heat 

level, whiskey lactones which lower as temperature increases, ellagitannins which are reduced, like during 

the seasoning process with increasing intensity for increasing temperatures (Bosso et al., 2008). In the case 

of oak lactones, has to be taken in account that  even though the oak lactones are sensible to temperatures, 

exposure of wood to high temperatures (200 for less than 15 minutes) causes the formation of lactones 
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isomers from lipids and fatty acids resulting in higher level of oak lactones, as visible in table 1(Ribereau-

Gayon et al., 2010). 

However even though many authors tried to categorize the level of toasting according to the T (as reported in 

table 1) it is difficult to control T variations during the toasting process, because of the fluctuations of the fire 

intensity and because of the convective movement of the air (Campbell et al., 2005). 

Table 6- Concentration of different aromatic compounds according to the toasting level, for β-methyl-γ-octalactones the reported 
results shows the combined concentration of cis and trans isomers. Mean of 3 samples taken at depths of 1.2 and 3 mm; compounds 

extracted in a dilute alcohol medium, under standard conditions (Chatonnet, 1995) 

 

 

1.2.2. TANNIC COMPOSITION 

The other meaningful group of phenolic compounds released into the wine from the wood is the one of 

tannins (of which I already mentioned the ellagitannins); compounds known for their binding protein ability 

which makes them of high importance into the wine for their astringency-conferring capacity (Puech et al., 

1999). We can distinguish between the hydrolizable (the only present in the oak wood) and non-hydrolizable, 

also known as condensed tannins or proantocyanidins tannins which are merely grape originated, but can be 

found in alternative kind of woods as we will see later on (Chinnici et al 2015; Ribereau-Gayon et al., 2010; 

Souquet et al. 1996).  

 NON TOASTED LIGHT MEDIUM HEAVY 

Ellagitannins (mg/l) 333 267 197 101 

β-methyl-γ-octalactone 

(mg/l) 

0.8 0.7 1.5 1.7 

Furfural (mg/l) 0 5.2 13.6 12.8 

Guaiacol (μg/l) 1 5.2 27.7 30.3 

Eugenol (μg/l) 20 17.7 71.7 44.3 

Vanillin (mg/l) <0.1 2.1 4.8 3.1 

Syringaldehyde (mg/l) 0.2 5.6 12.9 12.2 
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Figure10-Components of oak heartwood. (Mosedale and Puech, 1998) 

 

The hydrolizable tannins are the only present in the oak wood and, as suggested by the name, are highly 

soluble and can be transferred to the wine (Viriot et al., 1993). The ellagitannins may make up to 10% of 

heartwood dry weight and are the main hydrolizable tannins present in the wood with castalagin and 

vescalagin being the most abundant ones (Puech et al., 1999). Those ellagitannins, once dissolved into the 

wine, are slowly but continuously converted into other compounds such as ethyl derivatives and flavano-

ellagitannins through the combination with flavan-3-ols of grape origin (González-Centeno et al., 2016) 

which are found to be of highly importance in medical research against replication of HIV virus, but also to 

have antioxidant, anti-tumoral, anti-inflammatory,antibacterial properties (Sosic et al., 2015; Jourdes et al, 

2011).  

 

 

1.2.3. INFLUENCE OF OAK SPECIES ON COMPOSITION 

To conclude this chapter is to be shortly mentioned the differences found on the heartwood composition of 

the different oak species already named. The quantities of potentially extractable compounds in oak barrels, 

as previously  said, are determined by many factors, among which the species fromwhich the wood come 

from is one of themain, together with the zone of origin (Miller et al., 1992; Mosedale et al., 1996; Cadahia 

et al., 2001), with significant differences in both chemical composition and in flavor assessment. 
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 Quercuspaetrea Quercusrobur Quercus alba 

Methyl-octalactone (µg/g) 77 16 158 

Eugenol (µg/g) 8 2 4 

Vanillin (µg/g) 8 6 11 

Total extractables (mg/g) 90 140 57 

Ellagitannins (mg/g) 8 15 6 

Table 7- Differences in composition of the different oak species (Chatonnet, 1995) 

 

American oak (Quercusalba) shows to have lower level of polyphenols but to be more aromatic because of 

higher presence of β-methyl-γ-octalactone (as evident in table 2) which is sometimes excessive and could be 

detrimental to wine quality (Chatonnet and Dubourdieu, 1998; Mosedale and Puech, 1998). About 

ellagitannins, we can state that their level independently from the origin of the oak see in the American a 

lower level and in French a higher one (Viriot et al., 1993; Jourdes et al, 2011). Quercus robur seems to have 

higher hydrolizable tannins than Quercus paetrea, which in turn shows higher levels of aromatic compounds, 

even though this seem to be influenced also by the growth area (Reynolds, 2010) 

Moreover many authors have observed a high level ofscopoletin as a characteristic of American oak, even 

though in variable amounts (Puech and Moutounet, 1988). Another significant difference has been observed 

in the level of nor-isoprenoid, found in American wood but almost absent  in European oak (Prida and 

Puech, 2006). Always according to Prida and Puech (2006) the species factor seems more correlated to 

whisky-lactones and ellagitannins, while for origin distinguishing is the eugenol level and aromatic 

aldehydes (mostly vanillin and syringaldehyde).  

 

 

1.3.WOOD CHIPS: EFFECT ON WINE 

Now that we have gone through the characteristics of the different oak and how the wood is treated in order 

to enhance wine quality, let’s take a look more in detail at the specific effect that wine chips have over a 

wine. 

We have seen how the use of wood chips is a recent achievement (allowed since 2006 in Europe) and could 

be a  valid alternative to wine aged in barrels being much cheaper and less time-consuming, resulting in a 

rather similar sensory profile for the treated wines, even though distinguishable due to, as suggested by 

Wilker and Gallander (1989), oxygen role in barrel aging. Moreover since the wine chips are traditionally 
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added  in wine stored in tanks or in old barrel with clogged pores; their use reduce wine loss due  to 

evaporation with consequence economic advantages (Kyraleou et al., 2015). 

 The wood chips are obtained from wastes produced during barrel manufacturing and are treated with 

traditional methods in cooperage, such as boiling them in the water and toasting (Bozalongo et al., 2007; 

Navojska et al., 2012;Campbell et al., 2005 ).This leads to the perception that such products cannot yield the 

same quality results as those aged in barrels (Ribéreau-Gayon et al., 2010) 

 

Wines treated with oak chips  mature more quickly than barrel-aged wines showing deeper color at the end 

of the aging (Sanchez-Palomo et al, 2017; Gómez Gallego et al., 2014), even though has been observed a 

more rapid loss of anthocyanins of those when the wine is preserved in bottle (Bozalongo et al, 2007).  

Jourdesin his study(2011) comparing levels of C-glucosidicellagitannins (Castalagin, vescalagin, roburin and 

β-1-O-ethylvescalagin) in red wine aged in oak barrels and  with oak chips, showed how their concentration  

in wine, and hence, their extraction from wood, was always faster using oak chips, reaching a maximum in 2 

months, but eventually being always higher in the wine from oak barrels, we can observe the level of 

extraction in Figure 4 and Figure 5.  

This can be explained, according to Jourdes by the fact that the wood chips are surrounded by solution 

(wine) resulting in a deeper extraction  by infiltrating the primary and secondary xylem vessels of the wood 

structure, while in wood barrels the vessels are not accessible from the barrel oak staves.  

In the same study was discussed the effect of different toasting levels on extraction, stressing the relation 

between lower toasting level  and higher  ellagitannins content, because of their sensibility to thermal 

degradation; observation supported also by other studies (Garcia et al. 2012; Chira and Teissedre, 2012) 

 

https://www.sciencedirect.com/science/article/pii/S0023643814006641#bib30
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Figure 11- Graphic showing the extraction through time of different kinds of Ellagitannins in wine during aging in oak barrel  
as reported in Jourdes et al., 2011 

 

Figure 12- Graphic showing the extraction through time of different kinds of Ellagitannins in wine during aging with oak 
chips  as reported in Jourdes et al., 2011 

 

A different behavior has been instead observed for aromatic compounds previously mentioned; aldehydes 

such as syringaldehyde and vanillin. These compounds initially showsa trend similar to the one observed for 

the ellagitannins, accumulating in the wine in higher amounts, if compared to the barrel aged wines. 

Eventually, however, as opposed to the hydrolysable tannins the final amount of these aromatic compounds 

are on average higher in chip treated wines than in barrel aged winesespecially for furfural (more than 

double) and syringaldehyde,even though characterized by different extraction rates (Arapitsas et al, 2004). 



 
 

20 
 

A study by del Alamo Sanza(2004)also showed a higher extractionof low molecular weight phenolic 

compounds such as vanillin and gentisic acid in a wine treated with chips if compared to other aging 

techniques (staves or barrels), suggesting as reason the higher homogeneity  and higher dispersion for the 

wine/chips system if compared to the others.  

Gutiérrez Afonso, in his study comparing fermentation in barrels and with oak chips(2002) showed how oak 

chips in a white wine conferred even greater effect on the sensory profile  of the resulting wine if compared 

to barrel fermentation, with more pronounced wood aromas such as coconut and vanilla and a greater taste 

impact on bitterness and astringency; those effects were more evident when American oak was used. 

As to the other aromatic compounds we can state that the presence of whiskey lactones, together with 

eugenol and guaiacol, has been detected in higher amount in wines aged in wood barrels than in chips treated 

wine in Grenache wines (Franco Aladrén et al., 2007). 

 

1.3.1. CHIPS ADDITION IN DIFFERENT WINEMAKING STAGES 

It has be taken into account, however, that the toasting level,rather than the botanical species of the oak 

chips, shows to have relevance on the wine chemical composition and sensory characteristics, even though 

the differences in the variety of oak used were more noticeable in oak chips than in barrels (Bozalongo et al, 

2007). 

The chips’ addition to the wine can produce different results on the final products according to the time of 

addition. Several studies shows how the addition of chips during fermentation can have a huge impact on  

wine composition as well as in the decrease of astringency and bitterness (Rodrıguez-Bencomo et al., 2009). 

In a study about Verdejo wines comparing different time of addition for chips has been observed how the 

wines fermenting with chips showa higher general level of benzenic compounds, such as aromatic alcohols, 

aldehydes and volatile phenols, ifcompared to post-fermentation addition, while lower quantity of eugenol,  

isoeugenol and vanillin as well as furfural and 5-methyl-furfural (Sanchez-Palomo et al, 2017). The lower 

presence of this compounds are due to the action of the yeasts which can convert them in their correspondent 

alcohol (vanillic and furfuryl) which has a much lower perception threshold (Perez-Coello et al, 2000; 

Gutierrez Afonso, 2002). 

Compounds conferring the characteristic woody aroma to the wine such as cis-β-methyl-γ-octalactone, and 

considered detrimental if excessive in the wine, were not found in wines undergoing fermentation in 

presence of oak chips, while an higher presence of alcohols, acetates and certain esters in these wines has 

also been observed (Gómez García-Carpintero et al., 2012). These compounds are product of yeast 

metabolism and do not see an increase in wines after addition of chips following the alcoholic fermentation. 

The effect is explained by the higher fermentation  yields obtained when the must is fermented in presence of 

the oak chips. Indeed the oak chips act as a carrier for the yeast cells exerting an effect similar to that of 
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immobilized cells, as suggested by many authors (Perez-Coello et al, 2000;Rodrıguez-Bencomo et al., 2009; 

Sanchez-Palomo et al, 2017).   

Studies about the addition of chips during malo-lactic fermentation, instead, are not numerous and in some 

cases giving contradictory results. However we can say that in the case of addition of chips during this phase 

we can observe a higher presence of the characteristic woody aromas like whiskey lactones vanillin and 

syringaldehyde and lower presence of fruity aromas due to the lower presence of esters of fatty acids 

(Gutierrez Afonso, 2003; Gomez García-Carpintero et al., 2011). 

Maceration of chips in young wines, finally, showed results closer to the ones observed with chips added 

during Malolactic Fermentation than during Alcoholic Fermentation, with marked wood characteristics and 

presence of already mentioned whiskey lactones, vanillin and syringaldehyde, but in lower amount (Gómez 

García-Carpintero et al., 2012; Sanchez-Palomo et al, 2017). 

 

1.3.2. INFLUENCE OF WOOD CHIPS SIZE 

Another parameter which must be taken in account when using wood chips is their size. Indeed the chips’ 

size influence the surface in contact with the wine, and hence, the capacity of extraction of the latter. Smaller 

size chips should import more flavor to the wine due to higher surface-to-volume ratio (Reynolds, 2010). 

Moreover we can observe how the process of toasting is also different according to the sizeof the wood 

fragments, changing its composition and effect on the wine. 

That’s why in using wood chips we should always be sure whether they are consistent in composition 

particle size and batch characteristics (Bowyer et al., 2007). 

It has been observed that smaller size chips can absorb quicker the wine, which can penetrates and soaks the 

chips totally, facilitating the process of aroma compound diffusion from the wood to the wine (Morales et al., 

2004). 

Gimenez Martinez et al. (2001) studied the effect of toasting on chips composition according to the size, 

observing that for fragments with diameter between < 0.1 mm and 5 mm the concentration of aromatic 

compounds such as vanillin and syringaldehyde were proportional to the particle size, with more aldehydes 

extracted from the 3-5 mm diameter chips and highlighting the higher balance in composition of such 

fragments. However, it seems that when the size is <5 mm, losses due to evaporation may occur. 

In particular guaiacol, as we can see in table 3, seems to be influenced by particles size, showing increasing 

concentration with higher particle size (Arapitsas et al., 2004). 
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Table 8- values of aromatic extractives from chips of different size, the amount of chips added to the wine were calculated in order to 

have the same surface exposed to the wine in both treatments. values expressed in mg/l of wine. The dimensions are 1 cm x  1 cm  x 
0.1 cm (SMALL) and 3.4 cm x cm x 1 cm (BIG)   (adapted from Arapitsas et al. 2004) 

CHIPS’ 

DIMENSION 

SMALL BIG 

 1 WEEK 2 WEEKS 1 WEEK 2 WEEKS 

Furfural 3,8 7,3 6,3 6,9 

Guaiacol 0,05 0,07 0,125 0,151 

Oak lactone 0,380 0,405 0,347 0,400 

Eugenol 0,007 0,009 0,01 0,04 

Vanillin  2,6 3,03 2,7 2,9 

 

Concluding we can say that clearly the effects of chips on the wine differ from those given by barrel aging, 

even though being slightly similar; however, being the wine a highly diversified product, the use of this 

technological tool could provide several new and more economical solutions to winemakers, which thanks to 

the many possibilities of use of the chips can create products meeting the consumers demands and being 

economical advantageous for both the producer and the buyer.  

 

1.3.3. WHITE WINE AND WOOD 

In the last chapters we have seen the characteristic of the wood and in specific the effects of wood chips 

addition to the wine. Howsoever the utilization of wood in contact with wine is a technique used mainly with 

red wine, while for white wine, in order to maintain the freshness and fruitiness, is preferred to not use the 

wood, in order not to alter the aromatic profile with woody characteristics (Ribéreau-Gayon et al., 2010), but 

also to avoid oxidation to which the white wine is more sensible due to lower level of antioxidants (mainly 

phenolic compounds) (Waterhouse and Felipe Laurie, 2005).  

In certain regions, though, the use of wood in the aging of white wine is a key technology in order to enhance 

the wine quality and obtain a product with unique characteristic. It is the case of Burgundy wine region in 

France where the link among its main white variety (Chardonnay) and wood barrels is well known. When for 

a white wine contact with wood is considered, special adjustment should be taken, in order to achieve the 

best quality; a main factor to be considered is contact with lees. 

Indeed even though we know how the phenolic compounds are fundamental for wine quality (Hernández et 

al., 2006) some of them are also responsible for oxidation and consequent color change (browning) in white 

wines,  while others act as antioxidant, with mechanisms involving both free-radical scavenging and metal-
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chelation (Pérez-Serradilla and Luque de Castro, 2008).  The importance of wine lees comes from the fact 

that they can adsorb phenolic compounds (Mazauric& Salmon, 2005) and release to wine both phenolic 

compounds and enzymes (after autolysis) that can modify the phenolic fraction (Ibern-Gomez et al., 2000). 

Besides the other beneficial effects of the wine lees,  including prevention of tartrates precipitation (Vernhet 

et al., 1999) and protein haze formation (Waters et al., 1993), makes the use of wood strictly related with the 

aging on lees.  

Anyway the aging on lees present some risks such as formation of unpleaseant aromas such as sulfur and 

animals odors (Delteil, 2002). In this optic could be interesting to study the effect of chips wood addition in 

white wines without contact with lees (as is the case of this study) in order to assess the effects on mouthfeel 

(modification of astringency and bitterness) due to the release of compounds from the chips into the wine, 

including polysaccharides of the wood (Rodrıguez-Bencomo et al., 2009). 

In the case of a white wine where the lees were removed immediately or shortly after the end of fermentation 

the contact with wood is supposed to be more invasive on the aromatic profile (Pérez -Serradilla and Luque 

de Castro, 2008) and should consequently be limited to a shorter period. 

 

1.4.ALTERNATIVE WOOD SPECIES 

Hence the role of wood in winemaking is fundamental for the quality of the final product,releasing 

compounds in the wine and altering its composition and sensorial profile. Due to the high cost of oak wood 

new more economic alternatives are being considered, such as falseacacia (Robinia pseudoacacia), cherry 

(Prunus avium) and chestnut (Castanea sativa), and in minor extent also mulberry (Morus alba and Morus 

nigra) and ash (Fraxinus excelsior).  

The extent of the extraction in the wine depends on the initial concentration of wood compounds, which in 

turn depends on the type of wood employed and its chemical composition (Alañon et al., 2011 ). The 

chemical composition of the different mentioned species can give different results ; acacia is characterized 

by significant contents in benzene aldehydes, chestnut by richness in polyphenols and cession of vanillin and 

eugenol to the wine, while cherry by release of methoxyphenols (Del Rosso et al., 2009). 

Thus in order for the winemaker to decide which alternative is better for its winemaking purpose we need to 

analyze the characteristic of each wood.  
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1.4.1. CHERRY (Prunus avium) 

The wild cherry is native of  Europe being widespread in all the continent (Caudullo et al., 2016) due to this 

its use for winemaking purposes is increasing due to low costs and presence  in traditional local production 

like balsamic vinegar and cider aging (Chinnici et al., 2014). 

Extracts from cherry tree chips showed phenolic and furanic profiles, total phenols content, and antioxidant 

activities equivalent to commercial oaks (Rodríguez Madrera et al, 2010). However, differently from other 

woods used in cooperage, mainly oak and chestnut,  where gallic acid, hydrolizable tannins and ellagic acid 

prevail among all, cherry seasoned wood has been observed having high levels of flavanols and procyanidins 

(mainly catechin and its dimer constituting 90% of the flavanols concentration) with flavanones being the 

second chemical class by importance (Chinnici et al 2015). The ratio between hydrolizable tannins and 

procyanidins is more evident in seasoned wood being about 1:10, while less evident in toasted wood (Sanz et 

al.  2010). 

 

Figure13- native area and distribution of Prunus avium (Caudullo et al., 2016) 

 

Trimethoxyphenol, methylsyringate, benzoic acid and methylphenol were also found abundant in cherry, 

with the latter conferring undesiderable ink or bitumen taints (Flamini et al, 2007). On the contrary phenyl 

aldehydes and phenyl ketones are found in lower concentration, with the exception of vanillin, while, after 

toasting, lignin derivatessuch as sinapaldehyde, syringaldehyde and coniferaldehyde were the most abundant.  

In toasted wood is also to be mentioned the lower presence of furfural compounds due to different structure 

of its polysaccharides, resulting in higher resistance to thermodegradation (Fernandez de Simon et al. 2009). 
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Further research is needed on cherry wood composition, however, even though wines aged from different 

wood specie present differences a general pattern of wine behavior cannot still be created, because 

during wine aging the presence in wine of constitutive phenols changes depending on a number of factors 

such as; wine type, initial phenolic composition, wood specie and permeability to oxygen (Chinnici et al., 

2008).  

Cerezo et al.(2008)substains that cherry wood positively contributed to red fruits notes and aromatic 

complexity of vinegars, other researchers reported this wood as the most oxidative between many species 

(De Rosso et al. 2009). In another recent study (Chinnici et al. 2011) was observed that  if compared to oak, 

cherry could promote a faster pigment stabilization in 1000 l cask, maintaining at the same time the highest 

color density and the best chromatic attributes of wines. 

The class of flavanolsin wines aged in cherry casks seems to have a fast decrease during barrel aging, this 

data is supported by Del Rosso et al.(2009)and Chinnici et al. (2015) but not by Fernandez de Simon (2014) 

where the level of catechin in wine are recorded to be higher.  

The diminution of the said compounds could be due to oxidation or polymerization, however contrary to 

what observed for oak, where ellagitannins role in polymerization reactions have been understood, the action 

of wood components (flavanones, flavanonols and flavones) of cherry  is still unknown, although there are 

reports (Chinnici et al. 2011) suggesting that in cherry aged wines,flavonols could be involved in 

acetaldehyde mediated condensation, enhancing pigment and thus color, stabilization. 

Undoubtedly, however, cherry promoteflavonols decrease around 30% more than oak as reported by 

different studies (Chinnici et al 2015; De Rosso et al. 2009).  

As we discussed in the chapter for chips, the effect on wine of barrel and chips from the same wood is 

different, not only for the different role of oxygen uptake (Bozalongo et al, 2007). 

However in a study from  Tavares et al. (2017) reported a similar behavior of the wine aged with cherry 

chips regarding the anthocyanins evolution pattern, showing a higher color fixation rate than control wines, 

suggesting that this effect is not solely due to oxygenation during barrel aging and for aroma descriptors, 

where fruity characters were enhanced.  

In the same study was analyzed also the evolution of tanning power, which could be defined as the tendency 

of a wine’s tannins to react with salivary proteins giving an astringent effect. thewine showing the highest 

reactivity after 90 days was the cherry chips treated one , probably due to the high presence of procyanidins 

which are the most reactive among the tannins group (Hoffman et al, 2006). 

 

 

 

 

http://context.reverso.net/traduzione/inglese-italiano/Undoubtedly
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1.4.2.ACACIA (Robinia pseudoacacia) 

Robinia Pseudoacacia, known as black locust,  is, among the alternative woods mentioned, the only one not 

original of Europe, eventhough nowadays is highly present due to its strong invasive nature (Huntley, 1990) 

making this specie available for cooperage use. 

 

Figure 14-native area of RobiniaPseudoacacia (Huntley, 1990) 

 

Acacia wood shows to have high concentration of flavonoids and low levels of non flavonoids compounds, 

with the main constituent being the dihydroflavonolsdihydrorobetin, fustin, theflavonolrobinetin and the 

flavanonesrobetin and butin (Roux and Paulus, 1962). The dihydrorobetin and robinetin flavonoids, the most 

abundant in acacia heartwood, seems to be characteristic of this specie, not being detected in other woods 

used for cooperage such as; oak, chestnut, cherry and mulberry (Sanz et al., 2010; Fernandez de Simon et al., 

2009).Indeed the acacia wood is showing, among the mentioned ones, the highest number of distinctive non-

anthocyanic phenolic compounds, i.e. compounds found only in its wood (15); making the acacia-aged 

winesextremely easy to detect through analysis (Fernández de Simón et al, 2014).  

In particular dihydrorobetin and robinetin shows an antifungal activity and increase in acacia heartwood with 

maturity, as observed also for the phenolic compounds (Sergent et al., 2014; .Latorraca, Dünisch and 

Koch,2011).Regarding tannic composition, on the opposite of oak, rich in ellagitannins, and cherry, where 

procyanidins are mainly present, acacia heartwood seems to have no ellagitannins and low presence of 

condensed tannins, mainly as prorobinetin type(Tavares et al., 2017; Sanz et al., 2012). 

 The low molecular weight profile shows compounds with a β-resorcylic structure, gallic related compounds, 

protocatechuic aldehyde, and some hydroxycinnamic compounds as the main ones, but only a little gallic and 
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ellagic acid; those compounds were found to increase proportionally to the intensity of toasting (Sanz et al., 

2011). 

Wines aged in acacia wood, therefore, presents the mentioned molecules in solution, in particular the 

dihydrorobinetin concentration is relevant, but also robinetin, fustin and butin; because of this, such 

compounds could be used as markers fro authenticity purposes (Sanz et al., 2012). 

The acacia aged wine flavonoids level was slightly lower in acacia if compared to the effect of other wood 

specie, in a study from Tavares et al.( 2017)was observed the lowest value in acacia wines second only to the 

French oak wine. The same report observed also an increase in color hue of the wine aged with acacia chips, 

which was maximum after 90 days.  

 

1.4.3.CHESTNUT (Castanea sativa) 

Chestnut wood was widely used in the past for winemaking, because of its availability and low price, and 

today, together with oak is the only wood allowed to be used by the OIV (Garcia et al., 2012). 

 

Figure 8- native area and distribution of Castanea Sativa (Caudullo et al 2016) 

 

On a structural level is to mention the higher porosity observed in chestnut wood if compared to oak (De 

Rosso et al., 2009). Its heartwood shows the most similar polyphenols profile to oak although its LMW 

phenolic and tannic contents are higher, showing presence of hydrolysable tannins, condensed tannins and 
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high level of gallic acid. On the contrary of oak, though where only ellagitannins are present both 

ellagitannins and gallotannins are found (Canas et al., 2000; De Vasconceloset al.2010). 

Because of its richness in gallic acid and hydrolysable tannins, chestnut commercial tannin agents are used as 

enological tannins(Sanz et al, 2010). Higher levels of guaiacol and vanillin, if compared to oak, were also 

detected in this wood, as well as presence of furan compounds in untoasted wood (Alañón et al., 2013). 

When toasted, chestnut shows to be very rich in lignin derivatives, highlighting high concentration of 

sinapaldehyde, isopropiosyringone, syringaldehyde and vanillin, as to the Furfural and its derivatives it 

shows to have the highest concentration among the woods used for cooperage, like oak and its alternatives 

(Fernandez de Simon et al., 2009).  

Due to its rich composition chestnut wood releases a huge amount of phenols into the wine contributing to 

alter the aromatic and organoleptic characteristic of the wine. Chestnut aged wine for a six months period 

shows an increased aromatic profile and excellent sensorial balance between wine and toasted chestnut wood 

scent, however undesirable concentration of 4-ethylphenol and 4-ethylguaiacol, originated by 

Brettanomyces/Dekkera species and responsible for off-flavours, were detected in red wine aged  for longer 

period in chestnut barrels. This could be connected to the high micro oxygenation to which the wood is 

subjected, stimulating the action of such microorganisms(Alañón et al., 2013).   

 

 

1.5. THE VARIETY 

Encruzado variety finds its origin inDao region and is mostly grown in this region, where is the first 

cultivated variety with about 300 ha, representing the 0,1 % of the Portuguese vineyards, surface which 

seems low if compared to the enologic potential of the variety (Böhm, 2007). According to Mayson (2005) 

the origin of this variety are not totally clear, even though there are evidences that it was cultivated already in 

the XIX century under the name of Salgueirinho.  

As to the morphology,  the wines’ leaves are small and pentagonal with five lobes, short and convex teeths , 

a particular of the leaf is the anthocyanic pigmentation of the main veins as visible in figure 8.  

The bunch of grapes is small and compact, the grape berries are medium-sized, heterogeneous and slightly 

flattened and its epidermis is yellowish-greenish. It is a medium maturing variety, producing wines with 

strong citrus color good alcoholic content and good complexity, making them suitable for aging 

(Commissãovitivinicola regional do Dão; www.crvdao.it). 

 

http://rotavinhosdao.pt/as-adegas/as-adegas/solar-do-vinho-do-dao
http://rotavinhosdao.pt/as-adegas/as-adegas/solar-do-vinho-do-dao
http://www.crvdao.it/
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Figure 9- leaf and bunch at full maturity of Encruzado 

 

The Encruzado variety  shows a high vegetative vigour and a medium to high level in productive terms (2,5 

kg/vine), the must obtained from its grape shows high alcoholic potential but high sensitivity to oxidation as 

well (Böhm, 2007). The acidity/sugar ratio is of great balance (Mayson, 2005) but the bunch seems to be 

prone to rot and unfavorable climatic conditions like wind and rain.  

The wines made from this variety show good aromatic profile presenting good suitability for the aging 

(Loureiro, 2002), indeed many authors shows the potential of this wine, if properly managed, to resemble for 

elegance and body, a Burgundy-wise white (Böhm, 2007; Mayson, 2005; Loureiro, 2002). This make this 

variety particularly interesting for investigations on the interactions between the wood and the wine as 

testifies the increasing publications on the effects of wood contact with encruzado, both with chips or in 

barrel (Nunes et al., 2017; Jordao et al., 2017). 
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2. AIM OF THE STUDY 

 

There is now increasing interest about the use of wood alternatives to oak for winemaking, in the previous 

chapters we have gone through some of them, both with barrels and chips. Many studies have stressed the 

effects and potentiality of chips from oak and alternatives species used in winemaking practices, mainly on 

red wines. 

A previous study from Delia et al. (2017) studied the effects of  Acacia and Cherry wood chips on the quality 

parameters of Encruzado wine, showing interesting results  especially about the sensory profile. 

The investigation reported in this work was conducted in Istituto Superior de Agronomia during 2018 and 

the Aim of our study was to detect the effect on the quality parameters of the wine, namely phenolic 

composition and sensorial profile, with the use of blends of wood from different species.  

We used three kind of woods; American oak (Quercusalba), Cherry (Prunusavium) and French oak 

(Quercuspaetreae). Each blend was composed of 2 species of the mentioned wood at 50% each. 

The sperimentation started on February the 1
st
 and samples were taken from each treatment at 15, 30 and 60 

days from chips’ addition. The amount added to each wine was 0,5 g/l in a 10 l bottle. 

It is worth to remember that the wine we used was not prepared to be aged with wood, due to the fast 

removal of the lees. This was done in order to observe the evolution of a traditional white wine in contact 

with different kinds of wood. 
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3. MATERIAL AND METHODS 

 

 

3.1. WINE AND WOOD MATERIALS 

The wine used in this study is a white wine obtained in Istituto Superior de Agronomia from Encruzado 

grape variety of the 2017 harvest. Even though maceration of the grape with the skins was not used, it has to 

be taken into account that due to the fact that the harvest was done by volunteers during about 2:30 h the 

grapes collected in the press underwent a short period of premaceration. The winemaking process used was 

the one of classical white wine. 

The grape harvested on 23/08/2017(3700 kg) was destemmed and crushed and the wine used in this studied 

was the one obtained by free run must from the press, corresponding to the 73% of the total must. Before 

alcoholic fermentation SO2 was added in concentration of  25 mg/l, the first 24 hours the must was kept in 

the vat at 11 °C. The fermentation lasted from the 23
rd

  of August till the 7
th
 of August when density reached 

the value of  991. It was run under controlled temperature at  18 °C for 13 days. After Alcoholic fermentation 

racking was performed. 

Right below is reported the summary of chemical analysis of the wine. 

pH 3,42 

total acidity (g/l of tartaric acid)                                                                                             5,25 

volatile acidity (mg/l of acetic acid)                                                                                        0,28 

total SO2 (mg/l)                                                                                                                           24 

free SO2 (mg/l) 88 

alcohol content (%)                                                                                                                  14,6 

Table 9- results of the analysis of the Control wine on day  0 

 

 

 

The wood chips material was obtained by AEB companywith medium toasting level, with a medium size; the 

chips are shown in figures 9-10-11. 
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Figures 10-11-12. The chips used in the study; A for American oak, B for French oak and C for Cherry 

 

 

 

 

 

 

 

3.2. EXPERIMENTAL CONDITIONS 

The experimental work was conducted on the wine starting from the 1
st
 of February 5 month after 

fermentation. The wood chips dosage was 0,5 g/l  in carboys of 10 l added in 6 of the 7 treatments. Samples 

were taken before the preparation of the carboys and the addition of the chips, 15, 30 and 60 days after the 

addition.  

 The assay created were 7 as reported below; 
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The 4 controls  included 1 assay without any wood addition and 3 with one species each, that is American 

oak, French oak and Cherry.  The remaining 3 treatments  were a blend of the 3 species of wood in a 1:1 

ratio, American and French oak, French oak and cherry, American oak and cherry.   

The treatments were kept in the cellar of Tapada de Ajuda at a constant temperature (14-15 °C) and stirred 

twice a week. After the first samples were taken the bottle were saturated with inert gas (N2), with this 

operation performed after every sampling. 

 

 

3.3. CHEMICAL ANALYSIS 

The chemical analysis, were performed at the laboratory Ferreira Lapa (Enology Sector) of Instituto Superior 

de Agronomia. The results obtained from the first sample showed in table 4 weranalysedfollowing the 

methods recommended by  OIV.  

 

 

 

CONTROL  

C 

 

c  
 

CONTROL AMERICAN 

CAm 

CONTROL FRENCH 

CFr 

CONTROL CHERRY 

CCh 

FRENCH+AMERICAN 

Fr+Am 

FRENCH+CHERRY 

Fr+Ch 

CHERRY+AMERICAN 

Ch+Am 
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3.3.1. TOTAL PHENOLS 

The determination of total phenols was executed first through a dilution with distilled water (ratio 1:10), 

hence by  absorbance reading at 280 nm at the spectrophotometer (Somers and Evans, 1977). To calculate 

the amount of total phenols (TP) quantifiable from the absorbency, in mg of gallic acid per litre, a calibration 

curve was created, in order to correlate the absorbency value at 280 nm with the total phenol value expressed 

in mg of gallic acid per litre, obtaining the following equation: 

 

              
           

     
     

 

the multiplication per  ten is due to the dilution rate. 

 

3.3.2. NON-FLAVONOIDS AND FLAVONOIDS 

The quantification of non-flavonoids followed a more complex procedure, based on the procedure 

fromKramling and Singleton (1970) and done in two steps. Initially the wine is centrifuged in order to let the 

precipitates accumulate on the bottom of the cuvette, then the wine such obtained (10 ml)  is mixed with a 

1:4 HCl solution (10 ml) and formaldehyde at a 8 mg/ml concentration (5 ml). 

 The mixure is then left to rest in a dark environment for 24 hours after being saturated with inert gas (N2). 

After this first phase the solution is centrifuged and a dilution in ratio 1:10  with water is followed and the 

respective absorbance is measured at 280 nm in the spectrophotometer. The obtained results are then 

multiplied by ten for the dilution as in the Total phenols.The concentration is also obtained in mg/l of gallic 

acid using the same equation previously mentioned for the total phenols. 

As to the Flavonoids their concentration was obtained by subtracting from the total phenols the non-

flavonoids concentration obtained through the previous method. 

 

 

3.3.3. COLOR INTENSITY 
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The color intensity values are normally obtained following the OIV method MA-AS2-07B: R2009 (Type IV 

method) by measuring the absorbance of a wine sample (previously centrifuged) at 420, 520 and 620 nm 

using the already mentioned spectrophotometer.  

 In our case, though as we analyzed a red wine the value taken in account was just the 420 nm. 

 

               

 

3.3.4.TANNING POWER 

Tanning power is the parameter referring to when we want to measure the astringency of a wine, or its tannic 

ability to interact with proteins, such as those present in saliva, causing an astringent mouthfeel. This was 

determined according to the method described by De Freitas and Mateus (2001); a centrifuged wine sample 

is diluted (1:50) with a previously filtered hydroalcoholic solution (12% v/v, 5 g/L tartaric acid and pH=3.2), 

followed by turbidimeter reading, corresponding to the d0 value.  

A bovine serum albumin (ASB) solution (0.8 g/L concentration) is then added to the previous wine dilution, 

agitated in a vortex and allowed to react for 45 minutes, at room temperature and sheltered from light. After 

the reaction period, another turbidimeter reading follows, thus obtaining the d value, after precipitation of 

procyanidins has occurred.  

Results are expressed in Nephelometric Turbidity Units (NTU)/ml using the following equation: 

              
    

    
       

 

 

 

3.3.5. SUSCEPTIBILITY TO BROWNING (MADERIZATION 

TEST) 

This kind of test measures, as suggested by the name,  how much a wine is prone to color change through 

time, due to oxidation process. The test is conducted by leaving  a wine in contact with the air  for 5 days at a 
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constant temperature of 55 °C and a sample from the same wine in contact with inert gas for the same period 

of time at same condition, as described by Singleton and Kramling (1976).  

After this period of time absorbance is measured for both the samples  at  420 nm in the spectrophotometer,  

a value indicating the susceptibility to browning  is then obtained according the following equation. 

 

                                                 

 

3.3.6. SENSORY ANALYSIS 

The sensory evaluation of the collected wine samples was carried out in the Polytechnic Institute of Viseu, 

by a panel composed by seven expert judges trained in quantitative sensory descriptive analysis of wines on 

the samples collected on 15, 30 and 60 days from the chips’ addition. The sensory analysis was performed at 

18-20 °C (room T) in a room specific for sensory analysis with individual cabinet for each expert. 

In the session about 30 ml of each sample were labeled in a three digit random code corresponding to a 

specific treatment and present to the audience. The order of presentation of the wine samples were random 

for each judge in order to don’t influence the judges. The wines were evaluated using different descriptors 

showed in the table below. 
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VISUAL 

Color 

Limpidity 

 

 

 

AROMA 

Fruity 

Floreal 

Vegetal 

Spicy 

Almonds 

Aroma intesity 

Aroma quality 

 

 

 

 

TASTE 

Oxidation 

Woody 

Body 

Astringency 

Balance 

Persistence 

Flavor quality 

GLOBAL APPRECIATION 

Table 10- descriptors used for the sensory evaluation of the wines 
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The experts scored each sensory attribute, except global appreciation, on a 1 to 5 point scale (1=absence; 

2=little intensity; 3=moderate intensity; 4=intense; 5=high intensity) for each characteristic according to their 

sensory knowledge, training and experience; whilst, the global appreciation was scored on a 0 to 20 point 

scale summing the single evaluation of every parameter. 

 

3.3.7. STATISTICAL ANALYSIS 

In order to understand the statistical significance of the data obtained an analysis of variance (ANOVA) and 

comparison of treatment means (Tukey’s test) was performed using SPSS (25) program, both for chemical 

and sensory analysis. The results analyzed were the mean values of the 3 assays in all the chemical methods. 

Statistical significance (at p<0,05) of  the differences between mean values was assessed by Tukey’s test.  

In order to facilitate the interpretation of the results the values compared were the ones among the same 

sampling date and not of the same wine with different maceration period. 
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4. RESULTS AND DISCUSSION 

 

The treatments will be named as following in the figures; (C) Control without any wood chips, (CAm) 

Control American with chips from American oak (Quercus alba), (CFr) Control French with chips from 

French oak (Quercus petreae), (CCh)  Control Cherry with chips from Cherry (Prunus avium), (Fr+Ch) 

blend of French oak and cherry wood, (Ch+Am) blend of American oak and cherry wood and finally 

(Fr+Am) for the French and American oak wood. The bars with different colors report the  values for the 

different sampling as reported in the legend on the side of the figure. For the chemical analysis.  

 

4.1. TOTAL PHENOLS 

The phenolic profile of a wine has an high influence on its aroma, mouthfeel, but also color and antioxidant 

capacity (Dufour and Bayonove, 1999). In white wines where these compounds are less present due to short 

or no contact with the skin, the contact with wood is an interesting technique for increasing their levels and 

thus improving wine final quality. 

 

Figure 13- Evolution of total phenols for the 7 treatments during 60 days. The statistical analysis was run for data from the same 
maceration days and not among the different sampling of the same treatments. The results with same letters are not significantly 
different. Legend: C: Control wine; CAm: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend 
of French oak and cherry chips, CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak 
chips: CFr  wine aged with French oak chips; CAm wine aged with American oak chips. 
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We can observe how the essays shows highly variable pattern of extraction (Figure 12). The C wine has a 

steady decrease of Total phenols value, results expected and reported in different studies on white wines 

stored without any wood contact (Zafrilla et al., 2003; Recamales et al., 2006). 

As was predictable, in the last sampling all the treatments with wood showed significant difference with the 

C. The highest increase in Total Phenols  is  reported in the wines with Cherry wood; that is CCh, which 

reaches a final value of 274 mg/l of gallic acid equivalent, followed by the the C+Am (273 mg/l) and F+CH 

(272 mg/l). This group of wines, after the statistical analysis,showed a significant difference with the other 

wines on the last sampling, as we can observe in Figure 12. 

This result is in accordance with the study on Encruzado by Delia et al. (2017) where wine in contact with 

chips from cherry was the one with highest level of total phenols (after acacia chips, not present in our 

study), stressing out the relevance of cherry phenolic profile comparable to, if not higher than,the one of oak 

species (Rodríguez Madrera et al, 2010). 

The statistical analysis for the American-Cherry group showed that the at the last sampling (60 days from the 

chips addition) the blend Ch+Am  is significantly different from the CAm but not from CCh as visible in 

figure 13. 

 

Figure 14- Evolution of Total phenols in the group with American oak and Cherry wood. The statistical analysis was run for data 
from the same maceration days and not among the different sampling of the same treatments. The results with same letters are not 
significantly different. Legend: C: Control wine; C+Am: wine aged with blend of cherry and American oak chips, CCh: wine aged 
with cherry chips, CAm wine aged with American oak chips. 

 

The CFr wine was the one showing almost no change during the samplings and a similar result was observed 

also for CAm with the difference of a higher result after 15 days, which is then mitigated in the following 
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samplings. These results were also observed in the study from Delia et al. (2017) suggesting that as for 

French oak a short maceration time, of about 15-20 days is enough for an optimal phenolic extraction. 

The statistical analysis of the French-American group showed that there is no significant difference among 

the wines with wood, but there is between those and the C as we would expect. 

 

Figure 15- Evolution of Total phenols in the group with American oak and French oak wood. The statistical analysis was run for data 
from the same maceration days and not among the different sampling of the same treatment. The results with same letters are not 
significantly different. Legend: C: Control wine; Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged 
with French oak chips; CAm wine aged with American oak chips. 

 

We can observe how the slow release of phenolic compounds in CFr  is reflected also in the blends with the 

other woods; indeed the blend Fr+Ch  showed the highest result among the wine with French oak, but the 

lowest if we take a look at the wine aged with cherry as  we can see in figure 12. 

In the French-Cherry group, as for the case of the American-Cherry, the last sampling showed a significant 

difference among the blend Fr+CH and the CFr but not the CCh. 
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Figure 16- - Evolution of Total phenols in the group with Cherry and French oak wood. The statistical analysis was run for data from 
the same maceration days and not among the different sampling of the same treatment. The results with same letters are not 
significantly different. Legend: C: Control wine; Fr+Ch: wine aged with a blend of French oak and cherry chips, CCh: wine aged 
with cherry chips, CFr wine aged with French oak chips. 

Is interesting to note how the wines with American oak, shows similar behavior in all three treatments, as 

showed in figure 15, for the extraction evolution. Indeed the sampling after 15 days  was the one with highest 

values, especially  for the cherry-american blend, while decreasing in the following samples.  In particular 

the Cherry/American treatment show the highest level of phenols among the wines with American wood, 

after 60 days, with a value of  273,26 mg/l of gallic acid equivalents,  being second only to the control 

cherry, and underlining not only the high level of extraction from cherry, but also its speed of extraction. 

A possible explanation for the decrease of the phenols levels in the following samples could be dueto the 

porosity of the American wood and the nature of the phenols extracted, which could be more prone to 

degradation respect to the ones extracted from the other woods.  

 

 

 

 

a 

b 

c 

c 

a 

d 

d 

c 

a 

b 

c 

c 

245 250 255 260 265 270 275 280 

C 

CFr 

CCh 

Fr+Ch 

mg/L gallic acid equivalents 

w
in

es
 

FRENCH-CHERRY GROUP 

15 maceration days 30 maceration days 60 maceration days 



 
 

43 
 

4.2. FLAVONOIDS PHENOLS 

The Flavonoids profile is of great interest to observe for its influence on the mouthfeel of the wine, 

particularly on their astringency. 

In the different treatments was shown a trend similar to the total phenols, with the C wine decreasing 

slightly, while the CC showed the highest final level already after 15 days sample, as showed in the Figure 

16. Indeed according to Sanz et al. (2010) the flavonoids are the main phenolic compounds in cherry wood 

even though their level in wines aged in contact with wood were not unanimous; in the studies of Del Rosso 

et al.(2009) and Chinnici et al. (2015) their level was lower in wine aged in cherry casks, while a study by de 

Simon (2014) showed an increase in their level. It has to be taken into account, anyway, that excepted for  

the study from Jordao et al. (2017)  to our knowledge no study on effect of cherry chips on white wine was 

performed. 

 

 

Figure 17- Evolution of flavonoids phenols for the 7 treatments during 60 days. The statistical analysis was run for data from the 
same maceration days and not among the different sampling of the same treatments. The results with same letters are not 

significantly different. Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine 
aged with a blend of French oak and cherry chips, CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and 
American oak chips: CFr wine aged with French oak chips; CAm wine aged with American oak chips. 

 

The statistical analysis, differently from the Total Phenols, showed that for some treatments with wood 

(CAm, CFr and Fr+Am) in the last sampling there was no statistical difference, with the C wine and among 
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In the remaining wines we can observe how the levels of flavonoids do not show differences among the 

French and American oak which show a similar trend with a steady decrease till the 30 days sampling and a 

slight increase in the 60 days sampling (167 mg/l for both). As tothe blends, the one which seems to have a 

higher influence on wine flavonoid level is as for Total phenols, the Ch+Am, as seen in Figure 17, which has 

the same level of flavonoids as CCh (180 mg/l of gallic acid equivalents), both of these treatments shows 

level of flavonoids significantly higher from the other treatments, but not between them.The Fr+Ch in the 

statistical analysis taking in account the all essays is also showing the influence of cherry wood on flavonoid 

extraction, and even though is significantly higher than the other treatments (including CFr), it issignificantly 

lower to CCh but not to Ch+Am. in the statistical analysis of the French-Cherry group shown in figure 17 

instead the significance disappear for the CCh and Fr+Ch. 

 

Figure 18 - Evolution of Flavonoids phenols in the group with Cherry and French oak wood. The statistical analysis was run for data 
from the same maceration days and not among the different sampling of the same treatment. The results with same letters are not 
significantly different. Legend: C: Control wine; Fr+Ch: wine aged with a blend of French oak and cherry chips, CCh: wine aged 
with cherry chips, CFr wine aged with French oak chips. 
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Figure 19 - Evolution of Flavonoids phenols in the group with American and French oak wood. The statistical analysis was run for 
data from the same maceration days and not among the different sampling of the same treatment. The results with same letters are not 
significantly different. Legend: C: Control wine; Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged 
with French oak chips; CAm wine aged with American oak chips. 

In the last sampling the Fr+Am blend showed difference only with C, while statistically no differences were 

observed among the chips treatments of this group. 

The results of statistical analysis among the American cherry group confirm the high level of flavonoids in 

cherry wood, indeed we can see how the CCh and Ch+Am are the ones being significantly higher than the 

others, while there is no difference between C and CAm.  
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Figure 20- Evolution of Flavonoids phenols in the group with Cherry and American oak wood. The statistical analysis was run for 

data from the same maceration days and not among the different sampling of the same treatment. The results with same letters are not 
significantly different. Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, CCh: wine aged 
with cherry chips, CAm wine aged with American oak chips. 

 

From the collected results is evident how  cherry heartwood is showing more extractable flavonoids (flavan-

3-ols (+)-catechin, B-type) among the phenolic constituents  in comparison with oaks heartwood as showed 

by many authors (De Rosso et al., 2009a; Sanz et al., 2011; Delia et al., 2017). Whilst oak heartwood has 

very low influence on the content of some phenolic compounds like flavonoids in  wine (Sanz et al., 2010a; 

Fernandez de Simon et al., 2014c). 

 

 

 

4.3. NON FLAVONOIDS 

The non flavonoids class, important for the aroma profile of the wine, also showed interesting results among 

the different essays. 

 

Figure 21- Evolution of flavonoids phenols for the 7 treatments during 60 days. The statistical analysis was run for data from the 
same maceration days and not among the different sampling of the same treatments. The results with same letters are not 
significantly different. Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine 
aged with a blend of French oak and cherry chips, CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and 
American oak chips: CFr wine aged with French oak chips; CAm wine aged with American oak chips. 
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We can observe from figure 20 how, differently from the total phenols and flavonoids profile, the treatment 

with higher level of Non Flavonoids phenols is a blend , Fr+Am (101 mg/l), and not a wine with cherry 

wood.  It is also visible how the wood seeming to impact more on the non flavonoid level is the French oak, 

indeed is visible how the treatments Fr+Am, CFr and Fr+Ch are respectively the 1
st
 2

nd
 and 3

rd
 treatments for 

final quantity (101, 98 and 98 mg/l), with Fr+Am being significantly higher than the others, while CFr and 

Fr+Ch are not different among them but significantly higher than all the treatments except Fr+Am, as visible 

in Figure 21. Differently from the other experiments in this case the essay being significantly the lowest after 

60 days of chips maceration is the Ch+Am (93 mg/l). 

 

Figure 22-Evolution of Non Flavonoids phenols in the group with French and American oak wood. The statistical analysis was run 
for data from the same maceration days and not among the different sampling of the same treatment. The results with same letters are 
not significantly different. Legend: C: Control wine, Fr+Am wine aged with a blend of French and American oak chips, CFr wine 
aged with French oak chips, CAm wine aged with American oak chips. 

 

The statistical analysis of the French and American oak group, however shows how there is no significance 

difference among the treatments (except between Fr+Am and CAm/C ).  

As was observed for the total phenols results for the non flavonoids the treatments with American wood 

showed a similar extraction pattern with the highest extraction rate recorded during the first sampling  done 

after 15 days from chips addition and a slight decrease in the following samples, as visible in figure 21. 

 The analysis of the French oak and cherry group confirmed how the CFr is significantly higher than the rest 

of the essays (except the blend Fr+Ch), but no other significant difference was detected. 
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Figure 23- Evolution of Non Flavonoids phenols in the group with French oak and Cherry wood. The statistical analysis was run for 
data from the same maceration days and not among the different sampling of the same treatment. The results with same letters are not 
significantly different. Legend: C: Control wine, Fr+Ch: wine aged with a blend of French oak and cherry chips, CCh: wine aged 
with cherry chips, CFr wine aged with French oak chips. 

 

Also the comparison among the American oak and cherry group didn’t show significant differences among 

the groups as visible in figure 23. 

 

Figure 24- Evolution of Non Flavonoids phenols in the group with Cherry and American oak wood. The statistical analysis was run 

for data from the same maceration days and not among the different sampling of the same treatment. The results with same letters are 
not significantly differentLegend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, CCh: wine 
aged with cherry chips, CAm wine aged with American oak chips. 
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The non flavonoids profile showed a pattern of extraction different from the total and flavonoids phenols 

where the wines with cherry wood showed the higher extraction rate, while as showed by many studies the 

non flavonoids profile shows the wines in contact with oak to be richer (Sanz et al., 2010a; Fernandez de 

Simon et al., 2014c). 

 

4.3.COLOR 

The chromatic characteristic of a wine is relevant because of  the value that this parameter has on the quality 

perception of the consumers (Chinnici et al., 2011).  Therefore is fundamental to see the changes observed in 

the color evolution of the wine with different chips. 

 

Figure 25- Evolution of Color for the 7 treatments during 60 days. The statistical analysis was run for data from the same maceration 
days and not among the different sampling of the same treatments. The results with same letters are not significantly different. 
Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend of 

French oak and cherry chips, CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak chips: 
CFr  wine aged with French oak chips; CAm wine aged with American oak chips. 

 

In almost all the wines there was an increase in the Color hue (among the first and the last sampling), except 

for the C and Fr+Ch where there was a slight decrease, respectively (0,85 to 0,8 and 0,85 to 0,83) and the 

CFr where there was no difference between the first and the last sampling. In the previous study from Delia 

et al. (2017) similar observation were detected for wine with French chips even though the statistical analysis 

didn’t show difference with the other treatments in the study (except for the Acacia, not present in this 

study).  
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As expected the C wine showed the lowest value  with an Absorbance at 420 nm of  0,80, while  the wine 

with the highest final value for color intensity was the CAm  with  0,109   followed by Fr+Am (0,93)  and 

both CAm with CCh (0,88). The statistical analysis showed just Ch+Am  being significantly higher from all 

the other essays, while Fr+Ch showed no differences with the C wine  (unique among the wines with wood). 

 

Figure 26- Evolution of Color for the American-Cherry group. The statistical analysis was run for data from the same maceration 

days and not among the different sampling of the same treatments. The results with same letters are not significantly different. 
Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, CCh: wine aged with cherry chips,; 
CAm wine aged with American oak chips. 

In the Analysis run for the American Cherry group the results confirm the significance of the Ch+Am respect 

to the other treatments.  

 

Figure 27- Evolution of Color for the American-French group. The statistical analysis was run for data from the same maceration 
days and not among the different sampling of the same treatments. The results with same letters are not significantly different. 
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Legend: C: Control wine, Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged with French oak chips; 
CAm wine aged with American oak chips. 

The comparison among the American-French group shows, instead a significance difference among the F+A 

and the C treatment but not between the others, as seen in Figure  25.  

The last group considered, the French-Cherry group, didn’t show any significant differences among the last 

sampling, as visible in Figure 27. 

 

Figure 28- Evolution of Color for the Cherry-French group. The statistical analysis was run for data from the same maceration days 
and not among the different sampling of the same treatments. The results with same letters are not significantly different. Legend: C: 
Control wine, Fr+Ch: wine aged with a blend of French oak and cherry chips, CCh: wine aged with cherry chips, CFr wine aged with 
French oak chips. 

These results confirm the contribution that phenolics substances, and hence wood contact, show to have on 

wine Color (Lee &Jaworsky, 1987), which, according to Vivas et al. (2008) is linked not only to the release 

of such compounds, but also to the interaction and condensation of wood originated molecules, namely 

phenolic aldehydes and catechins. 

 

4.4.DETERMINATION OF SUSCEPTIBILITY TO 

BROWNING (MADERIZATION TEST) 

Among the various phenomena which are detrimental for wine quality the browning of the white ones is 

among the most serious. It is strictly related to the their phenols level, which being antioxidant are highly 

reactive with oxygen. Infact, while individual phenols can react very differently, the total content of phenols 

in a wine is a rough measure of its capacity to take up oxygen, its ability to withstand oxidation, and its 

capacity to change when exposed to oxygen. (Singleton, 1987). 
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In this optic the assessment of the influence of the different wine chips on browning is fundamental, in order 

to determine the advantages and disadvantages of each wood.  

 

Figure 29- Evolution of browning potential for the 7 treatments during 60 days. The statistical analysis was run for data from the 
same maceration days and not among the different sampling of the same treatments. The results with same letters are not 
significantly different. Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine 
aged with a blend of French oak and cherry chips, CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and 
American oak chips: CFr wine aged with French oak chips; CAm wine aged with American oak chips. 

It is worth to remember that in the case of this test the higher is the value obtained the higher is the 

susceptibility to browning.  

All the wines showed a decrease in the browning potential except the CCh,  confirming the important role 

that phenols have on the browning, indeed the CCh was the essay with higher final result regarding the total 

phenols. The other results go together with this statement, since, even though show a decrease from the 

initial browning potential, they all exhibit a final value which is higher than the C, hence a higher 

susceptibility to browning, with CFr and Fr+Ch following the CCh. This last result is in accordance with 

Delia et al. (2017) where the wines with French oak and cherry showed the highest browning potential.  It 

has to be taken into account however that this relationship is not always linear, as in the case of CAm, being 

the second treatment for total phenols values, but the one with lowest browning potential after the C 

treatment. Hence more studies need to be done in order to understand the relations existing between the 

phenolic profile and browning susceptibility. 

The statistical analysis showed that CCh is significantly higher than the rest of the treatments, followed by 

CFr and Fr+Ch significantly higher from the others (except CCh), but not among them. The rest of the 

treatments didn’t show significant differences from the C. 
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Figure 30- Evolution of browning potential for the American-French group. The statistical analysis was run for data from the same 

maceration days and not among the different sampling of the same treatments. The results with same letters are not significantly 
different. Legend: C: Control wine; F+A wine aged with a blend of French and American oak chips: CF wine aged with French oak 
chips; CA wine aged with American oak chips. 

The statistical analysis of the French-American group, in accordance with overall analysis showed just the 

CF being statistically higher than the other treatments. 

 

Figure 31- Evolution of browning potential for the Cherry-French group. The statistical analysis was run for data from the same 
maceration days and not among the different sampling of the same treatments. The results with same letters are not significantly 
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different. Legend: C: Control wine, Fr+Ch: wine aged with a blend of French oak and cherry chips, CCh: wine aged with cherry 
chips, CFr wine aged with French oak chips. 

As to the French-Cherry group the differences detected were only the ones between every treatment with 

wood and the C treatment, without differences between them (figure 30). While in the American Cherry 

group reported in figure 31 the CCh is the only treatment significantly different from the C at the end of the 

samplings. 

 

Figure 32- Evolution of browning potential for the Cherry-American group. The statistical analysis was run for data from the same 
maceration days and not among the different sampling of the same treatments. The results with same letters are not 
significantlydifferent. Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, CCh: wine aged 
with cherry chips, CAm wine aged with American oak chips. 

4.5. TANNING POWER 

Astringency is not a characteristic typical of white wines, because of the lower phenolic content (ranging 

from 0 to 200 mg/l against 800 to 1600 mg/l in red wines), but also because of the vinification technique, 

which, in most of the world wine regions, does not include contact with the seed and the skin, avoiding 

extraction of the phenols responsible for astringency (Ough, 1969; Singleton et al., 1975; Arnold et al., 

1980). 

 In the case of contact with wood however there is an increase in phenolic substances as we have previously 

seen,  including those responsible for astringency (tannins), for this reason a study about the effect of this 

extraction on wine astringency becomes important in order to assess the differences existing between the 

different wood blends.  
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Figure 33- Evolution of Tanning power for the 7 treatments during 60 days. The statistical analysis was run for data from the same 
maceration days and not among the different sampling of the same treatments. The results with same letters are not significantly 
different. Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend 

of French oak and cherry chips, CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak 
chips: CFr wine aged with French oak chips; CAm wine aged with American oak chips. 

 

The essay which reached the highest value was the Ch+Am one with  24,75 NTU/ml  followed by Fr+Ch  

(22,08 NTU/ml) and Fr+Am (18,88 NTU/ml). It is interesting to note how the treatments with highest values 

were by far the one with blend of different wood species, even though the Ch+Am is the only one being 

significantly different from all the control treatments (CFr, CAm, CCh), with the other blends showing 

significance  just with the C (the case of Fr+Ch) or with none (Fr+Am). Finally  no differences among the 

control treatments were found. 

 In the study from Delia et al. (2017) after one month the wine with higher values of tannicity was the one 

with French oak, followed by the one with American oak with cherry having the lower value. Even though 

the sampling in this study were done at different time (15-30-60 in our case, 20-28 in Jordaostudy ) we can 

see a similar behavior with the control wines, indeed if we see the difference among the first 2 samplings, 

after 15 and 30 days, we can see how the CFr shows the highest increase, while the CCh the lowest, with 

CAm being intermediate.  

Hence we can observe how the pattern of tannicity in all the essays undergoes a huge increase between the 

30 and 60 days of chips maceration, in many cases more than doubling its value. As for other analysis 

observed the blend between Cherry and American oak (Ch+Am) shows the highest value, suggesting a 

highly efficient extraction with combination of this blends.  
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Figure 34 - Evolution of Tanning power for the American-French group. The statistical analysis was run for data from the same 
maceration days and not among the different sampling of the same treatments. The results with same letters are not significantly 
different. Legend: C: Control wine, Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged with French 
oak chips; CAm wine aged with American oak chips. 

The statistical analysis considering the species of wood showed a similar pattern but with some differences; 

indeed in all three cases the blends (F+A, F+CH and C+AM) showed to be  significantly higher than  the C 

treatment as visible in figures 33, 34 and 35. However in the case of the American- French group all the 

wood treatments (CA, CF and F+A) showed significant difference,  while for French-Cherry group the blend 

(F+CH) is the only one different from all the others, eventually the American-Cherry group showed a 

difference only  among the C+AM and the C but not among the other treatments.  

 

Figure 35 - Evolution of Tanning power for the French-Cherry group. The statistical analysis was run for data from the same 
maceration days and not among the different sampling of the same treatments. The results with same letters are not significantly 
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different. Legend: C: Control wine; Fr+Ch: wine aged with a blend of French oak and cherry chips, CCh: wine aged with cherry 
chips, CFr wine aged with French oak chips;  

 

Figure 36 - Evolution of Tanning power for the American-Cherry group. The statistical analysis was run for data from the same 
maceration days and not among the different sampling of the same treatments. The results with same letters are not significantly 
different. Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, CCh: wine aged with cherry 
chips, CAm wine aged with American oak chips. 

Hence looking at the data and the statistical analysis run, we can say that after a maceration of 60 days of 

wood chips in our wine the tannicity underwent a huge increase. The treatments with blends of different 

woods showed higher values, but not every was significantly higher than the C or than the other treatments.  

In the next chapter the sensory analysis results will be discussed, will be interesting to see if the tannicity 

obtained through the chemical analysis will show similarity with the perception of astringency observed by 

the tasters. 
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4.6. SENSORY ANALYSIS 

A sensorial analysis was run for the different treatments at each sampling (15-30-60 days of maceration) 

evaluating the influence of the wood species and blends on some aroma and taste characteristics of the 

wines. In order to simplify the observation of the data, the parameters were divided among  aroma and taste 

attributes, the last chapter will be dedicated to the global appreciation of the wines tasted in order to assess 

those which, on a general scale, were more appreciated.  

 

4.6.1. AROMA 

The pictures below show spider diagrams of the mean scores about aroma attributes of the wines involved in 

this experiment. In these diagrams the centre of the figure represents low intensity of each  attribute 

increasing to an intensity of 5 at the perimeter. When (*) is present it means that a statistical difference was 

detected among the different essays.  

 
Figure 37- Sensory analysis results for aroma parameters of the studied wines, at 15 maceration days. Legend: C: Control wine; 
Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend of French oak and cherry chips, 
CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged with French 
oak chips; CAm wine aged with American oak chips. 
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We can observe how the aroma parameters of the wines present high variability with significance in almost 

every parameter, except for the almond character.  In particular CAm presents higher ranks for  Aroma 

quality, and Fruity character, being significantly different from the other essays, while for Vegetal and Spicy 

CCh is significantly higher. It is interesting to observe  how the oxidation note after 15 days shows CFr as 

the lowest one, while for the woody character the Fr+Am treatment was the one with significantly higher 

than the rest. As a general pattern we can see higher variability in this graph if compared to the ones of 30 

and 60 days, where the wines become more and more homogeneous without huge differences among them.  

 

 
Figure 38-Sensory analysis results for aroma parameters of the studied wines, at 30maceration days. Legend: C: Control wine; 
Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend of French oak and cherry chips, 
CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged with French 
oak chips; CAm  wine aged with American oak chips. 

 

After 30 days of maceration the situation changed completely with much less parameters showing significant 

differences. The most evident change is the increased aroma quality of the CCh treatment which is 

significantly higher than the rest of the treatments; it shows also marked almonds and vegetal traits (even 

though significantly higher just than the C in both cases). The Ch+Am essay showed the oxidation and 

Almonds note as increased, being significantly higher than the rest in the case of oxidation, while just of the 

C in the case of Almonds.  
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Figure 39- Sensory analysis results for aroma parameters of the studied wines, at 60 maceration days. Legend: C: Control wine; 
Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend of French oak and cherry chips, 
CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged with French 
oak chips; CAm wine aged with American oak chips. 

 

In the 60 days tasting the presence of woody characteristics began  to be invasive and  the characteristics of 

the C wine started to differ significantly from the rest of the treatments, as evident in Figure 38. The C essay 

shows to be significant higher than the rest of the treatments in Fruity and floral notes parameter, being also 

the significantly most appreciated among all the wines as for aroma quality, followed by CAm while the 

other wines didn’t show significance among them. As expected the woody, oxidation and almonds note of 

the C were the lowest (significance difference in all the three parameters).  

Ch+Am confirm is tendency for oxidation notes, as already observed in the 30 days sampling  showing, 

together with CCh the highest notes, with the statistical  analysis showing that CCh is significantly higher 

than all the wines, while Ch+Am shows difference just with CAm and C.  

 

4.6.2 TASTE 

For the taste parameters the difference among the treatments, on the contrary of what seen for the aroma, 

increased with the days of maceration. Nevertheless significance was found in many parameters already from 
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the 15 days of maceration, conversely to what observed in the study of Delia et al. (2017), where statistical 

differences in the sensory analysis were not found in the aroma nor in the taste parameters.  

Starting from tasting of the samples after 15 days, we can see how a statistically  significant difference was 

found only on the evaluation of the flavor quality, where C essay showed the highest result (difference found 

with all the other treatments except CCh and CAm), and acidity, where there were statistical differences with 

the C being the one with  higher perception of acidity, as visible in figure 39. The previously cited study 

from Delia et al. (2017), didn’t show any significance in acidity perception between the wood and control 

wines. This seems to contrast with the increasing of Total Acidity detected in wine in contact with wood due 

to the release of phenolic acids and other substances (Ribereau-Gayon et al., 2010), eventhough the provision 

in our case is negligible because of the short maceration period, in anycase there shouldn’t be drop in acidity 

in the wines in contact with wood. 

A possible explanation to these results could be the increasing roundness and complexity  of wines in contact 

with wood (Julien, et al. 2011), producing a softening effect on the perception of acidity.  

 

Figure 40- Sensory analysis results for taste parameters of the studied wines, at 15 maceration days. Legend: C: Control wine; 
Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend of French oak and cherry chips, 
CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged with French 
oak chips; CAm wine aged with American oak chips. 

In the tasting of 30 days we can see how there is still a significant difference among the acidity of C, higher, 

and the rest of the treatments, while for the body and astringency parameters the opposite tendency is 

observed, C is significantly lower than the rest of the treatments, as would be expected for a wine in contact 

with wood. The observation for astringency are similar, being all higher in wines in contact with wood, with 

the exception of Fr+Am and Fr+Ch which are not statistically different if compared to any of the other 

treatments. As for the balance of the flavor CCh resulted significantly higher than the rest.  
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Figure 41-Sensory analysis results for taste parameters of the studied wines, at 30 maceration days. Legend: C: Control wine; 
Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend of French oak and cherry chips, 
CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged with French 
oak chips; CAm wine aged with American oak chips. 

 

In the graph of the wines after 60 days of maceration we can see how the differences become more and more 

wide, with the statistical analysis founding significant differences among the wines in all the observed 

parameters, as visible in figure 41. The higher variability of the results of the statistical analysis doesn’t let 

us give an exact path to the characters; the C is still showing the highest acidity.  
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Figure 42- Sensory analysis results for taste parameters of the studied wines, at 60 maceration days. Legend: C: Control wine; 
Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine aged with a blend of French oak and cherry chips, 
CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and American oak chips: CFr wine aged with French 
oak chips; CAm wine aged with American oak chips. 

 

4.6.3. GLOBAL APPRECIATION 

Another parameter taken into account during the sensory evaluation of the wines was the global appreciation 

of the wine, in order to give an idea of the overall quality of the wine.  

From the results shown in Figure 42 we can see how the appreciation of the wine decrease with the 

increasing of the  contact time between the wine and the wood, with the exception of the C and in less 

measure Fr+Ch. In the tasting of 15 days the wines with higher scores were CAm, significantly higher than 

all the rest of the treatments except CCh, and the latter which showed to be significantly more appreciated 

than the rest of the wines except for the already mentioned CAm and CFr. the wine with French oak (CFr) 

finally is significantly different than all the wines except the previously named. 

The tasting after 30 maceration days see the decrease of the appreciation of all the wines if compared to the 

previous tasting, except for the C and Fr+Ch. The statistical analysis in this case even though showed 

differences, there was not a result significantly higher than the others, anyway C was the most appreciated 

together with CCh, while no differences were observed between the other treatments.  

The last tasting showed a decrease for all the essays, showing how the C wine is the one getting the highest 

score also in this case, being significant higher than all the treatments except CCh and Fr+Am.  

0 

0,5 

1 

1,5 

2 

2,5 

3 

3,5 

4 
ACIDITY * 

BODY * 

ASTRINGENCY * 

BALANCE * 

PERSISTENCE * 

FLAVOR QUALITY * 

60 days of maceration 

CCh 

Ch+Am 

Fr+Ch 

C 

Fr+Am 

CFr 

Cam 



 
 

64 
 

 

Figure 43- Evolution of Global appreciation for the 7 treatments during 60 days. The statistical analysis was run for data from the 
same maceration days and not among the different sampling of the same treatments. The results with same letters are not 
significantly different. Legend: C: Control wine; Ch+Am: wine aged with blend of cherry and American oak chips, Fr+Ch: wine 
aged with a blend of French oak and cherry chips, CCh: wine aged with cherry chips, Fr+Am wine aged with a blend of French and 
American oak chips: CFr  wine aged with French oak chips; CAm wine aged with American oak chips. 

 

The sensory analysis of the wines at different maceration days showed  how a prolonged maceration with 

wood can be detrimental for a wine not prepared for the contact with wood (especially in relation with the 

role of lees already mentioned in the introduction). This seems to be the case for all the wood independently 

from the species or blend used, even though the wine with cherry (CCh)  and the blend of French and 

American oak (Fr+Am) seemed to resist better to the lost of global quality. 
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5. CONCLUSIONS 
 

In this study were  evaluated the effects of chips from different wood species and their blends added after the 

alcoholic fermentation on the quality of a wine obtained from Encruzado grape variety.  

The chemical analysis showed interesting results highlighting how the compounds extracted from the wood 

changed according to the species of wood used and its characteristic. The cherry wood chips showed the 

highest extractability  for the total phenols profile, with the wines having these chips presenting an extreme 

phenolic concentration. The analysis for the determination of Flavonoids phenols confirmed what observed 

for the total phenols, being the Flavonoids one of the main class of phenolic compounds (Ribéreau-Gayon, et 

al. 2006 ) with the wines with cherry wood having the highest level of such kind of compounds. On the 

contrary the essays with the highest amount of  non flavonoids phenols, were the one with French oak, even 

though in this case the French/American oak blend was the one with the final highest level (after 60 days of 

maceration with wood). 

The color parameters showed as expected an increase in color hue in almost all the wines, except the Control 

and French/cherry blend, with the blend of Cherry and American showing the highest increase in color, 

highlighting once again the link between the phenols and the color in white wine.  

The maderization test showed generally a decrease in the browning potential of the wines, with exception of 

CCh which confirming the strict-link existing between the total phenols and the browning potential of a 

white wine.  Is also to be mentioned that all the wines  in contact with wood presented, eventually, a higher 

browning potential than the C wine, as expected and suggested by many studies.  

The tannin power results showed a huge increase in the tannicity of the wines, especially between the 30  

days and the 60 days measurement, and saw the blends of wood collecting the highest measurement, with the 

Ch+Am being significantly higher than all the single wood wines and the Control. 

Considering the amount of chips used (0,5 g/l), very low if considered the average use in winemaking for 

white wines (0.5-2 g/l), the more marked  results were to be expected on the  sensory analysis. The wines 

with the wood, indeed, showed interesting results on the aroma and taste parameters, with the American 

wood giving the best results already after 15 days, showing a higher aroma quality and higher fruity and 

floral  notes; together with the Cherry wood it was more appreciated than the others. While the taste 

parameters didn’t show any significance on the 15 days. 

After 30 days the most appreciated wines was still the one with cherry, but also the control, because of the 

increased woody  notes of the other essays, which decreased the aroma quality. The taste also showed an 

increase of the balance for the cherry wood, while the acidity perception remained the highest for the control. 
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In the last sampling after 60 days of maceration the differences of the aroma parameters among the wood 

wines became less and less marked, while the control wine showed significant differences with the rest of the 

wines, having the highest aroma quality, the highest fruity and floral notes.  

Also the global appreciation showed the Control being the first among the wines, with the Cherry wood 

being the second.  

Hence the use of blend woods showed interesting results on the chemical level, with the Cherry and its blend 

giving more on the flavanoid profile, while French and its blends on the non flavanoids profile. On the 

sensory analysis the wines showed the best results on global appreciation after 15 days of contact, while 

started to decrease with increasing days of contact between the wine and the wood. The essays with best 

feedback at this stage were the one with Cherry and the one with American oak, while at 30 days the Control 

wine showed the best results, followed by the cherry.  

Concluding, these results suggest that the contact between the wine and the wood for all the species and 

blends taken in consideration should be between 15 and 30 days in wine obtained by Encruzado. This is the 

case for a white wine obtained with traditional winemaking techniques, separated by the lees where the 

impact of wood cannot be mitigated and altered by their presence, as already mentioned in the introduction, 

hence the short maceration period is suggested in order to increase the wine quality without compromising 

its varietal aroma, neither to modify negatively the taste perception or even the yellow color. 

Moreover we can state that species of wood alternative to oak such as cherry, and blends of wood from 

different species,  are of huge interest for producing wines with peculiar attributes on the taste and aroma 

profile able to create curiosity and eventually value for customers. Nevertheless more research is needed in 

order to determine the optimal time of contact and the best amount of wood from the different botanical 

species to be used in white wine from different varieties. 

 

 

 

 

 



 
 

67 
 

 

6. LIST OF REFERENCES 
 Abbott, N., Puech, J. L., Bayonove, C., & Baumes, R. (1995). Determination of the aroma threshold of the cis 

and trans racemic forms of β-methyl-γ-octalactone by gas chromatography-sniffing analysis. American journal 

of enology and viticulture, 46(3), 292-294. 

 Afonso, V. L. (2003). Sensory descriptive analysis of red wines undergoing malolactic fermentation with oak 

chips. Journal of food science, 68(3), 1075-1079. 

 Alañón, M. E., Castro-Vázquez, L., Díaz-Maroto, M. C., Hermosín-Gutiérrez, I., Gordon, M. H., & Pérez-

Coello, M. S. (2011). Antioxidant capacity and phenolic composition of different woods used in 

cooperage. Food chemistry, 129(4), 1584-1590. 

 Alañón, M. E., Schumacher, R., Castro-Vázquez, L., Díaz-Maroto, I. J., Díaz-Maroto, M. C., & Pérez-Coello, 

M. S. (2013). Enological potential of chestnut wood for aging Tempranillo wines part I: Volatile compounds 

and sensorial properties. Food research international, 51(1), 325-334. 

 Alañón, M. E., Schumacher, R., Castro-Vázquez, L., Díaz-Maroto, M. C., Hermosín-Gutiérrez, I., & Pérez-

Coello, M. S. (2013). Enological potential of chestnut wood for aging Tempranillo wines Part II: Phenolic 

compounds and chromatic characteristics. Food research international, 51(2), 536-543. 

 Arapitsas, P., Antonopoulos, A., Stefanou, E., & Dourtoglou, V. G. (2004). Artificial aging of wines using oak 

chips. Food Chemistry, 86(4), 563-570. 

 Baron, R., Mayen, M., Merida, J., & Medina, M. (1997). Changes in phenolic compounds and browning 

during biological aging of sherry-type wine. Journal of Agricultural and Food Chemistry, 45(5), 1682-1685. 

 Böhm, J. (2007). O grande livro das castas: Portugal vitícola. Chaves Ferreira. 

 Boncinelli, F., Casini, L., Contini, C., Gerini, F., & Scozzafava, G. (2016). The consumer loves typicality but 

prefers the international wine. Agriculture and agricultural science procedia, 8, 236-242. 

 Bosso, A., Petrozziello, M., Santini, D., Motta, S., Guaita, M., & Marulli, C. (2008). Effect of grain type and 

toasting conditions of barrels on the concentration of the volatile substances released by the wood and on the 

sensory characteristics of Montepulciano d'Abruzzo. Journal of food science, 73(7). 

 Bowyer, P. K., Bompas, C., & Murat, M. L. (2007). The aromatic science of oak and oak chips. Australian and 

New Zealand grapegrower and winemaker, (519), 61-65. 

 Bozalongo, R., Carrillo, J. D., Torroba, M. Á. F., & Tena, M. T. (2007). Analysis of French and American oak 

chips with different toasting degrees by headspace solid-phase microextraction-gas chromatography–mass 

spectrometry. Journal of Chromatography A, 1173(1-2), 10-17. 

 Cabrita, M. J., Dias, C. B., & Freitas, A. C. (2011). Phenolic acids, phenolic aldehydes and furanic derivatives 

in oak chips: American vs. French oaks. South African Journal of Enology and Viticulture, 32(2), 204-210. 

 Cadahía, E., Fernández de Simón, B., & Jalocha, J. (2003). Volatile compounds in Spanish, French, and 

American oak woods after natural seasoning and toasting. Journal of agricultural and food chemistry, 51(20), 

5923-5932. 

 Cadahía, E., Muñoz, L., Fernández de Simón, B., & García-Vallejo, M. C. (2001). Changes in low molecular 

weight phenolic compounds in Spanish, French, and American oak woods during natural seasoning and 

toasting. Journal of agricultural and food chemistry, 49(4), 1790-1798. 



 
 

68 
 

 Cadahía, E., Varea, S., Muñoz, L., Fernández de Simón, B., & García-Vallejo, M. C. (2001). Evolution of 

ellagitannins in Spanish, French, and American oak woods during natural seasoning and toasting. Journal of 

agricultural and food chemistry, 49(8), 3677-3684. 

 Caldeira, I., Clímaco, M. C., de Sousa, R. B., & Belchior, A. P. (2006). Volatile composition of oak and 

chestnut woods used in brandy ageing: Modification induced by heat treatment. Journal of Food 

Engineering, 76(2), 202-211. 

 Campbell, J. I., Sykes, M., Sefton, M. A., & Pollnitz, A. P. (2005). The effects of size, temperature and air 

contact on the outcome of heating oak fragments. Australian Journal of Grape and Wine Research, 11(3), 348-

354. 

 Canas, S., Leandro, M. C., Spranger, M. I., & Belchior, A. P. (2000). Influence of botanical species and 

geographical origin on the content of low molecular weight phenolic compounds of woods used in Portuguese 

cooperage. Holzforschung, 54(3), 255-261. 

 Cano‐ López, M.., Bautista‐ Ortín, A. B., Pardo‐ Mínguez, F., López‐ Roca, J. M., & Gómez‐ Plaza, E.,. 

(2008). Sensory descriptive analysis of a red wine aged with oak chips in stainless steel tanks or used barrels: 

Effect of the contact time and size of the oak chips. Journal of food quality, 31(5), 645-660. 

 Cano-López, M., López-Roca, J. M., Pardo-Minguez, F., & Plaza, E. G. (2010). Oak barrel maturation vs. 

micro-oxygenation: Effect on the formation of anthocyanin-derived pigments and wine colour. Food 

chemistry, 119(1), 191-195. 

 Cerdán, T. G., & Ancín-Azpilicueta, C. (2006). Effect of oak barrel type on the volatile composition of wine: 

Storage time optimization. LWT-Food Science and Technology, 39(3), 199-205. 

 Cerezo, A. B., Tesfaye, W., Torija, M. J., Mateo, E., García-Parrilla, M. C., & Troncoso, A. M. (2008). The 

phenolic composition of red wine vinegar produced in barrels made from different woods. Food 

Chemistry, 109(3), 606-615. 

 Chassaing, S., Lefeuvre, D., Jacquet, R., Jourdes, M., Ducasse, L., Galland, S., Grelard, A., Saucier, C., 

Teissedre, P.L., Dangles, O.,  Quideau, S. (2010). Physicochemical Studies of New Anthocyano‐ Ellagitannin 

Hybrid Pigments: About the Origin of the Influence of Oak C‐ Glycosidic Ellagitannins on Wine 

Color. European Journal of Organic Chemistry, 2010(1), 55-63. 

 Chatonnet, P. (1998). Volatile and odoriferous compounds in barrel-aged wines: impact of cooperage 

techniques and aging conditions. 

 Chatonnet, P., & Dubourdieu, D. (1998). Comparative study of the characteristics of American white oak 

(Quercus alba) and European oak (Quercus petraea and Q. robur) for production of barrels used in barrel aging 

of wines. American Journal of Enology and Viticulture, 49(1), 79-85. 

 Chatonnet, P., Cutzach, I., Pons, M., & Dubourdieu, D. (1999). Monitoring toasting intensity of barrels by 

chromatographic analysis of volatile compounds from toasted oak wood. Journal of Agricultural and Food 

Chemistry, 47(10), 4310-4318. 

 Chinnici, F., Natali, N., Bellachioma, A., Versari, A., & Riponi, C. (2015). Changes in phenolic composition 

of red wines aged in cherry wood. LWT-Food Science and Technology, 60(2), 977-984. 

 Chinnici, F., Natali, N., Sonni, F., Bellachioma, A., & Riponi, C. (2011). Comparative changes in color 

features and pigment composition of red wines aged in oak and cherry wood casks. Journal of agricultural and 

food chemistry, 59(12), 6575-6582. 



 
 

69 
 

 Chira, K., & Teissedre, P. L. (2013). Relation between volatile composition, ellagitannin content and sensory 

perception of oak wood chips representing different toasting processes. European Food Research and 

Technology, 236(4), 735-746. 

 Chira, K., & Teissedre, P. L. (2015). Chemical and sensory evaluation of wine matured in oak barrel: effect of 

oak species involved and toasting process. European Food Research and Technology, 240(3), 533-547. 

 Conedera, M., Tinner, W., Krebs, P., de Rigo, D., Caudullo, G., 2016. Castanea sativa in Europe: distribution, 

habitat, usage and threats. In: San-Miguel-Ayanz, J., de Rigo, D., Caudullo, G., Houston Durrant, T., Mauri, A. 

(Eds.), European Atlas of Forest Tree Species. Publ. Off. EU, Luxembourg, pp. 78-79 

 Cutzach, I., Chatonnet, P., Henry, R., & Dubourdieu, D. (1997). Identification of volatile compounds with a 

“toasty” aroma in heated oak used in barrelmaking. Journal of Agricultural and Food Chemistry, 45(6), 2217-

2224. 

 Cutzach, I., Chatonnet, P., Henry, R., & Dubourdieu, D. (1999). Identifying new volatile compounds in toasted 

oak. Journal of agricultural and food chemistry, 47(4), 1663-1667. 

 De Coninck, G., Jordao, A. M., da Silva, J. M. R., & Laureano, O. (2006). Evolution of phenolic composition 

and sensory properties in red wine aged in contact with Portuguese and French oak wood chips. OENO ONE: 

Journal international des sciences de la vigne et du vin= International journal of vine and wine 

sciences, 40(1), 25-34. 

 de Freitas, V., & Mateus, N. (2001). Structural features of procyanidin interactions with salivary 

proteins. Journal of Agricultural and Food Chemistry, 49(2), 940-945. 

 De Rosso, M., Cancian, D., Panighel, A., Dalla Vedova, A., & Flamini, R. (2009). Chemical compounds 

released from five different woods used to make barrels for aging wines and spirits: volatile compounds and 

polyphenols. Wood science and technology, 43(5-6), 375-385. 

 De Rosso, M., Panighel, A., Dalla Vedova, A., Stella, L., & Flamini, R. (2009). Changes in chemical 

composition of a red wine aged in acacia, cherry, chestnut, mulberry, and oak wood barrels. Journal of 

agricultural and food chemistry, 57(5), 1915-1920. 

 de Simón, B. F., Cadahía, E., Conde, E., & García-Vallejo, M. C. (1999). Ellagitannins in woods of Spanish, 

French and American oaks. Holzforschung, 53(2), 147-150. 

 De Simón, B. F., Martínez, J., Sanz, M., Cadahía, E., Esteruelas, E., & Muñoz, A. M. (2014). Volatile 

compounds and sensorial characterisation of red wine aged in cherry, chestnut, false acacia, ash and oak wood 

barrels. Food chemistry, 147, 346-356. 

 de Simón, B. F., Sanz, M., Cadahía, E., Martínez, J., Esteruelas, E., & Muñoz, A. M. (2014). Polyphenolic 

compounds as chemical markers of wine ageing in contact with cherry, chestnut, false acacia, ash and oak 

wood. Food chemistry, 143, 66-76. 

 De Vasconcelos, M. C., Bennett, R. N., Rosa, E. A., & Ferreira‐ Cardoso, J. V. (2010). Composition of 

European chestnut (Castanea sativa Mill.) and association with health effects: fresh and processed 

products. Journal of the Science of Food and Agriculture, 90(10), 1578-1589. 

 del Álamo Sanza, M., Domínguez, I. N., & Merino, S. G. (2004). Influence of different aging systems and oak 

woods on aged wine color and anthocyanin composition. European Food Research and Technology, 219(2), 

124-132. 

 del Alamo Sanza, M., Domınguez, I. N., Cárcel, L. C., & Gracia, L. N. (2004). Analysis for low molecular 

weight phenolic compounds in a red wine aged in oak chips. Analytica Chimica Acta, 513(1), 229-237. 



 
 

70 
 

 Del Alamo Sanza, M., Escudero, J. F., & De Castro Torío, R. (2004). Changes in phenolic compounds and 

colour parameters of red wine aged with oak chips and in oak barrels. Food Science and Technology 

International, 10(4), 233-241. 

 Del Álamo, M., Nevares, I., & Cárcel, L. M. (2006). Redox potential evolution during red wine aging in 

alternative systems. Analytica chimica acta, 563(1-2), 223-228. 

 Del Álamo, M., Nevares, I., Gallego, L., Martin, C., & Merino, S. (2008). Aging markers from bottled red 

wine aged with chips, staves and barrels. Analytica chimica acta, 621(1), 86-99. 

 Delia, L., Jordao, A. M., & Ricardo-da-Silva, J. M. (2017). Influence of different wood chips species (oak, 

acacia and cherry) used in a short period of aging on the quality of'encruzado'white wines. Mitteilungen 

Klosterneuburg, Rebe und Wein, Obstbau und Früchteverwertung, 67(2), 84-96. 

 Delteil, D. (2002). Working with lees: key elements to wine maturing. Australian and New Zealand 

grapegrower and winemaker, 104-108. 

 Doussot, F., De Jéso, B., Quideau, S., & Pardon, P. (2002). Extractives content in cooperage oak wood during 

natural seasoning and toasting; influence of tree species, geographic location, and single-tree effects. Journal 

of Agricultural and food chemistry, 50(21), 5955-5961. 

 Dufour, C., & Bayonove, C. L. (1999). Interactions between wine polyphenols and aroma substances. An 

insight at the molecular level. Journal of agricultural and food chemistry, 47(2), 678-684. 

 Dumitriu, G. D., de Lerma, N. L., Zamfir, C. I., Cotea, V. V., & Peinado, R. A. (2017). Volatile and phenolic 

composition of red wines subjected to aging in oak cask of different toast degree during two periods of 

time. LWT-Food Science and Technology, 86, 643-651. 

 Espitia-López, J., Escalona-Buendía, H. B., Luna, H., & Verde-Calvo, J. R. (2015). Multivariate study of the 

evolution of phenolic composition and sensory profile on mouth of Mexican red Merlot wine aged in barrels vs 

wood chips. CyTA-Journal of Food, 13(1), 26-31. 

 Fernández de Simón, B., Cadahía, E., Conde, E., & García-Vallejo, M. C. (1996). Low molecular weight 

phenolic compounds in Spanish oak woods. Journal of Agricultural and Food Chemistry, 44(6), 1507-1511. 

 Fernández de Sim n, B., Esteruelas, E., Muñoz, Á. M., Cadahía, E., & Sanz, M. (2009). Volatile compounds in 

acacia, chestnut, cherry, ash, and oak woods, with a view to their use in cooperage. Journal of Agricultural and 

Food Chemistry, 57(8), 3217-3227. 

 Fernández de Sim n,  ., Mui o, I., & Cadah a, E. (2010). Characterization of volatile constituents in 

commercial oak wood chips. Journal of agricultural and food chemistry, 58(17), 9587-9596. 

 Fernández de Simón, B., Sanz, M., Cadahía, E., Esteruelas, E., & Muñoz, A. M. (2014). Nontargeted GC–MS 

approach for volatile profile of toasting in cherry, chestnut, false acacia, and ash wood. Journal of Mass 

Spectrometry, 49(5), 353-370. 

 Flamini, R., Vedova, A. D., Cancian, D., Panighel, A., & De Rosso, M. (2007). GC/MS‐ positive ion chemical 

ionization and MS/MS study of volatile benzene compounds in five different woods used in barrel 

making. Journal of mass spectrometry, 42(5), 641-646. 

 Fraga, H., Santos, J. A., Malheiro, A. C., Oliveira, A. A., Moutinho‐ Pereira, J., & Jones, G. V. (2016). 

Climatic suitability of Portuguese grapevine varieties and climate change adaptation. International Journal of 

Climatology, 36(1), 1-12. 



 
 

71 
 

 Fraga, H., Santos, J. A., Malheiro, A. C., Oliveira, A. A., Moutinho‐ Pereira, J., & Jones, G. V. (2016). 

Climatic suitability of Portuguese grapevine varieties and climate change adaptation. International Journal of 

Climatology, 36(1), 1-12. 

 Franco Aladrén, E., Castells Estela, E., Martínez Gutiérrez, J., Pérez Ruiz, J., & de Aragón, G. (2007). Effect 

of the degree of toasting of the wood on some parameter of aromatic fraction of Garnacha red wines aged in 

barrel or macerated with American oak chips. Viticultura Enología Profesional (España). 

 Frangipane, M. T., De Santis, D., & Ceccarelli, A. (2007). Influence of oak woods of different geographical 

origins on quality of wines aged in barriques and using oak chips. Food Chemistry, 103(1), 46-54. 

 Fulcrand, H., Dueñas, M., Salas, E., & Cheynier, V. (2006). Phenolic reactions during winemaking and 

aging. American Journal of Enology and Viticulture, 57(3), 289-297. 

 Gallego, G., Sánchez-Palomo, E., Hermosín-Gutiérrez, I., & Viñas, G. (2015). Effect of oak chip addition at 

different winemaking stages on phenolic composition of Moravia Agria red wines. South African Journal of 

Enology and Viticulture, 36(1), 21-31. 

 Gambuti, A., Capuano, R., Lisanti, M. T., Strollo, D., & Moio, L. (2010). Effect of aging in new oak, one-

year-used oak, chestnut barrels and bottle on color, phenolics and gustative profile of three monovarietal red 

wines. European Food Research and Technology, 231(3), 455-465. 

 Garcia, R., Soares, B., Dias, C. B., Freitas, A. M. C., & Cabrita, M. J. (2012). Phenolic and furanic compounds 

of Portuguese chestnut and French, American and Portuguese oak wood chips. European Food Research and 

Technology, 235(3), 457-467. 

 García-Carpintero, E. G., Gallego, M. G., Sánchez-Palomo, E., & Viñas, M. G. (2012). Impact of alternative 

technique to ageing using oak chips in alcoholic or in malolactic fermentation on volatile and sensory 

composition of red wines. Food chemistry, 134(2), 851-863. 

 García‐ Carpintero, E. G., Gómez Gallego, M. A., Sánchez‐ Palomo, E., & González Viñas, M. A. (2011). 

Sensory descriptive analysis of Bobal red wines treated with oak chips at different stages of 

winemaking. Australian Journal of Grape and Wine Research, 17(3), 368-377. 

 Garde-Cerdán, T., & Ancín-Azpilicueta, C. (2006). Review of quality factors on wine ageing in oak 

barrels. Trends in food science & technology, 17(8), 438-447. 

 Garde-Cerdán, T., Lorenzo, C., Carot, J. M., Esteve, M. D., Climent, M. D., & Salinas, M. R. (2010). Effects 

of composition, storage time, geographic origin and oak type on the accumulation of some volatile oak 

compounds and ethylphenols in wines. Food chemistry, 122(4), 1076-1082. 

 Gay, M., Apetrei, C., Nevares, I., Del Alamo, M., Zurro, J., Prieto, N., ... & Rodríguez-Méndez, M. L. (2010). 

Application of an electronic tongue to study the effect of the use of pieces of wood and micro-oxygenation in 

the aging of red wine. Electrochimica Acta, 55(22), 6782-6788. 

 Giménez Martínez, R., De La Serrana, H. L. G., Mir, M. V., Alarcón, M. N., Herrera, M. O., Vique, C. C., & 

Martínez, M. L. (2001). Study of vanillin, syringaldehyde and gallic acid content in oak wood and wine spirit 

mixtures: Influence of heat treatment and chip size. Journal of Wine Research, 12(3), 175-182. 

 Ginjom, I., D’Arcy,  ., Caffin, N., & Gidley, M. (2011). Phenolic compound profiles in selected Queensland 

red wines at all stages of the wine-making process. Food Chemistry, 125(3), 823-834. 

 González-Centeno, M. R., Chira, K., & Teissedre, P. L. (2016). Ellagitannin content, volatile composition and 

sensory profile of wines from different countries matured in oak barrels subjected to different toasting 

methods. Food chemistry, 210, 500-511. 



 
 

72 
 

 González-Rompinelli, E. M., Rodríguez-Bencomo, J. J., García-Ruiz, A., Sánchez-Patán, F., Martín-Álvarez, 

P. J., Bartolomé, B., & Moreno-Arribas, M. V. (2013). A winery-scale trial of the use of antimicrobial plant 

phenolic extracts as preservatives during wine ageing in barrels. Food control, 33(2), 440-447. 

 Gortzi, O., Metaxa, X., Mantanis, G., & Lalas, S. (2013). Effect of artificial ageing using different wood chips 

on the antioxidant activity, resveratrol and catechin concentration, sensory properties and colour of two Greek 

red wines. Food chemistry, 141(3), 2887-2895. 

 Guchu, E., Díaz-Maroto, M. C., Pérez-Coello, M. S., González-Viñas, M. A., & Ibánez, M. C. (2006). Volatile 

composition and sensory characteristics of Chardonnay wines treated with American and Hungarian oak 

chips. Food Chemistry, 99(2), 350-359. 

 Guinard, J. X., Pangborn, R. M., & Lewis, M. J. (1986). Preliminary studies on acidity‐ astringency 

interactions in model solutions and wines. Journal of the Science of Food and Agriculture, 37(8), 811-817. 

 Gutiérrez Afonso, V. L. (2002). Sensory descriptive analysis between white wines fermented with oak chips 

and in barrels. Journal of food Science, 67(6), 2415-2419. 

 Gutiérrez, I. H., Lorenzo, E. S. P., & Espinosa, A. V. (2005). Phenolic composition and magnitude of 

copigmentation in young and shortly aged red wines made from the cultivars, Cabernet Sauvignon, Cencibel, 

and Syrah. Food Chemistry, 92(2), 269-283. 

 Herjavec, S., Jeromel, A., Da Silva, A., Orlic, S., & Redzepovic, S. (2007). The quality of white wines 

fermented in Croatian oak barrels. Food chemistry, 100(1), 124-128. 

 Hernández, T., Estrella, I., Carlavilla, D., Martín-Álvarez, P. J., & Moreno-Arribas, M. V. (2006). Phenolic 

compounds in red wine subjected to industrial malolactic fermentation and ageing on lees. Analytica Chimica 

Acta, 563(1-2), 116-125. 

 Hernández-Orte, P., Franco, E., Huerta, C. G., García, J. M., Cabellos, M., Suberviola, J., ... & Cacho, J. 

(2014). Criteria to discriminate between wines aged in oak barrels and macerated with oak fragments. Food 

research international, 57, 234-241. 

 Herrero, P., Sáenz-Navajas, M. P., Avizcuri, J. M., Culleré, L., Balda, P., Antón, E. C., ... & Escudero, A. 

(2016). Study of Chardonnay and Sauvignon blanc wines from DO Ca Rioja (Spain) aged in different French 

oak wood barrels: Chemical and aroma quality aspects. Food Research International, 89, 227-236. 

 Hofmann, T., Glabasnia, A., Schwarz, B., Wisman, K. N., Gangwer, K. A., & Hagerman, A. E. (2006). Protein 

binding and astringent taste of a polymeric procyanidin, 1, 2, 3, 4, 6-penta-O-galloyl-β-D-glucopyranose, 

castalagin, and grandinin. Journal of agricultural and food chemistry, 54(25), 9503-9509. 

 Huntley, J. C. (1990). Robinia pseudoacacia L. black locust. Silvics of North America, 2, 755-761. 

 Ibern-Gómez, M., Andrés-Lacueva, C., Lamuela-Raventós, R. M., Buxaderas, S., Singleton, V. L., & De La 

Torre-Boronat, M. C. (2000). Browning of cava (sparkling wine) during aging in contact with lees due to the 

phenolic composition. American journal of enology and viticulture, 51(1), 29-36. 

 Izquierdo-Cañas, P. M., Mena-Morales, A., & García-Romero, E. (2016). Malolactic fermentation before or 

during wine aging in barrels. LWT-Food Science and Technology, 66, 468-474. 

 Jordão, A. M., Lozano, V., Correia, A. C., Ortega-Heras, M., & González-SanJosé, M. L. (2016). Comparative 

analysis of volatile and phenolic composition of alternative wood chips from cherry, acacia and oak for 

potential use in enology. In BIO Web of Conferences (Vol. 7, p. 02012). EDP Sciences. 



 
 

73 
 

 Jordão, A. M., Ricardo-da-Silva, J. M., & Laureano, O. (2007). Ellagitannins from Portuguese oak wood 

(Quercus pyrenaica Willd.) used in cooperage: influence of geographical origin, coarseness of the grain and 

toasting level. Holzforschung, 61(2), 155-160. 

 Jordão, A. M., Ricardo-da-Silva, J. M., & Laureano, O. (2017). Extraction of some ellagic tannins and ellagic 

acid from oak wood chips (Quercus pyrenaica L.) in model wine solutions: Effect of time, pH, temperature and 

alcoholic content. South African Journal of Enology and Viticulture, 26(2), 86-89. 

 Jordão, A. M., Ricardo-da-Silva, J. M., & Laureano, O. L. G. A. (2005). Comparison of volatile composition 

of cooperage oak wood of different origins (Quercus pyrenaica vs. Quercus alba and Quercus petraea). Mitt. 

Klosterneuburg, 55, 31-40. 

 Jordão, A. M., Ricardo-da-Silva, J. M., Laureano, O., Adams, A., Demyttenaere, J., Verhé, R., & De Kimpe, 

N. (2006). Volatile composition analysis by solid-phase microextraction applied to oak wood used in 

cooperage (Quercus pyrenaica and Quercus petraea): effect of botanical species and toasting process. Journal 

of Wood Science, 52(6), 514-521. 

 Jourdes, M., Michel, J., Saucier, C., Quideau, S., & Teissedre, P. L. (2011). Identification, amounts, and 

kinetics of extraction of C-glucosidic ellagitannins during wine aging in oak barrels or in stainless steel tanks 

with oak chips. Analytical and bioanalytical chemistry, 401(5), 1531. 

 Kaya, A. D., Bruno de Sousa, R., Curvelo-Garcia, A. S., Ricardo-da-Silva, J. M., & Catarino, S. (2017). Effect 

of wood aging on wine mineral composition and 87Sr/86Sr isotopic ratio. Journal of agricultural and food 

chemistry, 65(23), 4766-4776. 

 Kozlovic, G., Jeromel, A., Maslov, L., Pollnitz, A., & Orlić, S. (2010). Use of acacia barrique barrels–

Influence on the quality of Malvazija from Istria wines. Food chemistry, 120(3), 698-702. 

 Kyraleou, M., Kallithraka, S., Chira, K., Tzanakouli, E., Ligas, I., & Kotseridis, Y. (2015). Differentiation of 

wines treated with wood chips based on their phenolic content, volatile composition, and sensory 

parameters. Journal of food science, 80(12). 

 Latorraca, J. V., Dünisch, O., & Koch, G. (2011). Chemical composition and natural durability of juvenile and 

mature heartwood of Robinia pseudoacacia L. Anais da Academia Brasileira de Ciências, 83(3), 1059-1068. 

 Loureiro, V. (2004). Os melhores vinhos de Portugal. Guia Repsol Portugal, 2005, 386. 

 Lukić, I., Jedrejčić, N., Ganić, K. K., Staver, M., & Peršurić, Đ. (2015). Phenolic and aroma composition of 

white wines produced by prolonged maceration and maturation in wooden barrels. Food technology and 

biotechnology, 53(4), 407. 

 Maarse, H. (2017). Volatile compounds in foods and beverages. Routledge. 

 Madrera, R. R., Valles, B. S., García, Y. D., del Valle Argüelles, P., & Lobo, A. P. (2010). Alternative woods 

for aging distillates-an insight into their phenolic profiles and antioxidant activities. Food Science and 

Biotechnology, 19(4), 1129-1134. 

 Madrera, R. R., Valles, B. S., García, Y. D., del Valle Argüelles, P., & Lobo, A. P. (2010). Alternative woods 

for aging distillates-an insight into their phenolic profiles and antioxidant activities. Food Science and 

Biotechnology, 19(4), 1129-1134. 

 Magel, E., Jay-Allemand, C., & Ziegler, H. (1994). Formation of heartwood substances in the stemwood of 

Robinia pseudoacacia L. II. Distribution of nonstructural carbohydrates and wood extractives across the 

trunk. Trees, 8(4), 165-171. 



 
 

74 
 

 Marín, J., Zalacain, A., De Miguel, C., Alonso, G. L., & Salinas, M. R. (2005). Stir bar sorptive extraction for 

the determination of volatile compounds in oak-aged wines. Journal of Chromatography A, 1098(1-2), 1-6. 

 Martínez, J., Cadahía, E., Fernández de Simón, B., Ojeda, S., & Rubio, P. (2008). Effect of the seasoning 

method on the chemical composition of oak heartwood to cooperage. Journal of agricultural and food 

chemistry, 56(9), 3089-3096. 

 Martínez, J., Cadahía, E., Fernández de Simón, B., Ojeda, S., & Rubio, P. (2008). Effect of the seasoning 

method on the chemical composition of oak heartwood to cooperage. Journal of agricultural and food 

chemistry, 56(9), 3089-3096. 

 Mayson, R., & Maria Emília, S. (2005). Os vinhos e vinhas de Portugal. 

 Mazauric, J. P., & Salmon, J. M. (2005). Interactions between yeast lees and wine polyphenols during 

simulation of wine aging: I. Analysis of remnant polyphenolic compounds in the resulting wines. Journal of 

Agricultural and Food Chemistry, 53(14), 5647-5653. 

 Michel, J., Albertin, W., Jourdes, M., Le Floch, A., Giordanengo, T., Mourey, N., & Teissedre, P. L. (2016). 

Variations in oxygen and ellagitannins, and organoleptic properties of red wine aged in French oak barrels 

classified by a near infrared system. Food chemistry, 204, 381-390. 

 Michel, J., Jourdes, M., Silva, M. A., Giordanengo, T., Mourey, N., & Teissedre, P. L. (2011). Impact of 

concentration of ellagitannins in oak wood on their levels and organoleptic influence in red wine. Journal of 

agricultural and food chemistry, 59(10), 5677-5683. 

 Morales, M. L., Benitez, B., & Troncoso, A. M. (2004). Accelerated aging of wine vinegars with oak chips: 

evaluation of wood flavour compounds. Food Chemistry, 88(2), 305-315. 

 Mosedale, J. R., & Ford, A. (1996). Variation of the flavour and extractives of European oak wood from two 

French forests. Journal of the Science of Food and Agriculture, 70(3), 273-287. 

 Mosedale, J. R., & Puech, J. L. (1998). Wood maturation of distilled beverages. Trends in Food Science & 

Technology, 9(3), 95-101. 

 Nevares, I., & Del Alamo, M. (2008). Measurement of dissolved oxygen during red wines tank aging with 

chips and micro-oxygenation. Analytica chimica acta, 621(1), 68-78. 

 Nunes, P. J. P. (2017). Influência da dimensão e do nível de utilização das barricas de madeira de carvalho na 

evolução da composição fenólica e do perfil sensorial de um vinho branco da casta Encruzado (Doctoral 

dissertation). 

 Nunes, P., Muxagata, S., Correia, A. C., Nunes, F. M., Cosme, F., & Jordão, A. M. (2017). Effect of oak wood 

barrel capacity and utilization time on phenolic and sensorial profile evolution of an Encruzado white 

wine. Journal of the Science of Food and Agriculture, 97(14), 4847-4856. 

 Nunes, P., Muxagata, S., Correia, A. C., Nunes, F. M., Cosme, F., & Jordão, A. M. (2016). Evolução das 

características sensoriais de vinhos brancos da casta Encruzado conservados em diferentes tipos de barricas de 

madeira de carvalho. 

 Oberholster, A., Elmendorf, B. L., Lerno, L. A., King, E. S., Heymann, H., Brenneman, C. E., & Boulton, R. 

B. (2015). Barrel maturation, oak alternatives and micro-oxygenation: Influence on red wine aging and 

quality. Food chemistry, 173, 1250-1258. 

 Ortega-Heras, M., Pérez-Magariño, S., Cano-Mozo, E., & González-San José, M. L. (2010). Differences in the 

phenolic composition and sensory profile between red wines aged in oak barrels and wines aged with oak 

chips. LWT-Food Science and Technology, 43(10), 1533-1541. 



 
 

75 
 

 Ough, C. S. (1969). Substances extracted during skin contact with white musts. I. General wine composition 

and quality changes with contact time. American Journal of Enology and Viticulture, 20(2), 93-100. 

 Pérez‐ Coello, M. S., González‐ Viñas, M. A., García‐ Romero, E., Cabezudo, M. D., & Sanz, J. (2000). 

Chemical and sensory changes in white wines fermented in the presence of oak chips. International journal of 

food science & technology, 35(1), 23-32. 

 Pérez-Coello, M. S., Sánchez, M. A., García, E., González-Viñas, M. A., Sanz, J., & Cabezudo, M. D. (2000). 

Fermentation of white wines in the presence of wood chips of American and French oak. Journal of 

Agricultural and Food Chemistry, 48(3), 885-889. 

 Pérez-Serradilla, J. A., & De Castro, M. L. (2008). Role of lees in wine production: a review. Food 

Chemistry, 111(2), 447-456. 

 Prida, A., & Puech, J. L. (2006). Influence of geographical origin and botanical species on the content of 

extractives in American, French, and East European oak woods. Journal of agricultural and food 

chemistry, 54(21), 8115-8126. 

 Psarra, C., Gortzi, O., & Makris, D. P. (2015). Kinetics of polyphenol extraction from wood chips in wine 

model solutions: effect of chip amount and botanical species. Journal of the Institute of Brewing, 121(2), 207-

212. 

 Puech, J. L., Feuillat, F., & Mosedale, J. R. (1999). The tannins of oak heartwood: Structure, properties, and 

their influence on wine flavor. American journal of Enology and Viticulture, 50(4), 469-478. 

 Recamales, Á. F., Sayago, A., González-Miret, M. L., & Hernanz, D. (2006). The effect of time and storage 

conditions on the phenolic composition and colour of white wine. Food Research International, 39(2), 220-

229. 

 Recamales, Á. F., Sayago, A., González-Miret, M. L., & Hernanz, D. (2006). The effect of time and storage 

conditions on the phenolic composition and colour of white wine. Food Research International, 39(2), 220-

229. 

 Robichaud, J. L., & Noble, A. C. (1990). Astringency and bitterness of selected phenolics in wine. Journal of 

the Science of Food and Agriculture, 53(3), 343-353. 

 Rodrigues, A., Ricardo-da-Silva, J. M., Lucas, C., & Laureano, O. (2012). Characterization of mannoproteins 

during white wine (vitis vinifera l. cv. encruzado) ageing on lees with stirring in oak wood barrels and in a 

stainless steel tank with oak staves. OENO One, 46(4), 321-329. 

 Rodríguez-Bencomo, J. J., Ortega-Heras, M., & Pérez-Magariño, S. (2010). Effect of alternative techniques to 

ageing on lees and use of non-toasted oak chips in alcoholic fermentation on the aromatic composition of red 

wine. European Food Research and Technology, 230(3), 485. 

 Rodr guez- encomo, J. J., Ortega- eras, M., P rez-Magari o, S., & González-Huerta, C. (2009). Volatile 

compounds of red wines macerated with Spanish, American, and French oak chips. Journal of agricultural and 

food chemistry, 57(14), 6383-6391. 

 Rodríguez-Rodríguez, P., & Gómez-Plaza, E. (2011). Differences in the extraction of volatile compounds from 

oak chips in wine and model solutions. American journal of enology and viticulture, 62(1), 127-132. 

 Roux, D. G., & Paulus, E. (1962). Condensed tannins. 13. Interrelationships of flavonoid components from the 

heartwood of Robinia pseudacacia. Biochemical Journal, 82(2), 324. 

 Salmon, J. M., Fornairon-Bonnefond, C., Mazauric, J. P., & Moutounet, M. (2000). Oxygen consumption by 

wine lees: impact on lees integrity during wine ageing. Food Chemistry, 71(4), 519-528. 



 
 

76 
 

 Sánchez-Palomo, E., Alonso-Villegas, R., Delgado, J. A., & González-Viñas, M. A. (2017). Improvement of 

Verdejo white wines by contact with oak chips at different winemaking stages. LWT-Food Science and 

Technology, 79, 111-118. 

 Sanz, M., Cadah a, E., Esteruelas, E., Mu oz, A. M., Fernández de Sim n,  .,  ernández, T., & Estrella, I. 

(2010). Phenolic compounds in chestnut (Castanea sativa Mill.) heartwood. Effect of toasting at 

cooperage. Journal of Agricultural and Food Chemistry, 58(17), 9631-9640. 

 Sanz, M., Cadah a, E., Esteruelas, E., Mu oz, A. M., Fernández De Sim n, B., Hernandez, M.T., Estrella, I. 

(2010). Phenolic compounds in cherry (Prunus avium) heartwood with a view to their use in 

cooperage. Journal of agricultural and food chemistry, 58(8), 4907-4914. 

 Sanz, M., de Simón, B. F., Cadahía, E., Esteruelas, E., Muñoz, Á. M., Hernández, M. T., Estrella, I. (2012). 

Polyphenolic profile as a useful tool to identify the wood used in wine aging. Analytica chimica acta, 732, 33-

45. 

 Sanz, M., de Simón, B. F., Esteruelas, E., Muñoz, Á. M., Cadahía, E., Hernández, M. T.,  Estrella, I.,  

Martinez, J. (2012). Polyphenols in red wine aged in acacia (Robinia pseudoacacia) and oak (Quercus petraea) 

wood barrels. Analytica chimica acta, 732, 83-90. 

 Sanz, M., Fernández de Sim n, B., Esteruelas, E., Munoz, A. M., Cadahía, E., Hernandez, T.,  Estrella, I., 

Pinto, E. (2011). Effect of toasting intensity at cooperage on phenolic compounds in acacia (Robinia 

pseudoacacia) heartwood. Journal of agricultural and food chemistry, 59(7), 3135-3145. 

 Sanza, M. D. A., & Domínguez, I. N. (2006). Wine aging in bottle from artificial systems (staves and chips) 

and oak woods: Anthocyanin composition. Analytica Chimica Acta, 563(1-2), 255-263. 

 Sauvageot, F., & Feuillat, F. (1999). The influence of oak wood (Quercus robur L., Q. petraea Liebl.) on the 

flavor of Burgundy Pinot noir. An examination of variation among individual trees. American journal of 

enology and viticulture, 50(4), 447-455. 

 Schäufele, I., &  amm, U. (2017). Consumers’ perceptions, preferences and willingness-to-pay for wine with 

sustainability characteristics: A review. Journal of Cleaner production, 147, 379-394. 

 Sergent, T., Kohnen, S., Jourez, B., Beauve, C., Schneider, Y. J., & Vincke, C. (2014). Characterization of 

black locust (Robinia pseudoacacia L.) heartwood extractives: identification of resveratrol and 

piceatannol. Wood science and technology, 48(5), 1005-1017. 

 Silva Ferreira, A. C., Hogg, T., & Guedes de Pinho, P. (2003). Identification of key odorants related to the 

typical aroma of oxidation-spoiled white wines. Journal of Agricultural and Food Chemistry, 51(5), 1377-

1381. 

 Singleton, V. L. (1987). Oxygen with phenols and related reactions in musts, wines, and model systems: 

observations and practical implications. American Journal of Enology and Viticulture, 38(1), 69-77. 

 Singleton, V. L. (1995). Maturation of wines and spirits: comparisons, facts, and hypotheses. American 

Journal of Enology and Viticulture, 46(1), 98-115. 

 Singleton, V. L., Sieberhagen, H. A., De Wet, P., & Van Wyk, C. J. (1975). Composition and sensory qualities 

of wines prepared from white grapes by fermentation with and without grape solids. American Journal of 

Enology and Viticulture, 26(2), 62-69. 

 Singleton, V. L., Sullivan, A. R., & Kramer, C. (1971). An analysis of wine to indicate aging in wood or 

treatment with wood chips or tannic acid. American Journal of Enology and Viticulture, 22(3), 161-166. 



 
 

77 
 

 Sitzia, T., Cierjacks, A., de Rigo, D., & Caudullo, G. (2016). Robinia pseudoacacia in Europe: distribution, 

habitat, usage and threats. European Atlas of Forest Tree Species. Publication office of the European Union, 

Luxembourg, 166-167. 

 Soares B., Garcia R., Costa Freitas A. M., Cabrita M. J., (2012). Phenolic compounds released from oak, 

cherry, chestnut and robinia chips into a syntethic wine: Influence of toasting level. Ciência Téc. Vitiv, 27(1), 

17-26. 

 Sosic, A., Cappellini, M., Sinigaglia, L., Jacquet, R., Deffieux, D., Fabris, D., Quideau, S., Gatto, B. (2015). 

Polyphenolic C-glucosidic ellagitannins present in oak-aged wine inhibit HIV-1 nucleocapsid 

protein. Tetrahedron, 71(20), 3020-3026. 

 Souquet, J. M., Cheynier, V., Brossaud, F., & Moutounet, M. (1996). Polymeric proanthocyanidins from grape 

skins. Phytochemistry, 43(2), 509-512. 

 Spillman, P. J., Sefton, M. A., & Gawel, R. (2004). The effect of oak wood source, location of seasoning and 

coopering on the composition of volatile compounds in oak‐ matured wines. Australian Journal of Grape and 

Wine Research, 10(3), 216-226. 

 Tavares, M., Jordão, A. M., & Ricardo-da-Silva, J. M. (2017). Impact of cherry, acacia and oak chips on red 

wine phenolic parameters and sensory profile. OENO ONE: Journal international des sciences de la vigne et 

du vin= International journal of vine and wine sciences, 51(3), 329-342. 

 Towey, J. P., & Waterhouse, A. L. (1996). The extraction of volatile compounds from French and American 

oak barrels in Chardonnay during three successive vintages. American Journal of Enology and 

Viticulture, 47(2), 163-172. 

 Vaimakis, V., & Roussis, I. G. (1996). Must oxygenation together with glutathione addition in the oxidation of 

white wine. Food Chemistry, 57(3), 419-422. 

 Vernhet, A., Dupre, K., Boulange-Petermann, L., Cheynier, V., Pellerin, P., & Moutounet, M. (1999). 

Composition of tartrate precipitates deposited on stainless steel tanks during the cold stabilization of wines. 

Part I. White wines. American journal of enology and viticulture, 50(4), 391-397. 

 Viriot, C., Scalbert, A., Lapierre, C., & Moutounet, M. (1993). Ellagitannins and lignins in aging of spirits in 

oak barrels. Journal of Agricultural and Food Chemistry, 41(11), 1872-1879. 

 Vivas, N., & Glories, Y. (1996). Role of oak wood ellagitannins in the oxidation process of red wines during 

aging. American journal of enology and viticulture, 47(1), 103-107. 

 Vivas, N., Nonier, M. B., Absalon, C., Abad, V. L., Jamet, F., de Gaulejac, N. V., ... & Fouquet, É. (2016). 

Formation of flavanol-aldehyde adducts in barrel-aged white wine–Possible contribution of these products to 

colour. South African Journal of Enology and Viticulture, 29(2), 98-108. 

 Waterhouse, A. L. (2002). Wine phenolics. Annals of the New York Academy of Sciences, 957(1), 21-36. 

 Waterhouse, A. L., & Laurie, V. F. (2006). Oxidation of wine phenolics: A critical evaluation and 

hypotheses. American Journal of Enology and Viticulture, 57(3), 306-313. 

 Waters, E. J., Wallace, W., Tate, M. E., & Williams, P. J. (1993). Isolation and partial characterization of a 

natural haze protective factor from wine. Journal of Agricultural and Food Chemistry, 41(5), 724-730. 

 Watrelot, A. A., Badet-Murat, M. L., & Waterhouse, A. L. (2018). Oak barrel tannin and toasting temperature: 

Effects on red wine condensed tannin chemistry. Food Science and Technology-Zurich-, 91(1), 330-338. 



 
 

78 
 

 Welk, E., de Rigo, D., Caudullo, G., 2016. Prunus avium in Europe: distribution, habitat, usage and threats. In: 

San-Miguel-Ayanz, J., de Rigo, D., Caudullo, G., Houston Durrant, T., Mauri, A. (Eds.),. European Atlas of 

Forest Tree Species. Publ. Off. EU, Luxembourg, pp 140-141 

 Wilker, K. L., & Gallander, J. F. (1988). Comparison of Seyval blanc wine aged in barrels and stainless steel 

tanks with oak chips. American journal of enology and viticulture, 39(1), 38-43. 

 Ye, D. Q., Zheng, X. T., Xu, X. Q., Wang, Y. H., Duan, C. Q., & Liu, Y. L. (2016). Evolutions of volatile 

sulfur compounds of Cabernet Sauvignon wines during aging in different oak barrels. Food chemistry, 202, 

236-246. 

 Young, O. A., Kaushal, M., Robertson, J. D., Burns, H., & Nunns, S. J. (2010). Use of species other than oak 

to flavor wine: an exploratory survey. Journal of food science, 75(9). 

 Young, O. A., Kaushal, M., Robertson, J. D., Burns, H., & Nunns, S. J. (2010). Use of species other than oak 

to flavor wine: an exploratory survey. Journal of food science, 75(9), S490-S498. 

 Zafrilla, P., Morillas, J., Mulero, J., Cayuela, J. M., Martínez-Cachá, A., Pardo, F., & López Nicolás, J. M. 

(2003). Changes during storage in conventional and ecological wine: phenolic content and antioxidant 

activity. Journal of Agricultural and Food Chemistry, 51(16), 4694-4700. 

 


