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Wine Aging with Oak Chips
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Maria Carla Cravero and Federica Bonello

Abstract

The use of wood chips is a common winemaking practice that has been permitted 
in Europe since the early 2000s. The use of oak chips, or other wood alternative 
products, has not always been favorably viewed by both producers and wine 
consumers. Beyond possible misuse, however, wood chips are a useful tool for the 
optimal achievement of numerous oenological objectives, including the extraction 
of certain volatile odor compounds from oak wood chips as well as compounds that 
will improve wine quality. This chapter deals with the main oenological uses of oak 
wood chips, the chemical transformations that underlie this practice and the effect 
of their utilization on wine quality. A final aspect concerns the main compositional 
and sensory differences between wines aged in barrel and those aged with alterna-
tive products, as well as the discriminative analytical methods used for this purpose.

Keywords: oak wood chips, alternative products, volatile compounds, tannins, 
wine aging

1. Introduction

The use of wood shavings in wine production has been documented in France since 
the nineteenth century. It was an unusual, but well-known, practice to improve the 
sensory characteristics of some wines using untoasted chips of oak wood or service 
trees [1]. The modern use of wood fragments in winemaking began in new winemak-
ing countries in the early 1960s [2]. In 1993, the United States regulated the use of 
such products in oenology. In Europe, their use was opposed until the early 2000s, but 
finally in 2006, Regulation (EC) No. 1507/2006 of the Commission authorized the use 
of pieces of oak wood in oenology, enabling European producers to compete in a rap-
idly evolving world market. The new EU Delegated Regulation 2019/934 [3] currently 
regulates the use of oak wood chips in oenology, which are used for several technologi-
cal purposes. The main objective is the release of desirable compounds, mainly aromas 
and polyphenolics, from the wood fragments into the wine during aging.

The main reason supporting the increased use of wood chips in wine production 
was essentially economic. The cost of wood chips is considerably lower than that of 
wooden casks. The production of wood fragments involves industrial-type tech-
nologies and therefore, is much cheaper than the artisanal processing of barrels. In 
addition, the wood, although from the same botanical species, in the case of barrels, 
is obtained from the most valuable part of the trunk, whereas woody fragments are 
usually recovered from less valuable parts or remnants of barrique production.
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Nowadays, wood fragments represent an opportunity for wine producers to 
diversify their product in order to satisfy different market needs. From a techno-
logical point of view, the oenologist can choose the size of the wood pieces, the 
duration of the contact with the wine and the moment of application.

On the other hand, the same reasons that supported the spread of wood chips 
in wine production also prevented its acceptance from a regulatory point of view. 
Indeed, as mentioned above, there is a cost-reduction associated with the use of oak 
wood chips, obtained by giving a woody touch to the wine without the need to use 
barrels; however, without proper regulation, this could lead to fraud. If such wine is 
offered as barrel-aged wine [4, 5], the false use of quality indications on its label rep-
resents counterfeiting, which is detrimental to consumers and legitimate producers. 
Therefore, the challenge to distinguish between wines obtained using one refinement 
technique or another is particularly crucial, even if complicated by the multiplicity 
of variables involved. However, it is equally clear that, due to the need of control 
for both consumer protection and quality assessment, the continuous improvement 
of investigation methods is essential, either analytical or sensory, that allow distin-
guishing wines aged in barrels from those treated with chips or alternative woods.

2. Alternative products in oenology

2.1 The choice of wood

The current European legislation stipulates that the wood used in winemaking 
must come exclusively from the Quercus genus, so the use of alternative products, 
obtained from woods of other botanical origin is not permitted. From a technological 
point of view, oak wood is certainly the most suitable for the storage and aging of 
wine due to several positive technological characteristics such as natural durability, 
porosity, resistance, a high degree of impermeability, and low water content, as well 
as a good amount of extractable compounds useful for the positive evolution of wine. 
There are approximately 600 species of oak, but only a few of these are used for 
oenological purposes [6]. The most commonly used European species in oenology 
are Q . sessilis (or petraea) and Q . robur (or pedunculate), which usually grow mixed 
in the same area. More rarely, Q . pyrenaica belonging to the same genus and mainly 
spread between the Iberian Peninsula and western France [7] is used for winemaking 
purposes. American wood is mainly from Q . alba (White Oak) but also several other 
species namely, Q . macrocarpa and Q . lylata can be useful for winemaking purposes 
[6]. The differences among species essentially pertain to the content of extractable 
compounds from wood, the ellagitannins (generally higher in European oaks) and 
volatile aromatic compounds, namely whiskey lactone (present in a greater amount 
in American species). The compositional differences between individual trees, due to 
forestry conditions and anatomical localization of the wood or exposure, can have a 
greater impact than differences due to the botanical or geographical origin of the oak.

2.2 Types of alternative products and applications

The oak wood chips employed for oenological use are small pieces of wood 
with dimensions ranging from a minimum of 2 mm (sometimes called granulates, 
tabacs or wood rice) up to about 20 mm (sometimes called shavings, copeaux, 
or fragments) and are sold in single packs of a few kg. Following the Commission 
Delegated Regulation -EU- 2019/934 of 12 March 2019 - (Appendix 7) [3], manu-
facturers distinguish products based on the heating degree, suggesting their best 
use in different process phases. The doses vary, on average, between 0.5 and 4 g/L 
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for white winemaking and between 1 and 6 g/L for red winemaking, being 2 g/L 
a balanced and orientated usual dosage. The small dimensions guarantee a high 
exchange surface and consequently the refinement time is limited to a range of 
4–6 weeks to a few months, depending on the size [8].

Currently, the market offers numerous alternatives to classic wood fragments. 
They are frequently larger products than typical chips, able to simulate aging in bar-
rels more effectively. Commercially, they are called cubes, beans, blocks, dominoes, 
segments and so on. Xoakers are wooden spheres of small dimensions, measuring a 
few centimeters in diameter. The doses are variable, generally between 2 and 4 g/L. 
The infusion time varies from 1 to 6 months.

Oak staves, ministaves, and sticks are wooden slats or cylinders of variable size 
from a few centimeters to a meter long, width range of 25–75 mm and a thickness 
variable between 7 and 18/22 mm. Commercially, they are denominated in a variety 
of ways, but all these products share the same oenological objective, which is to 
optimally simulate aging in barrel. The recommended doses for the smaller ones 
are 1–5 g/L for about 6–12 months of contact time. Sometimes doses are reported as 
wood area/wine volume.

Products with dimensions less than 2 mm are not permitted by European 
legislation [3] but can be used by New World manufacturers and take the com-
mercial name of dust or flour. The small size of the wood considerably increases 
the exchange surface with the wine and consequently, the extraction processes of 
aromatic compounds and tannins are very rapid (15 days to 4 months). The cost of 
the treatment is therefore extremely low due to the low cost of the product and the 
limited quantities that are used. Oak powders have the advantage of being able to 
be pumped together with the wine during racking operations; however, it is much 
more difficult to remove from wine than chips or staves. The doses vary between 0.5 
and 2 g/L of wine.

All these products can be used at different stages of winemaking and for various 
purposes. Generally, untoasted fresh chips or low toasted wood chips are used in 
the early stages of winemaking in order to allow color stabilization improving the 
anthocyanin extraction in young wines and their color characteristics during wine 
stabilization [9]. Toasted products can be used both during the alcoholic fermenta-
tion and after the end of malolactic fermentation.

The use of alternative products assumes that a huge array of variables must be 
considered including the type of wood, the size and shape of fragments, the mode 
of wood seasoning, the grade of toasting, the moment of use during winemaking, 
duration and the timing of contact as well as the interaction with yeasts and bacte-
ria involved in winemaking. The main technological variables are examined below.

2.3 Technological factors driving product quality

Commonly, the wood used for alternative products is obtained from remnants 
of the barrel-making process, especially in the production of granulates or chips. 
This is not a negligible part of oak wood, but almost 50–75% of the total produc-
tion, depending on the method used for barrel stave production, that is, traditional 
via splitting or by sawdust. Oak wood is otherwise obtained from trees with small 
diameters or presenting some physical defects [10]. Sometimes, for example, for 
high-quality alternative staves, the wood is the same as that used to produce barrels. 
In all cases, to obtain a high-quality product, it is necessary to pay particular atten-
tion to the seasoning phases that should occur in the best possible conditions [1]. 
Seasoning is a fundamental process useful in eliminating excess water present in the 
wood from 70% to about 14–18% [11]; it can be carried out naturally, alternatively, 
by forced drying.
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During natural seasoning, the wooden planks are stacked outdoors in the open 
air for a variable period, which depends on the thickness, and ranges from about 
2–3 years. Slats are periodically moistened to remove, via leaching, the excess 
astringent and bitter compounds, such as tannins and coumarins, present in the 
wood [12, 13]. Furthermore, the presence of unpleasant compounds is attenuated, 
primarily trans-2-nonenal which gives the wood a hint of fresh wet wood. From 
a microbiological point of view, this process allows the development of a varied 
micro-flora on the surface of the wood which promotes the formation of fungicidal 
substances, the transformation of phenolics of the wood and eventually the evolu-
tion of some aromatic wood precursors [14, 15]. In this regard, eugenol decreases 
significantly during this process, whereas other aromas such as vanillin or oak 
lactone (see Section 3.1.1) are subject to contrasting phenomena of neosynthesis 
from aromatic precursors and degradation or leaching during seasoning [16].

Artificial seasoning allows cost containment and a considerable reduction in 
processing time. However, natural seasoning leads to a greater accumulation of 
odorous compounds in the wood, in particular, volatile phenols, phenolic aldehydes, 
furanic compounds, and cis- and trans-β-oak lactones compared with artificial 
seasoning, it also appears to be more effective in reducing the excess tannins present 
in the wood [17]. The loss of some important compounds during artificial seasoning 
as polyphenolics and some aromatic compounds (lactones, phenols, fatty acids, 
and norisoprenoids), as well as the formation of furanic compounds deriving from 
the degradation of hemicellulose, is proportional to the initial moisture content of 
the wood along with the drying temperature [18]. Although these differences are 
certainly relevant, the influence of the wood piece size and the toasting intensity 
on the volatile composition of alternative products is higher than the method of 
seasoning, that is, natural or artificial [10].

After seasoning, it is necessary to eliminate residual sapwood and bark that have 
a very different composition to heartwood, which is the most precious part of the 
wood. Oak wood is then processed to reduce it to the most appropriate size and is 
eventually toasted. During toasting, numerous transformations take place such as, 
the partial degradation of the wood polyosides that leads, in turn, to the formation 
of numerous odorous compounds. At the same time, a large portion of the tannins 
undergoes degradation, with the extent depending upon the degree of toasting. 
Unlike the production of barrels, the toasting of alternative products is, generally, 
an easy, automatic process. The technological solutions for their toasting are varied 
and include: direct contact of the pieces of wood with a suitably heated surface; by 
means of a suitably heated air jet; by irradiation with IR rays, which does not allow 
deep toasting of the pieces; by direct contact with a flame, used almost exclusively 
for the production of alternative staves. Two main benefits must be considered: 
the first is reducing production costs; the second is standardization in terms of 
quality. The toasting degree of the alternative products follows that for wooden 
barrels; therefore, they can be distinguished as untoasted or with a light, medium 
or high (heavy) toasting level. However, this classification does not represent an 
absolute reference as the technologies used by individual companies may differ 
 considerably [19].

3. Oak wood chips chemistry

3.1 The general composition of oak wood

From an oenological point of view, the oak heartwood is the wood of major 
interest. Its chemical composition includes three large groups of compounds. 
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The first one consists of certain polymers constituting the cell wall and the median 
lamella of the vegetal cells with supporting functions. The second group is com-
posed of several extractable substances accumulated during the natural transforma-
tion from sapwood to heartwood, as well as tannin deposits which protect against 
plant parasites. The third group includes, in smaller quantities, several compound 
residues of cellular metabolism: amino acids, fatty acids, terpene compounds, carot-
enoids, and various minerals [20, 21].

From a quantitative point of view, the main components of oak heartwood are 
cellulose (40–45% of dry weight), hemicellulose (20–25%) and lignin (25–30%) 
and, overall, they represent by weight, the predominant portion of the wood. These 
polymers form a three-dimensional structure, trapping cellulose in an insoluble and 
rigid matrix of lignin and hemicellulose, which gives the wood its typical techno-
logical characteristics.

Chemically, cellulose is a crystalline homopolymer consisting of units of glucose 
1,4-β-bonded, which has an average molecular weight of 106 Da corresponding 
to 10,000–15,000 monosaccharide units. Hemicellulose is a complex polymer 
that may contain pentoses (β-d-xylose, α-l-arabinose), hexoses (β-d-mannose, 
β-d-glucose, α-d-galactose), and uronic acids [22]. Structurally, it has two roles: 
binding cellulose microfibers and strengthening the cell wall. It is worth noting that 
both the concentration and structure of this polymer differ between sapwood and 
wood. Finally, lignin, which from a structural point of view is a p-coumaryl alcohol 
polymer, is responsible for the typical mechanical properties of wood, making it 
more resistant to both chemical and biochemical degradation. As for the mechani-
cal properties of wood, similarly to hemicellulose, structural differences have been 
found between sapwood lignin and heartwood lignin [22]. The average composi-
tion of structural polymers can vary significantly according to different factors. 
In this regard, it is worth mentioning that the wood composition within each tree 
is very different and depends on the location and anatomic position of tissues. In 
particular, the concentration of tannins is higher in the trunk and near the base of 
the tree [19]. The distance from the central part of the trunk influences the chemi-
cal composition and therefore, the technological characteristics of the wood [23]; 
the resistance to heat treatment for instance depends on whether the wood portions 
are central or radial. These aspects are very important from a technological point 
of view because the wood used for alternative products is generally obtained from 
different parts to those used for barrel production.

Finally, both the rate of growth and botanical origin affect strongly the chemi-
cal-physical characteristics of the wood. Slow growth leads to fine grains, less dense 
wood, which is of greater resilience and, most of all, richer in extractable com-
pounds, whereas rapid growth leads to the formation of medium or coarse grain 
woods. As regards botanical origin the main differences concern the tannin content, 
generally higher in the heartwood of European origin and the volatile compounds 
(lactones, norisoprenoids, sesquiterpenes, and fatty acids), usually more abundant 
in Q . alba wood [19].

3.2 Volatile compounds

3.2.1 Oak-derived volatile compounds

β-methyl-γ-octalactone is included among the minority aromatic compounds, 
but it has a crucial role from a sensory point of view. This is a natural lactone pres-
ent in fresh oak wood, and it is characterized by intense notes of coconut, celery, 
and pastry with a very low perception threshold. Also called whiskey lactone or 
oak lactone, because it was discovered in the 1970s for the first time in whiskey and 
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shortly thereafter in the oak wood used for their processing [24, 25], oak lactone is 
formed from the cyclization of 3-methyl-4-hydroxyoctanoic acid. This compound 
is present in oak wood as a glycoconjugate precursor namely, galloylglucoside, 
glucoside, and a rutinoside derivative [26, 27] and can undergo hydrolysis during 
both seasoning and toasting operations or during the maturation of the wine in 
contact with the oak wood.

From a structural point of view, oak lactone is a molecule with two chiral 
carbons, therefore, four different optical configurations are possible. Only two 
stereoisomers of oak lactone are present in oak wood [28], the “cis” isomer with 
configuration (3S, 4S) and the “trans” isomer with configuration (3S, 4R). From 
a sensory point of view, the “cis/trans” ratio strongly influences the wine aroma, 
because the cis isomer is several times more odorous than the trans isomer [29]. The 
cis form is more abundant in Q . alba than in the European oaks, and among the lat-
ter, the cis isomer is more abundant in Q . petraea than in Q . robur [30]. The cis/trans 
lactone ratio was about 3.5 and 1 in American or French oak chip-treated wines, 
respectively [31]. It is interesting to note that the aging method (chips or barrels) 
did not influence this ratio which is related to the oak’s origin [32].

Generally, this compound is more abundant in American oak wood. A recent 
work showed that wines macerated with Q . pyrenaica chips presented levels of oak 
lactone and other wood-related compounds, more similar to those macerated with 
French oak wood chips and lower than American chips [33].

Among the aromatic compounds from fresh oak wood that have a significant 
impact on the aroma of wine can be included eugenol, which is characterized by 
typical clove notes and is present in small quantities, especially in sapwood [34]. 
Another important group of naturally occurring compounds is that of norisopren-
oids [35]. These compounds originate from the degradation of carotenoids and 
xanthophylls present in the wood. Some of them have very low perception thresh-
olds and perfumes that vary from floral to balsamic (see Section 3.4).

3.2.2 Compounds derived from the degradation of polyosides

The degradation of wood polymers under an inert atmosphere proceeds gradu-
ally following the increase of temperature [36]. The decomposition of hemicellulose 
and cellulose takes place at 200–380°C and 250–380°C, respectively, while lignin 
decomposition occurs over the range of 180–900°C. Moreover in normal cooperage 
conditions, the degradation of cellulose occurs with great difficulty and the sensory 
impact of its derivatives remains negligible [22]. On the contrary, hemicellulose 
is more susceptible to hydrolysis, which can occur during both toasting and wine 
aging, and leads to an increase in the total content of galactose, fructose or xylose 
[37], up to a few hundred mg/L. From a microbiological point of view, this aspect 
should be considered carefully for the development of undesired microflora in 
wines, taking into account the ability of some spoilage microorganism, namely 
Brettanomyces spp. [38], to consume these sugars. The formation of monosaccha-
rides during wood toasting leads to their thermodegradation and of odorous volatile 
compounds neogenesis. These compounds, named furanic aldehydes (mainly 
furfural and 5-hydroxymethylfurfural), are contained in negligible quantities in 
seasoned oak wood, used to produce barrels and chips, but their content increases 
dramatically passing from light to medium toasting level and tends to decrease 
with strong toasting. From a sensory point of view their importance is modest and 
linked primarily to a general increase in “overall oak” perceived intensity rating and 
decreased “fruity” aroma [39].

Other compounds, namely maltol and cyclotene, originating from hemicel-
lulose degradation [22], are characterized by specific caramel notes. Like furanic 
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aldehydes, they have a limited impact on empyreumatic notes of wine aged using 
oak wood, because of their high perception threshold. Sugar condensation products 
such as DDMP (2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)-pyran-4-one), HDMF 
(4-hydroxy-2,5- dimethylfuran-3(2H)-one) and DHM (dihydromaltol), derived 
from glucose and proline condensation, seem to have a greater impact on the toasty/
caramel aroma [40].

Finally, the thermodegradation of lignin leads to the formation of several key 
aromatic compounds including aromatic hydrocarbons, phenols (mainly mono-
methoxylated and dimethoxylated derivatives), aromatic aldehydes (benzoic 
aldehydes), and syringyl-derived compounds. Various factors such as the moisture 
of the wood, the intensity of the heat applied, the presence of other polymers such 
as cellulose can influence the chemical yield of these reactions [41]. Specially, the 
toasting intensity is the factor that most influences the final composition of these 
compounds in wine. Low/medium levels of heating lead to the formation of cin-
namic and benzoic aldehydes as synapic aldehyde, coniferyl aldehyde, vanillin, and 
siringaldehyde. Among these, vanillin has an important aromatic impact thanks to 
its recognizable scent and low perception threshold [39]. More intense toasting lev-
els lead to the formation of volatile phenols such as phenol, cresol isomers, guaiacol, 
4-methylguaiacol, eugenol, isoeugenol and propiovanillone, some of them charac-
terized by a low perception threshold and clear spiced or smoky notes.

Finally, some heterocyclic compounds present in small quantities, such as 
pyrazine, pyrrole pyridine, and triazole derivatives have been identified in toasted 
wood extracts. These compounds could be generated by Maillard’s reaction during 
the toasting operations [42].

3.2.3 Factors affecting xylovolatiles compounds during winemaking

The type of alternative wood has an important influence on the diffusion kinet-
ics of aromatic compounds. Generally volatile compound accumulation is faster 
using wood chips than staves, on the other hand, staves lead to a greater accumula-
tion of aromas, in all cases, the extraction seems to be complete after 3–12 months 
of aging [10, 43].

The botanical origin of wood has great importance in defining the transfer 
of aromatic compounds namely, oak lactone to wine. Wines aged in contact with 
American oak chips showed a significant increase of cis-oak lactone and guaiacol 
[31]. On the other hand, wines aged with French oak chips exhibited a major 
increase of furfural, 5-methylfurfural, 4-vinylguaiacol and trans-oak lactone.

The aging time was related to a higher content of esters [44]; the type of wood 
pieces was correlated to cis-oak lactone levels, octanal and 5-methyl furfural, and 
cis-oak lactone with the toasting degree.

The accumulation of phenols depends on the degree of toasting but, in general, 
a higher accumulation of these compounds occurs in wines aged with staves com-
pared with those aged with chips [45]. For guaiacol, 4-methylguaiacol and eugenol, 
the maximum accumulation has been registered between 6 and 12 months.

The main variations during wine aging involve furan aldehydes; these changes 
are certainly decisive for wine quality. During the first months of storage, a high 
accumulation of furan aldehydes is observed [45], more remarkable in aging with 
staves than with chips; then their content decreases sharply, similar to that occur-
ring in wines aged in barrique [46, 47]. This reduction is likely due to microbiologi-
cal rather than chemical reactions. The notable reductase activity of yeasts and 
bacteria leads to the formation of furanic alcohols from their respective aldehydes. 
The observed decrease of furan aldehydes in wine during aging is also due to their 
involvement in reactions with polyphenols and, in particular, to the formation of 
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condensation compounds with polyphenols, mainly flavanols [48]. Vanillin and 
syringaldehyde exhibit accumulation and degradation curves during wine aging 
similar to those described for furan aldehydes [45].

Yeasts can also transform furfural to 2-furanmethanethiol (2-FMT), through the 
addition of hydrogen sulfide present during fermentation to furfural [49]. 2-FMT, 
with a very low perception threshold (0.4 ng/L) and its distinguishable odor of 
coffee [50], is the key aroma compound of the boisée aroma of wines. A similar 
biosynthetic mechanism has been hypothesized for the formation of benzen-
emethanethiol, characterized by subtle mineral notes, starting from benzaldehyde 
[51] and for vanillylthiol, a chemical compound reminiscent of cloves, and smoke 
originating from vanillin [52].

3.3 Tannins and micro-oxygenation

The “extractable fraction” of wood represents up to 10–15% of dry heartwood. 
Certainly, ellagitannins are the most abundant components in this fraction and, 
together with other compounds, are the source of many of the interesting sensory 
characteristics found in aged wines [53]. Eight ellagitannins have been identified in 
traditional oak species: castalagin, vescalagin, granidin, and roburins (A, B, C, D, 
and E), with the two most abundant compounds being the stereoisomers, vescala-
gin and castalagin [53–55]. Ellagitannins are transferred to the wine during aging, 
contributing to sensations of bitterness and astringency and behaving as antioxi-
dants due to their capacity to consume oxygen [15, 53–55]. Moreover, ellagitannins 
directly affect wine color via reactions with anthocyanins forming red orange 
anthocyanin-ellagitannin complexes that are much more stable over time than free 
anthocyanins [55]. They often also occur in association with flavonoids to form 
flavano-ellagitannin derivatives (such as acutissimin A and acutissimin B) detected 
in aged wine and are also involved in tannin condensation [54]. Variation in ella-
gitannin concentration in the same wood, due to the different cooperage processes 
has been reported in various papers [53]; focusing on ellagitannin and alternative 
products, a recent study [56] performed with model wine showed that French oak 
chips released significantly higher amounts of ellagitannins than American oak 
chips at any toasting level. Their release by oak chips decreased as the toasting level 
increased in the French oak but this trend was not so clear in American oak.

Oxidation, condensation and polymerization reactions, in which phenolic 
compounds are involved, are oxygen dependent. During the aging of the wine in 
barrels, oxygen intake may promote, disappearance of reduction off-flavors and 
reduction of vegetal characteristics, but also color intensity and stabilization. This 
process, in barrels, is not a controlled process, but depends on wood characteris-
tics. On the contrary, a monitored oxygenation process in stainless steel tanks can 
control the changes in the phenolic structure and aroma of the wine by managing 
oxygen-requiring reactions [57, 58].

Oxygenation of wine, which is defined as the diffusion of air or oxygen into the 
wine, is an authorized oenological practice in the International Code of Oenological 
Practices of the OIV [59]. Micro-oxygenation (MOX), consisting of dispensing 
micro quantities of oxygen in a controlled way, was developed in France by Patrick 
Ducournau at the beginning of the 1990s, then Ducournau and Laplace registered 
a patent for the MOX method [60, 61]. Several researches have experimented MOX 
combined with the application of oak alternative products with the purpose to 
simulate the evolution and stabilization of the phenolic compounds that spontane-
ously takes place in barrel.

The formation of acetaldehyde from ethanol oxidation during wine MOX 
favors the creation of ethyl bridges between flavanols and between flavanols and 
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anthocyanins leading to an increase of both color intensity and color stability [62]. 
Ellagitannins contributes to the formation of ethylidene-bridged anthocyanin-
tannin adducts through the formation of hydroperoxy radicals [63]. Moreover, 
MOX generally favors the formation of pyranoanthocyanins rising from the 
reaction of anthocyanins with small molecules, namely acetaldehyde. These 
compounds are likely to contribute to the red/orange hues observed in red wines 
during aging [64]. Acetaldehyde can also form bridges between tannin molecules, 
creating macromolecular structures that precipitate, leading to a decrease in 
astringency [65].

In general, MOX in combination with ellagitannins increased color intensity, 
even after 5 months of bottle aging due to increase of polymeric pigments including 
ethylidene-bridged compounds. These compounds contributed to the red and violet 
color range, but reduced hue levels, due to larger contributions to the 520 nm range 
[66] as shown for the treatment MOX with added tannin.

The oxygen consumption rate was clearly related to the level of released ellagi-
tannins. Therefore, oak chips should be chosen considering their potential to release 
ellagitannins, not only because they can have a direct impact on the flavor and body 
of the wine, but also as they can protect against oxidation. Moreover, the origin and 
size of the oak chips seem to influence results when their addition is combined with 
MOX technique. The effect of American, French and Spanish oak chips or staves on 
in combination with MOX during red wine aging was researched; wine treated with 
staves (larger pieces of wood) and also aged with French oak products consumed 
more oxygen [67]. Finally, grape variety and especially MOX had more influence 
on phenolic composition and wine color than the type of oak chips which did not 
modify the chromatic characteristics of the red wines [68].

3.4 Secondary compounds found in oak wood

Various isoprenoid compounds and derivatives have been isolated and described 
in oak wood. Among them terpenes are compounds with a very low perception 
threshold and remarkable olfactory pleasantness; however their contribution of 
wood to wine is rather limited [69]. On the contrary, the presence of carotenoids is 
an important factor to consider for barrel production. The content of carotenoids in 
oak wood is found to be generally low and considerably variable between samples, 
depending mainly on the color of the piece of wood. Pinkish woods are mostly 
considered for barrel making being significantly richer in carotenoids than other 
colored woods. In particular, the molecules responsible for the pinkish hue of woods 
are found to be principally β-carotene and lutein [70]. Carotenoid compounds are 
highly sensitive to oxygen, light and temperature.

Pyrolysis/Gas Chromatography/Mass Spectrometry (PY/GC/MS) used on 
samples of French oak, to simulate the heating of barrels demonstrated that the 
thermal degradation products obtained after pyrolysis of β-carotene and lutein 
respectively were essentially norisoprenoids and sesquiterpenes [71]. During the 
natural seasoning the wood barrels are exposed to light and oxidation, then to heat 
during toasting and new aromatic compounds could be produced. With regard the 
norisoprenoids, over 30 different highly odorous compounds derived from the deg-
radation of carotenoids, have been highlighted in oak wood, among which the main 
ones are 3-oxo-a-ionol, and dehydrovomifoliol [35]. American oak wood seems to 
be richer in norisoprenoids than that of European origin, while numerous com-
pounds are common to both oak and grapes.

Finally, several pyrazines and pyridine derivatives have been detected in toasted 
oak wood [72]. Among them 2,5-disubstituted pyrazines seem to be responsible for 
rancid butter off-flavor [73]. Moreover 2-methoxy-3,5-dimethylpyrazine is linked 
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to “corky,” potato, green hazelnut, and dusty odor [74]. However this compound, 
synthesized by some proteobacteria, degrades at temperatures above 220° C, conse-
quently the wood toasting reduces significantly its content.

Other extractable compounds present in smaller quantities in oak wood are 
amino acids, fatty acids and minerals.

4. Sensory profile of wines refined with alternative products

Several research studies have highlighted the effects of the application of wood 
fragments on the sensory profile of wines. Some findings on the topic are reported 
below.

Generally, the oak-chip treatment favors the polymerization of anthocyanins 
and tannins, leading to a reduction of monomers in wines. In a research involv-
ing two Italian red wines, Aglianico and Montepulciano, after 1 year of aging, the 
content of polymeric phenols in both red wines was about 40% higher in oak-
treated samples compared with the control wines. This effect, however, strongly 
depends on grape variety and on the polyphenolic profile of each cultivar. The 
same oak chip-treated samples showed attenuation of floral and fruity descriptors 
and the introduction of oak notes (woody, vanilla, spicy notes, and black pepper), 
accompanied by a higher astringency. After 1 year of aging, the flavor complex-
ity decreased, especially the spicy notes and astringency, which were even more 
reduced in the oak-treated samples than in the control wines [75].

The sensory profile of wine also depends on the phase of the winemaking 
process at which the oak chips are added, as well as on the oak chip dose. A study on 
the red wine Bobal [76] showed that the wines with oak wood chips added during 
alcoholic fermentation had a similar sensory profile to control wines with olfactory 
attributes of red fruits, liquorice, pepper, leather, tobacco, and cassis, but with 
some woody notes. On the other hand, wines with oak chips added during malolac-
tic fermentation showed higher intensities for the oak descriptors than wines with 
the oak chips added when the malolactic fermentation had finished. The intensity 
of woody attributes was higher when the chips were added in higher doses (6 g/L).

Another experiment with white wines, Verdejo, showed the different effects of 
medium-toasted oak chips added during the alcoholic fermentation or aging stage 
[75]. With respect to the control (no chips were added), oak-treated wines showed 
a decrease of the descriptors fresh, green apple, fruity, tropical fruit, and citric and 
higher intensities for “ripe fruit” and “sweet” and for new attributes like coconut, 
sweet spices, woody (oak), and toasty in the oak chip-treated wines. Specifically, 
the wines with oak chips added during the alcoholic fermentation presented a lower 
content of volatile oak-extractable compounds, thus intensity of wood-related 
sensory attributes, but higher concentrations of fermentative volatile substances 
than the new wines aged with oak chip. The toasting status of oak chips (toasted or 
not toasted) seemed to be more relevant than the origin of oak in a study carried out 
on Chardonnay wine [77]. The differences highlighted among wines with added oak 
chips of different origin, did not influence the preference of the panel. On the other 
hand, the level of toasting was more important than the origin of the oak chips 
(German or French) [78] . Finally, the quantity of oak chips can have greater impact 
than the origin of the oak [79]. The sensory profile of the white wines Listan blanco, 
indeed, was mainly influenced by the amount of oak chips, less by the geographical 
origin of the oak, which was more relevant only in the case of comparing oak chips 
and barrels.

Nevertheless, other research results have shown sensory differences attributed 
to the origin of the oak chips [31]. The wines (Romanian red wines Fetească neagră) 
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aged in contact with American oak chips had a higher intensity of vanilla, toasty and 
cacao aromas compared with the wines aged using French oak chips, which had a 
higher intensity of smoky, licorice, and toasty aromas. The degree of toasting of the 
wood chips or staves also influenced aromas in the same Romanian red wine [44]. A 
woody attribute was more evident in wines aged with oak pieces with a low degree of 
toasting, whereas medium plus toasted wood increased the fruity aroma descriptors.

With the aim of simulating the effect of an oak barrel, the wood pieces can be 
added to wine in combination with micro-oxygenation [80]. This technique (oak 
chips or staves combined with micro-oxygenation) can produce wines with sensory 
characteristics very similar to those of products aged in new American and French 
oak barrels for 6 months [57].

5. Oak wood chips vs. barrel

5.1 Sensory differences and consumer preferences

As previously described, the quantity of oak chips, their dimensions and shape, 
their degree of toasting, contact time, and the stage of the winemaking process of 
their application can influence the sensory characteristics of the wine in numerous 
ways. Moreover, traditional refinement in wooden containers can lead to different 
results based on factors such as the time of contact, the use of new woods or used 
barrels, the period and frequency of an eventual batonnage, together with the pos-
sibility of using containers of different sizes. Therefore, the challenge to distinguish 
between wines obtained using barrel or chip-aged wines is particularly complicated 
due to the multiplicity of variables involved.

From a sensory point of view, wines refined with chips in steel containers are not 
clearly different from those long preserved in new barrels [81]. On the other hand, 
young wines made with chips are almost sensorially indistinguishable from those 
stored in new barrels for short periods (about 3 months); both are characterized by 
light boisé olfactory notes. Moreover, considering the effects of oak wood chip size, 
wood contact time (3, 6, and 9 months) and type of container (tank or used wood 
barrel) in wines analyzed after 6 months of bottling [82], some evident sensory 
differences were observed. The sensory effect of the addition of oak wood chips was 
more evident for the wines in tanks than for those in used barrels. Moreover, wines 
in used wood barrels with wood chips were not easily distinguishable from wines 
with no added wood chips. Considering wines treated with alternative products, 
the more appreciated were those aged in contact with cubes for 3 or 6 months. The 
authors suggested to use oak wood chips for short-aged wines and to reuse wood 
barrels still in good condition, pointing out that new wood barrels give wines of 
higher quality [82].

The sensory differences between wines aged in wood barrels or with oak wood 
fragments do not always reflect significant differences regarding consumer prefer-
ence [83]. In a survey on consumer preferences, a large disparity of preferences was 
found among the participants that traditionally consume quality wines. A large pro-
portion of respondents (55%) said that they would not buy wines produced using 
oak wood chips, whereas others declared that they would buy them only if, after 
tasting they had perceived the same quality as the wines in wood barrels. However, 
young people seemed to be less traditional and more open to buy a wine produced 
using oak wood fragments. Another online survey [84] involving Australian wine 
consumers reached similar conclusions.

Finally, the use of oak wood fragments could be an interesting alternative to 
barrels in emerging wine countries, such as Mexico [85] or Brazil [86], due to their 
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lower costs. Nevertheless, before using oak wood in winemaking, local producers 
should investigate the preferences of their potential consumers.

5.2  Main analytical techniques that can be used for the discrimination and 
evaluation of product quality

The challenge of explaining the sensory differences described previously from a 
chemical point of view, is not easy. Considerable works have addressed the chemi-
cal characterization of wines aged with alternative products. However, only some 
of these studies have directly compared the composition of a barrel-aged wine and 
that of a wine in contact with wood oak fragments [45, 87–91]. Nevertheless, it is 
equally clear that, because of the need of control for consumer protection and qual-
ity assessment, it is essential to develop methods of investigation that allow distin-
guishing wines arising from barrel aging from those that used alternative woods. 
To our knowledge, the main techniques that have been used so far for this purpose 
are: (i) methods examining differences in phenolic composition (based on High 
Performance Liquid Chromatography (HPLC) or on classical phenolics determina-
tion) and color analyses; (ii) chromatographic techniques investigating.

Variances in xylovolatiles and other Volatile Organic Compounds (VOCs), 
mostly Gas chromatography (GC) and GC–Mass Spectrometry-based (GC-MS); 
(iii) infrared spectroscopy (IR) for discriminating wines through an overall che-
mometric approach, mainly through NIR (near infrared) and MIR (Mid infrared) 
spectroscopy; and (iv) Nuclear Magnetic Resonance (NMR)-based methods. Most 
of the following research work is based on studies carried out by coupling 2 or more 
of the abovementioned techniques, and treating the composite data sets through 
multivariate statistical analyses [5].

5.2.1 Discrimination methods based on phenolics and color profiles

A primary work in 2004 analyzed changes in phenolic compounds, phenolic 
acids, aldehydes, and the color of wine aged for 5 months in order to determine the 
influence of the type of aging and oak wood origin used for storage. A discriminant 
analysis was performed with the aging system as the discriminant factor, using over 
66 samples. Wines aged in wood barrels differed considerably in their character-
istics with respect to wines aged with wood chips. Based on the obtained model, 
94 and 83% of the samples aged in barrel and chips, respectively, were correctly 
assigned [88]. A further, comprehensive study was carried out to discriminate wine 
aged in wood barrels from those aged with alternative products, both during the 
wood contact period and bottling stage [89]. During the first 6 months of aging, 
wines treated with wood staves obtained characteristics that were halfway between 
wines with chips and those aged in wood barrels [89]. However, as the wood contact 
period increased so did the differences between wines stored in traditional and 
alternative systems (staves or chips): after a 2-year bottling period, the wines from 
the three systems became unique enough to tell them apart. Discriminant analysis 
revealed the most meaningful variables: the yellow color component, anthocyanins 
(cyanidin-3-glucoside, vitisin A and sum of p-coumaryl derivates), vanillic acid, 
protocatechuic aldehyde, and epicatechin.

The factorial analysis performed during the investigation of both phenolic 
and sensory profile of red wines aged in wood barrels (French and American) 
and wines aged with oak wood chips, [81] highlighted several differences; wines 
aged with wood chips showed characteristics closer to the wines aged in wood 
barrels for 3 months. Moreover, total and polymeric anthocyanins, together with 
acetylated and glucoside anthocyanins and pigments from the direct condensation 
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of anthocyanin flavonol, seem to be the main variables able to differentiate wines 
[81]. Authors also pointed out the strong effect of grape variety on the discriminant 
variables associated with “alternative” or “traditional” wines.

A recent study [91], aimed to characterize the flavonoid and non-flavonoid phe-
nolic composition of wines in contact with wood barrels, chips and staves during 
a 12-month aging period has hypothesized that the effect of wood on the phenolic 
composition was mostly associated with the original and intrinsic characteristics of 
each grape variety. Therefore, this work concluded that the extraction of phenolic 
compounds from oak wood during wine aging is closely related to the wood format, 
to grape variety and aging time. Consistent with papers previously presented, the 
study confirmed that the final effect of wood on wine is not related only to the 
transference of polyphenols from wood, but also to structural modifications of 
grape polyphenols.

5.2.2 Discrimination methods based on volatile compounds

As a matter of fact, GC-MS is successfully used for the characterization and 
quantitative determination of volatile and semi-volatile compounds directly issued 
from oak wood [92, 93].

Among the many research studies using GC-MS in order to distinguish wines 
aged with alternative products or barrels, the work presented by Triacca et al. [94] 
stands out for the number of samples analyzed. A database made up of 352 new bar-
rel wines, 665 used barrel wines and 600 chip wines, was created in order to verify 
compliance with laws and regulations prohibiting the use of chips in Switzerland. 
Wood-related volatiles (xylovolatiles) were elaborated using chemometrics tech-
niques (logistic regression analysis). The authors were able to assign new unknown 
samples, with good certainty, to the chips or barrel group [94].

A research study carried out in 2008 [95] reported the influence on aroma 
compounds of adding oak wood chips either in stainless steel tanks or in used 
barrels, comparing these wines with those aged in new barrels. Both the size of the 
oak chips and the contact time were considered. To separate the samples according 
to wood format, three discriminant functions were obtained (81.5% correct clas-
sification). Wines in new wood barrels were separated from wines with wood chips, 
and lactones and 5-methylfurfural were the variables with the highest discriminant 
power. In a recent comprehensive study [90], 75 volatile compounds were deter-
mined by applying GC-MS and flame ionization detection (GC-FID) to a wide 
set of wines with differing aging processes. The authors found that compounds 
directly related to wood have greater discriminative power for separating wines 
aged in barrels from those macerated with oak fragments, but no single compound 
permits flawless classification. Therefore, they studied the overall effect of the 
addition of oak fragments on a set of 231 samples and compared them to those 
same wines aged in oak barrels. Thus, they developed a set of criteria that enables 
distinguishing, with a high degree of accuracy. The application of these criteria 
allowed the correct classification in over 90% of cases. It was found that out of the 
75 analyzed compounds, those which best enable discrimination are the following: 
oak lactone isomers, vanillin, acetovanillone, syringaldehyde, furfural, furfuryl 
alcohol, 5-methylfurfural, 5-hydroxymethylfurfural, eugenol, methyl vanillate, 
and ethyl vanillate. Vanillin, acetovanillone, and syringaldehyde are the compounds 
that were present in higher concentrations in wines fermented or macerated with 
wood fragments than in wines aged in barrels. Eugenol (significantly higher) and 
oak lactone isomers are the compounds that explain the variance in wines aged in 
barrels. The authors also point out that the extraction of wood-derived compounds 
is affected by many factors such as the age of the barrel, the application during 



Chemistry and Biochemistry of Winemaking, Wine Stabilization and Aging

14

fermentation or maceration and the dose. Nevertheless, the vanillin + acetovanil-
lone/eugenol ratio was an essential marker for discrimination.

A more recent study [96] focused on the characterization of xylovolatile 
aromatic compounds using GC-MS of wines aged in barrels and those produced 
using oak chips. Approximately 200 Italian wines aged using oak chips or wood 
barrels were analyzed and 60 xylovolatile compounds were identified. Wines aged 
in barrels had a higher concentration of ethylvanillate, 4-ethylphenols, eugenol 
and whiskey-lactones than wines aged with chips, which were characterized by a 
generally higher concentration of furanic compounds and hydroxybenzaldehyde 
derivatives. The presence of 4-ethylphenols at higher concentrations in barrel-aged 
wines indicated that there is still, in general, a higher risk of contamination from 
Brettanomyces bruxellensis compared with chip refinement. Overall, promising 
perspectives arose from applying DA (discriminant analysis) to classify wines 
depending on the aging method (barrels vs. chips) with >96.5% success.

On the other hand, other work has demonstrated that discrimination based 
on VOCs is not always easy and generalized patterns are hard to establish [97]. 
The analytical profile of the wood-related volatiles would be expected to exhibit 
large variations, precluding the detection of a generalized pattern in several cases. 
Moreover, the aging of red and white wines would certainly follow quite different 
evolution routes, in terms of the enrichment in wood-related volatiles.

An innovative approach recently proposed in some papers [32, 45] couples VOC 
analyses with other analytic techniques to overcome the problems described above. 
Indeed, most previous studies investigating the influence of the type and length of 
the aging process have dealt with a particular subgroup of compounds (volatile or 
phenolic), which has recently been considered to be a limiting condition to obtain 
a more comprehensive view of the subject [45]. Therefore, a study carried out in 
2008 on Spanish wines [45] followed the evolution of both aromatic and phenolic 
composition of wine during the contact time with oak wood: chips and staves, with 
and without micro-oxygenation. These aging procedures were compared with the 
traditional oak barrel aging method. Two canonical discriminant analyses were 
carried out to classify the different treatments based on the volatile compounds 
from oak wood and low-molecular weight phenols. A good separation was achieved 
between the three treatments (chips, staves and barrels) for both groups of com-
pounds. In the case of VOCs, 100% of cases were correctly classified. Wines aged in 
barrels were correlated with a high concentration of 5-hydroxymethylfurfural and 
5-methylfurfural; wines in contact with staves were correlated with a high content 
of vanillin and trans-isoeugenol. As for low-molecular weight polyphenols, 100% 
of the cases were also correctly classified. The variables with the highest discrimi-
nant power were syringic acid and quercetin (related to staves) and caftaric acid 
(associated with barrels). On the other hand, the discriminant function 2 correlates 
caftaric acid with the wines aged in barrels and with fragments and gallic acid with 
the wines treated with chips.

The main aim of another research was to evaluate the same wine after 10 years 
in bottles when aged in barrels and when treated with alternative products and oxy-
gen, by means of volatile compound quantitation and color analyses [32]. Overall, 
the traditionally aged wines suffered a smaller decrease in color intensity, hue, 
significance of reds and blues, followed by wines treated with staves + MOX and 
chips + MOX. Furthermore, the highest concentration of cis-oak lactone was found 
in wines aged in barrels. While, generally, oak-related compounds were found at 
lower concentrations in barrel-wines than in alternative-products wines, except for 
eugenol.

It is worth noting that the GC-MS technique and VOCs analyses have been used 
in several studies on wood alternatives, although without direct comparison with 
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barrel aging, investigating various technological implications: the impact of time 
of the addition of chips during winemaking [98, 99]; the effect of wood toasting 
degree and contact time with oak fragments [31, 44]; and the geographical origin of 
oak wood from which alternative products are issued [77, 100].

5.2.3 Discrimination based on spectroscopy methods

In the last decade, vibrational spectroscopy, namely infrared-based techniques 
(IR), supported by chemometric methods, was found to be a powerful technique 
because of its widespread use in analytical laboratories, its versatility and low 
economic impact. Moreover, IR technology requires minimal sample processing 
prior to analysis [5].

Certainly, IR spectroscopy coupled with multivariate data analysis has been 
used for the determination of oak volatile compounds [101–103] and for classifying 
barrels [104]. Subsequently, in recent years, this method has been proposed for 
discriminating wines aged in different types of wood containers and for different 
time periods [96, 105, 106], taking advantage on PLS-based calibration between 
GC-MS and near infrared spectroscopy (NIR).

The first publication appeared in 2012 [107], which investigated two different 
levels of information on fusion of NIR spectra and midinfrared (MIR) spectra from 
red wines aged in different ways. A total of 96 red wines, including wines aged in 
oak barrels, wines aged in stainless steel tanks with oak chips and without, were 
analyzed. Discriminant models of the three different aged wines were established, 
and the FDA method was applied to build the classification models of three differ-
ent aged wines using the NIR, MIR and the merged spectra, reaching up to 98% 
correct classification with the latter. The results suggest that the spectral fusion of 
NIR and MIR is a promising technology for discriminating different aged wines.

A recent paper aimed to identify if spectroscopic techniques allow discriminating 
wines aged with alternative oak products (chips and staves) from different oak woods 
(American, French and Spanish) and floating micro-oxygenation (20 μg/L), com-
pared with those aged in barrels, after 10 years of bottling [108]. The spectral informa-
tion and analysis were performed in an FTIR-ATR (Fourier-transform IR-Attenuated 
Total Reflection). The results indicated that with this technique it is possible to clearly 
separate the wines aged by the three systems (chips, staves, and barrels) in the case of 
American oak. In the case of French oak, wines aged with chips were clearly differenti-
ated for wines from a single grape variety and with similar oenological features.

The most recent paper on this topic [96] analyzed approximately 90 red wines 
issued from the same wine appellation in Italy, including commercial barrel-aged 
wines and wines aged using different types of commercial oak chips. Wines were 
analyzed in transmittance using NIR. In order to test if combined explanatory vari-
ables made it possible to discriminate treatments, an orthogonal partial least squares 
discriminant analysis (OPLS-DA) was carried out. Several factors were considered, 
including the aging process, the type of oak used for aging (wood barriques, big bar-
rels or chips) and the wine typologies (differing for some oenological parameters). 
OPLS-DA application reached >96.5% success in classifying wines depending on the 
aging process (no wood, barrel/barrique and chips) in the internal validation check 
and > 90% in an external test. Certainly, further studies are needed to validate the 
potential of the technique in order to improve it for wine authentication, enlarging 
both the array of wine types (e.g., testing different appellations and grape variet-
ies), and the range of oak alternatives (staves, cubes, blocks, and other sizes of 
product) to be tested, possibly in the presence of micro-oxygenation.

It is worth noting that IR spectroscopy has been used in other studies on wine 
aging, although without direct comparison between wood alternatives and barrel 
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aging. For instance, FT-IR and UV-visible (UV-Vis) spectroscopic techniques 
combined with multivariate analysis were used to obtain regression models to study 
the aging level of high-quality Sherry wines [106]. Moreover, [105] wines aged in 
barrels made from different wood species and in stainless steel tanks, were analyzed. 
A complete differentiation of the samples was achieved according to grape variety, 
the container type and the aging time based on two spectral regions of their FT-IR 
spectra. The overall significance of these studies is still provisional because of the 
restricted data sets and the inhomogeneity of spectral ranges analyzed in the differ-
ent papers. However, the results show the potential of IR spectroscopy and chemo-
metric analysis for discriminating wines issued from different aging processes. In 
this regard, identifying discriminating algorithms and creating robust databases is a 
necessary condition to obtain a method that can be used routinely in a laboratory for 
quickly acquiring specific information about the type of wood used for wine aging.

Finally, nuclear magnetic resonance (NMR) is a powerful tool for analysis, 
quality control and authentication of wines. The main advantage of non-targeted 
wine analysis by 1H NMR spectroscopy is the ability to collect, relatively simply 
and fastly, a huge amount of compositional information relating to a single sample 
[109]. Unlike other analytical techniques, however, it requires complex instru-
mentation and specialized personnel to be realized, but thanks to its versatility 
and reproducibility, this analytical technique seems to be very promising for the 
purposes described in this chapter.

6. Conclusions

In modern winemaking, oak products alternative to barrels are useful and 
flexible tools for wineries, enabling them to meet the needs of an increasingly 
wide and varied market. The compounds from oak wood impart a typical aromatic 
profile to wine and contribute to the increased polyphenolic patrimony of the 
final wine. Recently, the use of wood fragments has expanded, and new formats 
of alternative products have been added to those already known, significantly 
improving wine quality and dramatically increasing the opportunities of choice. 
Major advantages associated with the use of these products concern the reduction 
of both costs and production times. Furthermore, it enables the possibility of 
obtaining standardized wines whose compositional and sensory characteristics are 
very close to those defined in the phase of product design; in addition, the reduc-
tion of microbiological risks associated with the use of barrels is not negligible. 
Among the factors that most influence the sensory quality of the final wine, the 
dose of oak chips, the level of toasting and the moment of application must be 
considered. The different geographical and botanical origin of the chips seems to 
secondarily affect the result.

From a sensory point of view, it is not easy to distinguish products obtained 
by aging with chips from those obtained traditionally. Considering the consumer 
preference between oak chips and barrel wines, the variability among tasters is very 
high depending on the age and experience (e.g., young tasters and experienced 
tasters) and winemakers could take in consideration the specific preferences of dif-
ferent consumer groups. The distinction of the two different products is therefore 
mainly possible through laboratory investigation techniques: analytical methods 
allow expanding the compositional differences between the two products both for 
commercial purposes, but also for the control of fraudulent activities if necessary. 
Among the analytical techniques used, the spectroscopic ones are certainly those 
that, combined with multivariate statistics techniques, allow to obtain the best 
results in this field.
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The possibility of refining wines with chips, staves or other alternative products, 
does not therefore oppose the use of barrels, but represents an additional option 
and a further opportunity for winemakers to obtain high-quality products. The two 
types of wines can today coexist in the wine global market, appreciated by different 
segments of consumers.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



18

Chemistry and Biochemistry of Winemaking, Wine Stabilization and Aging

[1] Chatonnet P. Situation et évolution 
de l’utilisation des alternatives dans 
le monde. Revue des Oenologues. 
2008;2:45-48

[2] Singleton VL, Draper DE. Wood 
chips and wine treatment; the nature 
of aqueous alcohol extracts. American 
Journal of Enology and Viticulture. 
1961;12:152

[3] Commission Delegated Regulation 
(EU) 2019/934 of 12 March 2019 
supplementing Regulation (EU) No 
1308/2013 of the European Parliament 
and of the Council as regards wine-
growing areas where the alcoholic 
strength may be increased, authorised 
oenological practices and restrictions 
applicable to the production and 
conservation of grapevine products, 
the minimum percentage of alcohol 
for by-products and their disposal, and 
publication of OIV files. Vol. 149; 2019

[4] Ebeler SE, Takeoka GR, Winterhalter P. 
Progress in Authentication of Food 
and Wine. Washington, DC: ACS 
Publications; 2011

[5] Versari A, Laurie VF, Ricci A, 
Laghi L, Parpinello GP. Progress 
in authentication, typification and 
traceability of grapes and wines 
by chemometric approaches. Food 
Research International. 2014;60:2-18. 
DOI: 10.1016/j.foodres.2014.02.007

[6] Chatonnet P, Dubourdieu D. 
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. 1998;49:79-85

[7] Fernández de Simón B, Muiño I, 
Cadahía E. Characterization of volatile 
constituents in commercial oak wood 
chips. Journal of Agricultural and Food 
Chemistry. 2010;58:9587-9596. DOI: 
10.1021/jf101301a

[8] Campbell JI, Pollnitz AP, Sefton MA, 
Herderich MJ, Pretorius IS. Factors 
affecting the influence of oak chips 
on wine flavour. Australian and New 
Zealand Wine Industry Journal. 
2006;21:38-42

[9] Gordillo B, Baca-Bocanegra B, 
Rodriguez-Pulído FJ, González-
Miret ML, García Estévez I, Quijada-
Morín N, et al. Optimisation of an 
oak chips-grape mix maceration 
process. Influence of chip dose and 
maceration time. Food Chemistry. 
2016;206:249-259. DOI: 10.1016/j.
foodchem.2016.03.041

[10] Fernández de Simón B, Cadahía E, 
del Álamo M, Nevares I. Effect of size, 
seasoning and toasting in the volatile 
compounds in toasted oak wood and in 
a red wine treated with them. Analytica 
Chimica Acta. 2010;660:211-220. DOI: 
10.1016/j.aca.2009.09.031

[11] Auer J, Rawyler A, Dumont-
Beboux N. Impact of Oak Staves 
Seasoning Time on Barrels and Wines 
Quality. Switz: Rev Suisse Vitic Arboric 
Hortic; 2008

[12] Chatonnet P. Origin and processing 
of oak used in cooperage. Influence 
of the origin and the seasoning on the 
composition and on the quality of the 
oak. “Le bois et la qualité des vins et des 
eaux-de-vie”, Special issue of Journal 
International des Sciences de la Vigne et 
du Vin. 1992:39-49

[13] Sefton MA, Francis IL,  
Pocock KF, Williams PJ. The 
influence of natural seasoning on the 
concentrations of eugenol, vanillin, and 
cis- and trans-β-methyl-γ-octalactone 
extracted from French and American 
Oakwood. Sciences des aliments. 
1993;13:629-643

[14] Vivas N, Amrani-Joutei K, Glories Y, 
Doneche B, Brechenmacher C. 

References



19

Chemistry and Technology of Wine Aging with Oak Chips
DOI: http://dx.doi.org/10.5772/intechopen.93529

Développement de microorganismes 
dans le bois de cøeur de chêne (Quercus 
petraea Liebl) au cours du séchage 
naturel à l’air libre. Annales des Sciences 
Forestières. 1997;54:563-571

[15] Vivas N, Glories Y. Étude et 
optimisation des phénomènes impliqués 
dans le séchage naturel du bois de 
chêne. Revue Francaise d’Oenologie. 
1996;158:28-35

[16] Spillman PJ, Sefton MA, Gawel R. 
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. 
2004;10:216-226

[17] Martínez J, Cadahía E, Fernández 
de Simón B, Ojeda S, Rubio P. Effect of 
the seasoning method on the chemical 
composition of oak heartwood to 
cooperage. Journal of Agricultural and 
Food Chemistry. 2008;56:3089-3096

[18] Masson E, Puech J-L. Incidence de 
différents modes de séchage en étuve sur 
les teneurs en ellagitanins et en composés 
volatils de merrains de chêne sessile 
(Quercus petraea (Matt.) Liebl.). Journal 
of Science & Technology. 2000;6:39-78

[19] Jackson RS. Wine Science: Principles 
and Applications. California, USA: 
Academic Press; 2008

[20] Moutounet M, Feuillat F, Puech JL. 
Caractéristiques du bois de chêne en 
relation avec la qualité des vins. Quad 
Vitic Enol Univ Torino. 2003;26:101-120

[21] Moutounet M, Puech J-L, Keller R, 
Feuillat F. Les caractéristiques du 
bois de chêne en relation avec son 
utilisation en œenologie: Le phénomène 
de duramisation et ses conséquences: 
De l’utilisation du bois sous toutes ses 
formes. Revue Francaise d’Oenologie. 
1999;174:12-17

[22] Le Floch A, Jourdes M,  
Teissedre P-L. Polysaccharides and 

lignin from oak wood used in cooperage: 
Composition, interest, assays: A review. 
Carbohydrate Research. 2015;417:94-
102. DOI: 10.1016/j.carres.2015.07.003

[23] Hamada J, Pétrissans A, Mothe F, 
Ruelle J, Pétrissans M, Gérardin P. 
Intraspecific variation of European 
oak wood thermal stability according 
to radial position. Wood Science and 
Technology. 2017;51:785-794. DOI: 
10.1007/s00226-017-0910-0

[24] Suomalainen H, Nykänen L. 
Investigations on the aroma of alcoholic 
beverages. Naeringsmiddelindustrien. 
1970;23:15-30

[25] Masuda M, Nishimura K. Branched 
nonalactones from some Quercus species. 
Phytochemistry. 1971;10:1401-1402. DOI: 
10.1016/S0031-9422(00)84355-1

[26] Wilkinson KL, Prida A, Hayasaka Y. 
Role of glycoconjugates of 3-methyl-4-
hydroxyoctanoic acid in the evolution 
of oak lactone in wine during oak 
maturation. Journal of Agricultural and 
Food Chemistry. 2013;61:4411-4416. 
DOI: 10.1021/jf400175h

[27] Masson E, Baumes R, Le 
Guernevé C, Puech J-L. Identification of 
a precursor of β-methyl-γ-octalactone in 
the wood of sessile oak (Quercus petraea 
(Matt.) Liebl.). Journal of Agricultural 
and Food Chemistry. 2000;48:4306-
4309. DOI: 10.1021/jf0002950

[28] Guichard E, Fournier N, Masson G, 
Puech J-L. Stereoisomers of ß-methyl-
γ-Octalactone. I. Quantification in 
brandies as a function of wood origin 
and treatment of the barrels. American 
Journal of Enology and Viticulture. 
1995;46:419-423

[29] Abbott N, Puech J-L, Bayonove C, 
Baumes R. 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. 1995;46:292-294



Chemistry and Biochemistry of Winemaking, Wine Stabilization and Aging

20

[30] Masson G, Guichard E, Fournier N, 
Puech J-L. Stereoisomers of ß-methyl-
γ-octalactone. II. Contents in the wood 
of French (Quercus robur and Quercus 
petraea) and American (Quercus alba) 
oaks. American Journal of Enology and 
Viticulture. 1995;46:424-428

[31] Dumitriu G-D, Teodosiu C, 
Gabur I, Cotea VV, Peinado RA, López 
de Lerma N. Evaluation of aroma 
compounds in the process of wine 
ageing with oak chips. Food. 2019;8:662. 
DOI: 10.3390/foods8120662

[32] Del Alamo-Sanza M, Nevares I, 
Martínez-Gil A, Rubio-Bretón P, Garde-
Cerdán T. Impact of long bottle aging 
(10 years) on volatile composition of 
red wines micro-oxygenated with oak 
alternatives. LWT. 2019;101:395-403. 
DOI: 10.1016/j.lwt.2018.11.049

[33] Rodríguez-Bencomo JJ, Ortega-
Heras M, Pérez-Magariño S, González-
Huerta C. Volatile compounds of 
red wines macerated with Spanish, 
American, and French oak chips. 
Journal of Agricultural and Food 
Chemistry. 2009;57:6383-6391. DOI: 
10.1021/jf900739k

[34] Castino M. Ruolo delle cessioni del 
legno nel vino. Quad Della Scuola Spec 
Vitic Ed Enol. 2002;26:83-100

[35] Sefton MA, Francis IL, Williams PJ. 
Volatile norisoprenoid compounds 
as constituents of oak woods used in 
wine and spirit maturation. Journal 
of Agricultural and Food Chemistry. 
1990;38:2045-2049. DOI: 10.1021/
jf00101a009

[36] Gašparovič L, Koreňová Z, 
Jelemenský Ľ. Kinetic study of wood 
chips decomposition by TGA. Chemical 
Papers. 2010;64:174-181. DOI: 10.2478/
s11696-009-0109-4

[37] del Alamo M, Bernal JL, del 
Nozal MJ, Gómez-Cordovés C. Red 
wine aging in oak barrels: Evolution 

of the monosaccharides content. Food 
Chemistry. 2000;71:189-193. DOI: 
10.1016/S0308-8146(00)00145-X

[38] Galafassi S, Merico A, Pizza F, 
Hellborg L, Molinari F, Piškur J, et al. 
Dekkera/Brettanomyces yeasts for 
ethanol production from renewable 
sources under oxygen-limited and 
low-pH conditions. Journal of Industrial 
Microbiology & Biotechnology. 
2011;38:1079-1088. DOI: 10.1007/
s10295-010-0885-4

[39] Prida A, Chatonnet P. Impact 
of oak-derived compounds on the 
olfactory perception of barrel-aged 
wines. American Journal of Enology and 
Viticulture. 2010;61:408-413

[40] Cutzach I, Chatonnet P, Henry R, 
Dubourdieu D. Identification of volatile 
compounds with a “toasty” aroma 
in heated oak used in Barrelmaking. 
Journal of Agricultural and Food 
Chemistry. 1997;45:2217-2224. DOI: 
10.1021/jf960947d

[41] Brebu M, Vasile C. Thermal 
degradation of lignin–a review. 
Cellulose Chemistry & Technology. 
2009;44:353-363

[42] Chatonnet P. Les composés 
aromatiques du bois de chêne cédés 
aux vins, influence des opérations de 
chauffe en tonnellerie. Conn. Vigne Vin. 
1989:81-91. (Special issue)

[43] Garde-Cerdán T, Ancín-
Azpilicueta C. Review of quality factors 
on wine ageing in oak barrels. Trends 
in Food Science and Technology. 
2006;17:438-447. DOI: 10.1016/j.
tifs.2006.01.008

[44] Dumitriu G-D, Peinado RA, 
Cotea VV, de Lerma NL. Volatilome 
fingerprint of red wines aged with chips 
or staves: Influence of the aging time 
and toasting degree. Food Chemistry. 
2020;310:125801



21

Chemistry and Technology of Wine Aging with Oak Chips
DOI: http://dx.doi.org/10.5772/intechopen.93529

[45] Rubio-Bretón P, Garde-Cerdán T, 
Martínez J. Use of oak fragments 
during the aging of red wines. Effect 
on the phenolic, aromatic, and sensory 
composition of wines as a function 
of the contact time with the wood. 
Beverages. 2018;4:102

[46] Towey JP, Waterhouse AL. The 
extraction of volatile compounds from 
French and American oak barrels in 
chardonnay during three successive 
vintages. American Journal of Enology 
and Viticulture. 1996;47:163-172

[47] Cerdán TG, Ancín-Azpilicueta C. 
Effect of oak barrel type on the volatile 
composition of wine: Storage time 
optimization. LWT- Food Science and 
Technology. 2006;39:199-205. DOI: 
10.1016/j.lwt.2005.01.009

[48] Nonier Bourden MF, Vivas N, 
Absalon C, Vitry C, Fouquet E, Vivas 
de Gaulejac N. Structural diversity of 
nucleophilic adducts from flavanols and 
oak wood aldehydes. Food Chemistry. 
2008;107:1494-1505. DOI: 10.1016/j.
foodchem.2007.10.012

[49] Blanchard L, Tominaga T, 
Dubourdieu D. Formation of 
Furfurylthiol exhibiting a strong coffee 
aroma during oak barrel fermentation 
from furfural released by toasted 
staves. Journal of Agricultural and Food 
Chemistry. 2001;49:4833-4835. DOI: 
10.1021/jf010539w

[50] Tominaga T, Blanchard L, Darriet P, 
Dubourdieu D. A powerful aromatic 
volatile Thiol, 2-Furanmethanethiol, 
exhibiting roast coffee aroma in wines 
made from several Vitis vinifera grape 
varieties. Journal of Agricultural and 
Food Chemistry. 2000;48:1799-1802. 
DOI: 10.1021/jf990660r

[51] Roland A, Schneider R, 
Razungles A, Cavelier F. Varietal 
Thiols in wine: Discovery, analysis 
and applications. Chemical Reviews. 
2011;111:7355-7376. DOI: 10.1021/
cr100205b

[52] Floch M, Shinkaruk S, Darriet P, 
Pons A. Identification and organoleptic 
contribution of vanillylthiol in wines. 
Journal of Agricultural and Food 
Chemistry. 2016;64:1318-1325

[53] Martínez-Gil A, del Alamo-
Sanza M, Sánchez-Gómez R, Nevares I. 
Alternative woods in enology: 
Characterization of tannin and low 
molecular weight phenol compounds 
with respect to traditional oak woods. A 
review. Molecules. 2020;25:1474. DOI: 
10.3390/molecules25061474

[54] Vivas N, Glories Y. Role of oak wood 
Ellagitannins in the oxidation process 
of red wines during aging. American 
Journal of Enology and Viticulture. 
1996;47:103-107

[55] Puech JL, Feuillat F, Mosedale JR, 
Puech C. Extraction of ellagitannins 
from oak wood of model casks. Vitis. 
1996;35:211-214

[56] Navarro M, Kontoudakis N, 
Giordanengo T, Gómez-Alonso S, 
García-Romero E, Fort F, et al. Oxygen 
consumption by oak chips in a model 
wine solution; influence of the botanical 
origin, toast level and ellagitannin 
content. Food Chemistry. 2016;199:822-
827. DOI: 10.1016/j.foodchem.2015.12.081

[57] Oberholster A, Elmendorf BL, 
Lerno LA, King ES, Heymann H, 
Brenneman CE, et al. Barrel maturation, 
oak alternatives and micro-oxygenation: 
Influence on red wine aging and quality. 
Food Chemistry. 2015;173:1250-1258

[58] Paul R. Micro-oxygenation-where 
now. In: Proceeding Australian Society 
of Viticolture and Oenology. Seminar on 
Use of gases in winemaking. Allen M, 
et al. editor. Adelaide: ASVO; October 
2002:18-30

[59] OIV. International Code of 
Oenological Practices. Paris: 
International Organization of Vine and 
Wine; 2012, 1990



Chemistry and Biochemistry of Winemaking, Wine Stabilization and Aging

22

[60] Blaauw DA. Micro-Oxygenation in 
Contemporary Winemaking [Thesis]. 
Stellenbosch, South Africa: Cape Wine 
Academy; 2009

[61] Lemaire T, Gilis JF, Fort JP, 
Ducournau P. Micro-oxygenation in 
extended maceration and early stages 
of red wine maturationimmediate 
effects and long term consequences. In: 
Proc. Elev. Aust. Wine Ind. Tech. Conf. 
Adelaide, Australia: Australian Wine 
Industry Technical Conference; 2002. 
pp. 33-43

[62] Es-Safi N-E, Fulcrand H, 
Cheynier V, Moutounet M. Studies on 
the acetaldehyde-induced condensation 
of (−)-epicatechin and malvidin 
3-O-glucoside in a model solution 
system. Journal of Agricultural and 
Food Chemistry. 1999;47:2096-2102

[63] Vivas N, Bourgeois G, Vitry C, 
Glories Y, de Freitas V. Determination 
of the composition of commercial 
tannin extracts by liquid secondary ion 
mass spectrometry (LSIMS). Journal 
of the Science of Food and Agriculture. 
1996;72:309-317

[64] Oliveira J, de Freitas V, Mateus N. 
Chapter 14 - polymeric pigments in red 
wines. In: Morata A, editor. Red Wine 
Technol. California, USA: Academic 
Press; 2019. pp. 207-218. DOI: 10.1016/
B978-0-12-814399-5.00014-1

[65] del Carmen LM, Canals R, 
González-Manzano S, Canals JM, 
Santos-Buelga C, Zamora F. Influence 
of micro-oxygenation treatment before 
oak aging on phenolic compounds 
composition, astringency, and color of 
red wine. Journal of Agricultural and 
Food Chemistry. 2006;54:4246-4252

[66] Sartini E, Arfelli G, Fabiani A, 
Piva A. Influence of chips, lees and 
micro-oxygenation during aging on 
the phenolic composition of a red 
Sangiovese wine. Food Chemistry. 
2007;104:1599-1604

[67] Del Álamo M, Nevares I, Gallego L, 
de Simón BF, Cadahía E. Micro-
oxygenation strategy depends on origin 
and size of oak chips or staves during 
accelerated red wine aging. Analytica 
Chimica Acta. 2010;660:92-101

[68] Pérez-Magariño S, Ortega-Heras M, 
Cano-Mozo E, Gonzalez-Sanjose ML. 
The influence of oak wood chips, micro-
oxygenation treatment, and grape 
variety on colour, and anthocyanin and 
phenolic composition of red wines. 
Journal of Food Composition and 
Analysis. 2009;22:204-211

[69] Di Stefano R. Composti volatili 
di vini rossi invecchiati in legno. Vini 
Ltalia L; 1988;30:9-18

[70] Masson G, Baumes R, Puech 
J-L, Razungles A. Demonstration of 
the presence of carotenoids in wood: 
Quantitative study of cooperage oak. 
Journal of Agricultural and Food 
Chemistry. 1997;45:1649-1652

[71] Nonier M-F, De Gaulejac NV, 
Vivas N, Vitry C. Characterization 
of carotenoids and their degradation 
products in oak wood. Incidence on 
the flavour of wood. Comptes Rendus 
Chimie. 2004;7:689-698

[72] Maga JA, Chen Z. Pyrazine 
composition of wood smoke as 
influenced by wood source and smoke 
generation variables. Flavour and 
Fragrance Journal. 1985;1:37-42

[73] Shinkaruk S, Floch M, Prida A, 
Darriet P, Pons A. Identification of 
Dialkylpyrazines off-flavors in oak 
wood. Journal of Agricultural and Food 
Chemistry. 2019;67:10137-10144. DOI: 
10.1021/acs.jafc.9b03185

[74] Chatonnet P, Fleury A, Boutou S. 
Origin and incidence of 2-methoxy-3, 
5-dimethylpyrazine, a compound with 
a “fungal” and “corky” aroma found in 
cork stoppers and oak chips in contact 
with wines. Journal of Agricultural and 
Food Chemistry. 2010;58:12481-12490



23

Chemistry and Technology of Wine Aging with Oak Chips
DOI: http://dx.doi.org/10.5772/intechopen.93529

[75] Baiano A, De Gianni A, Mentana A, 
Quinto M. Effects of the treatment with 
oak chips on color-related phenolics, 
volatile composition, and sensory 
profile of red wines: The case of 
Aglianico and Montepulciano. European 
Food Research and Technology 
2016;242:745-767

[76] García-Carpintero EG, Gallego MAG, 
Sánchez-Palomo E, Viñas MAG. 
Sensory descriptive analysis of Bobal 
red wines treated with oak chips 
at different stages of winemaking. 
Australian Journal of Grape and 
Wine Research. 2011;17:368-377. DOI: 
10.1111/j.1755-0238.2011.00161.x

[77] Guchu E, Díaz-Maroto MC, 
Pérez-Coello MS, González-Viñas MA, 
Ibáñez MDC. Volatile composition and 
sensory characteristics of chardonnay 
wines treated with American and 
Hungarian oak chips. Food Chemistry. 
2006;99:350-359. DOI: 10.1016/j.
foodchem.2005.07.050

[78] Návojská J, Brandes W, Nauer S, 
Eder R, Frančáková H. Influence 
of different oak chips on aroma 
compounds in wine. Journal of 
Microbiology, Biotechnology and Food 
Sciences. 2020;9:957-971

[79] Gutiérrez Afonso VL. Sensory 
descriptive analysis between white 
wines fermented with oak chips and 
in barrels. Journal of Food Science. 
2002;67:2415-2419

[80] Gómez-Plaza E, Bautista-Ortín AB. 
Chapter 10 - emerging technologies for 
aging wines: Use of chips and micro-
oxygenation. In: Morata A, editor. Red 
Wine Technol. UK, USA: Academic 
Press; 2019. pp. 149-162. DOI: 10.1016/
B978-0-12-814399-5.00010-4

[81] Ortega-Heras M, Pérez-Magariño S, 
Cano-Mozo E, González-San José ML. 
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. 2010;43:1533-1541. DOI: 
10.1016/j.lwt.2010.05.026

[82] Cano-Lopez M, Bautista-Ortin AB, 
Pardo-Minguez F, Lopez-Roca JM, 
Gomez-Plaza E. 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. 2008;31:645-660. DOI: 
10.1111/j.1745-4557.2008.00226.x

[83] Pérez-Magariño S, Ortega-
Heras M, González-Sanjosé ML. Wine 
consumption habits and consumer 
preferences between wines aged in 
barrels or with chips. Journal of the 
Science of Food and Agriculture. 
2011;91:943-949. DOI: 10.1002/jsfa.4269

[84] Crump A, Johnson T, Bastian S, 
Bruwer J, Wilkinson K. Consumers’ 
knowledge of and attitudes toward the 
role of oak in winemaking. International 
Journal of Wine Research. 2014;6:21-30. 
Available from: https://doi.org/10.2147/
IJWR.S70458

[85] Espitia-López J, Escalona-
Buendía HB, Luna H, Verde-Calvo JR. 
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. 2015;13:26-31. 
DOI: 10.1080/19476337.2014.907826

[86] Alencar NMM, Ribeiro TG, 
Barone B, Barros APA, Marques ATB, 
Behrens JH. Sensory profile and 
check-all-that-apply (cata) as tools 
for evaluating and characterizing 
syrah wines aged with oak chips. Food 
Research International. 2019;124:156-164

[87] Arapitsas P, Antonopoulos A, 
Stefanou E, Dourtoglou VG. Artificial 
aging of wines using oak chips. Food 
Chemistry. 2004;86:563-570. DOI: 
10.1016/j.foodchem.2003.10.003



Chemistry and Biochemistry of Winemaking, Wine Stabilization and Aging

24

[88] Del Alamo SM, Escudero JAF, De 
Castro Torío R. Changes in phenolic 
compounds and colour parameters of 
red wine aged with oak chips and in oak 
barrels. Food Science and Technology 
International. 2004;10:233-241. DOI: 
10.1177/1082013204046095

[89] Del Álamo M, Nevares I, Gallego L, 
Martin C, Merino S. Aging markers 
from bottled red wine aged with chips, 
staves and barrels. Analytica Chimica 
Acta. 2008;621:86-99. DOI: 10.1016/j.
aca.2008.05.014

[90] Hernández-Orte P, Franco E, 
Huerta CG, García JM, Cabellos M, 
Suberviola J, et al. Criteria to discriminate 
between wines aged in oak barrels and 
macerated with oak fragments. Food 
Research International. 2014;57:234-241. 
DOI: 10.1016/j.foodres.2014.01.044

[91] Laqui-Estaña J, López-Solís R, 
Peña-Neira Á, Medel-Marabolí M, 
Obreque-Slier E. Wines in contact with 
oak wood: The impact of the variety 
(Carménère and cabernet sauvignon), 
format (barrels, chips and staves), and 
aging time on the phenolic composition. 
Journal of the Science of Food and 
Agriculture. 2019;99:436-448. DOI: 
10.1002/jsfa.9205

[92] Vichi S, Santini C, Natali N, 
Riponi C, López-Tamames E, 
Buxaderas S. Volatile and semi-volatile 
components of oak wood chips analysed 
by accelerated solvent extraction 
(ASE) coupled to gas chromatography–
mass spectrometry (GC–MS). Food 
Chemistry. 2007;102:1260-1269. DOI: 
10.1016/j.foodchem.2006.07.023

[93] De Rosso M, Cancian D, Panighel A, 
Dalla Vedova A, Flamini R. Chemical 
compounds released from five different 
woods used to make barrels for aging 
wines and spirits: Volatile compounds 
and polyphenols. Wood Science and 
Technology. 2009;43:375-385. DOI: 
10.1007/s00226-008-0211-8

[94] Triacca M, Boldi M-O, Rawyler A. 
Différenciation des vins de barrique et 
de copeaux. Revue Suisse de Viticulture, 
d’Arboriculture et d’Horticulture. 
2013;45:240-247

[95] Bautista-Ortín AB, Lencina AG, 
Cano-López M, Pardo-Mínguez F, 
López-Roca JM, Gómez-Plaza E. 
The use of oak chips during the 
ageing of a red wine in stainless 
steel tanks or used barrels: Effect 
of the contact time and size of the 
oak chips on aroma compounds. 
Australian Journal of Grape and 
Wine Research. 2008;14:63-70. DOI: 
10.1111/j.1755-0238.2008.00008.x

[96] Petrozziello M, Bonello F,  
Asproudi A, Nardi T, Tsolakis C,  
Bosso A, et al. Differences in 
xylovolatiles composition between 
chips or barrel aged wines. OENO One. 
2020;54(3):513-522. DOI: 10.20870/
oeno-one.2020.54.3.2923

[97] Loupassaki S, Abouzer M, 
Basalekou M, Fyssarakis I, Makris DP. 
Evolution pattern of wood-related 
volatiles during traditional and artificial 
ageing of commercial red and white 
wines: Association with sensory 
analysis. International Food Research 
Journal. 2016;23(4):1459-1465

[98] Gómez García-Carpintero E, 
Gómez Gallego MA, Sánchez-Palomo E, 
González Viñas MA. 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. 2012;134:851-863. DOI: 
10.1016/j.foodchem.2012.02.194

[99] Gómez García-Carpintero E, 
Sánchez-Palomo E, González 
Viñas MA. Volatile composition of 
Bobal red wines subjected to alcoholic/
malolactic fermentation with oak chips. 
LWT- Food Science and Technology. 
2014;55:586-594. DOI: 10.1016/j.
lwt.2013.10.024



25

Chemistry and Technology of Wine Aging with Oak Chips
DOI: http://dx.doi.org/10.5772/intechopen.93529

[100] de Simón BF, Cadahía E, Muiño I, 
Del Álamo M, Nevares I. Volatile 
composition of toasted oak chips and 
staves and of red wine aged with them. 
American Journal of Enology and 
Viticulture. 2010;61:157-165

[101] Garde-Cerdán T, Lorenzo C, 
Alonso GL, Salinas MR. Employment 
of near infrared spectroscopy to 
determine oak volatile compounds and 
ethylphenols in aged red wines. Food 
Chemistry. 2010;119:823-828

[102] Garde-Cerdán T, Lorenzo C, 
Zalacain A, Alonso GL, Salinas MR. 
Using near infrared spectroscopy 
to determine haloanisoles and 
halophenols in barrel aged red wines. 
LWT- Food Science and Technology. 
2012;46:401-405

[103] Zhang Y, Chen J, Lei Y, Zhou Q , 
Sun S, Noda I. Discrimination of 
different red wine by Fourier-transform 
infrared and two-dimensional infrared 
correlation spectroscopy. Journal of 
Molecular Structure. 2010;974:144-150. 
DOI: 10.1016/j.molstruc.2010.03.021

[104] Michel J, Jourdes M, Le Floch A, 
Giordanengo T, Mourey N, Teissedre 
P-L. Influence of wood barrels classified 
by NIRS on the Ellagitannin content/
composition and on the organoleptic 
properties of wine. Journal of 
Agricultural and Food Chemistry. 
2013;61:11109-11118. DOI: 10.1021/
jf403192y

[105] Basalekou M, Pappas C, Tarantilis P, 
Kotseridis Y, Kallithraka S. Wine 
authentication with Fourier transform 
infrared spectroscopy: A feasibility study 
on variety, type of barrel wood and 
ageing time classification. International 
Journal of Food Science and Technology. 
2017;52:1307-1313. DOI: 10.1111/
ijfs.13424

[106] Ferreiro-González M, Ruiz-
Rodríguez A, Barbero GF, Ayuso J, 
Álvarez JA, Palma M, et al. FT-IR, Vis 

spectroscopy, color and multivariate 
analysis for the control of ageing 
processes in distinctive Spanish wines. 
Food Chemistry. 2019;277:6-11. DOI: 
10.1016/j.foodchem.2018.10.087

[107] Tao S, Li J, Li J, Tang J, Mi J, 
Zhao L, et al. Discriminant analysis of 
red wines from different aging ways 
by information fusion of NIR and MIR 
spectra. In: Comput. Comput. Technol. 
Agric. V. Berlin Heidelberg: Springer; 
2012. pp. 478-483

[108] Sanchez-Gomez R, Anjos O, 
Nevares I, Delgado T, Del Alamo-
Sanza M. Discrimination of aging 
wines with alternative oak products and 
micro-oxygenation by FTIR-ATR. Vitis. 
2019;58:77-82

[109] Amargianitaki M, Spyros A. 
NMR-based metabolomics in wine 
quality control and authentication. 
Chemical and Biological Technologies 
in Agriculture. 2017;4:9. DOI: 10.1186/
s40538-017-0092-x


