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Figure 4 Canonical variates analysis plot (A) and dendrogram (B) representing the relationships
between the first set of 24 oils (the training set) based on pyrolysis mass spectrometry data analysed

by GENSTAT.

post). When the code was broken, it was found
that the neural network had correctly assessed
all the oils (figure 5). In a typical run, the virgins
were assessed with a code of 0.99976 =
0.000146 (range 0.99954 - 1.00016) and the
non-virgins with a code of 0.001079 =
0.002838 (range 0.00026 - 0.01009).

The results of this study were first reported in
Nature, and it was the first application of artifi-
cial neural networks for the successful identifi-
cation of biological samples from their pyrolysis
mass spectra. This investigation permitted the
rapid and exquisitely sensitive assessment of the
adulteration of extra virgin olive oils with vari-
ous seed oils, a task previously both labour
intensive and difficult.

Previously, workers have relied on multivari-
ate methods (such as CVA and dendrograms) to
attempt to cluster pyrolysis mass spectra, but,
since they rely on unsupervised learning and
linear (orthogonal) transformations of the raw
multivariate data, they cannot provide the truly
best analytical discriminations, and thus have
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Figure 5 Results of the estimates of neural net-
works trained on the 24 oils in the training set
and applied to the 23 oils in the unseen test set.
Neural networks were trained using the stan-
dard back propagation algorithm, to 0.1 per
cent RMS error. Filled circles represent spectra
from virgin olive oils and filled squares those from
oils which had been adulterated. Each oil was
assessed correctly.

achieved only limited success. Neural nets,
however, have proved very advantageous in the
analysis of pyrolysis mass spectrometry data (as
this study clearly shows), and these ‘intelligent
systems’ have now been adopted by other users
of pyrolysis mass spectrometry.

Rapid and automatic

Pyrolysis mass spectrometry has the major
advantages of speed (the typical sample time is
less than two minutes) and automation, which
allows approximately 300 samples to be
analysed daily. When more olive oils are
analysed by pyrolysis mass spectrometry (cur-
rently under joint investigation in the UK by
Douglas Kell and in ltaly by Giogio Bianchi),
covering the numerous olive producing regions,
the approach should allow identification of the
geographical origin of the olives used in the pro-
duction of an oil (the initial results look very
promising). In microbial biotechnology we have
been shown that pyrolysis mass spectrometry
and neural networks can be used to quantify fer-
menter broths directly (without sample prepro-
cessing) for the metabolites of interest. This
approach could also be applied to foodstuffs not
only to give a qualitative yes/no answer for
adulteration but also the level of contamination
if present (initial results look promising).

Since any biological material can be pyrol-
ysed in this way, the combination of pyrolysis
mass spectrometry and neural networks consti-
tutes a rapid, powerful and novel approach to
the assessment of food adulteration.
¢ More information regarding pyrolysis MS and
neural nets can be found on the World Wide
Web at http:/gepasi.dbs.aber. ac.uk/roy/rgcv.htm.
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has the
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