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Cider is a traditional alcoholic beverage obtained by partial or complete fermentation of
juice (fresh or reconstituted), with or without the addition of sugar, water or flavouring1.
In recent years, a global increase in its consumption has been recorded: this popularity
may be related to the specific organoleptic profiles of ciders, which are closely
associated with the variable contents of many aromatic compounds in the final
beverage2. One such group is commonly known as ‘volatile organic compounds’
(VOCs). Aroma profile, the utmost criteria in assessment of cider quality, is composed
by many VOCs belonging to different chemical families3. Gas chromatography (GC)
coupled with different detectors, such as mass spectrometry (MS) and flame ionization
(FID) is the current technique for the robust analysis of VOCs. The complexity of most
food matrices requires the isolation of the analytes as precursors before their
introduction into the chromatographic system4. In this context, solid phase
microextraction (SPME) offers considerable advantages. What is still not widely used in
the characterization of VOCs in cider is the comprehensive two-dimensional gas
chromatography5,6. The aim of this work is the characterization of different Italian ciders
by HS-SPME-GC×GC-ToFMS. Multivariate statistical approaches play a crucial role,
allowing to extrapolate meaningful information from the data. After building the clean
dataset of the analysed VOCs, three other datasets were obtained, normalized respect to
the three internal standards used (Acenaphthene-d10, 1,4-Dichlorobenzene-d4,
Naphthalene-d8), to evaluate their influence on the analytical method. These datasets
have been analysed with main unsupervised methods of Machine Learning, Principal
Component Analysis (PCA), Cluster Analysis (CA) and t-distributed Stochastic
Neighbor Embedding (t-SNE), which made it possible to highlight the robustness of the
method, showing similar results for the different datasets. Moreover, the exploratory
analysis allows to identify different classes of ciders, which are distinguished by the
fermentation process or the addition of flavouring, such as hops.
References:

1. Calugar, P.C., Coldea, T.E., Salanță, L.C., Pop,C.R., Pasqualone, A., Burja-Udrea, C., Zhao, H.,
& Mudura, E., Processes 9 (2021) 502.

2. Nešpor, J., Karabín, M., Štulíková, K., & Dostálek, P., Molecules 24 (2019) 2117.
3. Perestrelo, R., Silva, C.L., Silva, P., Medina, S., Pereira, R., & Câmara, J.S., Microchemical

Journal 148 (2019) 643-651.
4. Pello-Palma, J., González-Álvarez, J., Gutiérrez-Álvarez, M.D., Dapena de la Fuente, E.,

Mangas-Alonso, J.J., Mendez-Sanchez, D., Gotor-Fernandez, V.,Arias-Abrodo, P., & Anal
Bioanal Chem 409 (2017) 3033-3041.

5. Zhang, P., Carlin, S., Lotti, C., Mattivi, F., & Vrhovsek, U., Metabolomics 16 (2020) 102.
6. Villire, A., Arvisenet, G., Lethuaut, L., Prost, C., Sérot, T., Food Chem. 131 (2012) 1561-1568.

391


