NMR SPECTROSCOPY STUDY OF WHISKY MATURATION
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Analysis of Scotch Whisky and other spirits is of great importance to the quality control, product protection and product development. The spirit industry uses various UKAS accredited analytical methods, such as chromatography, or chemical analysis that can be time consuming and require the use of multiple instruments. In this project we will explore Nuclear Magnetic Resonance (NMR) spectroscopy as an alternative method for providing multiple characteristics of spirits in few experiments. This includes quantitative NMR analysis (qNMR) of whisky congeners, a powerful analytical technique that is currently underutilized by the spirit industry.

The goal of our project is to study the changes in the chemical composition of whisky during the cask maturation. A total of 51 whisky samples were analysed by NMR spectroscopy - 17 samples each, taken in six-month intervals from three different casks over a period of 8 years.

A series of 1H and 13C NMR spectra of whisky was obtained. To prepare the samples for analysis, 500 μl of whisky was taken and 100 μl of a previously designed and prepared acetate buffer solution containing D2O and the internal standard DSS-d6 (Sodium trimethylsilylpropanesulfonate) [1] was added. Since whisky contains a large amount of water and ethanol, a previously developed method of suppressing their signals was used for the measurement [2]. The MNova program was used to process the spectra.

The changes in the strength (% ABV) of whisky during maturation were determined based on 1H-coupled and 1H-decoupled 13C NMR spectra. Their interpretation was carried out by two methods, based on the chemical shifts differences between the CH2 and CH3 signals and on their peak areas. 

The 1H spectra of whisky were interpreted chemometrically by principal component analysis (PCA) using the SIMCA program. The effect of maturation was followed, and the performance of individual casks and different new make spirits was compared.

The concentrations of a set of whisky congeners were quantified using a custom build library of individual compounds produced previously [3] within the proprietary program Chenomx. This data was used to graphically represent concentration changes, their speed and magnitude.

 In conclusion, we have demonstrated that using a cryoprobe-equipped 600 MHz NMR spectrometer, it is possible in 30 minutes to obtain detailed characteristics of whisky. Followed by interpretation of spectra aided by chemometric and quantitative analyses, we have used this workflow to study whisky maturation, providing valuable insights into this process.

References

[1] Kew, W. Tested to destruction: advanced spectroscopic, spectrometric, and chemometric analysis of Scotch whisky. Thesis, University of Edinburgh, 2018.

[2] Kew, W.; Bell, N. G. A.; Goodall, I.; Uhrín, D. Advanced solvent signal suppression for the acquisition of 1D and 2D NMR spectra of Scotch Whisky. Magn. Reson. Chem. 2017, 55 (9), 785–796. DOI: 10.1002/mrc.4621

[3] Stockwell, M.; Goodall, I.; Uhrín, D. Quantification of whisky congeners by 1 H NMR spectroscopy. Anal. Sci. Adv. 2020, 1 (2), 132–140. DOI: 10.1002/ansa.202000063
