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� Multivariate data fusion is used in
food authentication and quality
assessment.

� Data fusion approaches and their
applications are reviewed.

� Data preprocessing, variable selec-
tion and feature extraction are
considered.

� Model selection and validation are
also considered.
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a b s t r a c t

The ever increasing interest of consumers for safety, authenticity and quality of food commodities has
driven the attention towards the analytical techniques used for analyzing these commodities. In recent
years, rapid and reliable sensor, spectroscopic and chromatographic techniques have emerged that,
together with multivariate and multiway chemometrics, have improved the whole control process by
reducing the time of analysis and providing more informative results. In this progression of more and
better information, the combination (fusion) of outputs of different instrumental techniques has
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emerged as a means for increasing the reliability of classification or prediction of foodstuff specifications
as compared to using a single analytical technique. Although promising results have been obtained in
food and beverage authentication and quality assessment, the combination of data from several tech-
niques is not straightforward and represents an important challenge for chemometricians. This review
provides a general overview of data fusion strategies that have been used in the field of food and
beverage authentication and quality assessment.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

The consumer’s demand for high quality food products is
steadily increasing. The quality, especially of agricultural products,
is specified in terms of a traceable origin, known chemical
composition, adequate physical properties, satisfactory sensory
evaluation, safety and health safeguards with respect to microbi-
ological and toxic contamination and is influenced by the pro-
cessing and storage of the products.

Fraudulent acts such as the adulteration with cheaper in-
gredients decrease the quality of the products, mislead the con-
sumer and may imply a health risk. This is even more economically
relevant for products that must comply with special laws of Pro-
tected Designation of Origin (PDO) or Protected Geographical
Indication (PGI) as stated in the European Union (EU) product
quality policy of agricultural and rural development. Because of
their much appreciated characteristics, such products have a high
added value and are more prone to deceptive practices. In this
sense, authorities are required to be able to assess the authenticity
of a suspect product regarding the legal product description, detect
fraudulent processing practices, prevent adulteration and control
any other practices which may mislead the consumer such as
mislabeling of geographical origin or composition of the product
[1]. In order to protect producers and consumers from these
fraudulent activities, the EU has established regulations with

quality schemes determining specific origin and production pro-
cesses of high valued food products [2], protecting consumers
rights to receive truthful information about the food [3], assuring
quality policy measures of specific products [4e6] and protecting
geographical indications and designations of origin [7e9]. In
addition, European research projects such as the TRACE project
(TRACE: ‘Tracing Food Commodities in Europe’, No. FP6-2003-
FOOD-2-A 6942 (2005e2009)) were funded to advance in the
practice of verifying the origin of food products. One of the outputs
of the TRACE project was that the combination of classical analyt-
ical methodologies and chemometric methods could determine
characteristic patterns of compounds or parameters related to a
geographical origin, the adulteration of samples or some specific
conditions (e.g., processes, storage, harvest or variety).

Once authentication has been granted the main basic technique
for food quality assessment from the consumer point of view is
sensory analysis, which has a degree of subjectivity inherent to hu-
man perception. In recent years, much research has been performed
to substitute the perception of human senses with ‘artificial sensors’,
instruments providing signals related to the sensory attributes
together with suitable multivariate pattern recognition techniques.
Given the complexity of the foodstuff matrices, food quality derives
from a complex combination of characteristics so analytical mea-
surements for a single analyte or technique can rarely be correlated
with the quality fulfillment. It is necessary to switch to multivariate
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