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Abstract

A method for the quantitative determination of octanal, nonanal, decanal, (E)-2-nonenal and (E, Z)-2,6-nonadienal in wine has been
developed. In the proposed method, 200 ml of wine percolate through a solid phase extraction (SPE) cartridge packed with 200 mg of
LiChrolut EN resins. The interferences are eluted with 60 ml of an aqueous solution containing 40% of methanol and 1% of NaHCO3. In the
same SPE cartridge, the correspondingO-(2,3,4,5,6-pentafluorobenzyl)oximes are formed by letting percolate 2 ml of the reagent solution
(5 mg ml−1). At room temperature the derivatization goes to completion in 15 min. The derivatives are eluted with 2 ml of dichloromethane,
and the extract is concentrated and then analyzed by gas chromatography–mass spectrometry (GC–MS). The percentage of recovery in the
isolation process is better than 90% in all cases with the exception of octanal, and is independent of the wine studied. In the cases of octanal,
nonanal and decanal, the detection limits of the method are determined by the contamination levels of the reagent itself, and vary between
160 and 380 ng l−1. For (E)-2-nonenal and (E, Z)-2,6-nonadienal, the detection limits were 12 and 20 and ng l−1, respectively. The linearity of
the method upheld until 10�g l−1 and was satisfactory in all cases. The reproducibility of the method is independent of the concentration and
ranges from 30 to 190 ng l−1. The method has been applied to the analysis of these components in several wine samples. With the exception
of (E, Z)-2,6-nonadienal, all the components can reach concentrations above their corresponding odor threshold values.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Aldehydes are volatile compounds widely distributed
in foods and beverages. Most of them have significant
sensory properties and can impart pleasant or unpleasant
notes to different products [1]. A study of their sensory
properties reveals that those with 8–10 carbon atoms,
such as (E)-2-nonenal, octanal, nonanal, decanal or (E,
Z)-2,6-nonadienal, are strong odorants [2–6]. The odor
properties of (E)-2-nonenal are particularly important, since
it can be responsible for important off-flavors [7,8]. In the
case of wine, (E)-2-nonenal seems to be the cause of a
“sawdust” or “plank” off-flavor [9,10], while the exact role
of the other aldehydes in the aroma of wine is not clearly
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understood. Since this is mainly due to the scarcity of avail-
able data, it seems sensible to develop methods to quantify
these compounds.

Due to the poor chromatographic and MS properties of
higher aldehydes, most analytical methods are based on gas
chromatography–mass spectrometry (GC–MS) or GC–ECD
analysis of chemical derivatives. In the case of wine, only
for (E)-2-nonenal there are some reports on the analysis of
the underivatized molecule [11]. The chemical derivatization
of higher aldehydes in wines has to face the fact that wine
contains an extremely high amount of light carbonyls. The
major aldehyde of wine is acetaldehyde whose concentration
can be as high as 300 mg l−1 [12]. Some wines can also
contain high levels of some other carbonyls, such as pyruvic
acid (up to 460 mg l−1), hydroxy-butanone-acetoine (up to
200 mg l−1), 2,3-butanedione-diacetyl (up to 5 mg l−1) and
C3–C5 aliphatic aldehydes (up to 5 mg l−1) [12–14]. The
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expected levels of (E)-2-nonenal and other higher aldehydes
are, however, between 0.1 and 5�g l−1 [9,14].

Most of the methods previously developed for the analysis
of carbonyl components in wine are based on the GC–MS
or GC–ECD analysis of oximes formed by reaction with
O-(2,3,4,5,6-pentafluorobenzyl)hydroxylamine hydrochlo-
ride (PFBHA), although other derivatization reagents have
been explored, such as 2,4-dinitrophenyl-hydrazine [9] or
cysteamine [15,16]. The direct derivatization of carbonyls
in wine has been proposed as a method to determine some
light carbonyls [17]. On the other hand, the analysis of
(E)-2-nonenal in wine, or of some higher methyl ketones
in cognac, has been carried out by performing the chemical
reaction over an organic extract obtained from the wine or
cognac [10,18]. In a more recent proposal, neutralized wine
is initially percolated through an anionic exchange column
in order to eliminate the interference cause by pyruvic acid
[14]. However, none of these strategies results in good
separation between the higher carbonyls and the major
lighter carbonyls. In addition, all those methods use tedious
liquid–liquid extractions.

On the other hand, several authors have shown the poten-
tial of direct derivatization of carbonyls on a solid phase,
particularly in SPME-based strategies [19–21], or in air anal-
ysis [22]. However, the sensitivity achieved with the more
often used head space SPME is not satisfactory for aldehy-
des with more than six carbon atoms [23], unless the sam-
ple can be heated to high temperatures, as is the case of
edible oils [24]. In the present work, we have explored the
possibility of preparing the derivatives directly on a solid
phase extraction (SPE) bed in which the targeted analytes
have been previously isolated and pre-concentrated. The re-
sult is a method that allows to quantify higher aldehydes of
wine; we also think that this strategy can be of interest in
the analysis of similar compounds in different matrixes.

2. Material and methods

2.1. Reagents, samples and standards

Octanal 99%, decanal 95%, (E)-2-nonenal 97% and
(E, Z)-2,6-nonadienal 95% were from Aldrich–España
(Madrid, Spain), nonanal 97.5% was supplied by Poly-
science (Niles, IL, USA). 2-Octanol and 2-undecanone
(>97%), used as internal standard and surrogate standard
respectively, were purchased from Fluka–España (Madrid,
Spain). O-(2,3,4,5,6-Pentafluorobenzyl)hydroxylamine hy-
drochloride (≥99%), used as a derivatization reagent, was
purchased also from Fluka. The 5 mg ml−1 aqueous solution
of PFBHA was prepared daily.

Dichloromethane HPLC-quality was from Fisher Chemi-
cals (Leicester, UK), methanol HPLC-grade was from Merck
(Darmstadt, Germany), ethanol absolute, potassium hydro-
gen phthalate and sodium hydrogen carbonate, all Analyti-
cal Reagent Grade, were from Panreac (Barcelona, Spain),

sulfuric acid (95–97%, synthesis grade) was from Scharlau
(Barcelona, Spain). Pure water was obtained from a Milli-Q
purification system (Millipore, Bedford, USA). LiChrolut
EN resins (styrene-vinylbenzene, divinylbenzene polymer),
prepacked in 200 mg cartridge (3 ml total volume) were ob-
tained from Merck (Darmstadt, Germany). Three wine sam-
ples (two young red wines and a young white wine) were
used in the development and validation of the method. The
method was further applied to different wines made with
Merlot, Chardonnay or a mixture of grape varieties.

Semiautomated solid phase extraction was carried out
with a VAC ELUT 20 station from Varian (Walnut Creek,
USA).

2.2. Gas chromatography–mass spectrometry

GC–MS was carried out on a Varian CP-3800 Saturn
2200 gas chromatograph ion trap–mass spectrometric de-
tection system. The column was a DB-WAX (crosslinked
Carbowax 20 M) from J & W Scientific (Folsom, USA),
60 m× 0.25 mm i.d., with 0.25�m film thickness, and was
preceded by a 3 m× 0.25 mm uncoated precolumn (deac-
tivated to give an intermediate polarity surface). The car-
rier gas was He at a constant flow of 1 ml min−1 (average
linear velocity of 25 cm s−1). One microlitre of extract was
injected in splitless mode, with a pulse pressure of 40 psi
for 1.50 min. The splitless time was also 1.5 min. The chro-
matographic oven was held at 40◦C for 5 min, then raised
to 140◦C at 10◦C min−1, then to 190◦C at 2◦C min−1

and finally to 210◦C at 20◦C min−1. A 45–350m/z mass
range was recorded in full-scan mode, except in the cases of
(E)-2-nonenal and (E, Z)-2,6-nonadienal. In these cases, the
selected ion storage (SIS) feature of the ion trap was used
to gain sensitivity. The 176–255 range of ions was recorded
in these two cases.

2.3. Proposed method

Two hundred milliliter of wine, previously spiked with
0.01 ml of 2-undecanone 10 mg l−1 standard solution in
ethanol (surrogate), are loaded onto a 200 mg LiChrolut-EN
solid phase extraction cartridge (previously conditioned
with 4 ml dichloromethane, 4 ml methanol and 4 ml of a
13% ethanol (v/v) aqueous solution). Low molecular weight
carbonyls, together with the majority of wine volatiles are
removed by cleanup with 60 ml of a 40% methanol (v/v)
aqueous solution containing 1% NaHCO3. Carbonyls re-
tained in the cartridge are directly derivatized by passing
through 2 ml of an aqueous solution of PFBHA (5 mg ml−1),
and letting the cartridge imbibed with the reagent 15 min at
room temperature. Excess of reagent is removed with 10 ml
of a 0.05 M sulfuric acid solution. Analytes are finally eluted
with 2 ml of dichloromethane. Thirty microliter of internal
standard solution (2-octanol 60 mg l−1 in dichloromethane)
were added to the extract, which is then concentrated to
100�l by evaporation in a centrifuge tube heated to 47◦C.
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A blank must be prepared daily by applying the whole
procedure to a cartridge. The ionic peak areas (sum of the
areas from the two isomer peaks) corresponding to them/z
fragments indicated in Table 3 are first normalized to those
of 2-octanol, and then further corrected by subtracting the
relative peak areas measured in the blank. These relative
peak areas are interpolated in the calibration graphs built as
follows. A known mass of analyte is dissolved in a 10 ml
aqueous solution containing 10% methanol. This volume
is then loaded onto a 200 mg LiChrolut EN cartridge. The
oximes are formed and eluted as in the standard procedure.
The result for octanal must be corrected by the correspond-
ing recovery given in Table 4, since this compound is not
totally retained in the SPE bed. The peaks of 2-undecanone
are used as quality control. This compound was selected
because of its similarity in behavior (extractability and
reactivity with PFBHA) with the analytes. Under these
conditions, the ratio of the sum of the areas of the two iso-
mer peaks for the 2-undecanone oxime relative to those of
2-octanol should be 200± 15.

2.4. Method development and validation

2.4.1. Preliminary experiments
We have studied the applicability of some of the methods

proposed in the bibliography for the determination of the
targeted aldehydes [10,17]. The liquid–solid analyte–resin
distribution coefficients and their use in estimating the
breakthrough volumes were determined by following the
procedure described in references [25,26]. The recovery
on the SPE bed and the optimization of the solution and
washing volume were performed by analyzing 200 ml of a
wine spiked with 30�g l−1 of analyte.

Derivatization: In preliminary experiments, method EPA
556 [27] was applied to the analysis of aqueous solutions
containing different percentages of methanol and 15�g l−1

of aldehydes. Combinations of different solvents (water,
methanol, pentane, ether, dichloromethane) to elute the an-
alytes isolated on the SPE bed and perform the derivati-
zation reaction were investigated In order to optimize the
derivatization on the bed, wine spiked with 20�g l−1 of the
analytes was used. Several concentrations of reagent (2, 5
and 15 mg ml−1) and reaction times (5, 15, 30, 60, 120, 180
and 720 min) were studied. A range of solvents was tried
(methanol, dichloromethane, pentane and mixtures of these
last two) to elute the oximes formed.

2.4.2. Blanks
In order to improve the blank signals, purification studies

of the different reagents were conducted (previous oxime
or aldehyde extraction with pentane or dichloromethane,
water purification by percolation on a SPE bed, distillation
of solvents, prior cleaning with activated charcoal. . . ),
and different qualities and brands of solvents and of the
derivatization reagent were tried. Under the final condi-
tions, a study of repeatability and reproducibility of the

blank signals was conducted during four different working
days.

2.4.3. Method validation
Precision was evaluated by means of a triplicate analy-

sis of six different wines. Linearity was studied by standard
addition as well as by the derivatization of known amounts
of analytes placed in the cartridge. This was done by per-
colating 10 ml of an aqueous solution (10% methanol) con-
taining known amounts of analytes. In order to evaluate the
existence of matrix effects, and to determine the degree of
recovery of the method, an experiment of standard recovery
was carried out on three different wines.

3. Results and discussion

3.1. Isolation and pre-concentration

Direct derivatization in the wine did not result in suffi-
ciently sensitive and selective signals, even after introducing
a cleanup step, as it is shown in Fig. 1. Strong interferences
made it difficult to obtain unambiguous signals for octanal
and (E)-2-nonenal. Under these conditions, detection limits
for these compounds were estimated as 1.5 and 0.5�g l−1

respectively. In the cases of nonanal and decanal, the method
was more selective, but imprecision was still high (R.S.D.
between 25 and 35% for 6�g l−1). It seems therefore sensi-
ble to introduce a pre-separation step before derivatization.

We chose LiChrolut EN resins for this purpose, due to
their exceptional capacity to extract slightly polar com-
pounds from wine [26,28]. Table 1 shows the liquid–solid
distribution coefficients of analytes and potential in-
terferences between wine and those resins. It can be
seen that analytes, are better retained than interferences.
The Lövkist–Johnsson model [29] applied to such data
[25,26,30] predicts breakthrough volumes higher than
300 ml (for a 200 mg bed), and therefore, a 200 ml loading
volume was selected. A recovery experiment confirmed the
estimations from the model, as is also shown in Table 1.

The potential interference caused by lighter carbonyls and
some other major wine volatiles can be eliminated from the
cartridge by washing up with a methanol/water (40% (v/v))
solution containing 1% of NaHCO3. A 60 ml volume of this
washing up solution still results in high recovery of analytes
(only in the case of octanal is recovery below 90%) while
completely eliminating such interferences.

3.2. Derivatization

At the beginning of the study, it was decided to use
derivatization conditions as close as possible to those used
in method EPA 556 [27], since its protocol of derivatiza-
tion is one of the best studied procedures. However, such
protocol cannot be directly applied to carbonyls retained
on a SPE cartridge, and the necessary modifications for
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Fig. 1. Chromatogram showing the strong interferences found when derivatization is carried out directly in the wine. The sample (100 ml) was a young red
wine spiked with 6�g l−1 of each analyte. After direct derivatization, oximes were retained in a 200 mg LiChrolut EN cartridge, washed up with 60 ml
of a 40% methanol/water solution containing 1% of NaHCO3 and analytes were finally eluted with 2 ml of dichloromethane. Peaks: 1, octanal-PFBHA;
2, nonanal-PFBHA; 3, decanal-PFBHA; 4, (E)-2-nonenal-PFBHA. Peaks marked with an asterisk are interferences. Double peaks occur because two
isomers are obtained from each analyte.

its adaptation resulted in a method extremely tedious and
hardly reproducible (R.S.D. (%) in all cases above 11%); it
was therefore decided to study the progress of the reaction
on the SPE bed itself. The reaction on the SPE bed takes
place by simply letting 2 ml of the reagent solution perco-
late by gravity and leaving the cartridge imbibed in this so-
lution for some time. The reaction is almost instantaneous
at room temperature; after 5 min, 90% of the reaction has
taken place, and after 15 min the reaction is complete (data
not shown). No variation in the signal is observed with re-
action times of up to one hour. Additionally, longer times
seem to be associated with the decomposition of the oximes
retained on the SPE bed. The amount of oxime recovered
from the cartridge after 2 or after 12 h of reaction was respec-
tively only 60% or only 30% of the amount obtained after
15 min.

As for the concentration of reagent, three different concen-
trations (2, 5 and 15 mg ml−1) were tested. Results showed
that 5 mg ml−1 represents a fair optimum, since lower con-
centrations do not guarantee a complete reaction, and higher
values produce much higher noise. Regarding the elution
solvent, dichloromethane was found to be the most suitable.

The oximes formed in the cartridge were quantitatively re-
covered in only 2 ml of this solvent, and the extract ob-
tained was much cleaner than when using methanol. On the
contrary, pentane hardly showed any capacity to elute the
oximes retained on the SPE bed.

3.3. Spectrometric signal

The spectrometric signal for the oximes of the five alde-
hydes studied, obtained in the GC–ion trap–MS analysis of
the extracts produced according to the proposed protocol,
does not constitute a limiting factor in terms of both sensi-
tivity and selectivity. The absolute limit of detection of the
method, determined as the minimum theoretical concentra-
tion of an aldehyde detectable in wine, stands within the
10–20 ng l−1 range in full-scan mode, which can be consid-
ered sufficient. The use of some techniques of ion prepara-
tion available in the ion trap should allow the reduction of
this limit. Nevertheless, the fact that the limit of real detec-
tion comes restricted by the presence of impurities in the
blank leads to no effective advantage by the use of these
functions.
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Table 1
Retention properties of carbonyls and some major wine volatiles in
LiChrolut EN resins

Ka Vb 10%b

(ml estimated)
R
(%)c

R
(%)d

Acetaldehyde <15 1 3 0
Acetoine <15 1 5 0
Ethyl pyruvate 27 2 7 0
Diacetyl 42 4 15 0
Isoamyl alcohol 88 8 31 0
�-Phenylethanol 441 38 56 0
Hexanoic acid 954 83 75 0
Butanal 35 4 14 0
Hexanal 607 51 53 8
Octanal 4357 377 98 89
Nonanal 9500 823 98 98
Decanal 10932 947 101 100
(E)-2-Nonenal 8704 754 100 99
(E, Z)-2,6-Nonadienal 8230 713 99 96

Solid–liquid distribution coefficients, predicted breakthrough volumes, and
measured recoveries.

a K is the solid–liquid distribution coefficient of the analyte between
wine and the sorbent. Its calculation and use is shown in the references
[25,26,30].

b Vb 10% is the estimated breakthrough volume and corresponds to
the volume of wine loaded into the cartridge for which the mass of
unretained analyte is 10% [25,26,30].

c Recovery in the extraction of 200 ml of wine (spiked with 30�g l−1

of aldehydes) loaded in a 200 mg-SPE cartridge. Elution was carried out
with 2 ml of dichloromethane.

d As in c, but including a washing up with 60 ml of a methanol/water
(40% (v/v)) solution containing 1% NaHCO3.

3.4. Validation of the method

3.4.1. Blanks and limits of detection
Obtaining a good blank has been one of the most im-

portant problems in the validation of the proposed method.
Method EPA 556 [27] already places particular emphasis on
this question, although acetaldehyde and formaldehyde are
mentioned as the major interferences in water. In our case
the problem is caused by the omnipresence of the oximes of
octanal, nonanal and decanal in all the blanks studied. An
extensive study was conducted to find the origin of the con-
tamination, by studying the solvents, cleaning procedures,
water, the derivatization reagent and the rest of the reagents
used in the procedure. Our initial hypothesis was that most
of this contamination is present in the reagent itself, since
the level of contamination seemed to diminish when the
concentration of derivatizating agent was reduced. Never-
theless, none of the purification operations attempted either
on the derivatization reagent or on the rest of the reagents
resulted in any improvement. In addition, the absolute value
of the blank oscillates remarkably from day to day, a fact
that suggests that unknown environmental factors may af-
fect the blank. The levels of analyte measured in the blanks,
given as aldehyde in the sample, were 0.63 ± 0.10�g l−1

octanal, 2.47± 0.18�g l−1 nonanal, 1.20± 0.13�g l−1 de-
canal and 0.031±0.008�g l−1 (E)-2-nonenal. Practical im-
plications of these observations are: (a) the need to include

a blank per batch of analyzed samples; (b) limits of detec-
tion are defined by the standard deviation of blanks. These
data are presented in Table 2.

3.4.2. Figures of merit
Table 2 also shows the global precision of the proposed

procedure. The deviations seem to be independent of the
analyte concentration, and ranged from 30 to 190 ng l−1,
which can be considered sufficiently small for the purposes
of the method. (E, Z)-2,6-nonadienal was not found in any
of the wines studied, therefore its precision was determined
by replicated analysis of a wine spiked with 0.2�g l−1. The
linearity of the method was determined by the analysis of
fortified samples and is shown in Table 3. The linearity was
excellent in all the cases and was maintained from the limit
of detection up to near 10�g l−1, in the case of octanal,
nonanal and decanal, and up to 3 and 5�g l−1 in the cases

Fig. 2. GC–MS chromatograms of a Merlot wine showing the detail
of the different peaks. Peaks: 1, Octanal-PFBHA; 2, Nonanal-PFBHA;
3, Decanal-PFBHA; 4, E-2-Nonenal-PFBHA. The concentration of these
compounds was (�g/l): octanal, 0.972; nonanal, 3.301; decanal, 1.003;
(E)-2-nonenal, 0.036. Double peaks occur because two isomers are ob-
tained from each analyte.
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Table 2
Method validation 1

Analytical characteristics of the blanks Method precision

Average
signala

(�g l−1)

Intra-day blank
reproduciblity
(S.D.) (�g l−1)

Inter-day blank
reproducibility
(S.D.) (�g l−1)

LD
(�g l−1)

Total S.D.b

(�g l−1)
Range of
concentrationc

(�g l−1)

Octanal 0.63 0.08 0.20 0.16d 0.03 <0.2–0.97
Nonanal 2.47 0.19 0.92 0.38d 0.19 1.48–3.30
Decanal 1.20 0.13 0.25 0.26d 0.12 0.65–1.00
(E)-2-Nonenal 0.031 0.006 0.02 0.012d 0.088 <0.016–0.40
(E, Z)-2,6-Nonadienal – – – 0.020 0.063e <0.024

Analytical characteristics of the blank and method precision.
a Average signal calculated with 12 replicates.
b Standard deviation obtained by analyzing three replicates of six wines samples.
c The range of concentrations found in the wines.
d Detection limit estimated as the amount of analyte in a wine that causes a signal twice above the average standard deviation of the blank.
e Determined in wine spiked with 0.2�g l−1 (n = 5).

Table 3
Method linearity data and selectivem/z fragments used for quantitative analysis

m/z Slope R2 Calibrated range (�g l−1)

Octanal 239 44.85 0.9934 0.2–10

Nonanal 181 52.56 0.9944 0.5–10
239 27.87 0.9906
181 + 239 80.30 0.9931

Decanal 181 82.76 0.9882 0.3–9
239 48.15 0.9832
181 + 239 130.6 0.9857

(E)-2-Nonenal 181 81.04 0.9929 0.03–3
250 105.4 0.9984

(E, Z)-2,6-Nonadienal 250 9.97 0.9972 0.05–5

of (E)-2-nonenal and (E, Z)-2,6-nonadienal, respectively. In
order to check for the existence of matrix effects a recovery
study was conducted. Known amounts of analyte were added
to three different wines, and the measured signal increments
were compared with the signal obtained after derivatization
of equivalent amounts of the analyte on a SPE bed. Results,
shown in Table 4, indicate that only in the case of octanal
recovery is incomplete, although it is constant and indepen-
dent of the wine.

3.5. Analysis of wines

The method proposed here has been applied to the de-
termination of these components in different wines. The re-

Table 4
Matrix effects

Added (�g l−1) Red wine 1 (%) Red wine 2 (%) White wine (%)

Octanal 1 64± 6 63 ± 3 60 ± 7
Nonanal 1.4 105± 8 101± 6 94 ± 9
Decanal 1.5 109± 10 104± 9 100± 12
(E)-2-Nonenal 0.2 91± 5 93 ± 6 93 ± 4
(E, Z)-2,6-Nonadienal 0.2 91± 12 95± 8 99 ± 13

Increment of the signal measured in the analysis of spiked samples, given as (%) of the signal produced by the spiked amount directly placed on the
cartridge.

sults are displayed in Table 5; Fig. 2 shows a chromatogram
detailing the quantification of the different components. (E,
Z)-2,6-nonadienal was not found in any of the wines an-
alyzed. The levels of octanal varied between the detec-
tion limit and 0.97�g l−1, its perception threshold being
0.7�g l−1 [31]. Nonanal can reach slightly higher values,
since in one of the wines 3.3�g l−1 of nonanal were mea-
sured, being its perception threshold 1�g l−1 [31]. Unlike
the previous cases, decanal reaches its maximum concen-
tration in Chardonnay wines (1.2�g l−1). In addition, this
component could be particularly active, since its threshold
value is only 0.1�g l−1 [31]. The levels of (E)-2-nonenal
were clearly higher in red wines, particularly in the most
aged. However, the maximum level found (0.47�g l−1) is
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Table 5
Wine analysis

Chardonnay Merlot Aged wines

Mean Max. Min. Mean Max. Min. Mean Max. Min.

Octanal 0.20 0.46 <LD 0.57 0.97 0.37 0.24 0.27 0.23
Nonanal 0.95 2.4 <LD 1.85 3.3 1.47 0.72 0.83 0.68
Decanal 0.79 1.25 <LD 0.76 1.00 0.65 0.54 0.75 0.41
(E)-2-Nonenal 0.031 0.092 <LD 0.23 0.37 0.036 0.32 0.47 0.20

Mean, maximum and minimum aldehyde levels (�g l−1) in three different groups of six wines.

far below those documented by Chatonnet and Dubourdieu
[10], in agreement with the absence of aromatic defects in
the wines considered in the present study. Nevertheless, the
low threshold value for (E)-2-nonenal (68 ng l−1) [10] indi-
cates that this is a component whose concentration is suffi-
cient to make it aromatically active.
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