Complex Mixture Analysis by NMR
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Abstract

NMR spectroscopy gives a rich, quantitative fingerprint of complex food and biofluid mixtures, and its role
in metabolomics and authentication is well established. For most laboratories the bottleneck is no longer
acquisition but what follows: turning spectra into robust, validated models, reproducibly, and ideally
without leaving the software used to process the data. We have extended the General NMR Analysis
Toolbox (GNAT) [1], our free and open-source software, with a chemometrics and metabolomics module
[2]. It is not intended as a full replacement for dedicated chemometrics packages, but it brings the core
multivariate methods into the same software used to process the NMR data. The module provides the
standard tools: preprocessing by binning and variable selection (iPLS and biPLS); PCA, PLS-DA, OPLS-
DA and STOCSY; graphical outlier detection; and model validation. It runs within MATLAB or as a
standalone executable, so no licence is required. A model is only as good as the spectra behind it, and two
problems recur in crowded food spectra: signal overlap and systematic run-to-run variation. Pure shift NMR
[3,4] addresses overlap, collapsing multiplets to singlets for a resolution gain comparable to moving from a
500 MHz spectrometer to a hypothetical 5 GHz one, as demonstrated for the classification of black tea [4].
Removing 13C satellites works in the same spirit, giving more accurate fatty acid ester compositions in
edible oils for labelling and adulteration checks [6]. Reference deconvolution instead corrects the line shape
to a common target, removing instrumental variation to yield simpler, more predictive models [5];
extending this, line-shape optimisation (LUCID; unpublished) allows the classic resolution and sensitivity
trade-off to be explored directly. We demonstrate these methods on food quality and authentication. For
edible oils, tuning the line shape raised the classification Q2 from 0.59 to 0.83, and the loadings identified a-
linolenic acid as a key discriminant. For whisky, we revisit the published 'H NMR dataset of Kew, Goodall
and Uhrin [7]: removing systematic errors reveals that alcohol content shifts the resonances of the higher
alcohols, a dependence the original study could only surmise, and one that provides a principled basis for
classification by alcohol content. The result is an accessible, reproducible route from raw NMR data to a
validated answer, lowering the barrier for food laboratories to apply NMR chemometrics to questions of
quality, authenticity and safety.
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