J. Mellado-Carretero, M. Puxeu, L.
Rodríguez-Saona and S. de Lamo-Castellv

Background: Infrared Spectroscopy

Spectroscopy is the science that studies the interaction of different types of radiation with matte
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Electromagnetic
radiation

Fotonic
Spectroscopy
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Infrared Spectroscopy
Quantum theory: There will be absorption when the energy of the incident
photon coincides with the energy difference between the ground state and one
of the excited states of the absorbing species.
The energy associated with the different states of a molecule consists of three components:
No electronic
transitions
observed in the
infrared region

E = Eelectronic + Evibrational + Erotational

Liquid and solid
states make
molecules
imposible to
rotate

How do molecules absorb? RESONANCE
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Surface treatment of cork stoppers
Cork stoppers are coated with lubricant films of silicone or paraffin to improve their sealing
properties and reduce friction. This operation,
operation also known as softening, has some benefits:
 Facilitates their extraction and insertion
 In wine preservation: off-odours (TCA) and oxidation
However, the softening can affect the air permeability properties of cork stoppers, very
important in the process of wine aging!!
Several analysis methods have been proposed to control stopper surface treatments:
Direct measurements: Grass chromatography-Mass
chromatography
spectrometry
and extraction with solvents

Homogeneity?

Indirect measurements: force extraction to extract the stopper
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Surface treatment of cork stoppers

Previous studies reported the use of Attenuated Total Reflectance Fourier Transform Mid
Infrared (ATR-FT-MIR) spectroscopy for detecting the presence and the type of treatment
applied to cork stoppers.

There is the need to find a new approach to rapidly and non-destructively characterize the
surface treatment applied to cork stoppers.

Near infrared spectroscopy has the potential to provide a new way to rapidly assure the
homogeneity of surface treatments applied to cork stoppers with low running costs and no
sample preparation.
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Objective
Determining the presence of surface treatments applied to cork
stoppers in a non-destructive
destructive way by using a handheld portable
near-infrared
infrared system combined with multivariate analysis

Developing a simple, non-destructive
non
and reproducible
infrared spectroscopy method for quality assurance of cork
stoppers will be a breakthrough for cork industry
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Materials & Methods
SAMPLING

MULTIVARIATE ANALYSIS
Pirouette software 4.0

Sample preparation not
required!!

Spectra preprocessing (Mean
centering and MSC)
SIMCA analysis

Thermo Scientific™
microPHAZIR RX Analyzer
microPHAZIR™
NIR region (1600 a 2400 nm)
Data download via PC USB
connection

SPECTRA ACQUISITION
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Materials & Methods (II): SIMCA
In Soft Independent Modeling of Class Analogy
nalogy (SIMCA), each training set class is described by
its own principal component (PC) model. When a prediction is done through SIMCA, samples
that are not close enough to the PC class model are considered no-members of that one.

Class separation

SIMCA
outputs

• Sample residuals
• Interclass distances (ICD): classes with ICD > 3 are considered
statistically different
• Class projections: 95% confidence intervals

Which variables are
responsible of
discrimination?

• Discriminating Power

Outlier diagnostics

• Mahalanobis distances
• Interclass residuals
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Conclusions

• Different types of surface-treated
treated and untreated cork stoppers we
discriminated by using Near-Infrared
Infrared Spectroscopy combined with SIMCA

• Regardles of the cork stopper type,
type all the treatments were identified by th
same NIR bands, related to silicone treatment applied

• This study shows the potential of using FT-NIR Spectroscopy combined wi
multivariate analysis as a rapid and non-destructive method for quali
assurance of surface-treated cork stoppers
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