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In this work, the use of excitation-emission fluorescence matrices (EEMs) has been addressed to differentiate two
kinds of cheeses with protected designations of origin (PDO), “Torta del Casar” and “Queso de la Serena”. The
fluorescence signals were recorded directly on cheese samples during the ripening process, by using a fiber optic
assembled to the fluorescence spectrometer, and the data were subjected to analysis by the multivariate algo-
rithm parallel factor analysis (PARAFAC). PARAFAC analysis identified the presence of three fluorophores in
both cheeses. The scores of the two first components, attributed to the presence of tryptophane, decreased as the
ripening time increased. However, the third component, related to retinol (vitamin A), remains almost constant
along the ripening period. EEMs of the samples of the two types of cheese were similar in the initial days of the
maturation periods. However, when only the samples from day 36 onwards were considered, it was possible to

differentiate them with high precision by PARAFAC in combination with linear discriminant analysis (LDA).
In addition, a model was built for the quantification of vitamin A and a-tocopherol (vitamin E), by using the
EEMs combined with the multivariate unfolded partial least squares (UPLS) algorithm.

1. Introduction

Extremadura, a region located in the southwest of Spain, is the cradle
of two soft cheeses of recognized international prestige. Both cheeses are
crafted from raw ewe’s milk. One of them, known as “Torta del Casar”, is
produced in the northern region of Extremadura, while the other,
“Queso de la Serena”, is crafted in the southeast of the region. They are
marketed under the Registry of the Protected Designation of Origin
(PDO) “Torta del Casar” (Casar de Caceres, Caceres, Spain), and “Queso
de la Serena” (Castuera, Badajoz, Spain) in accordance with Regulations
(EC) 1491/2003 and 1107/96, respectively. Both cheeses belong to the
soft to semi-soft Spanish variety, made exclusively from raw Merino ewe
milk. Throughout their maturation process, only a vegetable coagulant,
specifically rennet extracted from Cynara cardunculus, is employed, and
no additional starter culture is added. The use of Merino ewe raw milk
and vegetable rennet gives these cheeses their peculiar characteristics in
terms of flavour and texture. They are consumed with a minimum
maturation period of 60 days from the date of moulding, but they may
maturate for up to 4 months. The texture of these cheeses is more or less
soft depending on their maturity. The firmness and consistency of these
cheeses decreased along ripening while adhesiveness increased

(Delgado, Rodriguez-Pinilla, Gonzalez-Crespo, Ramirez, & Roa, 2010).

During the maturation process, the fats and proteins of cheese are
subjected to physical and chemical changes, which determine the sen-
sory properties of the final product. On-line monitoring of the changes in
the composition of the cheese constituents, especially proteins, and fats,
will help understand the ripening process and can be useful to charac-
terize and discriminate between different cheeses.

Fluorescence spectroscopy, being a sensitive, rapid, selective, and
non-invasive analytical methodology, can be a good technique for
monitoring the structural evolution of foods at a molecular level. In the
case of cheeses, intrinsic fluorophores have been identified such as
retinol (vitamin A) and aromatic amino acids of proteins. Vitamin A is in
both, the core, and the membrane of the fat globule (Dufour et al., 2000)
and, due to its conjugated double bonds, presents adequate fluorescence.
Aromatic amino acids of proteins are also fluorescence compounds that
can be used to study protein structure and protein interactions with
hydrophobic molecules or ions.

Fluorescence spectroscopy has been applied with different purposes
in different types of cheeses. For instance, changes in the vitamin A
fluorescence spectra during ripening of semihard cheeses were studied
allowing the discrimination between 16 cheeses by using principal
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an optical fiber avoids sample treatment and allows on-line monitoring
of the samples for proper quality control.

The EEMs in combination with PARAFAC showed that both types of
cheeses are similar in the first stages of the ripening period. However,
when only samples from day 36 were considered, PARAFAC-LDA
allowed the classification of both types of cheeses with a high percent-
age of correct prediction. This indicates that this methodology could be a
good option to be used as an authentication method for the final prod-
uct. For future works, it would be appropriate to select commercial
samples from more industries of each denomination of origin and
establish a more solid model for the discrimination of both types of
cheese.

Furthermore, it was demonstrated that EEMs in combination with U-
PLS could be a viable alternative to the traditional method using HPLC,
for the determination of vitamin A and E in cheeses. This method proves
to be simpler, less expensive, and solvent-free.
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