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SUMMARY

The wine brandies, as other alcoholic beverages, must be kept for several months (minimum of six months according to the European legislation)
in wooden barrels, in order to achieve the minimum quality, before its consumption. However, the high costs related to ageing in wooden barrels
have lead to the search of alternative technologies, such as the use of wood fragments, in order to accelerate the ageing process. In this work, the
same wine brandy from Lourinha was used to fill wooden barrels and stainless steel tanks with wood tablets or wood staves. These three ageing
systems were studied with Limousin oak wood (Quercus robur L.) and Portuguese chestnut wood (Castanea sativa Mill.), with two replicates
of each modality. The brandies were evaluated by sensory descriptive analysis during a period of 30 months. Colour, olfactory and gustatory
attributes, previously generated by the tasting panel, were analysed. The results showed a significant effect of the ageing system on few sensory
attributes. However, the most discriminant factors were the wood botanical species and the ageing time, which affected significantly several
sensory attributes. Concerning the ageing system, the brandies aged in the presence of wood tablets presented lower intensity of the attribute
golden and higher intensities of the attributes topaz, greenish, toasted, flavour, complexity and persistence in comparison with brandies aged in
wooden barrels. The brandies aged in the presence of wood staves presented an intermediate sensory profile. Nevertheless, the overall quality
of the brandies is not affected by the ageing system. These results pointed out the interesting sensory attributes of the brandies obtained with the
alternative ageing systems; therefore further research is needed in order to validate the use of these technologies in the ageing of wine brandy.

RESUMO

As aguardentes vinicas envelhecidas, a semelhanga de outras bebidas alcodlicas, devem permanecer durante varios meses (minimo de seis
meses de acordo com a legislagdo europeia) em vasilhas de madeira de modo a atingirem um minimo de qualidade, antes de serem consumidas.
Neste trabalho uma mesma aguardente vinica da Lourinha foi submetida a um processo de envelhecimento, com trés formas de madeira: em
vasilha de madeira; em deposito de ago inoxidavel com introdugdo de madeira sob a forma de dominos; em depdsito de ago inoxidavel com
introdug@o de madeira sob a forma de aduelas. Estes trés sistemas de envelhecimento foram estudados com duas madeiras, o carvalho francés
Limousin (Quercus robur L.) e o castanho portugués (Castanea sativa Mill.), com duas réplicas de cada modalidade. As aguardentes vinicas
envelhecidas foram avaliadas por analise sensorial descritiva durante um periodo de 30 meses. Foram avaliados descritores sensoriais visuais,
olfativos e de sabor que foram previamente gerados pelo grupo de prova. Os resultados demostraram a existéncia de um efeito significativo do
sistema de envelhecimento num pequeno niimero de descritores sensoriais. Contudo, os fatores mais discriminantes foram a espécie botanica
da madeira e o tempo de envelhecimento, os quais influenciaram significativamente varios descritores sensoriais. Relativamente aos sistemas de
envelhecimento, verificou-se que as aguardentes envelhecidas na presenga de dominos apresentaram menor intensidade no descritor dourado e
intensidades mais elevadas nos descritores topazio, esverdeado, torrado, complexidade e persisténcia do sabor quando em comparagdo com as
aguardentes envelhecidas nas vasilhas. As aguardentes envelhecidas na presenga de aduelas apresentaram um perfil sensorial intermédio. Toda-
via, a qualidade global da aguardente nao foi afetada pelo sistema de envelhecimento utilizado. Estes resultados evidenciam que as aguardentes
envelhecidas com sistemas alternativos apresentam um perfil sensorial interessante; no entanto, € necessario a realizagao de mais trabalho de
investigagdo de modo a validar a utilizagdo destas tecnologias.
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INTRODUCTION the wood ageing, the freshly distilled brandy un-
dergoes important physical, chemical and sensory
modifications. The kind of wood and the wood heat
treatment seem to be the most determining factors
for these sensory and physicochemical changes
(Guymon and Crowell, 1970; Onishi et al., 1977,
Artajona, 1991; Rabier and Moutounet, 1991; Pue-
ch et al., 1992; Viriot et al., 1993; Guichard et al.,
1995; Canas et al., 1999; Belchior et al., 2001).

The wine brandy is an alcoholic beverage produced
from the distillation of wine. After the distillation,
the freshly distilled brandy undergoes a period of
maturation or ageing, which encompasses several
changes. During the ageing time, the brandy must
be kept into oak barrels, although interesting re-
sults are also verified with other kinds of wood, like
chestnut (Canas et al., 1999; Belchior et al., 2001;
Caldeira et al., 2006; Canas et al., 2011). During The ageing of brandies in wooden barrels, like with



other beverages, has a great influence on their com-
position, affecting their sensory properties (Léauté
et al., 1998; Caldeira et al., 2002, 2006, 2008).

The ageing of brandies requires a long period of time
and consequently it is very costly. According to the
European legislation (EC 110/2008) the wine bran-
dies, as other alcoholic beverages, must be kept for
several months (minimum of six months) in wooden
oak barrels. At present, for cost-effective reasons,
alternatives to the wooden barrel are being looked
to simplify and accelerate the ageing process. One
of these techniques consists of adding fragments of
wood into the beverages. For this purpose, a great
variety of wood fragments can be found in the ma-
rket: chips, cubes, powder, shavings, granulates, blo-
cks or segments, up to staves (Butticaz and Rawyler,
2007) and the effect of application of oak wood pie-
ces has been studied in recent years for several alco-
holic beverages, namely cider (Fan ez al., 2006) and
wine (del Alamo ef al., 2004; Butticaz and Rawyler,
2007; Eiriz et al., 2007; Bautista-Ortin et al., 2008;
Rodriguez-Bencomo et al., 2009). However, there
is few data about the use of wood fragments in the
ageing of brandy (Belchior et al., 2003; Canas ef al.,
2009a,b; Caldeira et al., 2010; Canas et al., 2013).
The wood fragment size, the botanical and geogra-
phical origin of wood, the wood toasting level and
the amount of applied wood seem to be important
factors on the alternative ageing systems, which in-
fluence the quality of the final product (Fan ef al.,
2006; del Alamo et al., 2004; Eiriz et al., 2007; But-
ticaz and Rawyler, 2007; Bautista-Ortin ef al., 2008;
Rodriguez-Bencomo et al., 2009). Our first results
on alternative ageing systems showed chemical dis-
crimination (Canas et al., 2009a,b; Caldeira et al.,
2010; Canas et al., 2013) between the brandies aged
in wooden barrels and those aged with wood frag-
ments (staves and tablets). The more discriminating
variables were the amounts of some wood derived
compounds in the brandies, namely furanic aldehy-
des (5-hydroximethylfurfural and furfural) and the
volatile phenols (guaiacol, 4-methylguaiacol, syrin-
gol, 4-methylsiringol), which presented the highest
levels in the brandies aged in wooden barrels and in
those brandies aged in presence of tablets, respec-
tively. Despite the chemical discrimination of the
brandies the overall quality was not influenced by
the alternative ageing system (Caldeira et al., 2010).

Thus, this work intends to evaluate the sensory mo-
difications in the brandy aged in the presence of
two types of wood fragments in comparison with a
brandy aged in wooden barrels, over an ageing time
of 30 months, using the same experimental design
from our previous work (Caldeira et al., 2010).

MATERIAL AND METHODS
Experimental design and sampling

The brandy ageing was studied in three ageing sys-
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tems: 650 L new wooden barrels (B), 40-L stainless
steel tanks with wood staves (S) and 40-L stainless
steel tanks with wood tablets (T). The barrels and
the stainless steels were filled with the same freshly
distilled wine brandy (78.7%), from Lourinha, Por-
tugal. For each ageing system two different kinds
of wood were evaluated, Portuguese chestnut wood
(Castanea sativa Mill.) - CT and French oak wood
(Quercus robur L.) from Limousin region — L. Two
replicates of each essay modality were done and the
brandies from the twelve experimental units were
studied over the time.

The quantity of wood staves (two staves of 40 cm
lengthx10 cm widthx3 cm thickness and one stave
of 17 cm lengthx10cm widthx3 cm thickness) and
tablets (47 tablets of 7 cm lengthx3 cm widthx0.8
cm thickness) was calculated in order to obtain an
equivalent surface area/volume ratio of the 650 L
wooden barrel (57 cm2/L).

The barrels and the wood fragments were manufac-
tured by the same cooperage (Tanoaria J.M. Gon-
calves, Palagoulo, Portugal) with a strong toasting
degree. The barrels and staves toasting process was
about 25 min over a fire of corresponding wood off-
cuts, while the tablets were submitted to an oven
toasting process.

The wooden barrels and the stainless steel tanks
were placed in similar cellar conditions, at Adega
Cooperativa de Lourinha, Portugal.

The twelve brandies were sampled after 6, 12, 18,
24 and 30 months of ageing and their sensory pro-
file and overall quality were evaluated by a tasting
panel. The minimum of oak ageing time required
in the European legislation for the wine brandies is
six months but it is usual to find commercial aged
brandies with more ageing time, so it is important
to study the sensory modifications of the alternative
systems during an extended period.

The experimental design is the same that has been
used in previous works (Canas ef al., 2009a,b; Cal-
deira et al., 2010; Canas et al., 2013).

Tasting panel

The tasters were previously selected and trained
(Caldeira et al., 1999). The reliability of each taster
was evaluated by introducing blind sample replica-
tes in all sessions, as described by Caldeira et al.
(2002). The consistency, between repeated evalua-
tions of the same brandy by a taster, was estimated
using Pearson’s correlation coefficient, which will
be referred by ‘reliability’ according to Brien ef al.
(1987). After this preliminary analysis, seven relia-
ble subjects composed the average panel group.

Sensory attributes

The sensory attributes were previously generated by
the tasting panel, according to Caldeira et al. (1999),
which included colour, olfactory and gustatory attri-
butes. The reliability of each attribute was evaluated



as proposed by Caldeira et al. (2002), and only the
reliable attributes were evaluated in this work.

Tasting conditions

All evaluations were carried out in a standardized
tasting room with individual white boots, using
standard wine-tasting glasses (ISO 3591, 2010)
filled with 30 mL of diluted brandies. Fifteen days
before the tasting session, the brandy samples were
diluted with water, thereby reducing the ethanol
concentration to 40 % v/v and they were stored in a
dark room at 20° C until the tasting session.

At the tasting session, the samples were served at
room temperature. The sensory evaluations were
held in the mornings between 10:00 a.m. and 12:00
a.m. The panel evaluated the 12 brandies from each
sampling time, which were randomly distributed by
two sessions. Seven samples were presented in each
session, in balanced orders to eliminate first-order
carryover effects (Williams, 1949). Some replicates
were introduced in all sessions in order to control
the reliability of the panel.

All samples were spat out and water was provided
for oral rinsing at the beginning of the experiments
and also between brandy tasting.

The tasters were asked to scoring the thirty three sen-
sory attributes (see Table II) with a structured scale
(0-no perception to 5-highest perception). They also
scored the overall quality of the brandies between 0
(without quality) and 20 (maximum quality).

Between each sampling time, training sessions were
done monthly, in order to maintain the taster’s per-
formance.

Statistical analysis

The sensory attributes’ intensities of the brandies
were submitted to a three-way analysis of variance
(factor 1 - wood, factor 2 — ageing system, factor
3 - ageing time; design with all interactions). For
this analysis, and for each sensory attribute, it was
used the average intensity of the seven reliable tas-
ters. Calculations of the least significant difference
(LSD) were applied for the comparison of different
brandy attributes (Montgomery, 1991).

The results were also subjected to a multivariate
analysis, namely principal component analysis and
linear discriminant analysis.

The variance analysis and linear discriminant analy-
sis of the data was performed using Statistica vs *98
edition (Statsoft Inc., USA). The principal compo-
nent analysis (PCA) was carried out using NTSYS-
pc package, version 2.1 (Exeter Software, USA).

RESULTS AND DISCUSSION

At each sampling time, several attributes of the
brandies were evaluated by the tasting panel, namely
five colour attributes (yellow-green, yellow-straw,
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golden, topaz, and greenish), sixteen olfactory attri-
butes (alcohol, fruity, vanilla, woody, rancid, spicy,
caramel, toasted, smoke, dried fruit, coffee, sweet,
green, tails, glue, and rubber) and twelve gustatory
attributes (sweetness, smooth, burning, astringency,
roughness, bitterness, body, unctuous, flavour evo-
lution, flavour complexity, retronasal aroma, and
flavour persistence), as well as the overall quality.
The dried fruits attribute was not reliable at first
sampling evaluation and consequently the corres-
ponding results were not included in the subsequent
analysis. The panel was retrained and the reliabili-
ty of this attribute was attained at the other tasting
sessions.

Attributes and overall quality

It was calculated the linear correlation between the
attributes’ intensities, averaged across tasters and
the overall quality (Table I).

TABLE I
Pearson correlation coefficients between the intensities of the at-
tributes and the overall quality of the brandies (the significant
coefficients are in bold).

Coeficientes de correlagdo de Pearson entre as intensidades dos
descritores e a qualidade global das aguardentes (os coeficientes
significativos estdo a negrito)

Attribute Correlation coefficient ~ Significance level
Rancid 0.78 (n=60) 0.000
Flavour complexity 0.77 (n=60) 0.000
Flavour evolution 0.76 (n=60) 0.000
Dried fruits * 0.72 (n=48) 0.000
Body 0.72 (n=60) 0.000
Vanilla 0.72 (n=60) 0.000
Caramel 0.71 (n=60) 0.000
Topaz 0.69 (n=60) 0.000
Retronasal aroma 0.67 (n=60) 0.000
Coffee 0.66 (n=60) 0.000
Greenish 0.63 (n=60) 0.000
Flavour persistence 0.62 (n=60) 0.000
Unctuous 0.59 (n=60) 0.000
Sweet 0.54 (n=60) 0.000
Toasted 0.46 (n=60) 0.000
Spicy 0.45 (n=60) 0.000
Sweetness 0.41 (n=60) 0.001
Smooth 0.37 (n=60) 0.004
Smoke 0.30 (n=60) 0.021
Astringency 0.09 (n=60) 0.472
Roughness 0.06 (n=60) 0.663
Yellow green 0.03 (n=60) 0.797
Fruity 0.01 (n=60) 0.918
Golden -0.63 (n=60) 0.000
Green -0.53 (n=60) 0.000
Yellow straw -0.41 (n=60) 0.001
Tails -0.28 (n=60) 0.028
Woody -0.22 (n=60) 0.090
Caoutchouc -0.19 (n=60) 0.141
Bitterness -0.17 (n=60) 0.204
Alcohol -0.08 (n=60) 0.549
Glue -0.03 (n=60) 0.800
Burning -0.03 (n=60) 0.804

n = number of observations, a The results obtained in the first
sampling were not included because this attribute was not reliable.



The highest positive coefficients were found for two
colour attributes (topaz, greenish), five olfactory
attributes (rancid, dried fruits, vanilla, caramel and
coffee) and six gustatory attributes (flavour comple-
xity, evolution and persistence, retronasal aroma,
body and unctuous). These attributes perception
or intensity increase over the time (Caldeira et al.,
2006), therefore it is expectable that they would be
related with ageing process and could explain its
positive influence in the overall quality of the aged
wine brandy.

On the other hand, the attributes green, golden,
yellow-straw and tails presented negative correla-
tion with the overall quality. Golden and yellow-
straw are colours well correlated with young bran-
dies (Canas et al., 2000), while topaz is correlated
with brandies with longer ageing, which could ex-
plain its relation with overall quality presented at
Table I. Green is an important attribute of young
wine brandies (Léauté ef al., 1998) and its inten-
sity decreased with ageing time in the wine bran-
dies (Caldeira et al., 2006) and in whiskies (Reazin,
1983), which explains the negative correlation with
overall quality (Table I), and are in accordance with
our previous results for a brandy with longer ageing
time (Caldeira ef al., 2006). Tails are a negative aro-
ma associated with the last phase of the distillation
process, so it is predictable the negative correlation

with overall quality that is presented in Table I. This
result is also in accordance with that obtained in pre-
vious work (Caldeira et al., 2006).

Concerning the woody attribute the results obtai-
ned are quite different from those verified in our
previous studies. In fact, it was found a negative
correlation coefficient between the woody attribute,
which varied between 1.0 and 2.7 (data not shown),
and the overall quality (Table I), while a positive
correlation was observed in other works (Caldeira
et al.,2006), where the woody attribute ranged from
0.4 until 3.1. This could be probably related with the
intensity range of the attribute, which is different in
this experiment.

Influence of wood, ageing system and ageing time
on sensory profile of brandies

The all set of sensory results, obtained at the five
samplings, were submitted to the analysis of varian-
ce (ANOVA) and the results are presented at Table
II. The results pointed out that the wood botanical
species and the ageing time are the most discrimi-
nating factors concerning the sensory profile of the
brandies. These outcomes are in agreement with our
previous results (Caldeira et al., 2006; Caldeira et
al.,2010).

TABLE 11
P values obtained in ANOVA (only the values lower than 0.01 are showed, the other are assigned as ns).
Valores de P obtidos na ANOVA (apenas sdo apresentados os valores menores que 0.01, os restantes sao assinalados como ns).

Factors
Wood Agei Acci
botanical gemng semg WxS WxT SxT  WxSxT
Attributes species (W) system () time (T)
Yellow-green ns ns ns ns ns ns ns
Yellow-straw 0.002 ns ns ns ns ns ns
Colour Golden 0.000 0.000 ns ns ns ns ns
Topaz 0.000 0.000 0.000 ns ns ns ns
Greenish 0.000 0.000 0.000 0.003 ns ns ns
Alcohol ns ns 0.000 ns ns ns ns
Fruity ns ns 0.006 ns ns ns ns
Vanilla 0.000 ns ns ns ns ns ns
Woody ns ns 0.000 ns ns ns ns
Rancid 0.000 ns 0.000 ns ns ns ns
Spicy ns ns 0.000 ns ns ns ns
Caramel 0.000 ns ns ns ns ns ns
Toasted 0.006 0.004 ns ns ns ns ns
Olfactory N . a
Dried fruits 0.000 ns ns ns ns ns ns
Smoke ns ns 0.000 ns ns ns ns
Coffee 0.000 ns ns ns ns ns ns
Sweet 0.000 ns 0.003 ns ns ns ns
Green 0.003 ns 0.006 ns ns ns ns
Tails ns ns ns ns ns ns ns
Glue ns ns ns ns ns ns ns
Caoutchouc 0.008 ns ns ns ns ns ns
Sweetness ns ns 0.000 ns ns ns ns
Smooth ns ns 0.000 ns ns ns ns
Burning ns ns 0.001 ns ns ns ns
Astringency ns ns ns ns ns ns ns
Roughness ns ns 0.000 ns ns ns ns
Gustatory Bitterness ns ns ns ns ns ns ns
Body 0.000 ns 0.000 ns ns ns ns
unctuous ns ns 0.000 ns ns ns ns
Flavour evolution 0.000 ns 0.000 ns ns ns ns
Flavour complexity 0.000 0.004 0.000 ns ns ns ns
Retronasal aroma ns ns ns ns ns ns ns
Flavour persistence 0.000 0.003 0.000 ns ns ns ns
Overall quality 0,000 ns 0.004 ns ns ns ns

@ The results obtained in the first sampling were not included because this attribute was not reliable.
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The chestnut aged brandies presented higher in-
tensities of several attributes, like topaz, vanilla,
rancid, caramel, toasted, dried fruits, coffee, sweet,
body, flavour evolution and flavour persistence than
the brandies aged with French Limousin oak (Figu-
re 1). The intensity of the majority of these attri-
butes increase over the time (Caldeira et al., 2000),
so it means that the sensory profile of the chestnut
aged brandies corresponds to an older brandy when
compared with that of Limousin oak aged brandies.
The vanilla attribute was positively correlated with
the concentration of vanillin (Caldeira et al., 2008),
therefore the highest intensities on vanilla attribute

flavourpersistence

retronasal aroma

Ravourcomplecity
favourevolution
unctucus

body

caoutchoue

sweel

The brandies aged with Limousin oak presented
higher intensities of the attributes yellow-straw,
golden and green, which are more related to the
youngest brandies (Canas et al., 2000, Caldeira et
al., 2000).

These results reinforce the previous ones (Belchior
et al., 2001; Caldeira et al., 2002; Caldeira et al.,
2006; Canas et al., 2011) and pointing out once
more the chestnut wood as an interesting alternative
for the ageing of the wine brandies.

The ageing system affected significantly only six
attributes, namely three colour attributes, one olfac-

greenish
vanilla

rancid

caramal

toasted

dried fruits

coffee

—+—CT --»-L

Figure 1 - Spider graphic representation of sensory profile, make with averaged sensory attributes from ANOVA, which are significantly
affected by the wood factor (CT — chestnut wood; L — Limousin oak wood).

Representagao grdfica do perfil sensorial, elaborada com os valores médios da ANOVA, para os descritores sensoriais que foram significati-
vamente influenciados pelo fator madeira (CT — madeira de castanheiro, L — madeira de carvalho Limousin).

found in the brandies aged in chestnut wood (Table
II and Figure 1) might be explained by the highest
amount of vanillin of the brandies aged in chestnut
wood (Canas et al., 2011; Canas et al., 2013). Re-
garding the toasted attribute, it is used to describe
the odour of some volatile phenols and several unk-
nown compounds and its intensity was related with
the brandy content on volatile phenols and furanic
aldehydes (Caldeira et al., 2008). Thus, the high in-
tensity of toasted attribute presented in the brandies
aged in chestnut wood (Table II and Figure 1) could
be explained by the highest concentration of fura-
nic aldehydes found in the brandies aged in chestnut
wood when in comparison with Limousin oak wood
(Canas et al., 2011).
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tory attribute and two gustatory attributes (Table II
and Figure 2). The brandies aged with tablets pre-
sented lower intensities of the attributes golden and
higher intensities of the attributes topaz, greenish,
toasted, flavour complexity and flavour persisten-
ce than the brandies aged in wooden barrels. The
brandies aged with staves presented an intermediate
sensory profile. Taking into account the behaviour
of these attributes over the time (Canas et al., 2000;
Caldeira et al., 2006) it seems that the sensory pro-
file of the brandies aged with tablets corresponds to
an older brandy. The high intensities of toasted in
the brandies aged with tablets can result from higher
amounts of volatile phenols in these brandies (Cal-
deira et al., 2010), considering the positive correla-



tion between these features (Caldeira ef al., 2008).

In accordance with slight sensory discrimination,
the overall quality of the brandies it is not signifi-
cantly affected by the ageing system. The overall
quality was only significantly influenced by the

The ageing time influences significantly many sen-
sory attributes (Table II). However, their evolution
pattern is variable, as shown in Figure 4. The in-
tensity of the majority of the attributes, such as to-
paz, greenish, rancid, spicy, smoke, unctuous, body,

OB OS mT
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1,00 A
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0,00
golden topaz greenish toasted flav our flawour
complexity persistence
Colour attributtes Olfactory Gustatory attributes
attributes

Figure 2 — Graphic representation of sensory profile, make with averaged sensory attributes from ANOVA, which are significantly affected
by wood ageing system factor (B - barrels; S - staves; T - tablets). Columns signed with the same letter are not significantly different at the
0.01 level of significance.

Representagdo grdfica do perfil sensorial, elaborada com os valores médios da ANOVA, para os descritores sensoriais que foram significati-
vamente influenciados pelo fator sistema de envelhecimento (B — vasilhas de madeira; S - aduelas; T - dominds). As colunas assinaladas com
a mesma letra ndo sdo significativamente diferentes para um nivel de significiancia de 0.01.

wood botanical species and by the ageing time (Ta-
ble IT and Figure 3), which is in accordance with our
previous results using the traditional ageing system
in wooden barrels (Belchior et al., 2001; Caldeira et
al., 2006).

Crrerall quality
16,0

%

flavour, evolution and flavour persistence, increases
over the time and tends to reach the equilibrium (Fi-
gure 4a,b). Similar results were found in a previous
work, during an extended period of ageing, namely
during five years (Caldeira et al., 2006). Taking into

be
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Figure 3 - Wood, ageing system and ageing time effect on average panel score for overall quality of the brandies (columns signed with
the same letter are not significantly different at the 0.01 level of significance) (CT — chestnut wood; L — Limousin oak wood; B - barrels;
S - staves; T — tablets).

Efeito da madeira, sistema de envelhecimento e tempo de envelhecimento no valor médio da qualidade global das aguardentes, atribuido
pelo painel de prova (colunas assinaladas com a mesma letra nao sdo significativamente diferentes para um nivel de significancia de 0.01)
(CT — madeira de castanheiro; L — carvalho Limousin; B — vasilhas de madeira; S - aduelas; T— dominds).
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account the positive correlation of these attributes
with overall quality (Table 1), their increase can
explain the raise of overall quality of the brandies
over the time (Figure 3).

The green attribute presents a decrease over the
time but that only starts after 18 months (Figure 4c).
This result is in accordance with our previous work
although the differences found in the ageing condi-

tributes of the brandies, with exception to the gre-
enish (Table 2). It was detected a significant inte-
raction between the wood and the ageing system in
the greenish intensity. In fact, the effect of ageing
system in the greenish intensity of the brandies was
more pronounced when the chestnut wood was used
in comparison with Limousin oak wood (data not
shown).
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Figure 4 - Graphic representation of intensity of sensory attributes which are significantly affected by wood ageing time factor, make with
the averages and their standard errors obtained from ANOVA.

Representagdo grafica dos descritores sensoriais que foram significativamente influenciados pelo fator tempo de envelhecimento, elaborada
com os valores médios e os respetivos desvios-padrdo da ANOVA.

tions and sampling time (Caldeira et al., 2006). The
fruity, roughness and burning (Figure 4c) present a
decrease, followed by a sharp increase during the
ageing period of 30 months. These results are not
in accordance with those of the mentioned work,
in which it was detected a decrease of burning and
fruity during five years of ageing.

Concerning the intensity of other five attributes, al-
cohol, sweet, woody, sweetness and smooth, they
show an irregular pattern over the time (Figure 4d).

It was not detected a significant effect of the inte-
raction between the factors (wood, ageing system
and ageing time) on the intensity of the sensory at-
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Multivariate analysis

Multivariate analysis was also applied to check
whether the measured variables could help to distin-
guish among pre-established groups (wood botani-
cal species, ageing system and ageing time).

The average intensities of the brandy’s attributes
were submitted to the principal component analy-
sis (PCA). It was analysed a matrix composed by
60 objects (12 brandies x 5 sampling times) and 26
variables (only the attributes with significant effects
shown in the Table II were considered).

In the PCA analysis (Figure 5) the first two compo-



nents are those which contribute for major variabi-
lity of the results (34 and 10%, respectively). The
brandy samples are distributed across the space cre-
ated by the two main components (Figure 5). Two
group of attributes presented higher contribution to
the first component with loadings in opposite sides.
The first group is composed by yellow-straw, gol-
den and green and the second group is constituted
by topaz, greenish, rancid, vanilla, body, flavour
complexity, flavour evolution and flavour persis-
tence. The attributes of the first group are more re-
lated with young brandies, namely the yellow-straw
and green (Canas et al., 2000, Caldeira et al., 2006).
The attributes which influence the opposite side of
the component 1 are more related with older bran-
dies (Canas et al., 2000, Caldeira et al., 2006) since
their intensity increase over the time, like topaz, va-
nilla, toasted, body, flavour complexity, evolution
and persistence. Thus the component 1 seems to
split the samples based on its degree of maturation.
Indeed, the young brandies are located in the posi-
tive side of the component while the older brandies
are located in the opposite side. The brandies aged
with the chestnut wood show a tendency to be lo-

cated in the side more related with the attributes of
matured brandies while the brandies aged with Li-
mousin oak tend to be located in the opposite side.
Concerning the ageing system, it seems that it is not
possible to separate the samples according to this
factor, which is in agreement with ANOVA results.

It was also performed a linear discriminant analysis
with all set of the results, considering the ageing
system as discriminant factor, but it was not found
any significant discriminant factor, as expected ba-
sed on the ANOVA results.

Therefore, it seems that sensory data do not permit
an easy discrimination of the brandies based on the
ageing system used. On the contrary, the chemical
analysis of the corresponding brandies allow the
discrimination of the brandies based on the ageing
system (Canas ef al., 2009a,b; Caldeira ef al., 2010;
Canas et al., 2013). Therefore, the alternative
ageing systems allow obtaining aged brandies with
similar quality to the brandies aged in the traditio-
nal system in wooden barrels, and it is possible to
found chemical markers in order to control these
technologies.
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F igure 5 — Plot of brandy samples of all samplings (L - Limousin oak wood, CT — chestnut wood; B - barrels, S - staves, T — tablets; 6, 12,
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Projec¢ao das amostras de aguardentes de todas as amostragens (L — madeira de carvalho Limousin, CT — madeira de castanheiro, B - vasil-
has, S - aduelas, T— dominés; 6, 12, 18, 24 e 30 meses — tempo de envelhecimento) no espago definido pelos dois componentes principais

(Comp. 1 e Comp. 2).
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CONCLUSIONS

The results presented in this work suggest that the
use of alternative systems allow producing brandies
with slightly different sensory profile. Actually, the
brandies aged with alternative systems presented an
overall quality similar to those aged in wooden bar-
rels, and the use of tablets or staves in the brandy
ageing seems to be an interesting alternative.
These results, obtained with chestnut and oak wood
during an ageing time of 30 months, reinforce that
chestnut wood is suitable for the ageing of the wine
brandies.

Despite these outcomes, further research is needed
in order to validate the use of these alternative tech-
nologies in the brandy ageing.
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