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Multivariate analyses of UV-Vis spectral data from cachaça wood extracts provide a simple and robust

model to classify aged Brazilian cachaças according to the wood species used in the maturation barrels.

The model is based on inspection of 93 extracts of oak and different Brazilian wood species by a non-

aged cachaça used as an extraction solvent. Application of PCA (Principal Components Analysis) and

HCA (Hierarchical Cluster Analysis) leads to identification of 6 clusters of cachaça wood extracts

(amburana, amendoim, b�alsamo, castanheira, jatob�a, and oak). LDA (Linear Discriminant Analysis)

affords classification of 10 different wood species used in the cachaça extracts (amburana, amendoim,

b�alsamo, cabre�uva-parda, canela-sass�afras, castanheira, jatob�a, jequitib�a-rosa, louro-canela, and oak)

with an accuracy ranging from 80% (amendoim and castanheira) to 100% (b�alsamo and jequitib�a-rosa).

The methodology provides a low-cost alternative to methods based on liquid chromatography and

mass spectrometry to classify cachaças aged in barrels that are composed of different wood species.

Introduction

The flavor characteristics of alcoholic beverages such as rum,

whisky, brandy, and cachaça are dependent to a great extent on

maturation, which is commonly achieved in wooden barrels to

improve the product’s sensorial attributes.1–4 Typically, a fresh

distillate is colorless and its taste, aroma, and mouth-feel char-

acteristics will benefit from improvements associated with aging

in wooden barrels in order to improve the consumers’ accep-

tance. During aging, various constituents are extracted from the

wood into the beverage and are further altered by chemical

reactions including oxidations and esterification.5–7 The quali-

tative and quantitative composition of the extracted fraction is

determined by a number of variables such as the specific nature

of the wood species, the geographic origin, the previous treat-

ments of the wooden barrel, the duration of the aging process,

and the frequency of use of the barrel.8–15 Barrels are chosen

depending on particular preferences by the cachaça producers or

by particular flavors that are derived from the wood species.

Although new barrels can be used, a general trend is to involve

barrels that had previously been used for maturation of alcoholic

beverages. Brazilian cachaças are mainly aged in oak barrels

originating from the production of whiskies.16,17

However, there exists a great number of Brazilian wood

species that could be considered as alternatives to oak. From this

perspective, knowledge of the chemical nature of the wood

constituents extracted into aged cachaças and development of

a suitable model to certify these cachaças and the woods used

during maturation is of great interest.18–21 Spectral fingerprint

methodologies that have been reported rely on sophisticated

instrumentation (mass and nuclear magnetic resonance spec-

trometers) for collection and interpretation of data.19,22–25 There

is undoubtedly a need for a simple, robust, and cost-effective

methodology based on multivariate analyses of readily accessible

spectral data such as delivered by UV-Vis absorption spectros-

copy. The purpose of the present study was to develop such

a model.

Materials and methods

Samples

Certified samples of non-aged cachaças (without added sugars)

kindly provided by Industrias M€uller de bebidas LTDA (Piras-

sununga, Sao Paulo, Brazil) were used as a solvent for the

preparation of wood extracts. Commercial cachaças, certified by

the producer and aged for 1 year, served to evaluate the model

developed in this work. The Laborat�orio de Madeiras e Estru-

tura da Universidade de São Paulo (São Carlos, São Paulo,

aDepartamento de Qu�ımica e F�ısicaMolecular, Instituto de Qu�ımica de São
Carlos, Universidade de São Paulo (USP), Avenida Trabalhador
São-carlense 400, CP 780, CEP 13560-970 São Carlos, SP, Brazil.
E-mail: douglas@iqsc.usp.br
bGhent University, Faculty of Pharmaceutical Sciences, Harelbekestraat
72, 9000 Ghent, Belgium

† Electronic supplementary information (ESI) available: HCA
dendrogram plot of cachaça wood extracts using normalized first
derivatives of spectral absorbance as variables (Fig. S1). Similarity
measurement: Euclidean distance; data processing: mean-centered; and
clustering technique: incremental. See DOI: 10.1039/c2ay05670d
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Brazil) and Tanoaria Barro, Ton�eis e Cia, and Tanoaria Paulista

provided certified air-dried samples of the following Brazilian

wood species: amburana (Amburana cearensis), amendoim

(Pterogyne nitens), b�alsamo (Myroxylon balsamum), cabre�uva-

parda (Myrocarpus frondosus), canela-sassafr�as (Ocotea odor-

ifera), castanheira (Bertholletia excelsa), jatob�a (Hymenaea

courbaril), jequitib�a (jequitib�a-rosa: Cariniana legalis; jequitib�a-

branco: Cariniana estrellensis), and louro-canela (Aniba parvi-

flora). The certified air-dried or kiln-dried oak samples were

kindly provided by Prof. Dr John Piggot (Department of

Bioscience at Strathclyde University, Glasgow, Scotland).

Extracts were prepared following the general procedure

described previously:19,26 dry wood sawdust (100 � 20 mesh) of

the certified wood species was extracted with non-aged cachaça

(47% v/v) for 26 days on an automatic shaking table at room

temperature (25 � 2) �C. Samples were protected from light

during the extraction procedure and the sample/solvent ratio was

0.010 g of wood sawdust per millilitre of spirit. The wood

sawdust residues were then filtered-off using a Whatman quan-

titative paper filter and the remaining extracts were stored in

amber flasks at room temperature (25 � 3) �C.

UV-Vis spectroscopy

The absorption spectra were collected on a Hewlett Packard

8152A spectrophotometer (Pickering, Ontario, Canada) using

1 cm � 1 cm spectrophotometer quartz cells from Wilmad

(Vineland, New Jersey, USA). Samples were diluted in ethanol/

water (47% v/v) to adjust the absorbance at 220 nm to the unit

value. The spectra were recorded between 220 nm and 400 nm in

consecutive steps of 2 nm each. The reproducibility (for

absorption values and wavelength shifts) was checked at least

twice for each sample.

Multivariate analyses

PCA (Principal Components Analysis) correlation matrices were

built up using the complete dataset for which rows represent

samples (75) and columns represent the absorbances at a given

wavelength (90). The variables (columns) were mean centered

and the first derivative was applied prior to the statistical treat-

ment. The mean centered values were calculated using the mean

of each variable according to Xj ¼ (1/n)
P

i¼j
nXi, where the

average Xj is the average of data contained in the column (vari-

able). Then, this value was subtracted from the original data and

the first derivative applied. This procedure was carried out on

statistical software. The analytical data of each wood group were

analyzed by PCA (Principal Components Analysis), HCA

(Hierarchical Cluster Analysis), and LDA (Linear Discriminant

Analysis) methods. The following parameters were used for

HCA analysis: metric Euclidean distance, similarity plot, and

complete linkage. LDA was performed using the leave-one-out

cross-validation approach and the classification was carried out

by confronting the unknown sample against two groups, one

containing a known wood species and the other comprising all

other wood species. Multivariate analyses were carried out using

the Minitab R14 software (Minitab, Coventry, UK) for analysis

of HCA and LDA and the Unscrambler 9.2 software (Camo

Software, Oslo, Norway) for analysis of PCA.

Results and discussion

The UV-Vis absorption spectra collected from 220 nm to 400 nm

for 93 samples of the cachaça wood extracts and 51 commercial

cachaça samples were analyzed by PCA, HCA, and LDA in

order to assess the potential for differentiation and classification

of the wood species used for aging purposes. Typically, the UV-

Vis absorption spectra of the cachaça wood extracts are char-

acterized by continuous absorption throughout the UV region

with some structure-less broad absorption bands between

250 nm and 300 nm, while absorption in the visible (near or

above 400 nm) is negligible. Fig. 1A shows some typical spectra

of representative cachaça wood extracts and Fig. 1B displays the

first derivatives of the respective spectra.

The absorption features are characteristic of substituted

aromatic compounds of the phenylpropanoid type that are

well-known constituents of the wood lignin superstructure. In

line with the typical aromatic absorption bands, intense

absorptions are observed in the far-UV region (around 220 nm

and lower).

Principal components analysis (PCA) of the UV-Vis dataset

shows that principal components PC1, PC2, and PC3 account for

92% of the total variance (PC1: 63%, PC2: 19%, and PC3: 10%).

The score plots PC1 vs. PC2 (Fig. 2) and PC1 vs. PC3 (Fig. 3)

Fig. 1 (A) Typical UV-Vis absorption spectra of some representative

cachaça wood extracts. (B) First derivatives of the respective UV-Vis

absorption spectra. Ambu ¼ amburana; bals ¼ b�alsamo; oak ¼ oak;

amen ¼ amendoim; and jequ ¼ jequitib�a.

This journal is ª The Royal Society of Chemistry 2012 Anal. Methods, 2012, 4, 642–646 | 643
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allowed us to distinguish all cachaça wood species except

jequitib�a.

The 3-D scatter plot provides interesting aspects of the clus-

tering of samples. Three well-defined large clusters were identi-

fied corresponding to amburana, castanheira, and (amendoim +

b�alsamo + jatob�a + jequitib�a + oak), respectively. For this last

cluster, the first two PCs account for 87% of the total variance

(PC1 ¼ 75% and PC2 ¼ 12%). Samples of jequitib�a formed

a scattered group spread along PC1, although all samples were

clustered and isolated from the other samples. This may be due to

the fact that the jequitib�a samples belong to the same genus

(Cariniana), but to different species, i.e. 7 samples are of

jequitib�a-branco (Cariniana estrellensis) and 4 samples are of

jequitib�a-rosa (Cariniana legalis).

Examination of the PC loadings (Fig. 4) indicates that PC1

(63% of the original information) is strongly correlated to posi-

tive values of amburana, b�alsamo, castanheira, and oak samples

and to negative values of amendoim and jatob�a. A further

analysis of the score and loading plots shows that a wavelength

around 230 nm is most relevant (PC1, positive values) for the

separation of amburana, b�alsamo, castanheira, and oak extracts

from the other groups, and that the region around 280 nm is most

relevant (PC1, negative values) to define the amendoim,

jequitib�a, and jatob�a clusters.

Exploration of the dataset by HCA (Hierarchical Cluster

Analysis) gave similar results as observed for PCA plots.

B�alsamo and oak samples showed a tendency to cluster closely to

each other. At the similarity level of 20%, two clusters appear,

each one containing a mixture of b�alsamo and oak samples. The

HCA plots, as observed by PCA, show a tendency to group the

cachaça extracts according to the respective wood species. Best

results were obtained for jatob�a, castanheira, and amburana.

Another important observation concerns the HCA analysis of

the jequitib�a extracts. In the PCA scatter plot, the distribution is

spread out, whereas, in the HCA plot, a tendency to cluster at the

similarity level of 66% is clearly evident (Fig. S1, ESI†).

Furthermore, LDA (Linear Discriminant Analysis) was

applied to the data matrix in two steps. First, considering

a matrix composed of cachaça wood extracts only (93 lines �
90 columns), 67 samples were used to define the calibration

model and the remaining 26 samples were used for the model

validation. The second step was performed using all cachaça

wood extracts in the calibration model (93 samples) and the

commercial cachaças (35 samples) for validation purposes. The

wavelengths (descriptors) considered in LDA were those that

provided the highest score values in the PCA loading plot

(Fig. 4). It is interesting to point out that a previous comparison

among the output results from PCA and LDA was carried out

and converging results concerning the relevant variables to be

used in the discriminant analysis were observed.

Application of the LDAmodel to 21 unknown samples (3 oak,

2 amendoim, 2 amburana, 3 b�alsamo, 2 cabre�uva-parda, 1 can-

ela-sassafr�as, 2 castanheira, 2 jatob�a, 2 jequitib�a, and 2 louro-

canela) achieved a correct classification for $74% of the wood

species studied (Table 1). The following aged cachaças were

correctly assigned according to the wood species used (100%):

Fig. 2 Score plot for PC1 (63%) vs. PC2 (19%) of cachaça wood extracts.

Fig. 3 Score plot for PC1 (63%) vs. PC3 (10%) of cachaça wood extracts.

Fig. 4 (A) Loading plot of PC1 vs. PC2 based on the UV-Vis absorption

spectral data (numbers refer to the wavelengths used in the multivariate

analysis). (B) Zoom of the region marked with a square in (A).

644 | Anal. Methods, 2012, 4, 642–646 This journal is ª The Royal Society of Chemistry 2012
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b�asamo, cabre�uva-parda, canela-sassafr�as, jatob�a, jequitib�a, and

louro-canela, followed by oak, amburana, amendoim and cas-

tanheira (Table 2). Fine tuning with respective to regional wood

characteristics is currently under investigation in our laboratory.

The PCA and HCA analyses have been carried out using 93

samples from 7 different types of cachaça wood extracts. The

inclusion of data on cabre�uva-parda, canela sassafras, and louro-

canela into the PCA and HCA plots scrambled the clustering

and, therefore, has been omitted. On the other hand, the LDA

model included all 10 different cachaça wood extracts proving its

superior power for our purpose. The results obtained from LDA

application to spectral data for 10 different types of cachaça

wood extracts indicate that UV-Vis absorption spectra profiles

are potentially quite useful as a routine technique to classify the

type of wood used in the beverage maturation process.

Conclusions

All together the results of the analytical data obtained from the

UV-Vis absorption spectra, treated by multivariate statistical

analyses, proved to be a simple, robust, and cost-effective tool

for routine classification of the different wood species used on the

Brazilian cachaças aging. Furthermore, it holds some potential

as a possible forensic tool for wood identification which could be

applied to control the wood marked of endangered species. Our

findings could be extended to other spirits and to a wider variety

of wood species.
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