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A reliable HPLC method is described for determining aromatic and furanic congeners in cider
brandies obtained from different kinds of cider (two technologies) and aged in American oak barrels.
Except for 4-hydroxybenzaldehyde, the aging factor significantly influenced the concentration of
benzoic acids, cinnamic acids, benzaldehydes, cinnamaldehydes, and furanoids, promoting an increase
of these substances during aging; however, the technology factor only influenced the furfural content,
a higher level of this furanic compound being detected when cider obtained from apple juice
concentrate is employed for the making of spirits. The application of cluster and factor analyses
allowed the classification of the distillates on the basis of the raw material and aging time.
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INTRODUCTION

After distillation of the cider, the brandy is stored in
oak barrels in order to obtain certain harmonious
sensorial characteristics. Throughout the maturation
period, certain compounds are extracted from the wood.
This is the case of hydrolyzable tannins and lignins as
well as other low molecular mass phenolic compounds
such as coumarins and certain phenolic acids (Miller et
al., 1992). What is more, the hydroalcoholysis of the
lignin causes the formation of benzoic and cinnamic
aldehydes (Baldwin et al., 1967; Puech, 1984). The
subsequent oxidation of said compounds gives rise to
aromatic acids (Puech et al., 1977). These lowmolecular
mass polyphenols have been considered appropriate
indicators of the aging process of alcoholic beverages
(Delgado et al., 1990). At the same time, the age of the
barrel, the way it is used, and the charring process all
control the level of furanic aldehydes in the spirits
(Villalón et al., 1991; Puech et al., 1992).
The analysis of phenolic components of low molecular

mass and furanic compounds was carried out by RP-
HPLC with UV detection (Lehtonen, 1983; Puech, 1988;
Salagoı̈ty-Auguste et al., 1987; Delgado et al., 1990;
Villalón et al., 1991, 1992; Quesada et al., 1995),
although a spectrofluorometer may be necessary for
monitoring coumarins (Tricard et al., 1987). The aim
of this work was to gain an insight into the development
of the aromatic and furanic components in distillates
of ciders during aging and to ascertain which of them
can be employed for classifying spirits on the basis of
raw material and aging time.

MATERIALS AND METHODS

Raw Material. Two types of cider were used to make
spirits, cider produced by traditional technology (A) and cider
obtained from apple juice concentrate (B). The traditionally
elaborated cider was prepared from the juice of a mixture of

cider apples with different sensory properties endowing the
resulting juice with an overall acidic nature. Said mixture was
processed in a pilot plant which included the following steps:
milling with a hammer mill and slow pressing with a batch
mechanical press (4 days pressing time). The fermentation
process was then carried out by wild microflora for 4 months.
In the case of the type B cider, a starter of Saccharomyces
cerevisiae was employed. The alcoholic degree was 6% (v/v)
for traditional cider and 8% (v/v) for cider made from apple
juice concentrate.
Distillation. The batch distillation system was employed

for distilling each cider. The capacity of the copper wash-still
distillation vessel was 500 L, and steam was used as the heat
source. The volatile compounds obtained in the first vessel of
the still were transported to the rectifying column, which had
16 bubble-cap plates; 1150 and 1760 L of the traditional and
type B ciders, respectively, were employed to make the spirits.
The alcoholic degree of the spirits was monitored during the
distillation process. Three fractions of spirits, namely, heads,
heart, and tails, were separated on the basis of their alcoholic
contents. The rejected distillation heads make up 1% (2.5 L)
of the total volume of distilled cider (250 L). The tails produced
(average alcoholic degree 30%, v/v) were reused in subsequent
distillations. The alcohol content of the heart fraction was 65%
(v/v) for the distillates obtained from traditional ciders and
62% for the distillates obtained from the ciders elaborated from
apple juice concentrate. These heart fractions underwent an
aging process in American oak barrels of 35 L capacity for 15
months. Samples were taken every 3 months in order to carry
out the corresponding analytical determinations. The experi-
ments for the aging of the spirits were performed in duplicate.
Sample Preparation. In order to increase the sensitivity

of the analytical method and to eliminate most of the ethanol,
the samples were subjected to a process of vacuum distillation
at 30-35 °C and subsequently reconstituted in the mobile
phase A in such a way that the final concentration factor was
2. If most of the ethanol is not eliminated from the brandies,
the elution strength of the sample is greater than that of the
chromatographic mobile phase, and this fact leads to a split
of the chromatographic peaks with a lower capacity factor, as
is the case of 3,4,5-trihydroxybenzoic acid (gallic acid). How-
ever, approximately 40% of 2-furancarboxaldehyde (furfural)
is lost with this operating procedure. Consequently, direct
inyection of the sample without the preconcentration step is
recommended for the determination of this compound.
Reagents. Standards of analytical quality were supplied

by Fluka (Buchs, Switzerland), Merck (Darmstadt, Germany),
and Sigma-Aldrich (Madrid, Spain); standard solutions were
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prepared in the same aqueous solution as described in the
Sample Preparation section. The solvents employed were of
HPLC quality and degassed with helium prior to use.
HPLC Analysis. A high-performance liquid chromato-

graphic system (Waters Associates) equipped with a 712
automatic injector, M510 pumps, a Millenium v.2.0 software
data module, and a 481 spectrophotometric detector was used.
Separation of phenolic compounds was carried out in a
Spherisorb ODS-2 column (250 mm × 4.6 mm, 3 µm) at 40 °C
and detected at 280 nm, using 2% acetic acid and 0.02 M
sodium acetate (solvent A) and methanol (solvent B) as mobile
phases. The elution conditions were as follows: starting 2.5%
solvent B, isocratic for 4 min, linear increase of solvent B in
solvent A to 30% B for 16 min, and isocratic for 25 min, at a
flow rate of 0.8 mL/min; samples were filtered through a 0.45
µmPVDF filter, and 10 µL was injected into the HPLC system.
The quantitation of polyphenols and furanic aldehydes was
achieved by using the external standard method.
Statistical Analysis. Repeated measure analysis of vari-

ance with a Greenhouse-Geisser and Huynh-Feldt fitting
was carried out using the SAS (1985) statistical package. Two
factors were considered in this study, namely, technology (cider
type) and aging (maturation in oak wood barrels). The data
matrix was analyzed by principal components analysis and
cluster analysis (SPSS, 1988). Multivariate analysis was
carried out on 20 samples (spirits obtained from two technolo-
gies and with different aging) using 12 variables (aromatic and
furanic compounds).

RESULTS AND DISCUSSION

Optimization of Chromatographic Analysis and
Recovery Studies. Taking as a basis Lehtonen’s
(1983) work, we have optimized the separation of
phenolic compounds of low molecular mass and furanic
components in cider brandy. Different mobile phases,
gradient profiles, and temperatures were tested; thus,
when Lehtonen’s chromatographic conditions (2% acetic
acid and 0.02 M sodium acetate as solvent A; 2% acetic
acid, 0.02 M sodium acetate, 14% methanol, and 2.5%
1-propanol as solvent B) were used for eluting analytes,
a strong overlapping between 4-hydroxybenzaldehyde
and an unknown peak was detected; this drawback
could be overcome if solvent B is changed to 100%
methanol, although complete resolution is not achieved.
On the other hand, worse resolution was obtained
between 4-hydroxy-3-methoxybenzoic acid (vanillic acid)
and an unknown peak when the average k′ value
increased.
A temperature range of between 35 and 50 °C was

tested in order to optimize the temperature; thus, a
temperature lower than 35 °C should not be considered
due to the increase in the pressure drop across the
column and the longer retention time of the analytes.
The best conditions were obtained at 40 °C, since above
this temperature strong overlapping between 3,4-dihy-
droxybenzoic acid (protocatechuic acid) and 5-(hydroxy-
methyl)-2-furancarboxaldehyde ((hydroxymethyl)fur-
fural) was observed. A chromatogram of a cider brandy
and a synthetic mixture of aromatic and furanic com-
pounds is shown in Figure 1.
Recovery experiments were performed in order to

demonstrate the accuracy of the analytical method.
Known amounts of analytes (three spiking levels) were
added to cider brandy samples, and the resulting spiked
sample was subjected, in triplicate, to the entire ana-
lytical sequence. The contents of phenolic and furanic
compounds in cider brandy and the recoveries of these
substances added to it before the concentration step are
shown in Table 1. As we can see, recoveries ranged
between 88% and 109% for all compounds tested.
Repeatability of the proposed method was high, with

relative standard deviations usually less than 5%.
However, the determination of 2-furancarboxaldehyde
under these conditions was not quantitative. In fact, a
direct injection into the HPLC without the preconcen-
tration step under vacuum should be considered in the
analysis of this furanic component.
Evolution of Aromatic and Furanic Congeners

during Aging of Cider Brandies. Different aromatic
and furanic components were monitored throughout the
aging of cider brandies, namely: benzoic acids (3,4,5-
trihydroxybenzoic acid, 3,4-dihydroxybenzoic acid, 4-hy-
droxy-3-methoxybenzoic acid, and 3,5-dimethoxy-4-
hydroxybenzoic acid (syringic acid)), cinnamic acids (3-
(3,4-dihydroxyphenyl)-2-propenoic acid (caffeic acid) and
3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid (ferulic
acid)), benzoic aldehydes (4-hydroxy-3-methoxybenzal-
dehyde (vanillin), 4-hydroxybenzaldehyde, and 3,5-
dimethoxy-4-hydroxybenzaldehyde (syringaldehyde)),
4-hydroxy-3-methoxycinnamaldehyde (coniferylalde-
hyde), and furanoids (2-furancarboxaldehyde and 5-(hy-
droxymethyl)-2-furancarboxaldehyde).
3,4,5-Trihydroxybenzoic acid is a typical component

of wood associated with the hydrolyzable tannins.
Under the conditions of maturing of brandy, this acid
is extracted from the wood, and furthermore, it is
generally considered as an adequate aging indicator.

Figure 1. Chromatogram of a cider brandy (a) and a synthetic
mixture (b): (1) 3,4,5-trihydroxybenzoic acid, (2) 5-(hydroxy-
methyl)-2-furancarboxaldehyde, (3) 3,4-dihydroxybenzoic acid,
(4) 2-furancarboxaldehyde, (5) 4-hydroxybenzaldehyde, (6)
4-hydroxy-3-methoxybenzoic acid, (7) 3-(3,4-dihydroxyphenyl)-
2-propenoic acid, (8) 3,5-dimethoxy-4-hydroxybenzoic acid, (9)
4-hydroxy-3-methoxybenzaldehyde, (10) 3,5-dimethoxy-4-hy-
droxybenzaldehyde, (11) 7-hydroxy-6-methoxy-2H-1-benzopy-
ran-2-one, (12) 3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid,
and (13) 4-hydroxy-3-methoxycinnamaldehyde. The chromato-
graphic conditions are described under Materials andMethods.
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Under our experimental conditions, an increase (P <
0.01) in this component was detected during aging in
all the cider brandies studied (Table 2), although
significant differences were not found during the last
step of aging (from 12 to 15 months). On the other
hand, the technology factor did not influence the con-
centration of this benzoic acid.
In general, it is well established that benzoic acids,

e.g., 4-hydroxy-3-methoxybenzoic acid and 3,5-dimethoxy-
4-hydroxybenzoic acid, result from cinnamic aldehydes,
by means of a â-oxidation process, and the subsequent
oxidation of the benzoic aldehydes formed. The con-
centration of both acids increased during aging (P < 0.01
and < 0.05, respectively) (Table 2); likewise, the con-
centration of 3,4-dihydroxybenzoic acid increased (P <
0.01) throughout the maturing. However, a decrease
in the corresponding benzoic and cinnamic aldehydes
was not found; on the contrary, the concentration of
4-hydroxy-3-methoxycinnamaldehyde increased (P <
0.05) during aging. The same profile was observed for
4-hydroxy-3-methoxybenzaldehyde and 3,5-dimethoxy-
4-hydroxybenzaldehyde (P < 0.05). This fact might be
explained on the basis of the more intensive lignin
degradation in relation to the oxidation process of
aldehydes, which promotes the accumulation of cin-
namic alcohols and aldehydes. On the other hand, the
aging factor did not influence the concentration of
4-hydroxybenzaldehyde.
The cinnamic acid 3-(3,4-dihydroxyphenyl)-2-prope-

noic accumulated (P < 0.01) during the maturing of the
brandies (Table 2). An interactive effect (P < 0.05)

between both factors studied (technology and aging) was
detected in the case of the 3-(3,4-dihydroxyphenyl)-2-
propenoic acid; thus, a higher level of this acid was
obtained in the brandy made from type A cider, espe-
cially during the last step of maturing.
The 2-furancarboxaldehyde content was influenced by

the technology factor (P < 0.05). As can be seen in Table
2, the higher level of concentration was obtained with
technology B, which is due to the thermal treatment
employed in the making of apple juice concentrate;
moreover, the volatility of this component and its
solubility in hydroalcoholic mixtures facilitate its re-
covery into the spirit when the cider is distilled.
However, in the case of 5-(hydroxymethyl)-2-furancar-
boxaldehyde, no influence of the technology factor was
found, in spite of the fact that this furanic compound is
accumulated in the apple juice concentrate as a conse-
quence of the Maillard reaction; the low volatility of this
component prevents its recovery during the distillation
process.
A significant influence of the aging factor was de-

tected in both furanic components, P < 0.01 and < 0.05
for 2-furancarboxaldehyde and 5-(hydroxymethyl)-2-
furancarboxaldehyde, respectively, which might be ex-
plained by taking into account the thermal treatment
of wood barrels. As is well known, this technological
treatment promotes the accumulation of furanic com-
pounds in wood; these might be later extracted by the
hydroalcoholic mixture during the aging step.
Cluster Analysis. The information provided by

cluster analysis is complementary to that given by factor

Table 1. Recovery Studies of Aromatic and Furanoic Compounds Added to Distillates of Cider

compound
amount in spirit
(mg/L ( RSD)

amount
added (mg/L)

found
(mg/L ( RSD)

recovery
(%)

3,4,5-trihydroxybenzoic acid 27.42 ( 1.12 10.61 38.32 ( 3.39 102.73
21.21 46.84 ( 1.08 91.56
42.42 65.81 ( 2.34 90.50

5-(hydroxymethyl)-2-furancarboxaldehyde 1.46 ( 3.18 1.30 2.75 ( 3.08 99.23
2.59 3.80 ( 1.68 90.35
5.18 6.18 ( 2.22 91.12

3,4-dihydroxybenzoic acid 3.07 ( 4.14 1.61 4.76 ( 3.12 104.97
3.21 6.16 ( 3.05 96.26
6.42 9.33 ( 3.20 97.51

2-furancarboxaldehyde 13.89 ( 2.60 6.80 20.97 ( 0.23 104.12
13.60 27.83 ( 0.81 102.50
17.00 31.12 ( 0.56 101.35

4-hydroxybenzaldehyde 0.49 ( 2.53 1.46 1.95 ( 5.92 100.00
2.92 3.40 ( 3.13 99.66
5.83 6.52 ( 1.70 103.43

4-hydroxy-3-methoxybenzoic acid 3.70 ( 0.28 2.18 6.08 ( 1.24 109.17
4.35 7.59 ( 1.94 89.43
8.70 11.40 ( 2.39 88.51

3-(3,4-dihydroxyphenyl)-2-propenoic acid 1.86 ( 4.29 0.94 2.89 ( 2.41 109.57
1.88 3.66 ( 0.07 95.74
3.75 5.56 ( 2.40 98.67

3,5-dimethoxy-4-hydroxybenzoic acid 5.82 ( 4.33 2.86 8.85 ( 1.24 105.94
5.73 10.98 ( 4.04 90.05
11.45 16.50 ( 2.25 93.28

4-hydroxy-3-methoxybenzaldehyde 5.06 ( 5.79 2.62 7.65 ( 2.97 98.86
5.24 9.89 ( 3.45 92.18
10.48 14.81 ( 2.26 93.03

3,5-dimethoxy-4-hydroxybenzaldehyde 13.42 ( 3.92 4.99 18.84 ( 3.26 108.62
9.99 23.32 ( 4.33 99.10
19.97 32.91 ( 3.13 97.60

7-hydroxy-6-methoxy-2H-1-benzopyran-2-one 0.91 ( 5.28 0.21 1.13 ( 7.58 104.76
0.41 1.32 ( 3.00 100.00
0.82 1.70 ( 8.92 96.34

3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid 1.59 ( 0.66 0.91 2.52 ( 5.14 102.20
1.81 3.26 ( 3.05 92.27
3.62 4.87 ( 1.14 90.61

4-hydroxy-3-methoxycinnamaldehyde 0.82 ( 6.65 0.64 1.51 ( 4.41 107.81
1.28 1.99 ( 1.88 91.41
2.56 3.35 ( 1.74 98.83
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analysis. The aim of this multivariate technique is to
search for ‘natural’ groupings among samples. In our
case, a 20 × 20 matrix consisting of squared Euclidian
distances, where each observation was represented by
12-dimensional vectors, was employed for hierarchical
cluster analysis of the data, using the average linkage
method. As we can see in the dendrogram (Figure 2),
two clusters were found above 20.0 in the rescaled
distance; the first cluster consisted of spirits made from
the type B cider, while the second cluster included cider
brandies obtained from traditional cider (type A). From
the first cluster, two additional clusters occured below
5.0 in the rescaled distance, which included, on the one
hand, the more aged spirits and, on the other hand, the
less aged spirits, both obtained from type B cider; the
cluster that initially grouped the distillates of type A
cider was split into three clusters below 40% of the
highest level of grouping, on the basis of the aging time
of the spirits (Figure 2).

Factor Analysis of the Internal Structure. In
order to ascertain if the data matrix might be considered
adequate for factor analysis, different tests were carried
out. Thus, it resulted that 62% of the correlations
between variables were >|(0.5|, 89.4% of correlations
being significant at the 5% level; the determinant of the
correlation matrix was 0.0000; the Bartlett test of
sphericity (ø2 ) 471.22) was significant at the 0.01%
level; the Kaiser-Meyer-Olkin measure was 0.726 17;
and finally, an elevated number of measures of sampling
adequacy above 0.7 were detected. Consequently, the
data matrix could be considered appropiate for factor
analysis.
The number of principal components (PC) was deter-

mined from the correlation matrix, having previously
standardized the data. Three PC values that accounted
for 89.1% of the variance were chosen on the basis of
Kaiser’s criterion (eigenvalues higher than 1.0 are
chosen). The percentage of variance of each variable
explained by the two principal factors (communality)
was greater than 81% for 66.7% of the variables studied.
In order to ascertain the latent structure of the data,

a Varimax rotation was carried out. As can be seen in
Figure 3, where the variables are projected onto the
plane formed by the two principal factors considered
(total variance explained 79.8%), the first eigenvector
is closely related to 2-furancarboxaldehyde due to the
high negative loading; however, 4-hydroxy-3-methoxy-
cinnamaldehyde, 5-(hydroxymethyl)-2-furancarboxalde-
hyde, 4-hydroxybenzaldehyde, 3,5-dimethoxy-4-hydrox-
ybenzaldehyde, 3,5-dimethoxy-4-hydroxybenzoic acid,
and 4-hydroxy-3-methoxybenzaldehyde had high posi-
tive loadings for this varivector. On the other hand, 3,4-
dihidroxybenzoic acid, 4-hydroxy-3-methoxybenzoic acid,
3-(3,4-dihydroxyphenyl)-2-propenoic acid, 3-(4-hydroxy-
3-methoxyphenyl)-2-propenoic acid, and 3,4,5-trihydrox-
ybenzoic acid are closely associated to the second
varivector.
A projection of the observations onto the plane formed

by the first two components is shown in Figure 4. As
can be seen, the first component allows us to differenti-
ate between the spirits manufactured from different
cider types, A and B, while the second component is

Table 2. Average Content (mg/L) of Aromatic and Furanoic Compounds in Distillates of Cider

age (months)

compound spirit 3 6 9 12 15

3,4,5-trihydroxybenzoic acid A 2.40 4.78 7.25 9.04 9.04
B 1.68 2.75 3.89 5.03 5.26

5-(hydroxymethyl)-2-furancarboxaldehyde A 0.94 2.38 2.88 3.10 3.15
B 0.32 0.55 0.67 0.77 0.87

3,4-dihydroxybenzoic acid A 0.34 0.57 0.78 1.00 1.28
B 0.25 0.40 0.51 0.70 0.89

2-furancarboxaldehyde A 2.37 3.79 4.44 5.58 5.50
B 14.88 14.71 14.87 15.12 15.87

4-hydroxybenzaldehyde A 0.10 0.12 0.10 0.13 0.13
B 0.06 0.06 0.06 0.08 0.08

4-hydroxy-3-methoxybenzoic acid A 1.17 2.27 2.82 3.25 3.11
B 0.64 1.17 1.43 2.57 1.89

3-(3,4-dihydroxyphenyl)-2-propenoic acid A 0.69 0.69 0.69 0.64 2.42
B 0.46 0.64 0.74 0.89 1.60

3,5-dimethoxy-4-hydroxybenzoic acid A 1.07 2.81 3.38 4.10 4.15
B 0.36 0.68 0.91 1.31 1.34

4-hydroxy-3-methoxybenzaldehyde A 1.73 3.42 4.36 5.27 5.81
B 0.75 1.20 1.51 1.96 2.28

3,5-dimethoxy-4-hydroxybenzaldehyde A 4.10 9.27 11.39 13.67 14.62
B 1.21 2.10 2.72 3.76 3.62

3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid A 0.26 0.38 0.43 0.50 0.36
B 0.23 0.32 0.37 0.51 0.36

4-hydroxy-3-methoxycinnamaldehyde A 2.19 5.62 6.23 6.84 7.26
B 0.95 1.93 2.12 2.76 3.34

Figure 2. Dendogram: Aij, spirit obtained from type A cider;
Bij, spirit obtained from type B cider; i, repetition number; j,
aging step.
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related to the aging time, especially when the distillates
obtained from type B cider are considered. The scores
for the first rotated component were higher in type A
than type B spirits, and the spirits with more aging time
usually had higher scores than the young spirits for the
second rotated component (Figure 4). Consequently, the
compounds associated with the first principal compo-
nent may be employed for classifying the spirits on the
basis of the raw material, and those related to the
second principal component may be used for determin-
ing the degree of aging.
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Figure 3. Two-factorial axes projection of variables.

Figure 4. Eigenvector projection of spirits.
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