
Citation: Capuano, R.; Serafini, C.;

Papale, L.; Allegra, V.; Di Natale, C.;

Catini, A. Multi-Sensor System for

Saffron Quality Identification.

Proceedings 2024, 97, 103.

https://doi.org/10.3390/

proceedings2024097103

Academic Editors: Pietro Siciliano

and Luca Francioso

Published: 27 March 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

Multi-Sensor System for Saffron Quality Identification †

Rosamaria Capuano * , Chiara Serafini, Leonardo Papale, Valerio Allegra, Corrado Di Natale
and Alexandro Catini

Department of Electronic Engineering, University of Rome Tor Vergata, 00133 Roma, Italy;
serafini.chiara00@gmail.com (C.S.); papaleleonardo1297@gmail.com (L.P.); allegra@ing.uniroma2.it (V.A.);
dinatale@uniroma2.it (C.D.N.); catini@ing.uniroma2.it (A.C.)
* Correspondence: capuano@ing.uniroma2.it
† Presented at the XXXV EUROSENSORS Conference, Lecce, Italy, 10–13 September 2023.

Abstract: The high commercial value of saffron prompts attempts to adulterate this commodity. Thus,
there is growing interest in fast and simple methods of identifying quality products. Color and aroma
are the most appreciated characteristics of saffron that make this spice widely used. On these bases,
we developed a multisensor approach to saffron quality identification based on VIS spectrometry and
volatile compound detection. For scopes, a miniaturized spectrophotometer and an electronic nose
were used to identify high-quality saffron with respect to less-valuable commercial products and
adulterant agents. The outer product of the spectra and electronic nose patterns was demonstrated to
be effective at clustering samples according to their purity.
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1. Introduction

Saffron is highly-value spice widely used because of its color and aroma. The high
price of saffron prompts the introduction of adulterated products to the market in which
small amounts of saffron are mixed with adulterants that typically try to reproduce the
chromatic appearance of the spice. The identification of genuine saffron is then necessary
to protect high-quality production. As color and aroma, the major properties of saffron,
most techniques have focused on optical and chemical analyses [1]. The optical spectrum
of saffron is related to the presence of crocin, a carotenoid responsible for the typical saffron
color, with a spectral signature at around 400 nm. In terms of aroma, the major components
of the headspace are derivatives of ketones, aldehydes, and acids [2]. In this paper, we
investigate a hyphenate approach to saffron quality identification in which data obtained
by a VIS spectrophotometer and electronic nose are combined [3]. This method has been
tested to compare samples of high-quality saffron with products bought over the counter
and the most used adulterants.

2. Materials and Methods

Samples of high-quality saffron provided by a local farm were analyzed together with
commercial samples of standard quality bought in supermarkets and the most common
adulterants, such as powders of safflower, marigold, and turmeric.

Spectral reflectance in the range of 350–750 nm was measured under white LED
illumination, using a miniaturized spectrophotometer (C12666, Hamamatsu Photonics,
Hamamatsu, Japan). Volatile compounds were measured using an in-house-designed
electronic nose made of 12 porphyrinoids-coated quartz microbalances.

3. Results and Discussion

Each sample was characterized by the reflectance spectra and the sensor’s response
pattern. The data from both instruments were combined, calculating the outer product of
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the spectra with the sensor’s pattern. The outer product returns, for each sample, a matrix
with the dimensions 256 × 12 (see Figure 1).
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Figure 1. Example of an outer product matrix obtained by combining the spectral signals (256 
values) and electronic nose signals (12 values) for a single sample. 

An ANOVA was carried out on each element of the matrix in order to determine the 
matrix elements that better identify high-quality saffron with respect to the other samples. 
Figure 2 shows a map of the p-value. Interestingly, the wavelengths contributing to the 
matrix element with the lowest p-value do not correspond to the spectral peaks. Rather, 
the spectral region between the two major spectral features mostly contributes to the 
identification of high-quality product. With respect to the contribution of the sensors of 
the array, the sensor with the greatest contribution is the device characterized by the 
smallest signal. Figure 3 shows a score plot calculated using the matrix elements with a p-
value of less than 0.01. Before the PCA, each matrix was unfolded in a vector. 

 
Figure 2. A p-value map of the outer product of the spectral and electronic nose signals. 
Representative spectra are shown. The values of the color bar are in a logarithmic scale.  

Figure 1. Example of an outer product matrix obtained by combining the spectral signals (256 values)
and electronic nose signals (12 values) for a single sample.

An ANOVA was carried out on each element of the matrix in order to determine the
matrix elements that better identify high-quality saffron with respect to the other samples.
Figure 2 shows a map of the p-value. Interestingly, the wavelengths contributing to the
matrix element with the lowest p-value do not correspond to the spectral peaks. Rather,
the spectral region between the two major spectral features mostly contributes to the
identification of high-quality product. With respect to the contribution of the sensors of the
array, the sensor with the greatest contribution is the device characterized by the smallest
signal. Figure 3 shows a score plot calculated using the matrix elements with a p-value of
less than 0.01. Before the PCA, each matrix was unfolded in a vector.
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Figure 2. A p-value map of the outer product of the spectral and electronic nose signals. Representa-
tive spectra are shown. The values of the color bar are in a logarithmic scale.

The results show a good segregation of high-quality produce with respect to com-
mercial products and typical adulterants. Extensive measurements of the decay of saffron
quality with time will be presented in the final paper.
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Figure 3. Scores plot of the PCA calculated using the outer product matrix elements with a p-value 
of less than 0.01. 

The results show a good segregation of high-quality produce with respect to 
commercial products and typical adulterants. Extensive measurements of the decay of 
saffron quality with time will be presented in the final paper. 
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Figure 3. Scores plot of the PCA calculated using the outer product matrix elements with a p-value of
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