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Phenolic acids (gallic, vanillic, syringic and ellagic acids), phenolic aldehydes (vanillin, syringaldehyde,
coniferaldehyde and sinapaldehyde) and furanic derivatives (furfural, 5-methylfurfural and
5-hydroxymethylfurfural) were quantified in commercial American and French oak chips. Chips with
different sizes and toast degrees were used. Compounds were extracted directly from the wood samples in
order to determine possible differences among woods as well as toast degree. Likewise, the compounds were
extracted from a synthetic wine solution to which the chip woods had been added. The results show that
French wood chips are generally richer than the American ones. The total amount of phenolic compounds
increases with toasting level, with the non-toasted chips being the poorest ones. The degree of extraction
from the synthetic wine solution seems to be related to the shape of the chips, rather than to the wood type

or toast degree.

INTRODUCTION

Red wines are usually aged in oak barrels following
traditional practices. The oak wood used in winemaking
is mainly from two sources: American oak (Q. alba) and
French oak (Q. robur or Q. petraea). Singleton (1995)
studied their chemical composition and demonstrated that
they are quantitatively different. Besides botanical species,
geographic origin also play an important role on the content
of the extractive compounds (Prida & Puech, 2006).

It is widely recognised that oak barrel ageing improves
wine quality. Generally, sensorial complexity increases
due to a transfer to the wine, from the wood, of significant
amounts of volatile and phenolic compounds. The benefits
of wood ageing are recognised, but it is also known to be
very expensive. As an alternative, the use of staves or
chips to provide oak characters to wines is becoming quite
successful. The volatile composition of wines aged in oak
barrels (Cerdan et al., 2002; Diaz-Plaza et al., 2002; Ancin et
al., 2004) or with oak chips (Arapitsas et al., 2004) has been
described. Furthermore, the oak wood used in winemaking
has been studied by means of gas chromatographic (GC)
methods coupled with mass detection (MS). Different
extraction methodologies, such as simultaneous distillation-
extraction (SDE), Soxhlet extraction (Pérez-Coello et al.,
1998), liquid-liquid extraction (Caldeira et al., 2004),
solid-phase micro-extraction (SPME) (Jordao ef al., 2006;
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Bozalongo et al., 2007) and accelerated solvent extraction
(ASE) (Vichi et al., 2007), have been tested to meet sample
preparation requirements. The phenolic compounds of red
wine aged in contact to oak chips have also been identified
(Del Alamo et al., 2004a, 2004b; Matejicek et al., 2005; Del
Alamo & Dominguez, 2006; Pérez-Magarifio et al., 2009).
To the best of our knowledge, the phenolic composition of
oak or oak chips has not yet been studied from an oenological
point of view, with the exception of several works describing
oak and chestnut wood used in brandy ageing (Canas ef al.,
1999, 2007).

The ageing of wines in the presence of oak wood extracts
a number of benzoic and cinnamic compounds, phenolic
aldehydes and furanic derivatives that have an impact on wine
characteristics, such as colour, astringency and bitterness,
either directly or indirectly. The presence of ellagitannins,
also arising from the wood, and the presence of oxygen are
two factors of major importance to the regulation of this
process. The oxidative process, which occurs naturally in the
wine barrel, is sometimes substituted by micro-oxygenation
in the presence of oak chips, with good results regarding
wine characteristics (Sartini ef al., 2007; Rudnitskaya et al.,
2009).

Furthermore, it is well known that some phenolic
compounds have benefits on health, namely the antioxidant
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properties due to flavonoids and cinnamic acids (McDonald
et al., 1998). The determination of the qualitative and
quantitative composition of phenolics from oak chips might
therefore contribute to enhancing the possible benefits of
wine for human health.

The aim of this work was to evaluate the differences
between low molecular phenolic compounds in several types
of oak chips and in a model solution.

MATERIALS AND METHODS

Samples

Oak chips

The oak chips used in this work were kindly supplied by
VDS Enologia and are listed in Table 1. Toasting was applied
after sizing or powdering of the oak chips.

Synthetic wine

A synthetic wine (13,8% ethanol, 3,2 g/L tartaric acid) was
bottled with 6 g/L of ten different oak chips (Table 1) and
kept in a dark room at 20°C for a month before analysis.
These assays were done in triplicate.

Reagents and standards

The water used was previously purified in a Mili-Q system
(Millipore, Bedford, MA, USA). HPLC-grade methanol,
ethyl acetate and diatomaceous earth (powder) were
purchased from Merck (Darmstadt, Germany). Phenolic
compounds, gallic acid, gentisic acid, protocatechuic acid,
protocatechuic aldehyde, (+)-catechin, syringic acid, vanillic
acid and ferulic acid were supplied by Extrasynthese (Genay,
France). The caffeic acid, p-coumaric acid, coniferaldehyde
and sinapaldehyde were from Sigma-Aldrich (St Louis, MO).
The furfural was from Merck (Darmstadt, Germany), while
5-methyl-furfural, 5-hydroxymethylfurfural, syringaldehyde
and ellagic acid dihydrate were purchased from Acrds
Organics (New Jersey, USA).

Sample preparation

Oak chips

Oak chips were ground in a coffee mill in order to avoid a
size effect. A total of 1.5 g of each sample was extracted with
10 mL of methanol for three hours. The extract was filtered
through a nylon filter (Whatman, Schleicher & Schuell,
England) before injection. Extraction was done in triplicate
and the results were expressed as the mean value.

Synthetic wine
Samples were prepared using a solid-supported liquid-liquid
extraction (SS-LLE) methodology, with diatomaceous earth

TABLE 1
Code for American and French oaks chips

as the solid support (Nave ef al., 2007). Manual cartridges
were made with 4 g of diatomaceous earth. Six mL of
synthetic wine were adsorbed and the phenolic compounds
were extracted under vacuum, using 10 mL of ethyl acetate.
The organic phase, dried over anhydrous sodium sulphate,
was evaporated to dryness in a rotary evaporator (T = 30°C),
and the residue was recovered with 1 mL of methanol/
water (1:1 v/v) and filtered through a nylon filter (Whatman,
Schleicher & Schuell, England) into a vial. All samples were
done in triplicate and the results are expressed as the mean
value. Concentration was taken into account for the results,
presented in Tables 5 and 6.

Instrumentation and conditions

The equipment used for the analytical HPLC was a Hewlett
Packard series 1050 equipped with a quaternary pump and a
Hewlett Packard Diode Array detector series 1100 (Agilent
Technologies, Waldbronn, Germany). The column was a
reversed phase Superspher® 100, C18 (5 um packing, 250
mm x 4,6 mm i.d.) (Merck, Germany) protected with a guard
column of the same packing material.

Chromatographic conditions were based on Canas et
al. (2003): flow rate 1 mL/min; mobile phase, solvent A —
water:aceticacid (98:2v/v); solvent B—water:methanol:acetic
acid (68:30:2 v/v/v) programmed as follows: from 5% to
30% B in 12 min, from 30% to 55% B in 13 min, from 55%
to 70% B in 5 min, from 70% to 100% B in 18 min, 100%
isocratic B in 22 min. A chromatogram from a standard
solution is shown in Fig. 1.

The monitored wavelengths were 280 nm, 254 nm and
320 nm, and the UV-Vis spectra (scanning from 190 to 400
nm) were recorded for all peaks. Phenolic compounds were
identified by comparison of the retention times with those
of standard solutions, and quantified by an external standard
method using calibration curves.

Calibration curves

Calibration curves were made for all phenolic compounds,
except for 5-hydroxymethylfurfural, which, due to its high
hygroscopic nature, was used only for identification purposes.
Gallic acid, furfural, 5-methylfurfural, syringic acid and
vanillin were monitored at 280 nm; 254 nm was used to detect
vanillic and ellagic acids; syringaldehyde, coniferaldehyde
and sinapaldehyde were monitored at 320 nm. Stock solutions
were prepared in methanol/water (1:1 v/v), except for ellagic
acid, which was prepared in absolute ethanol. Solutions were
prepared using the following range of concentrations: gallic
acid from 280 to 0.27 mg/L; furfural and 5-methylfurfural
from 200 to 0.39 mg/L; vanillic acid from 180 to 0.35 mg/L;

American Oak

French Oak

Classic oak chips, untoasted — Al

Toasted oak powder — A2

Classic oak chips, large size, medium toast — A3
Premium oak chips, dark roasted — A4

Classic oak chips, large size, heavy toast — AS

Classic oak chips, untoasted — F1

Toasted oak powder — F2

Classic oak chips, large size, medium toast — F3
Premium oak chips, high vanilla — F4

Classic oak chips, large size, heavy toast — F5
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syringic acid and coniferaldehyde from 390 to 0.38 mg/L;
vanillin, coniferaldehyde and sinapaldehyde from 190 to
0.37 mg/L. The highest concentration was considered as a
stock solution and all the concentrations below were made by
successive dilutions until no measurable area was perceived.
The lowest concentration was the lowest detectable signal.
Each calibration curve was plotted with seven data points,
and three replicates were done for each point. Peak areas
were related to the concentration of the phenolic compound
stock solution, resulting in linear correlation with r* values
higher than 0,998 for all compounds. The calibration results
are shown in Table 2.

Statistical analyses

Means and standard deviations were calculated and a two-
factors ANOVA was performed. The mean comparison was
done by the Tukey multiple comparison tests at the 95%
confidence level, using SPSS 13.0. Comparisons were done
between different chips of French or American oak, and
between oaks for the same kind of chip.
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RESULTS AND DISCUSSION

Tables 3 and 4 show the results obtained for the phenolic
compounds extracted from the oak chips. Vanillin and
syringic acid are presented together due to the poor resolution
obtained under these chromatographic conditions.

The total amount of phenolic compounds shows that
chips from French oak are richer than chips from American
oak, and in both cases chips that have not been toasted are
poorer than the others. This result would be expected, as the
toasting process that the wood undergoes is the main reason
for the presence of phenolic compounds. When comparing
samples 1, 3 and 5 of either A or F, an increase in the total
amount of compounds can be observed with an increase in
toasting level.

The phenolic acids, gallic and ellagic, are the most
abundant compounds, even in untoasted chips. Ellagic acid
could derive from ellagitannin degradation during heat
treatment, but also from ellagitannin hydrolysis during the
ageing process of woods, while vanillic and syringic acids
come from lignin degradation (Puech et al., 1989). Gallic
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FIGURE 1
Chromatogram from a standard solution (conditions as under experimental).

1 — gallic acid (280 nm); 2 — 5-hidroxi-methyl furfural (280 nm); 3 — furfural (280nm); 4 — vanillic acid (254 nm); 5 —
5-methylfurfural (280 nm); 6 — syringic acid (280 nm); 7 — vanillin (280 nm); 8 — syringaldehyde (320 nm); 9 — ferulic acid

(320 nm); 10 — coniferaldehyde (320 nm); 11 — sinapaldehyde (320 nm); 12 — ellagic acid (254 nm).

TABLE 2
Parameters for the calibration of low molecular weight phenolic compounds
Compound R;l;nﬂi:nS)D A (nm) equation r?

Gallic acid 6.34+0.01 280 y =20.914x-19.951 0.999
Furfural 14.50 £0.27 280 y = 151.19x-27.452 0.999
Vanillic acid 24.80+0.21 254 y =28.333x-1.493 0.999
5-methyl-furfural 27.40 + 1.31 280 y =61.76x-7.0062 1
Syringic acid + vanillin 31.05+1.51 280 y =32.313x-3.5718 0.999
Syringaldehyde 37.70 £ 0.21 320 y =29.108x-0.8375 0.999
Coniferaldehyde 48.30+0.39 320 y =49.119x-2.9552 0.999
Sinapaldehyde 51.60+0.39 320 y =35.772x-4.9892 0.999
Ellagic acid 67.71 £ 1.81 254 y =175.54x-251.73 0.998
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TABLE 3
Phenolic compounds (mg/100 g) from American oak chips
Compound Al A3 AS A2 A4
Gallic acid 3591+ 4.16 107.04+ 6.27 54.10°+ 3.34 48.83*+2.05 32.56"+ 2.08
Vanillic acid 2.51%+ (.83 7.61°+0.33 11.03°+1.59 10.01°+ 1.89 10.79+ 0.55
Syringic acid + vanillin 6.96"+ 3.08 47.82+11.21 62.84t3.41 52.28%+2.04 42.28+2.04
Ellagic acid 90.66°+ 15.94 172.384£12.85 126.83"+ 3.90 17.51+2.98 92.12+2.77
5-OH-methyl-furfural® 0.53*+0.18 13.16%£2.55 6.09+ 0.25 6.20%+ 1.34 4.88+0.92
5-methyl-furfural 1.13%+0.36 2.60%"+ 0.43 7.3540.42 1.84+0.10 1.12°+ 0.16
Furfural 1.13*+0.08 12.23+4.12 25.584 1.07 7.87%+0.77 5.53""+ 0.60
Syringaldehyde 4.21°+0.36 18.97°+0.97 65.79°+3.67 65.61°+2.33 89.944+ 2.85
Coniferaldehyde 1.31%£0.27 29.77°"+ 1.15 95.324£ 5.39 69.87°+ 1.94 70.87°+ 6.90
Sinapaldehyde 3.26'+ 1.01 3526+ 1.14 194.54°+ 10.95 188.84°+ 5.50 209.09° 7.13
Total 147.62 446.84 647.46 568.85 562.18

Different letters in a row denote significant difference at the 95% confidence level in the Tukey multiple comparison test.
* denotes a significant difference at the 95% confidence level in the Tukey multiple comparison test when comparing American
(Table 3) and French oak (Table 4) for the same compound® expressed as 5-methyl-furfural.

TABLE 4
Phenolic compounds (mg/100 g) from French oak chips
Compound F1 F3 FS F2 F4
Gallic acid 69.68+2.19 195.96% 2.48 19.16+ 1.50 62.02°+ 13.06 81.30°°+ 2.86
Vanillic acid 4.97+ 0.60 6.72*+ 2.06 15.24°+ 1.02 10.62°+ 1.91 7.39%+ 1.04
Syringic acid + vanillin 12.64*+ 0.85 69.98+ 3.31 76.26°+ 3.14 68.02"+ 11.65 66.69°+ 2.24
Ellagic acid 126.16*+ 10.06 212.52°+ 4.85 319.67+£20.67  145.83"£19.90  189.42""+9.44
5-OH-methyl-furfural® 479+ 0.51 23.10% 1.10 8.41°+0.71 7.75°+2.01 18.19°°+ 0.69
5-methyl-furfural 1.95+0.23 16.06°+ 1.01 10.39°+2.21 8.30""+ 2.20 9.65""+ 0.08
Furfural 3.82+0.40 25.95% 1.55 32.30% 0.49 8.69+ 1.04 36.35"+0.63
Syringaldehyde 4,77+ 0.43 36.30°+ 0.46 209.96%"+ 4.14 81.85% 15.79 60.82°+0.97
Coniferaldehyde 0.93*£0.11 85.03°+ 2.04 42.19*+ 4.03 80.27°+ 10.69 97.31°+0.50
Sinapaldehyde 2.03*+0.18 148.19>"+3.22 179.48+ 5.40 222.03%27.74 216.04%+2.28
Total 231.75 819.77 913.06 695.37 783.16

Different letters in a row denote significant difference at the 95% confidence level in the Tukey multiple comparison test.
* denotes a significant difference at the 95% confidence level in the Tukey multiple comparison test when comparing American
(Table 3) and French oak (Table 4) for the same compound © expressed as 5-methyl-furfural

TABLE 5
Phenolic compounds (mg/L) in model wine with American oak chips
Compound Al A3 A5 A2 A4
Gallic acid 1.68%+0.76 1.53*+0.93 1.18%0.24 1.10+0.11 0.88+ (.18
Vanillic acid 0.12*+ 0.08 0.20+ 0.09 0.33%+0.49 0.33%+0.03 0.33+0.49
Syringic acid + vanillin 0.36+ 0.04 0.67+ 0.06 1.57*+0.16 1.64°+0.27 1.57°+0.25
Ellagic acid nd** nd** 0.32%+0.11 0.37+0.06 0.42+0.11
5-OH-methyl-furfural® 0.05+0.01 0.16°+ 0.04 0.22°+0.01 0.25+ 0.02 4.21°+0.28
Syringaldehyde 0.19+0.08 0.65+0.19 2.23*+0.15 2.69°+ 0.43 2.83+0.51
Coniferaldehyde 0.09+0.02 0.61+0.23 2.06+0.16 2.10°+ 0.35 1.89°+0.39
Sinapaldehyde 0.19% 0.08 0.74+ 0.37 4,14+ 0.87 5.24°+0.96 5.86°+ 1.36
Total 2.68 4.56 12.05 13.72 17.99

Different letters in a row denote significant difference at the 95% confidence level in the Tukey multiple comparison test.
Extracts from model wine obtained by SSLLE (chromatographic conditions described above)

) expressed as 5-methyl-furfural
** means below the LOD and LOQ values
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TABLE 6
Phenolic compounds (mg/L) in model wine with French oak chips
Compound F1 F3 F5 F2 F4
Gallic acid 1.49*+ 0.35 3.63°+0.26 0.50°+ 0.87 1.57°+ 0.35 1.98%+ (.22
Vanillic acid 0.19*+ 0.08 0.29%+ 0.02 0.38%<+ 0.04 0.58+ 0.05 0.44%+ 0.01
Syringic acid+ vanillin 0.41*+ 0.08 0.99%+ 0.18 2.32%+0.13 1.84°%+0.13 1.78%+ 0.17
Ellagic acid nd** nd** 0.72°+ 0.08 0.36+0.01 0.53+0.01
5-OH-methyl-furfural® 0.05*+ 0.00 0.44°+ 0.04 0.31°+0.01 0.23°+0.01 0.48+ 0.01
Syringaldehyde 0.18*+ 0.01 1.199+0.13 5.77+ 0.67 3.19°+0.06 2.35%+0.02
Coniferaldehyde 0.08= 0.01 2.62°+0.18 1.17%+0.21 2.76+ 0.06 3.58+0.23
Sinapaldehyde 0.16*+ 0.06 4.04°+ 0.22 4.49%+ 0.76 7.06*+ 0.29 7.59%0.67
Total 2.56 13.20 15.66 17.77 18.73

Different letters in a row denote significant difference at the 95% confidence level in the Tukey multiple comparison test.
Extracts from model wine obtained by SSLLE (chromatographic conditions described above)

 expressed as 5-methyl-furfural
** means below the LOD and LOQ values

acid presents its higher value in medium toasted chips, which
means that gallic acid is degraded at high temperatures and
might even present values that are smaller than those in
untoasted wood. The same results have been described by
other authors (Gimenez-Martinez et al., 1996; Canas, 2003).

The existence of furanic aldehydes is linked to
sugar thermodegradation. In 1967, Hodge proposed a
mechanism explaining that 5-hydroxymethylfurfural and
5-methylfurfural came from hexoses existing in cellulose,
and how furfural comes from pentoses, the principal
constituents of hemicelluloses. Our results show that French
oak chips are richer in furanic aldehydes than American oak
chips. According to several authors, untoasted wood presents
small amounts of furfural, 5S-methylfurfural (Nabeta, et al.,
1986; Marsal & Sarre, 1987; Chatonnet et al., 1989; Marco
et al., 1994; Gétaz et al., 1996; Garcia-Romero et al.,
1998; Perez-Coello et al., 1999; Masson et al., 2000) and
5-hydroxymethylfurfural (Artajona, 1991; Masson et al.,
2000). Both Chatonnet et al. (1989) and Artajona (1991)
suggest that furfural is the most abundant in toasted wood,
due to hemicelluloses being highly instable at increasing
temperature (Bourgois & Guyonnet, 1988). Significant
differences observed between samples 1, 3 and 5 (A and F)
seem to indicate that toasting intensity affects the levels of
furanic aldehydes in wood. Furfural levels increased with
toast level and 5-OH methyl furfural presents its higher
value in medium toasted wood, in both the American and
French wood chips. As previously found (Nomdedeu et al.,
1988; Artajona, 1991; Canas, 2003), 5-methyl furfural levels
increase with toast level in American chips, but in French
chips the levels increase from untoasted to medium toast and
then decrease with heavy toast, which is in accordance with
the findings of Chatonnet ef al. (1989). In medium toasted
chips, the contents of furfural and 5-hydroxymethyl furfural
are very similar, but furfural is the major compound in
heavily toasted chips.

According to several authors (Nomdedeu et al., 1988;
Chatonnet ef al., 1989; Artajona, 1991; Marco et al., 1994;
Canas, 2003), untoasted wood has low contents of phenolic
aldehydes (vanillin, syringaldehyde, coniferaldehyde and

sinapaldehyde), arising from lignin degradation (Puech et
al., 1989, 1990), with wood toasting being responsible for the
increased amounts found (Nishimura et a/., 1983; Nomdedeu
et al., 1988, Chatonnet et al., 1989; Dubois, 1989; Sarni et
al., 1990; Artajona, 1991; Mosedale & Ford, 1996; Canas,
2003). Phenolic aldehydes, however, are thermodegradable
into phenolic acids or volatile phenols (Chatonnet, 1995). The
toasting effect has not yet been explained fully; Chatonnet et
al. (1989) claim that phenolic aldehydes reach higher levels
at medium toast, decreasing afterwards with toast intensity,
but Artajona (1991) states that they continue to increase with
increasing toasting level.

With the temperature used for medium toast levels,
decarboxylation followed by cleavage of the aryl-alkyl-
ether bonds of the terminal units of lignin might occur,
with the consequent formation of cinnamic aldehydes
like coniferaldehyde and sinapaldehyde. In contrast, with
the use of higher temperatures to obtain heavily toasted
chips, oxidative cleavage of the C-C skeleton of these
aldehydes might occur, leading to the corresponding benzoic
aldehydes, vanillin and syringaldehyde (Sarni et al., 1990;
Chatonnet, 1995). These reactions might explain why, in
French chips with heavy toast (F5), a lower value was found
for coniferaldehyde, while a higher value was observed for
syringaldehyde. The same effect is not observed as clearly
in the results for American oak, since the values obtained
for coniferaldehyde and sinapaldehyde during medium toast
are not as high as the ones obtained for French oak (Tables
3 and 4).

Regarding the results obtained for samples 2 and 4,
significant differences were found for gallic and ellagic
acids, syringaldehyde and 5-OH methylfurfural, both in
French and American wood. These chips were presented
as powder (sample 2). Differences might also be due to
extraction conditions as a result of the size effect.

Tables 5 and 6 show the results obtained for phenolic
compounds in a model solution containing the oak chips.
The results are perfectly in accordance with those obtained
for wood chips. Model wines containing French oak chips
are richer in the total number of phenolic compounds than
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model wines containing American oak chips, and the total
number of phenolic compounds extracted from the wine
model solution increased with the toast level of the wood, in
accordance with the results described above. The American
chip medium toast sample is again the poorest if untoasted
chips are not considered. The higher amounts obtained with
chips 2 and 4 are probably related to size, as these chips are
presented as powder (2) or very small pieces (4).

CONCLUSIONS

This study provides information on the phenolic composition
of several commercial wood chips and their extractability
into a synthetic wine. The chips being studied came from
American and French oak and were used in a large size,
as powder and in small pieces, and with different levels
of toasting. All of these factors affect the extractability of
phenolic compounds from the wood chips into a synthetic
wine. There are significant differences in phenolic
composition of the chips when comparing French with
American oak (Tables 3 and 4). Increasing the toasting level
leads to a change in chemical composition of the wood
extracts, but a higher temperature during the toasting process
may also promote some degradation of compounds.
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