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a b s t r a c t

There is a generalized lack of specific methods in the quality control of sensory characteristics of Pro-
tected Designation of Origin (PDO) and, in many cases, there is also a lack of sensory panels sufficiently
trained and monitored. In this sense, reported experiences about how to develop procedures for sensory
quality control of PDO products are very scarce.

The present work describes the modification of a former sensory quality control method applied to
PDO Idiazabal cheese which was included in the scope of an accredited sensory laboratory. The former
method was mainly oriented to the identification of defects in the product, whereas the new method, in
addition to this, provides an exhaustive description of the non-defective sensory characteristics of each
sample. In the new method, sensory characteristics (both positive and negative) are identified and
classified for each of the parameters considered (shape, rind, paste color, eyes, odor, texture, flavor and
persistence). Quantitative sensory references for the different sensory characteristics were developed.

Moreover, this work compares the results of applying both methods. Results confirmed that new
method enables a more detailed description of PDO Idiazabal cheese. Also, the inclusion of the identi-
fication of positive characteristics led to a broader use of the scale, contributing to a better sensory
quality differentiation among samples without defects, although increasing the score dispersion to a
certain extent.

The experience described in the present work could be very useful for other laboratories and certi-
fication bodies that deal with sensory quality control of PDO products, particularly cheeses.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

In food industry, sensory quality is usually related to a great
extent to the consumers' preferences. In the particular case of food
products certified as Protected Designation of Origin (PDO), he-
donic information from consumers should have a lower influence
on the sensory quality definition than in the case of conventional
foods. In fact, PDO products should be defined by specific sensory
ensorial Euskal Herriko Uni-
encias de los alimentos, Uni-
atea (UPV/EHU), Centro de
Unamuno 3, 01006 Vitoria-

13014.
rez Elortondo).
characteristics which are related to a region, raw materials or
traditional elaboration procedures (Ballester, Dacremont, Le Fur, &
Eti�evant, 2005; Bertozzi, 1995; Cayot, 2007) independently of the
consumers' opinion. In addition, it is important to specify the
sensory characteristics of PDO products in order to differentiate
them from other similar products.

Furthermore, from a legal point of view, taking into account that
the certifying organizations have to comply with the standard ISO
17065 (ISO, 2012), the sensory analysis needed for certification
must comply with the requirements of the standard ISO 17025 (ISO,
2005).

Nowadays, there is not a standardized approach or European
guide for the development of sensory quality control for PDO
products so, in terms of sensory evaluation, each PDO decides the
way to fulfill this legal requirement. In many cases, there is a very
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Table 1
General overview of the main similarities and differences between the twomethods
(M1 and M2).

M1 M2

Sensory parameters Shape, Rind, Paste color,
Eyes, Odor, Texture,
Taste, Aftertaste

The same parameters but
Taste renamed as Flavor
and Aftertaste renamed
as Persistence

Number of assessors
in each session

Seven The same number of
assessors

Sample description Only defective sensory
characteristics
considered

Both defective and non-
defective sensory
characteristics
(appropriate and not
totally appropriate)
considered

Scale for scoring
sensory parameters

Discontinuous seven
point scale

The same scale

Criteria to score the
parameters

Based in decision trees Based in decision trees
and with a specific new
tree for Persistence

References Only references for
defective sensory
characteristics

References for both non-
defective and defective
sensory characteristics

Report Mean score for each
parameter, indication of
the presence of defects
when five or more of
seven assessors cited the
defect and spider plots
showing the number of
assessors quoting each
specific defect

Mean score for each
parameter, histograms
showing the percentage
of assessors quoting each
sensory characteristic,
also differentiating
among appropriate, not
totally appropriate and
defective
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generic description of the sensory characteristics that the product
must present, but no statement on how to check it. In fact, there is a
general absence of methods and trained and monitored panels to
carry out the sensory quality control in a rigorous way following
good practices that can ensure that a product presents the sensory
characteristics that are expected from it. In addition, sensory
quality control is often limited to checking the absence of defects.

In the scarce reported experiences, sensory features are defined
by both professionals of sensory analysis and experts with deep
knowledge of the product (Etaio et al., 2013; P�erez Elortondo et al.,
2007; Torre, 2002). The participation of experts is very important
because they can describe the sensory characteristics of the prod-
ucts in a more exhaustive way and with high accuracy (Ballester
et al., 2005).

PDO Idiazabal cheese is a traditional product from the Basque
Country made with raw ewes' milk of the autochthonous Latxa
breed and with a ripening of at least two months. The sensory
characteristics that this cheese must present and the acceptance
limits for certification are included in the PDO Idiazabal cheese
requirements (MAGRAMA, 2014).

The activities of sensory control of this product have been carried
out in the Sensory Laboratory of theUniversityof theBasqueCountry
(LASEHU), which is accredited according to the standard ISO 17025
for the sensoryqualitycontrol of thisproduct since2005.Themethod
for sensory quality control of PDO Idiazabal cheese was described by
P�erez Elortondo et al. (2007) and it consisted, to a great extent, in the
identification of possible defects in order to assure a non-defective
product. The final report of this analysis included the mean score of
each of theparameters considered and the indication of thepresence
of specific defects based on the citation frequency by assessors. A
method with a similar approach to evaluate the compliance with
product specifications for sensory properties in milk and milk
products was published by ISO (ISO, 2009). However, thesemethods
did not consider specifically the identification of non-defective
characteristics of the cheeses so the assessors' attention can focus
mainly on detecting the presence of defects. In consequence,
descriptive information further than defects could be missing.

In 2010, the Regulatory Council of PDO Idiazabal cheese modi-
fied the sensory specifications of the “optimal” product and
established more detailed criteria to decide when disqualifying a
cheese to be sold with the Idiazabal cheese label. As the previous
method for sensory quality control was so limited, the Regulatory
Council together with LASEHU decided to adapt it to the new re-
quirements and also to reach a more exhaustive sensory descrip-
tion of the samples by considering the identification of non-
defective sensory characteristics. The accreditation of the labora-
tory (according to standard ISO 17025) to apply this new method
was renewed in November 2013.

The aim of the present work is to describe the adaptation of the
method for the sensory quality control of PDO Idiazabal cheese, so
that, in addition to be used for the identification of defects, it
provides an exhaustive description of the sensory characteristics of
each sample. Also, this work includes the composition and prepa-
ration of the new sensory references developed and the compari-
son between the results derived from the twomethods (the former
one, M1, and the new one, M2) to study both the dispersion of the
quality scores from the panel and the use of the scale by the
assessors.

2. Material and methods

2.1. Method adaptation to the new specifications

The method was adapted from the previous experience
described in detail in P�erez Elortondo et al. (2007). Six discussion
sessions of about 2 h were attended by 11 participants from
different professional sectors and with a broad experience working
on PDO Idiazabal cheese from diverse points of view (four spe-
cialists in sensory analysis, three cheese expert producers, two
restaurateurs and two members of the Regulatory Council of PDO
Idiazabal cheese). Five of them were also qualified members of the
panel for sensory quality control of the product. This number of
participants attending the sessions was considered appropriate,
since a higher number of attendees could complicate the discus-
sions too much. A general overview of the differences and simi-
larities between the two methods is summarized in Table 1.
2.2. Assessors

The number of available trained assessors for sensory quality
control of PDO Idiazabal cheese according to M1 was 16 (10 male
and 6 female), with an average age of 46 and with a wide experi-
ence evaluating PDO Idiazabal cheese. The trained panel for sensory
quality control of PDO Idiazabal according to M2 was composed of
19 assessors (12 male and seven female, with an average age of 42),
14 of them from the previous panel and five new assessors
recruited by the interest they showed to be members of the panel.
All the assessors were initially selected and trained as described by
P�erez Elortondo et al. (2007).
2.3. Development of sensory references and panel training

With the purpose of harmonizing the sensory concepts defined
in the discussion sessions, new qualitative and quantitative refer-
ences were discussed. For each sensory characteristic, different
kinds of chemical substances or commercial products were used to
prepare a reference that reproduced appropriately this sensory
characteristic. References were prepared in a cheese base so that
the perception of each attribute was as close as possible to the real
situation of cheese evaluation. Some of the references that
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remained still undefined after the six discussion sessions (mainly
regarding references' intensities) were finally established with the
panel during training.

Odor references were presented in 100 mL screw glass jars with
the top placed to minimize volatile loss. Jars were covered with
aluminum foil to avoid seeing the content. References for taste
were presented in plastic glasses and texture references in plastic
plates. Appearance references were selected from a catalog of 220
digital pictures representatives of the different sensory character-
istics that were taken in the laboratory in the previous years.

In order to train the panel in M2, eight sessions (90 min each
one) were developed in the group room of the laboratory, where
the new references were tested and cheese samples were evaluated
and discussed. In the last training sessions the samples were scored
in individual booths so the assessors get familiarized with the new
score card displayed on computer screens and with the use of Fizz
software 2.40H (Biosystemes, Couternon, France).

After training, the ability of each assessor in reference identifi-
cation and in cheese scoring was checked by individual qualifica-
tion tests. Tests were carried out according to the approach
reported by Etaio et al. (2010). Tests were distributed in two stages.
The first stage dealt with identification of sensory references. The
second stage dealt with the study of discriminating ability,
repeatability, reproducibility, agreement with the panel in scores
and agreement with the panel in identification of characteristic in
cheeses. All assessors achieved the criteria established for these
tests, so they started evaluating the samples according to M2 in a
systematic way.

Every year, just before starting the period of quality control of
the cheeses, assessors must pass again the qualification tests. To
achieve this goal, they are retrained in reference identification and
evaluation of samples of different quality.

2.4. Sample preparation and evaluation

Samples used in the present study were cheeses included in the
official quality control of PDO Idiazabal cheese from 2009 to 2012
(796 samples in 2009 and 2010 according to M1, and 654 samples
in 2011 and 2012 according to M2). Samples came from the 126
cheese producers registered in the PDO.

Samples arrived to the laboratory as half cheeses coded anon-
ymously by the official body in charge of sampling. Once at the
laboratory, all the half cheeses were placed in a fridge at 5 ± 3 �C
and moved to a cellar at 17 ± 2 �C the night before to the analysis.

It was decided to use in M2 the same procedure to prepare and
to assess the samples as in M1. Cheese pieces of 1.5 � 1.5 � 5 cm
were cut from a slice extracted from the half cheese and presented
to the assessors according to a previously established random or-
der, different for each assessor. Each session was conducted by
seven qualified assessors.

As recommended by standard ISO 22935e3 (ISO, 2009), previ-
ous to the sensory evaluation of the samples, assessors evaluated
two samples selected by the panel leader. These samples were
selected on the basis of their different sensory quality or because
there was disagreement among assessors in previous sessions. The
results were discussed in the group room as panel calibration.

Next, the eight samples for quality control, coded with three
digits, were evaluated in booths and scores and sensory charac-
teristics were collected with Fizz software. A waiting time of 20 s
between contiguous samples and, also, a stop of 5 min between the
first four samples and the remaining four samples, were pro-
grammed so it was not possible to start with the next sample before
this time had passed. Assessors chewed apple and rinsed themouth
with water between samples to eliminate residual sensations. After
the evaluation of odor, texture, flavor and persistence of all the
samples, the appearance parameters were analyzed in the
remaining part of the half cheese, identified with a different code.

Both individual assessor and panel performances were checked
after each session as described by P�erez Elortondo et al. (2007).
2.5. Data treatment

Statistical descriptive analysis was used to summarize the
scorings obtained from M1 and M2 for each of the eight parame-
ters. A contingency table (sensory parameters of each method in
rows and quality scores in columns) containing the number of ci-
tations of each quality score (from 1 to 7) by individual assessors
was prepared. A correspondence analysis (CA) was performed in
order to visualize the relationship between the quality scores and
the parameters in both methods. A Chi-square was performed for
each parameter to determine statistical significant differences
(P� 0.05) in quality scores distribution between methods. To know
if observed citations in each quality score of each method were
significantly higher or lower (P � 0.05) than the expected citations
from a random distribution, a Fisher's exact test was applied for
each parameter. Data were analyzed using Excel 2007 (Microsoft,
Redmond, USA) and XLSTAT 2011 (Addinsoft, Paris, France).
3. Results and discussion

3.1. Adaptation of the method

In the sensory specifications included in the PDO Idiazabal
cheese requirements for certification, two of the eight parameters
were renamed. The combination of aroma, taste and trigeminal
sensations, previously named taste, was renamed as flavor, which is
more appropriate from a technical point of view (ISO, 2008). The
term previously named aftertaste, which, according to the technical
definition, refers only to taste sensations, was replaced by persis-
tence, as proposed by Etaio et al. (2012) to consider also aromas and
trigeminal sensations remaining after swallowing the sample.

Sensory characteristics within each of the eight parameters
were discussed and classified into three categories: appropriate,
not totally appropriate and defective sensory characteristics
(Table 2). In this sense, the defects already used in M1 were dis-
cussed again. Majority of them were maintained, some of them
were removed because of not being identified the previous two
years, and a few new defects were included. As in the previous
method (P�erez Elortondo et al., 2007), a discontinuous 7 point scale
was used for scoring each sensory parameter, linking each quality
grade with a sensory description. Also, to objectify the quality
scorings and make easier understanding the scoring criteria, deci-
sion trees were developed (Figs. 1 and 2). According to these de-
cision trees, when defects are perceived scores lower that 4must be
given. Marking 1, 2 or 3 depends on the intensity noticed (high,
medium or low, respectively). With the exception of persistence
parameter, the maximum score (7) must be given when all
appropriate characteristics are present (absence of not totally
appropriate characteristics and defective characteristics). Scores 4,
5 or 6 must be marked when there are not defects but the sensory
characteristics are not totally appropriate. In many cases, a char-
acteristic is not totally appropriate because its intensity is too high
or too low (Table 2). The clearest example is toasty odor/aroma,
which at slight to medium intensities is considered a totally
appropriate characteristic, at higher intensities or when absent it is
considered a not totally appropriate characteristic and, when its
intensity is very high, excessive, it is considered a defect.

In the particular case of persistence (Fig. 2), despite the possible
presence of not totally appropriate characteristics or defects,



Table 2
Appropriate, not totally appropriate and defective characteristics of the eight sensory parameters evaluated in PDO Idiazabal cheese. Each characteristic includes a numeric
code used in Fig. 4.

Sensory parameter Appropriate characteristics Not totally appropriate characteristics Defective characteristics

Shape (1.1) Cylindrical (2.1) Slightly non-cylindrical (3.1) Clearly non cylindrical
(1.2) Flat faces (2.2) Top face slightly convex

(2.3) Lower face slightly convex
(2.4) Top face slightly concave
(2.5) Lower face slightly concave

(3.2) Convex
(3.3) Concave

(1.3) Slightly convex sides (2.6) Quite convex sides
(2.7) Straight sides

(3.4) Very convex sides (including also
“elephant foot”)

(1.4) Uniform edges (sharp or rounded edges) (2.8) Non-uniform edges between the two faces
(2.9) Non-uniform edges in one of the faces
(2.10) A face slightly inclined (3.5) A face clearly inclined

(3.6) Others
Rind (1.1) Hard (2.1) Not totally developed (3.1) Not developed

(1.2) Smooth, without foreign matter (dirty, black
mould)

(2.2) Slightly non-smooth rind
(2.3) Slight foreign matter

(3.2) Clearly non-smooth rind
(3.3) Quite a bit of foreign matter

(1.3) Slight signs of the cloths used (2.4) Signs of the cloths fairly pronounced
(2.5) No signs of the cloths

(1.4) Absence or slight signs of the trays on the faces (2.6) Signs of the trays fairly pronounced (3.4) Signs of the trays very pronounced
(1.5) Homogenous color, from pale yellow or
whitish grey to darker greyish (brown in the case of
smoked cheeses)

(2.7) Slightly non-homogenous color (marbled,
some points of different colors, slight
discolorations, mould into the paste slightly
visible from the exterior)

(3.5) Non-homogenous color (quite a
bit of points of different colors, signs of
discolorations, mould into the paste
notably visible from the exterior)
(3.6) Others

Paste color (1.1) Homogenous (2.1) Slightly non-homogenous (small crystals,
slight signs of whey)

(3.1) Clearly non-homogenous (big
crystals, obvious signs of whey)

(1.2) From ivory to straw yellow (2.2) Fairly pale
(2.3) Fairly dark

(3.2) Very pale
(3.3) Very dark

(1.3) Border narrow and slightly darker than the
paste

(2.4) Contrast border/paste quite evident
(2.5) Wide border

(3.4) Contrast border/paste very evident

(3.5) Mould presence
(3.6) Others

Eyes (2.1) Absence of holes (no cracks, caverns or
eyes)

(1.1) Absence of cracks (2.2) Few short cracks (3.1) Many short cracks
(3.2) Long cracks

(1.2) Absence of caverns (2.3) Few small caverns (3.3) Many small caverns
(3.4) Big caverns

(1.3) Absence of rounded eyes (2.4) Few small rounded eyes (3.5) Many small rounded eyes
(3.6) Big rounded eyes

(1.4) Not numerous, smaller than a grain of rice,
irregular size and random distribution

(2.5) Quite numerous irregular eyes
(2.6) Bad distributed irregular eyes
(2.7) Absence of irregular eyes

(3.7) Very numerous irregular eyes

Odor (1.1) Medium to high intensity (2.1) Weak intensity (3.1) Odor hardly perceptible
(1.2) Milky (ewe's milk) (2.2) Absence of milky

(2.3) Acidified ewe's milk (high or very high
intensity)

(1.3) Natural rennet (dried stomach from suckling
lamb)

(2.4) Absence of natural rennet

(1.4) Toasty (slight to medium intensity) (2.5) Toasty (high intensity)
(2.6) Absence of toasty

(3.2) Toasty (very high intensity)/Burnt

(1.5) Smoky (slight to medium intensity) in smoked
cheeses

(2.7) Smoky (high intensity) (3.3) Smoky (very high intensity)
(3.4) Absence of smoky

(2.8) Rancid/butyric acid (slight to medium
intensity)

(3.5) Rancid/butyric acid (high or very
high intensity)
(3.6) Vinegar
(3.7) Animal (dirty stable)
(3.8) Others

Texture (1.1) Elasticity (slight to medium) (2.1) High elasticity
(2.2) No deformation

(3.1) Very high elasticity
(3.2) Deformation but no recuperation

(1.2) Firmness (medium to high) (2.3) Soft
(2.4) Very hard

(3.3) Very soft

(1.3) Granularity (slight to medium) (2.5) Lumpy (3.4) Gritty
(2.6) Small crystals (3.5) Big crystals
(2.7) Adherent (3.6) Very adherent
(2.8) Dry (3.7) Very dry

(3.8) Others
Flavor
(aroma, taste and

trigeminal sensations)

Aroma
(1.1) Medium to high intensity (2.1) Weak intensity (3.1) Flavor hardly perceptible
(1.2) Milky (ewe's milk) (2.2) Absence of milky
(1.3) Natural rennet (dried stomach from suckling
lamb)

(2.3) Absence of natural rennet

(1.4) Toasty (slight to medium intensity) (2.4) Toasty (high intensity)
(2.5) Absence of toasty

(3.2) Toasty (very high intensity)/Burnt

(2.6) Smoky (high intensity)
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aAC: appropriate characteristics.

Do you perceive any defect?

yesno

all the ACa are present?

yes no

very close quite close far low medium high

56 34 27 1

what intensity?how close to all the AC?

Fig. 1. Decision tree for scoring appearance, odor, texture and flavor parameters.

Table 2 (continued )

Sensory parameter Appropriate characteristics Not totally appropriate characteristics Defective characteristics

(1.5) Smoky (slight to medium intensity) in smoked
cheeses

(3.3) Smoky (very high intensity)
(3.4) Absence of smoky

(2.7) Rancid/butyric acid (slight to medium
intensity)

(3.5) Rancid/butyric acid (high or very
high intensity)
(3.6) Vinegar
(3.7) Animal (dirty stable)
(3.8) Others

Taste/trigeminal sensations
(1.6) Sweet (null to slight intensity) (2.8) Sweet (medium to high intensity)
(1.7) Acid (slight to medium intensity) (2.9) Acid (high intensity) (3.9) Acid (very high intensity)
(1.8) Salty (medium intensity) (2.10) Salty (high intensity) (3.10) Salty (very high intensity)
(1.9) Absence of bitter taste (2.11) Bitter (slight intensity) (3.11) Bitter (medium to high intensity)
(1.10) Pungent (slight to medium intensity) (2.12) Pungent (high intensity)

(2.13) Absence of pungent
(3.12) Pungent (very high intensity)

Persistence (1.1) �8 s (2.1) <8 s
Aroma
(2.2) Toasty (high intensity) (3.1) Toasty (very high intensity)/Burnt
(2.3) Smoky (high intensity) (3.2) Smoky (very high intensity)
(2.4) Rancid/butyric acid (slight to medium
intensity)

(3.3) Rancid/butyric acid (high or very
high intensity)
(3.4) Vinegar
(3.5) Animal
(3.6) Others

Taste/trigeminal sensation
(2.5) Sweet (medium to high intensity)
(2.6) Acid (high intensity) (3.7) Acid (very high intensity)
(2.7) Salty (high intensity) (3.8) Salty (very high intensity)
(2.8) Bitter (slight intensity) (3.9) Bitter (medium to high intensity)
(2.9) Pungent (high intensity) (3.10) Pungent (very high intensity)
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quality scoring depends also on the duration of the aroma after
swallowing the sample (scores 6 and 7).

After defining the sensory characteristics considered for each of
the eight parameters, the previous evaluation methodology was
revised and the necessary modifications were made to adjust it to
M2 (Fig. 3). For texture evaluation, the guide of Lavanchy et al.
(1999) was taken into account as the main guideline. A new score
card was developed, which, in addition to the scale, included the
appropriate, not totally appropriate and defective sensory charac-
teristics of each attribute. All the information related to the sensory
characteristics, evaluation procedure and criteria to score each
parameter was collected in a guide that was available for each
assessor during the sensory evaluation in booths.
Fig. 2. Decision tree for scoring persistence parameter.



Fig. 3. Procedure to evaluate the sensory quality of PDO Idiazabal cheese.
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It was decided to use in M2 the same procedure to collect the
data from the sample evaluation as in M1. Once the quality control
session is finished, data from the seven assessors are treated and
the report is sent to the Regulatory Council. This report has two
parts; in the first part, in addition to the information about the
analysis required by ISO 17025 (sample code, sample reception
date, analysis date or report delivery date), score mean of each
parameter is included. If in any parameter any score is out from the
range defined by the panel mean ± 2 units, this value is removed
and the score mean is recalculated with the remaining scores, as
proposed by Etaio et al. (2012). In any case, as internal criterion, if
more than two scores should be removed, the analysis of the
sample for that parameter was repeated in the next session and, if
necessary, the results were discussed by the assessors until
reaching homogenous scores.

In the second part of the report (Fig. 4), the sensory character-
istics of each parameter are shown as the percentage of assessors
indicating them. Whereas in M1 presence of defects was solely
considered, in M2 non-defective characteristics are also shown, so
the new method provides a more detailed description of each
sample.
This report is used by the Regulatory Council of PDO Idiazabal
cheese to qualify or to disqualify the samples and decidewhether to
be sold with the Idiazabal cheese label according to PDO Idiazabal
cheese requirements (MAGRAMA, 2014).

3.2. Sensory references

Preparation and composition of the sensory references devel-
oped for the different characteristics of odor and flavor and for
characteristics of texture are shown in Tables 3 and 4, respectively.
References of texture were developed with different commercial
products, while references of odor, taste and trigeminal sensations
were prepared in a cheese base by adding different substances.
References for odor and taste and trigeminal sensations were pre-
pared and kept frozen until the day before being evaluated. Then
theywere placed in a cellar at 17 ± 2 �C until being presented to the
assessors.

In contrast to M1 and according to the definition of the
mentioned three levels of appropriateness of the sensory charac-
teristics, there was more than one quantitative reference for many
attributes, as shown in Tables 3 and 4.



Fig. 4. Example of the second part of the report about the sensory quality of PDO Idiazabal cheese.



Table 3
Preparation and composition of sensory references of odor, taste and trigeminal sensations.

Characteristic CSa Reference preparation

Odor
Milky (ewe's milk) ACb e Add 2 mL of ewe's milk to the CB-Oe

Natural rennet AC e Add 0.5 g of rennet paste to the CB-O
Toasty (slight to medium intensity) AC 2 toffee tablets (El avi�on) dissolved in 20 mL H2O Add 0.4 mL of CS to the CB-O
Toasty (high intensity) NTACc Add 1.5 mL of CS to the CB-O
Toasty (very high intensity) DCd Add 2.5 mL of CS to the CB-O
Burnt DC Liquid caramel (Royal) at 70% in H2O Add 3 mL of CS to the CB-O
Smoky (slight to medium intensity) AC Commercial liquid smoke aroma (Apasa) at 1% in H2O Add 60 mL of CS to the CB-O
Smoky (high intensity) NTAC Add 150 mL of CS to the CB-O
Smoky (very high intensity) DC Add 250 mL of CS to the CB-O
Rancid (high or very high intensity) DC Butyric acid at 10% in H2O Add 1.2 mL of CS to the CB-O
Vinegar DC Acetic acid at 6% and propionic acid at 4% in H2O Add 1.5 mL of CS to the CB-O
Animal DC Add 5 g of ewe's rear wool to the CB-O
Taste/trigeminal sensations
Sweet (medium to high intensity) NTAC 15 g sucrose in 100 mL H2O Add 4 mL of CS to the CB-Tf

Acid (high intensity) NTAC e Add 20 g of plain yogurt to the CB-T
Acid (very high intensity) DC Add 30 g of plain yogurt to the CB-T
Bitter (slight intensity) NTAC 0.7 g caffeine in 100 mL H2O Add 1.3 mL of CS to the CB-T
Bitter (medium to high intensity) DC Add 1.7 mL of CS to the CB-T
Salty (high intensity) NTAC 5 g NaCl in 100 mL H2O Add 1.5 mL of CS to the CB-T
Salty (very high intensity) DC Add 5 mL of CS to the CB-T
Pungent (high intensity) NTAC CS1: Tabasco (Mc Ilhenny co.) at 10% in H2O

CS2: Butyric acid at 10% in H2O
Add 1.5 mL of CS1 and 0.75 mL of CS2 to the CB-T

Pungent (very high intensity) DC Add 3 mL of CS1 and 1.5 mL of CS2 to the CB-T

a CS: concentrated solution.
b AC: appropriate characteristic.
c NTAC: not totally appropriate characteristic.
d DC: defective characteristic.
e CB-O: cheese base for odor references; grate Edam cheese (Milbona) and blend 5 g with the product.
f CB-T: cheese base for taste and trigeminal sensations references: blend 8 g of natural yogurt (Danone) with 42 g of a fresh cow cheese (Angulo) and mix with the product.
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In relation to references for odor intensity and aroma intensity
attributes, the different levels of intensity were memorized by
tasting and discussing many cheeses with different odor/aroma
intensities instead of developing a specific reference.

Regarding appearance references, a pre-selection was made
over digital photographs taken during 2009 and 2010. Experts were
asked about the appropriateness of each picture for the different
appearance characteristics. A specific catalog of digital photographs
Table 4
Preparation and composition of sensory references of texture.

Characteristic Reference and preparationa

Elasticity Slight to medium
intensity

ACb Cheddar cheese (Mill�an Vicente)

Quite elastic NTACc Edam cheese (Milbona)
No deformation NTAC PDO Parmigiano Reggiano cheese

(Ferrarini)
Very elastic DCd Frankfurt sausage (Campofrío)
Deformation but
not recuperation

DC Melted cheese (El caserío)

Firmness Medium to high
Intensity

AC Edam cheese (Milbona)

Soft NTAC Frankfurt sausage (Campofrío)
Very hard NTAC Raw potato
Very soft DC Melted cheese (El caserío)

Granularity Slight to medium
intensity

AC Small grained couscous

Lumpy NTAC Medium grained couscous
Gritty DC Breadcrumbs
Small crystals NTAC Sugar
Big crystals DC Small sweet balls for bakery (Vahine)
Adherent NTAC Edam Cheese (Milbona)
Very adherent DC Melted cheese (El caserío)
Very dry DC Biscuit (María de Fontaneda)

a Cheese and potato references: cubes with a dimension of 1.5 � 1.5 � 3 cm;
sausage references: slices of 1.5 � 1.5 � 3 cm width; couscous references: add
boiling water to couscous and remove the water after 5 min.

b AC: appropriate characteristic.
c NTAC: not totally appropriate characteristic.
d DC: defective characteristic.
was developed so that each of the three levels of each characteristic
was represented by at least one visual reference. Additionally, in the
case of defective characteristics, references were accompanied by a
score from 1 to 3 according to the seriousness of the defect.
3.3. Score deviations and use of scales ranges

Score dispersion and the use of the scales ranges by the panel
with M1 (2009 and 2010 years) and with M2 (2011 and 2012 years)
were compared.

To study the score dispersion of the panel by parameter and
sample, the criteria described by P�erez Elortondo et al. (2007) was
applied. Thus, considering a 7 point scale, the standard deviation
(STD) in scores had to be less than or equal to 1. As an internal
criterion, when this requirement was not fulfilled in two or more
parameters, the analysis of the sample for those parameters was
repeated in the next session and, if score dispersion maintained,
scoring were commented in group to reach a consensus. Table 5
shows the averaged standard deviation (ASTD) and the percent-
age of samples with an STD higher than 1 for each parameter,
method and year. ASTD was higher in M2 than in M1 in all pa-
rameters. This difference between both methods was more clearly
observed in the percentage of samples with an STD higher than 1.
The score dispersion decreased slightly for most of the parameters
during the second year of M2. This was probably due to the
familiarization of the assessors with M2 throughout the first year.

The parameters with higher dispersion were odor, texture, fla-
vor and persistence. These results were in agreement with the data
described by Endrizzi et al. (2012) and Etaio et al. (2010), who
noticed that odor and aroma parameters were usually more chal-
lenging than appearance parameters in studies on cheese andwine,
respectively.

With the aim of visualizing the relationship between the quality
scores and the parameters across methods, a CA was carried out
considering the number of citations of each quality score (from 1 to



Table 5
Averaged standard deviation (ASTD) and percentage of samples with an STD higher
than 1 for each parameter, method and year.

Parameter Method and year ASTDa % Samples with STDa >1

Shape M1-2009 0.65 6.55
M1-2010 0.69 8.27
M2-2011 0.76 14.46
M2-2012 0.74 13.44

Rind M1-2009 0,62 7.30
M1-2010 0.69 12.03
M2-2011 0.78 17.71
M2-2012 0.77 15.42

Paste color M1-2009 0.66 7.56
M1-2010 0.69 10.28
M2-2011 0.79 17.96
M2-2012 0.75 11.46

Eyes M1-2009 0.48 4.28
M1-2010 0.51 6.77
M2-2011 0.63 7.73
M2-2012 0.69 12.25

Odor M1-2009 0.73 9.07
M1-2010 0.69 6.27
M2-2011 0.85 24.69
M2-2012 0.78 17.79

Texture M1-2009 0.69 6.05
M1-2010 0.70 6.52
M2-2011 0.85 22.94
M2-2012 0.77 11.86

Flavor M1-2009 0.80 14.86
M1-2010 0.79 16.29
M2-2011 0.89 31.42
M2-2012 0.87 23.72

Persistence M1-2009 0.82 19.90
M1-2010 0.82 19.05
M2-2011 0.95 36.16
M2-2012 0.89 27.27

a ASTD and % of samples with an STD >1 were calculated over 397 samples in
2009 (M1), 399 samples in 2010 (M1), 401 samples in 2011 (M2) and 253 samples in
2012 (M2).

Fig. 5. Representation of the number of citations of each quality score (from 1 to 7) for
each parameter by individual assessors on the first two dimensions of the corre-
spondence analysis (CA) for M1 and M2.

Table 6
Contingency table containing the number of citations of each quality score (from 1 to
7) by individual assessors for each parameter across methods. Results from Chi-
square test and Fisher's exact test.

Parameter and
method

Number of citationsa Chi-square and P values

1 2 3 4 5 6 7

Shape M1 33 278 1795 1574 1315 509 68 c2 ¼ 944.3 (P < 0.001)
Shape M2 16 84 580 1150 1607 898 243
Rind M1 95 416 2040 1151 1097 614 159 c2 ¼ 416.5 (P < 0.001)
Rind M2 60 237 951 1087 1213 744 286
Paste color M1 49 237 2174 1657 1172 242 41 c2 ¼ 1201.1 (P < 0.001)
Paste color M2 14 116 691 1324 1468 693 272
Eyes M1 141 810 2742 932 367 242 338 c2 ¼ 636.9 (P < 0.001)
Eyes M2 98 434 1557 1050 762 496 181
Odor M1 15 212 1618 2606 1023 96 2 c2 ¼ 563.2 (P < 0.001)
Odor M2 20 123 789 1896 1353 342 55
Texture M1 5 214 2224 2231 851 47 0 c2 ¼ 1230.0 (P < 0.001)
Texture M2 13 124 728 1853 1363 385 112
Flavor M1 60 521 2383 1675 825 106 2 c2 ¼ 320.5 (P < 0.001)
Flavor M2 62 367 1325 1586 968 252 18
Persistence M1 87 613 2335 1665 758 112 2 c2 ¼ 495.6 (P < 0.001)
Persistence M2 73 306 1268 1629 929 308 65

a Fisher's exact text: number of citations in bold were significantly greater
(P � 0.05) than the expected citations from a random distribution; number of ci-
tations in no bold and no cursive were significantly lower (P � 0.05) than the ex-
pected citations from a random distribution; number of citations in cursive were not
significantly different (P > 0.05).
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7) for each parameter by individual assessors. The first two
dimension of the CA accounted for 93.05% of the variance of the
experimental data, representing 60.60% and 32.45% of the variance,
respectively.

As shown in Fig. 5, the positive side of the first dimension of the
CA was linked to higher scores of the scale (5, 6 and 7). In contrast,
negative side was linked to lower scores (1, 2 and 3). Furthermore,
score 7 was located on the positive side of the second dimension
and score 4 on the negative side. Parameter distribution in M1 was
linked with lower scores whereas parameters in M2 were closer to
higher scores.

According to results from Chi-square test (Table 6) there were
statistical significant differences (P � 0.05) in quality scores
distribution between methods for all the parameters. With
respect to results from Fisher's exact test (Table 6), scores 2 and 3
in M1 were more frequently used than at random, regardless of
the parameter. In M2, scores 5, 6 and 7 were more significantly
used than expected for all the parameters. It is also necessary to
indicate that the differences observed between methods may be
influenced to a certain extent by an improvement in the sensory
quality of the cheeses throughout the four years under
consideration.

Regarding score 1, a lower use was observed for M1 and M2. In
the case of score 4, a clear tendency was not observed. It should be
noted that in the case of the parameter related to eyes in the paste,
the number of citations for score 7 was significantly higher than at
random in M1 and significantly lower than at random in M2. This
difference was due to the change of the sensory specifications
regarding the cheeses without any holes in the paste. With M1, a
cheesewith absence of holes in the paste received a score of 7.With
M2, a cheese without holes is not considered the optimal one and
the maximum score to be assigned is 6.

As these results suggest, a methodology that includes different
categories (appropriate, not totally appropriate and defective
characteristics) would lead the assessors to pay attention to all the
sensory characteristics and not only to defective ones. It would
allow differentiating more clearly the quality scores among non-
defective samples, and also among defective samples and high
quality samples. These new possibilities in M2 could be considered
by the Regulatory Council to establish some criteria to stand out in
the market those products with higher quality scores or specific
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sensory characteristics. In addition, M2 provides an exhaustive
description of the sensory characteristics of the cheeses allowing
cheese producers to know the strong and weak points of their
products.

4. Conclusions

This work shows how a sensory quality control method for food
product certification can be improved to go beyond defect
consideration. This adapted method enables a more detailed
description of the product considering the citation frequency of the
different sensory characteristics, thus explaining the reasons of the
quality scores.

Providing the assessors with more detailed criteria to score the
sensory parameters in the absence of defective characteristics leads
to a wider use of the scale, particularly on the higher quality scores.
It also allows to differentiate better among samples, although with
a slightly increase in the score dispersion. The results of this study
show that the explicit consideration of the non-defective sensory
characteristics enables to get a more detailed knowledge about the
weak and, mainly, strong characteristics of the products and to
discriminate better among non-defective samples, so improving
the sensory quality control.

Additionally, this methodwouldmake possible not only to study
the evolution of the sensory quality level of the product throughout
the years, but also to detect the possible evolution of its specific
sensory characteristics, so that this information can be used by the
Regulatory Council and the producers to assure that the product
continues presenting the characteristics that are expected. This
methodological approach can be useful for other regulatory coun-
cils, laboratories and certification bodies in order to define their
sensory quality control methods for product certification and also
to establish a product categorization according to their sensory
characteristics and quality scores.
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Abstract
The aim of this work was to study the degree of agreement between consumer liking and the sen-

sory quality scored by the trained panel in charge of the quality control of a traditional product

(PDO Idiazabal cheese). Nine cheeses of different qualities were evaluated by eight trained asses-

sors and by 212 consumers from Vitoria-Gasteiz (Basque Country). Cheese samples were clearly

different regarding overall sensory quality (OSQ) assessed by the trained panel. Regarding consum-

ers, five groups with different correlation levels with OSQ were identified: “sweet” and “toasty”

were the main sensory drivers leading the liking of the consumers with a higher positive correla-

tion, whereas some defective characteristics (“animal,” “rancid,” and “bitter”) were the main drivers

for consumers with higher negative correlation. These results suggest that it would be interesting

for the Regulatory Council to strength the communicational strategies among consumers to be

able to identify the typical and nontypical (mainly defects) characteristics of this traditional product,

especially among those liking defective cheeses.

Practical applications
This study gives information about the degree of agreement concerning the sensory quality of a

traditional product reached by a trained panel and by consumers’ preferences. The research

includes information regarding the sensory characteristics which drive liking among different

groups of consumers. These results are of interest for the Regulatory Council of this product to

define its marketing polices and consumer-oriented education activities in order to provide infor-

mation about the specific sensory characteristics of the product. Moreover, it may be interesting

for PDO Regulatory Councils and other producers of traditional products in order to be more

aware about the possible agreement and/or disagreement between the sensory quality of the

product and consumer preferences.

1 | INTRODUCTION

The food industry usually focuses on consumer preferences when

establishing sensory quality control programs (Mu~noz, 2002; Pecore

& Kellen, 2002). However, there are certain traditional food prod-

ucts certified with quality labels where consumers’ preferences

should have less influence on the sensory quality definition than in

the case of conventional foods (Ojeda et al., 2015). This is the case

of the food products with PDO (EU, 2012), which are expected to

present some distinctive sensory characteristics linked to their

origin, raw materials, and traditional practices (Ballester, Dacremont,

Le Fur, & Eti�evant, 2005). Taking into account that an important goal

of a PDO is to offer high-quality products, it is necessary to define

and control objectively their sensory characteristics in order to guar-

antee their authenticity and those sensory characteristics that differ-

entiate them from similar commercial products (Bertozzi & Panari,

1993). As a basis for the certification of the product, sensory quality

control of PDO products requires both the development of a spe-

cific evaluation method as well as a trained panel to not only guaran-

tee the absence of defects in the product but also consider the
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presence of particular sensory characteristics (Endrizzi et al., 2012;

Etaio et al., 2010, 2012).

There are an important number of publications addressing how

quality labels affect liking, decision-making, and willingness to pay by

consumers (Grunert & Aachmann, 2016). However, references relating

consumers’ liking with sensory quality scores obtained from trained

panels are very scarce. In the case of dairy products, the methodology

of the International Dairy Federation (IDF, 1997) has been used for

grading generic cheeses for commercial purposes (Hersleth, Ilseng,

Martens, & Naes, 2005; Kraggerud, Solem, & Abrahamsen, 2012). In

this method, three sensory quality parameters (appearance, consis-

tency, and flavor) are evaluated by trained panels considering a 1- to 5-

point interval scale where 1 corresponds with the lowest quality and 5

corresponds with the highest quality. In generic extra virgin olive oil,

Barbieri, Bendini, Valli, and Gallina Toschi (2015) and Predieri, Medoro,

Magli, Gatti, and Rotondi (2013) investigated the convergence between

consumers’ liking and sensory quality obtained by using the European

official sensory method (European Community, 2008). In this method,

the intensity of positive and negative characteristics is evaluated by

using a 10-point continuous scale. There is also a work studying the

correlation between the sensory quality scores of coffee from Ethiopia

evaluated by an exporter (Ethiopia Commodity Exchange [ECX] cup-

ping center) and the scores from an importer in Europe (EFICO Agency

SA), the latter reflecting to some extent the preferences of the Euro-

pean coffee consumers (Worku, Duchateau, & Boeckx, 2016). In spite

of the studies of generic food products mentioned, studies dealing with

agreement between consumer likes and sensory quality in specific tra-

ditional products have not been found.

PDO Idiazabal cheese is a traditional food product from the Bas-

que Country (in the North of Spain) made with raw ewes’ milk of the

autochthonous Latxa breed and with a ripening time of at least 2

months. This product has a very marked cultural, social, economic, and

environmental background (P�erez-Elortondo, 1996). The official sen-

sory quality control of this product is carried out by a trained panel in

the Sensory Laboratory of the University of the Basque Country

(LASEHU), which has been accredited following standard ISO 17025

(ISO, 2005) since 2005. PDO Idiazabal cheese is recognized as a high

quality product (it has won many awards in national and international

competitions) and it is much appreciated by consumers in the Basque

Country. Several publications have dealt with the sensory characteriza-

tion of PDO Idiazabal cheese (B�arcenas, P�erez-Elortondo, Salmer�on, &

Albisu, 2001; Ord�o~nez, Iba~nez, Torre, Barcina, & P�erez-Elortondo,

1998) and the development of a specific methodology for its official

sensory quality control (Ojeda et al., 2015; P�erez-Elortondo et al.,

2007). However, there is no information about consumer preferences

for PDO Idiazabal cheeses with different sensory qualities.

The main objective of this study was to determine if the likes of

local consumers matched with the sensory quality of the cheese sam-

ples assessed by the official trained panel. Also, this work explores the

sensory drivers leading consumers’ preferences and the effect of socio-

demographic characteristics and objective and subjective knowledge

about cheese on liking for this product.

2 | MATERIALS AND METHODS

2.1 | Sample selection and preparation

Cheese samples were selected from a set of 88 nonsmoked cheeses

evaluated from June to July in the context of the official sensory qual-

ity control of PDO Idiazabal cheese in LASEHU. Nine cheeses were

chosen taking into account three different quality levels: three samples

from the first quartile (cheeses with the highest quality scores), three

samples between percentiles 40 and 60 (cheeses with medium quality

scores), and three samples from the four quartile (cheeses with the

lowest quality scores).

After checking that the nine cheese producers still kept enough

samples from the same batch of the selected cheese, 20 units of each

cheese (of around 1.2 kg) were collected and stored in the ripening

chamber of a cheese farm at 9628C until their assessment in October,

when they had reached 5–6 months of ripening. One week before test-

ing, cheeses were moved to the laboratory and kept in a fridge at 56

38C. The night previous to the analysis, samples were placed in a cellar

at 17628C.

Each cheese was cut into pieces of 1 cm 3 1 cm 3 5 cm and

served in plastic trays to the assessors (trained assessors or consumers,

depending on the trial). Samples were codified with three digits and

presented according to a Williams Latin square design, so sample-order

associated bias was avoided. Sample temperature was 19638C when

they were evaluated.

2.2 | Sensory quality evaluation by the trained panel

Sensory analysis was performed in the Sensory Laboratory of the Uni-

versity of the Basque Country (LASEHU), by eight members (two male

and six female, with an average age of 42) of the official trained panel

for the sensory quality control of PDO Idiazabal cheese. Selection,

training, and performance of the assessors took place according to

P�erez-Elortondo et al. (2007). These assessors have been taking part in

the sensory quality control on PDO Idiazabal cheese for more than 10

years, being over 100 the number of samples that each assessor evalu-

ates each year.

The evaluation methodology was the sensory quality control

method for PDO Idiazabal cheese certification described by Ojeda

et al. (2015). This methodology employs a scorecard including eight

sensory parameters: quality related to odor, texture, flavor, persistence,

shape, rind, color paste, and eyes. The evaluation consists in the identi-

fication of sensory characteristics (appropriate, not totally appropriate,

and defective) for each sensory parameter. According to the character-

istics identified and by means of a decision tree, a quality score is given

to each parameter in a 1- to 7-point discontinuous scale. In this scale,

Point 7 is the “top” sensory situation where characteristics of typicity

are considered, 4–6 range covers not totally appropriate characteristics,

and 1–3 range covers defective sensory characteristics.

For the present study, the analysis was conducted only for odor,

texture, flavor, and persistence parameters. The evaluation of the nine

samples was carried out in two sessions on different days of the same
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week in order to have two replications. Both sensory characteristics

and scores were collected by using FIZZ software 2.40H (Biosystemes,

Couternon, France).

Assessment was carried out in individual booths designed accord-

ing to the standard ISO 8589 (ISO, 2007). A waiting time of 1 min

between samples was programed. Assessors chewed apple and rinsed

their mouth with water between samples to eliminate residual

sensations.

2.3 | Assessment of liking by consumers

Two hundred twelve consumers living in Vitoria-Gasteiz city (Basque

Country) participated in this research. They were recruited from previ-

ous databases and by using different media (radio, e-mails, social net-

working sites, and posters on the university campus). Consumers who

expressed their willingness to participate were asked about gender,

age, region of residence, and cheese consumption frequency. Only con-

sumers from Vitoria-Gasteiz with a cheese consumption of at least

once a month were recruited, while a balanced distribution regarding

gender and age ranges (18–29, 30–44, 45–59, �60) was also sought.

The consumer study was carried out over 14 sessions of about 45

min for 4 days of the same week. These trials were carried out a week

after the sensory analysis by the trained panel so it can be supposed

that the effect of further cheese ripening was negligible. Up to 16 con-

sumers took part in each session evaluating the nine samples in individ-

ual booths under white light at 21628C. No information about the aim

of the study was provided to them (they only knew that they were par-

ticipating in a “cheese study”). Participants were asked to fill in four dif-

ferent questionnaires on paper forms. In the first questionnaire

consumers were asked to score the samples for liking on a discontinu-

ous 9-point scale structured as follow: 1—dislike extremely, 2—dislike

very much, 3—dislike moderately, 4—dislike slightly, 5—neither like nor dis-

like, 6—like slightly, 7—like moderately, 8—like very much, and 9—like

extremely. Consumers were allowed to taste the cheeses as many times

as they wanted, although they were advised not to test the same sam-

ple many times to avoid fatigue. Also, they were instructed to have

breaks of about 1 min between contiguous samples and to chew apple

and rinse mouths with water during the break to eliminate residual

sensations.

Second, consumers were provided with a questionnaire to indicate

the level of knowledge about cheese they thought they had (subjective

knowledge). A discontinuous 7-point scale structured from “low knowl-

edge” on the left to “high knowledge” on the right was used. For data

treatment purposes, a score �2 was considered as “low knowledge,”

from 3 to 5 as “medium knowledge,” and �6 as “high knowledge.”

Next, objective knowledge was evaluated by means of 10 questions

about cultural and technical aspects of cheeses with multiple choice

answers (Figure 1). The questionnaire provided a mark for each con-

sumer from 0 to 100 as a result of assigning 10 points to each right

answer. For data treatment purposes, 0–29 points was considered as

“very low knowledge,” 30–49 points as “low knowledge,” and �50

points as “medium–high knowledge.” Finally, the fourth questionnaire

consisted of questions about sociodemographic characteristics and

cheese consumption habits. Upon completing the session, consumers

received a gift for their participation.

2.4 | Data analysis

Overall sensory quality (OSQ) for each sample, session, and assessor

was calculated by applying the following equation (based on the criteria

of the Regulatory Council of PDO Idiazabal cheese as described by

P�erez Villarreal et al., 1995): OSQ5odor quality 3 0.201 texture qual-

ity 3 0.251 flavor quality3 0.351 persistence quality3 0.20.

To study the possible significative (p< .05) differences among the

sensory quality of the samples different analysis were used. As there

was no normality in the distribution of the scores for odor, flavor, tex-

ture, and persistence, Kruskal-Wallis test was applied (with Dunn’s test

with Bonferroni’s correction to study the differences between pairs of

FIGURE 1 Questionnaire to measure objective knowledge
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samples). As the distribution for OSQ was normal, a three-way ANOVA

was applied for this parameter, with product (cheese), assessor, and

session as fixed factors and all first order interactions included in the

model. Tukey’s honest significant difference (HSD) test was used to

study the differences between samples.

Regarding consumers’ data, a two-way ANOVA was performed on

individual liking scores considering product (cheese) as fixed factor and

consumer as random effect. Tukey’s HSD test was applied to identify

pair of products significantly different. In order to check if each con-

sumer individually agreed with the trained panel, Pearson correlation

coefficient was calculated considering individual liking scores and OSQ

mean scores from the trained panel. Next, consumers were grouped in

six categories according to this coefficient (r�0.7 high correlation,

0.4� r<0.7 medium correlation, r<0.4 low correlation) and its sign

(positive or negative). In order to visualize consumer groups’ preferen-

ces for each of the nine samples in a two-dimensional space, an internal

preference mapping was performed on the individual liking data.

In order to study the sensory drivers leading consumers’ liking, the

citation frequency (CF) of each sensory characteristic by the trained

panel was considered. CF was calculated as the number of times (in

percentage) that each characteristic was cited for each sample over the

total number of times that it could be cited (8 assessors 3 2

sessions516 times). In order to study differences among products,

Cochran’s Q test was carried out on sensory characteristics presenting

a CF �15% for all the samples considered together or when any of the

samples presented a CF �25%. A contingency table (cheese samples in

rows and sensory characteristics in columns) containing the number of

citations of each sensory characteristic by the trained panel for each

cheese sample was prepared and a simple correspondence analysis

(CA) was carried out. Then, average liking for each cheese sample was

modeled for each group of consumers as a function of the first two

dimensions of the CA using an external preference mapping. Linear and

circular models were tested. In order find the best model, an F-ratio

test, with a 25% of significance level, was used.

All these analyses were run with the XLSTAT statistical software

2011 (Addinsoft, Paris, France).

Finally, Chi-square (v2) test with Yates’s correction was applied for

finding significant differences (p< .05) within each group and among

groups for each aspect considered in the four questionnaires (subjec-

tive and objective knowledge, sociodemographic aspects, and cheese

consumption habits). This test was carried out on http://quantpsy.org

(Preacher, 2001).

3 | RESULTS AND DISCUSSION

3.1 | Consumers’ characterization

Information characterizing consumers from questionnaires two to four

is shown in Table 1. 83.5% of the participants were habitual consumers

of cheese (32.1% daily or almost daily and 51.4% once or several times

a week). Regarding type of cheese, hard cheese was the most consumed

(56.6% of the participants) followed by semi-hard cheese (30.2% of the

participants). With regard to the origin of the milk for the cheese, the

majority of participants (74.5%) mostly consumed ewe/goat’s milk

cheeses. With regard to knowledge about cheese, while 77.4% of con-

sumers claimed medium subjective knowledge only 17.9% showed

medium-high knowledge according to the third questionnaire.

3.2 | Relationship between sensory quality and

consumers’ liking

Mean quality scores and standard deviation from the trained panel for

odor, texture, flavor, and persistence related quality and for OSQ of

TABLE 1 Sociodemographic characteristics and cheese consump-
tion habits of participants (data expressed as number of individuals
and, in brackets, percentage over the whole sample, (n5212)

Sociodemographic characteristics n

Gender

Female 112 (52.8)
Male 100 (47.2)

Age

18–29 60 (28.3)
30–44 54 (25.5)
45–59 52 (24.5)
�60 46 (21.7)

Education level

Primary school 43 (20.3)
Secondary school 44 (20.7)
Vocational education and training 75 (35.4)
University 50 (23.6)

Work situation

Student 43 (20.3)
Unemployed 55 (25.9)
Pensioner 38 (17.9)
Worker 76 (35.9)

Cheese consumption frequency

Daily or almost daily 68 (32.1)
Once a week/several times a week 109 (51.4)
Once a month/several times a month 35 (16.5)

Type of cheese mostly consumed

Fresh soft cheese 15 (7.1)
Semi-hard cheese 64 (30.2)
Hard cheese 120 (56.6)
No answer 13 (6.1)

Origin of the milk of the cheese mostly consumed

Cow 40 (18.9)
Ewe/goat 158 (74.5)
No answer 14 (6.6)

Subjective knowledge about cheesea

Low knowledge (score �2) 41 (19.3)
Medium knowledge (score from 3 to 5) 164 (77.4)
High knowledge ( score �6) 7 (3.3)

Objective knowledge about cheeseb

Very low knowledge (0–29 points) 92 (43.4)
Low knowledge (30–49 points) 82 (38.7)
Medium–high knowledge (�50 points) 38 (17.9)

aAnswer scale ranged from 1 (low knowledge) to 7 (high knowledge).
bGrade from 0 to 100.
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the nine cheeses are shown in Table 2, as well as significant differ-

ences (p< .05) among samples. These results confirmed that cheese

samples had different sensory qualities. Sample 9 presented signifi-

cant higher OSQ than Samples 1–6. By contrast, OSQ of Samples 1

and 2 was significantly lower than the other seven samples. Regard-

ing consumers’ liking, there were also significant (p< .05) differences

among cheeses. In the same way as observed for OSQ, Sample 9

was significantly more appreciated than Samples 1–6. At the same

time, liking for Samples 1 and 2 was lower than for the other seven

samples.

Cheeses with the highest OSQ (Cheese 7, 8, and 9) had the highest

liking scores and cheeses with the lowest OSQ (Cheese 1 and 2) were

the least appreciated by consumers. When studying individual relation-

ships between liking and OSQ (Table 3), a different pattern of prefer-

ence was observed among the consumers. The majority of the

consumers (77.4%) presented a positive correlation with the OSQ from

the trained panel. On the contrary, there was a minor group of consum-

ers (22.6%) with a negative correlation between their liking and the

OSQ. Within each group, consumers were grouped in three categories

according to Pearson correlation coefficient (low: r<0.4; medium:

TABLE 2 Mean and standard deviation (SD), for the sensory parameters evaluated by the trained panel and for consumers’ liking for the
cheeses

Sensory parameters evaluated by the trained panel

Odor Texture Flavor Persistence OSQ
Liking from
consumers

Cheese Mean SDa Mean SDa Mean SDa Mean SDa Mean SDa Mean SD

1 3.2 cd 0.61 2.8 d 0.64 2.6 cd 0.53 2.5 c 0.53 2.7 e 0.50 5.2 e 1.98

2 2.3 d 1.14 3.9 abc 0.69 2.3 d 0.87 2.3 c 1.04 2.7 e 0.74 5.0 e 1.95

3 3.7 bcd 1.06 3.1 cd 0.35 3.6 bcd 0.77 3.7 abc 0.64 3.5 d 0.47 6.0 bcd 1.88

4 4.1 bcd 0.79 3.6 bcd 0.91 3.8 abc 1.08 3.8 ab 1.01 3.8 cd 0.82 5.7 d 1.55

5 4.3 abc 0.65 4.6 ab 0.53 3.4 bcd 0.92 3.4 bc 0.99 3.9 cd 0.64 6.2 bcd 1.56

6 4.3 abc 0.69 4.3 ab 0.49 4.1 ab 1.18 3.9 ab 0.88 4.2 bc 0.71 5.8 cd 1.62

7 4.5 ab 0.91 4.0 abc 0.46 4.4 ab 0.91 4.3 ab 0.80 4.3 abc 0.64 6.3 ab 1.47

8 4.4 ab 0.92 4.7 a 0.83 4.6 ab 0.82 4.4 ab 0.74 4.5 ab 0.63 6.3 abc 1.57

9 4.9 a 0.76 4.4 ab 0.75 4.9 a 0.59 4.8 a 0.69 4. 8 a 0.40 6.6 a 1.52

Within a column, different letters indicate significant differences between cheese samples (p< .05) according to Dunn’s test and Tukey’s HSD test.
aSD for trained panel was calculated as the mean score of SD of Session 1 and SD of Session 2.

TABLE 3 Mean liking scores per sample and group of consumers categorized according to their Pearson correlation coefficient between
overall sensory quality (OSQ) and individual liking

Negative correlation between liking and OSQ Positive correlation between liking and OSQ

Higha and
Mediumb Lowc Global Low Medium High Global
Group 1 Group 2 Group 3 Group 4 Group 5

Cheese (n516) (n5 32) (n548) (n570) (n552) (n542) (n5 164)

1 7.6a 6.3 6.8 a 5.3 d 4.6 de 4.1 e 4.8 d

2 6.6 ab 6.4 6.5 ab 5.3 cd 4.3 e 3.4 e 4.5 d

3 7.1 a 6.4 6.6 a 6.1 abc 5.7 c 5.4 d 5.8 c

4 5.8 bc 5.6 5.7 bc 5.9 abcd 5.4cd 5.9 cd 5.7 c

5 5.8 bc 6.4 6.2 abc 6.2 ab 6.0 bc 6.3bc 6.1 bc

6 5. 6 c 5.9 5.8 bc 5.6 bcd 5.9 bc 6.2 bc 5.9 c

7 6.0 bc 6.0 6.0 abc 6.1 abc 6.5 ab 6.8 ab 6.4 ab

8 5.6 bc 5.5 5.6 c 6.1 abcd 6.6ab 7.0 a 6.5 ab

9 5.3 c 5.8 5.7 c 6.5 a 7.0 a 7.5 a 6.9 a

Within a column, different lower case letters represent significant differences (p< .05) between samples according to Tukey’s HSD test.
ar�0.7.
b0.4� r<0.7.
cr<0.4.
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0.4� r<0.7; high: r�0.7). As the number of consumers with high and

medium negative correlation was very low, they were gathered in the

same group. The distribution of the consumers of the resulting five

groups and their preference toward the nine samples can be visualize

in Figure 2. Group 1 was composed of 16 consumers who preferred

Samples 1, 3, and to a certain extend Sample 2. Conversely, Groups 4

and 5, composed of 52 and 42 consumers, respectively, clearly pre-

ferred Cheeses 7, 8, and 9. Regarding consumers from Groups 2 and 3

(32 and 70, respectively), they appear much dispersed across Y-axis of

the sensory space, showing a less clear preference toward the samples.

The existence of groups of consumers whose acceptability is not

in accordance with sensory quality assessed by a trained panel has

been reported in other studies with Norwegian cheeses. Hersleth et al.

(2005) found a group of consumers preferring the sample with the low-

est quality score. According to these authors, low levels of sensory

defects in dairy products may not always be objectionable to consum-

ers. Kraggerud et al. (2012) identified two clusters of consumers (29.1

and 34.1%) in disagreement with the trained panel scoring sensory

quality. These authors interpreted this finding by arguing that a large

number of consumers would prefer other sensory characteristics than

those present in the evaluated cheeses.

Regarding characterization of the different groups of consumers

by Chi-square (v2) test with Yates’s correction, a significant (p< .05)

higher percentage of young consumers (less than 30 years) was

observed in Group 5 (the group with the higher agreement with the

trained panel) (data not shown). No other significant particularities in

relation to sociodemographic characteristics, cheese consumption

habits, and knowledge about cheese were observed among consumers’

groups.

3.3 | Sensory characteristics driving consumers’ liking

Results from Cochran’s Q test showed significant differences (p< .05)

among samples for 45 of the 81 characteristics cited by any member of

the panel: 9 of odor (2 as appropriate characteristic, AC; 5 as not totally

appropriate characteristic, NTAC; and 2 as defective characteristic,

DC), 11 of texture (3 AC, 5 NTAC, and 3 DC), 16 of flavor (6 AC, 7

NTAC, and 3 DC), and 9 of persistence (6 NTAC and 3 DC).

Figure 3 represents the correspondence analysis performed on the

CF for each sensory characteristic in each sample. It explains 62.60%

of the variance of the experimental data (44.02 and 18.58% in the first

and second dimension, respectively). In Figure 4, the external prefer-

ence map is shown. This map includes the position of vectors indicating

the direction of maximum preference for each group of consumers.

The distribution of the groups of consumers confirms the existence of

two different main patterns, as stated previously (Figure 2). One pat-

tern is related to Group 1 and, to a certain extent, to Group 2. The

other pattern is related to Groups 4 and 5 and, to a lesser degree, to

Group 3.

The acceptability of Groups 4 and 5 was mainly determined by

characteristics as “toasty” (odor, flavor, and persistence), “sweet” (taste

and persistence), “acid” (persistence), “rancid” (flavor), “absence of bit-

ter” (taste), and “no deformation” (texture). With the exception of

“absence of bitter” taste they all were not totally appropriate

FIGURE 2 Internal preference mapping of consumers’ data (n5212) with indication of the level of correlation between the individual
liking and the OSQ from the trained panel: Consumer with negative correlation in triangles (in black5medium–high correlation; in light
gray5 low correlation) and consumers with positive correlation in circles (in black5high correlation, in dark gray5medium correlation, in
light gray5 low correlation). High correlation: r�0.7; medium correlation: 0.4� r<0.7; low correlation: r<0.4
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characteristics. It is worth noting that “toasty” and “sweet” characteris-

tics were associated with Sample 9. Regarding Group 3, drivers of liking

are similar to Groups 4 and 5 although less noticeable, probably due to

the fact that consumers from Group 3 were less discriminative (Figure

2 and Table 3). This finding suggests that consumers of these groups

might prefer intense “toasty” and “sweet” cheeses than the characteris-

tic odor defined for PDO Idiazabal cheese.

Conversely, maximum liking for Group 1 was mainly oriented

toward Products 1 and 2. As shown in Figure 3, the acceptability was

determined by “animal” (odor, flavor, and persistence), “rancid” (odor,

flavor, and persistence), “bitter” (flavor and persistence), and the

absence of “milky” odor. With the exception of absence of “milky” odor

(not totally appropriate characteristic), they all were defective charac-

teristics for PDO Idiazabal cheese. Consumers of Group 2 would have

similar sensory drivers, although with a clearer tendency for “animal”

character. This fact suggests that these groups of consumers probably

like cheese with some “strong” characteristics. The liking toward some

characteristics considered as defective could also have a habituation

component. Habit is a strong determinant of individual preferences

that, in some cases, can explain the preference for defective food

products (Guerrero et al., 2009, 2012). For example, in a study with vir-

gin olive oils, Guerrero et al. (2012) found that 49.25% of consumers

preferred a sample with “fusty/muddy sediment” defect.

The opposition between the “strong” characteristics mentioned

(“animal,” “rancid,” and “bitter”) and “mild” characteristics (“toasty” and

“sweet”) could explain the segmentation into two main groups of con-

sumers. In fact, this division of sensory characteristics observed in this

work was to a great extend similar to that reported by B�arcenas et al.

(2001) in a study on Spanish ewes’ milk cheeses. These authors found

the existence of two clearly different groups of sensory terms: on the

one hand “strong or very intense sensory characteristics” (“animal,”

“sharp,” “brine,” “rennet,” and “butyric acid”), and on the other hand,

characteristics that could be defined as “mild or soft” (“milky,” “toasty,”

“buttery,” “nutty,” and “sweet”). Caspia, Coggins, Schilling, Yoon, and

White (2006) identified in Cheddar cheeses two groups of sensory

characteristics: one group was characterized by “sweet,” “buttery,”

“creamy,” and “cooked” opposed to a group characterized by “earthy,”

“sulfur,” “free fatty acid,” “sour,” “bitter,” “pungent,” and “prickle bite.”

As previous studies reveled, the preference of consumers for “mild

or soft” characteristics appears to be widespread to cheese consumers.

FIGURE 3 Representation of the significant (p< .05) sensory characteristics from the Cochran’s Q test and the cheese samples (n59) over
the first two components from the simple correspondence analysis. Appropriate characteristics in rhombus, not totally appropriate
characteristics in circles and defective characteristics in triangles. O5odor; Tx5 texture; F5 flavor; P5 persistence. _ns5 null to slight
intensity; _sm5 slight to medium intensity; _mh5medium to high intensity; _ab5 absence of; _w5weak; _m5medium intensity; _h5high
intensity; _v5 very; _hvh5 high to very high intensity
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Gonzalez Vi~nas, Esteban, and Cabezas (1999) compared ten commer-

cial Spanish ewe milk cheeses with a survey of 43 students and con-

cluded that this group of young consumers preferred “milder” cheeses

to those with very “strong” characteristics. In a study with Cheddar

cheeses, Caspia et al. (2006) found that 65% of consumers liked sam-

ples with “buttery,” “creamy,” “sweet,” and “cooked” flavor.

Conversely, there is evidence that bitterness is not a desirable

cheese characteristic for some consumers, as reported by several

authors (Arcia, Curutchet, Costell, & Tarrega, 2013; Bord, Guerinon, &

Lebecque, 2017; Caspia et al., 2006; Young, Drake, Lopetcharat, &

McDaniel, 2004; Zhang et al., 2011). A dislike for “bitter” taste has also

been studied in other food products than cheese, such as whole-grain

products (Bakke & Vickers, 2007), extra virgin olive oils (Barbieri et al.,

2015; Delgado & Guinard, 2011; Recchia, Monteleone, & Tourila,

2012) or green vegetables (Chadwick, Gawthrop, Michelmore, Wag-

staff, & Methven, 2016; Dinnella et al., 2016; Poelman, Delahunty, &

Graaf, 2017). This fact might be due to bitter perception playing a role

in human activities by evoking a defense mechanism to prevent the

ingestion of harmful substances (Chandrashekar et al., 2000). Even

though there are individuals who like these substances, humans learn

to like bitter foods by experience (Garcia-Burgos & Zamora, 2015).

With regard to texture characteristics, these play a minor role in

influencing consumer liking (Figures 3 and 4) compared to odor and fla-

vor. In this sense, B�arcenas, P�erez-Elortondo, and Albisu (2003)

reported that odor characteristics play an important role at the time of

defining consumer preference for ewes’ milk cheeses. In the study on

Cheddar cheese, Caspia et al. (2006) demonstrated that texture could

not be used to relate descriptive sensory analysis to consumer accep-

tance, whereas flavor characteristics fitted well with it. Arcia et al.

(2013) showed that differences in flavor dictated the differences in con-

sumers’ acceptance of Uruguayan “queso magro” low-fat cheese. Other

authors, has also determined that flavor was more a driving force in

overall liking of different cheeses (raw milk cheeses) than texture (Lig-

gett, Drake, & Delwiche, 2008; Yates & Drake, 2007; Young et al.,

2004). However, in a study on PDO Blue-veined cheese, Bord et al.

(2017) found that texture characteristics were the key sensory drivers

of liking for 48.4% of consumers. So, the influence of the texture on the

consumers’ preferences could also be influenced by the kind of cheese.

4 | CONCLUSIONS

The current study showed that in the case of PDO Idiazabal cheese,

acceptability of most consumers agreed to a considerable extent with

the official sensory quality determined by the official trained panel of

the Regulatory Council. In spite of majority of consumers from Vitoria-

Gasteiz preferring PDO Idiazabal cheeses with high quality, different

liking patterns were found among consumers. Liking of consumers in

agreement with the trained panel was mainly driven by “sweet” and

“toasty” characteristics, whereas tastes of the small group of consumers

disagreeing with the trained panel were related to some defective sen-

sory characteristics, such as “animal,” “rancid,” and “bitter.”

Regulatory Council could take advantage of the results of this

study to increase the effort to help the consumers to identify the sen-

sory characteristics of this particular product, with special attention to

consumers with preferences toward defective cheeses.

Further research should explore if nonlocal consumers’ liking also

fits the sensory quality scored by an official trained panel, thus consid-

ering the possible cross-cultural influences.

FIGURE 4 Preference mapping from the simple correspondence analysis with representation of cheese samples and the vector of
maximum preference for each of the five groups of consumers identified
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of 438 consumers (from 100 to 120 consumers from each region) in terms of PSQ and liking. The cheeses were 
also described by a trained panel. 

PSQ depended on both consumers’ and cheeses’ origin. The main finding is that in the three countries with 
PDO culture, consumers identified domestic PDO cheese as having a significantly higher PSQ than its non-PDO 
counterpart, whereas they were not able to differentiate PDO and non-PDO cheeses from other countries. 
Overall, sensory drivers of PSQ were similar across consumers of different origin but, the relationship between 
PSQ and liking is higher for non-local cheeses than for local cheeses. Overall, the results support the idea that 
PSQ is related to liking but is also modulated by product familiarity.   

1. Introduction 

According to Ophuis and Van Trijp (1995), consumers’ perception of 
product quality results from a multidimensional perceptual process 
modulated by numerous extrinsic factors such as context, intrinsic 
product attributes or consumers’ cultural background. Some studies 
related to product quality rely on liking assessments (Barnes, Bosworth, 
Bailey, & Curtis, 2014; Resano, Sanjuán, & Albisu, 2012). Only in a few 
studies consumers are asked to assess perceived quality considering 
sensory characteristics or perceived sensory quality (PSQ). Most of 
these studies deal with the impact of extrinsic information on PSQ, 
mainly focused on aspects as price and origin (Bello Acebrón & Calvo 
Dopico, 2000; Veale & Quester, 2009a, 2009b) or sustainability labels 

(Samant & Seo, 2016). 
The very scarce cross-cultural studies suggest that the impact of 

cultural background on PSQ judgments would be mediate by con-
sumers’ exposure and familiarity with the product (Sáenz-Navajas, 
Ballester, Pêcher, Peyron, & Valentin, 2013; Sáenz-Navajas, Ballester, 
Peyron, & Valentin, 2014). These authors showed that Spanish con-
sumers tended to find wines from La Rioja (Spain) as higher in quality 
than Côtes du Rhône (France) wines. 

Products with PDO labels are linked to a specific geographical 
origin, some specific raw materials and traditional practices of pro-
duction (Ballester, Dacremont, Fur, & Etiévant, 2005; Bertozzi, 1995) 
and the European regulation (OJEU, 2012) states that PDO products 
must specify the characteristics of the product, including sensory 
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description. 
The first hypothesis of the present study (H1) is that consumers from 

different European regions would assess differently PSQ of cheeses from 
different origins according to their familiarity towards the products. 
More specifically, they would be better at differentiating the quality 
level of PDO vs. non-PDO cheeses from their own country than for 
cheeses from other countries. 

Concerning the relation between PSQ and liking by tasting the 
product, the literature is very scarce as well. In a study with 27 
Californian Cabernet Sauvignon wines evaluated by consumers and by 
wine experts, Hopfer and Heymann (2014) found a high correlation 
between liking and PSQ, although for some consumers liking and PSQ 
was not at all correlated to the quality scores as stated by the experts. 
The authors concluded that experts based more their evaluations on 
objective, descriptive attributes, while consumers were less able to do 
so. 

Our second hypothesis (H2) is that PSQ is largely related to liking, 
but this relation would be weaker when consumers are most familiar 
with the product. 

In fact, going beyond the analytical evaluation of quality by experts, 
the sensory characteristics driving the PSQ for consumers would be 
related to the familiarity with the product. In this sense, the third hy-
pothesis (H3) is that sensory drivers of PSQ are likely culture-depen-
dent, so they would differ according to consumers’ origin. 

To sum up, the objective of the present work is to gain a better 
understanding of consumers’ PSQ by testing the three previously 
mentioned hypothesis, tacking the issue of familiarity as modulator of 
product perception. To address this issue, four PDO or traditional 
cheeses from four European regions (PDO Parmigiano Reggiano, PDO 
Idiazabal, PDO Comté and Turunmaa traditional cheese) and one si-
milar industrial cheese from each of these regions were evaluated by 
consumers from the four regions. All eight cheeses were assessed by the 
four consumer groups for liking and PSQ. In order to identify the sen-
sory drivers of PSQ the cheeses were also described by a trained panel. 

2. Materials and methods 

2.1. Sample selection and preparation 

Eight hard and semi-hard cheese samples from four European 
countries (Finland, France, Italy and Spain) were used in the experi-
ment (Table 1). Three of them were PDO cheeses: Comté, Parmigiano- 
Reggiano and Idiazabal. As Finnish PDO cheeses do not exist, a tradi-
tional one was chosen (Turunmaa style cheese) and was considered as 
an equivalent of PDO product for the purposes of this study. The other 
four cheeses were selected from each of the four regions and were si-
milar in terms of sensory characteristics to their counterpart PDO 
cheese. A representative cheese of each PDO was chosen and all the 
units of each cheese came from the same batch. 

Each of the four laboratories participating in the study collected the 
two cheeses from its region one month prior to their evaluation. They 
were vacuum-sealed and sent to the other laboratories in an isothermal 
container with cold accumulators. Once at the laboratory, the samples 

were placed in a refrigerator at 5  ±  3 °C. The night before sensory 
evaluation, the plastic film was removed and samples were kept in a 
cellar at 17  ±  2 °C. One hour before their evaluation, cheeses were 
sliced into pieces of 1.7 × 1.7 × 3.0 cm, placed in a lunch box and 
stored in the cellar. At the time of the test, samples were served to 
participants (trained assessors or consumers) at 19  ±  2 °C in plastic 
trays. 

2.2. Assessment of liking and PSQ 

2.2.1. Consumers 
A total of 438 consumers from four European cities participated in 

this research (Table 2). They were recruited from previous databases 
and by using different media (radio, e-mails, social networking sites and 
posters on the campus or in the research centre). Consumers knew they 
were going to participate in a cheese consumer test and signed an in-
formed consent voluntarily. Cheeses were commercial cheeses, that is, 
their sale and consumption were authorized, so it was assumed that 
they do not present a health risk. Consumers’ personal data were 
treated and managed according to the European regulation (EU) 2016/ 
679 on the protection of natural persons with regard to the processing 
of personal data and on the free movement of such data. Consumers 
who expressed their willingness to participate were asked about gender, 
age, level of completed studies and cheese consumption frequency. 

Table 1 
Description of the cheeses used in the study.       

Cheese origin Product (Cheese)/Appellation Milk origin Type of paste Code  

Finland Turunmaa/Traditional Pasteurized cow’s milk Uncooked semi-hard TRA TU 
Finland Emmental/non-PDO Pasteurized cow’s milk Cooked semi-hard nPDO EM-FI 
France Comté/PDO Raw cow’s milk Cooked semi-hard PDO CO 
France Emmental/non-PDO Pasteurized cow’s milk Cooked semi-hard nPDO EM-FR 
Italy Parmigiano-Reggiano/PDO Raw cow’s milk Cooked hard PDO PR 
Italy Hard cheese/non-PDO Pasteurized cow’s milk Cooked hard nPDO HCh-IT 
Spain Idiazabal/PDO Raw ewe’s milk Uncooked hard PDO ID 
Spain Hard cheese/non-PDO Pasteurized ewe’s milk Uncooked hard nPDO HCh-SP 

Table 2 
Socio-demographic aspects and cheese consumption frequency of consumers 
(data expressed as number of participants and as percentage (in brackets)).        

Jokioinen- 
Helsinki (JH) 
(Finland)  
n = 109 

Dijon (DI) 
(France)  
n = 101 

Reggio 
Emilia (RE) 
(Italy)  
n = 120 

Vitoria- 
Gasteiz (VG) 
(Spain)  
n = 108  

Gender 
Male 36 (33.0) 50 (49.5) 59 (49.2) 54 (50.0) 
Female 72 (66.1) 51 (50.5) 60 (50.0) 54 (50.0) 
No answer 1 (0.9) 0 (0.0) 1 (0.8) 0 (0.0)  

Age range (years) 
18–30 19 (17.4) 49 (48.5) 36(30.0) 34 (31.5) 
31–45 44 (40.4) 23 (22.8) 36 (30.0) 40 (37.0)  
>  45 46 (42.2) 29 (28.7) 46 (38.3) 34 (31.5) 
No answer 0 (0.0) 0 (0.0) 2 (1.7) 0 (0.0)  

Level of studies completed 
Secondary 40 (36.7) 23 (22.8) 48 (40.0) 33 (30.6) 
Superior 69 (63.3) 78 (77.2) 69 (57.5) 73 (67.6) 
No answer 0 (0.0) 0 (0.0) 3 (2.5) 2 (1.8)  

Frequency of cheese consumption 
Daily or 

almost 
daily 

73 (67.0) 56 (55.4) 44 (36.7) 40 (37.0) 

Several times 
a week 

24 (22.0) 37 (36.6) 53 (44.2) 47 (43.5) 

Once a week 6 (5.5) 7 (6.9) 16 (13.3) 17 (15.7) 
A few times a 

month 
6 (5.5) 1 (1.1) 5 (4.2) 4 (3.8) 

No answer 0 (0.0) 0 (0.0) 2 (1.6) 0 (0.0) 
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Only consumers who declared to consume cheese more than once per 
month were recruited. A balanced distribution across gender, age 
ranges (18–30, 31–45, > 45) and level of studies completed (secondary 
or superior) was established. As shown in Table 2, most consumers from 
the four cities eat cheese at least once a week. Finnish consumers re-
ported the highest consumption frequency. 

2.2.2. Experimental design 
The eight cheeses (Table 1) were tested by all the consumers. No 

information about the aim of the study was provided to the consumers 
(they only knew that they were participating in a “cheese study”). The 
experimental protocol was initially written in English and translated 
into Finnish, French, Italian and Spanish. Translation from English to 
the local language was made by professionals of each laboratory in 
order to be the instructions and terminology easy and clearly under-
standable by the local participants. In addition, several members of 
each laboratory supervised the translation. Before developing the test, a 
pre-test was carried out in each laboratory to find out possible diffi-
culties of the test (duration of the test, possible fatigue because of the 
number of samples …) and to observe whether the participants un-
derstood the test instructions. No difficulties related to terminology 
were found in the pre-test in any laboratory. 

The experiment was carried out proceeding in the same manner in 
the four cities. The sessions were distributed in two stages: first a liking 
test and then a PSQ categorization test. A rest time of 10 min was es-
tablished between stages. The number of sessions varied between six 
and ten depending on the capacity of the laboratories. To complete the 
whole session took around 45 min. For the liking test, consumers were 
asked to score the eight samples on a 10 cm line scale from 0-“I don’t 
like it at all” to 10-“I like it very much”. For the PSQ categorization test, 
consumers had to evaluate the cheeses and sort them according to their 
global sensory quality perception into five categories: “very high” (5), 
“high” (4), “medium” (3), “low” (2) or “very low” (1) quality. In both 
tests consumers were allowed to taste the cheeses as many times as they 
wanted, although they were advised not to test the same sample too 
many times to avoid fatigue. For both tests, consumers were instructed 
to wait 30 s between samples and to chew a piece of apple and rinse 
their mouth with water to eliminate any residual product. 

Sample codes were different in each test. Samples were codified 
with three digits and presented according to a Williams Latin square 
design established by FIZZ software 2.40H (Biosystemes, Couternon, 
France) so the sample order for each participant was random and pre-
sentation order associated bias was avoided. Also, sample codes of each 
sample were different in the two tests. 

Data were collected on paper forms designed by using FIZZ software 
2.40H. Upon completing the session, participants received a gift for 
their participation. 

2.3. Descriptive sensory analysis 

2.3.1. Assessors 
The descriptive analysis of the eight cheese samples was carried out 

in Vitoria-Gasteiz, in the Sensory Laboratory of the University of the 
Basque Country (LASEHU). Sixteen assessors (five males and 11 fe-
males; age range 34–68 with average age 45) were selected taking into 
account their training level in descriptive analysis: six expert assessors 
of the official panel for sensory quality control of PDO Idiazabal cheese 
and ten assessors with great experience in descriptive sensory analysis 
of foods (the majority of them with experience in cheese evaluation). 

2.3.2. Experimental design 
Six two hours sessions were carried out. 

2.3.2.1. Term generation, selection of terms and the score card design. Two 
sessions were held to develop the attribute list. Only the six expert 
assessors took part in the first session. A list of sensory descriptors 

(aroma, taste and trigeminal sensations) was previously prepared from 
the list published by Bérodier et al. (1997) and presented to the 
participants. To facilitate the term generation, cheeses were 
compared in pairs: PDO cheese vs. non-PDO cheese from the same 
region. In this way, assessors had to indicate perceived sensations 
(terms) and their intensity (low, medium or high) for each sample. 
Then, they had to compare the two samples and mark if there were 
differences in intensity for each of the perceived sensations, or not. The 
second session was attended by all the assessors. Based on the terms 
collected through the first session, a second list including exclusively 
aroma terms was provided. The procedure followed with these samples 
was the same as in the first session. 

The selection of terms and the score card design were carried out 
using results obtained in the previous sessions. As far as aroma was 
concerned, only terms with a citation frequency (CF; percentage of 
times that each term was cited for each sample over the total number of 
times that could be cited) ≥ 20% or with a CF  <  20% but with a 
CF ≥ 40% for any of the samples in the second session were selected. A 
similar criterion was applied by Campo, Ballester, Langlois, Dacremont, 
and Valentin (2010) in a study of Burgundy Pinot Noir wines. The terms 
selected were: fresh butter, boiled milk, acidified milk, fresh vegetable, 
boiled vegetable, nut, caramel, burnt, leather, meat soup, rennet and 
butyric acid. 

With regard to taste, the terms used in the first session (sweet, acid, 
salty, bitter and pungent) were directly included in the final list. Based 
on Lavanchy et al. (1999), texture terms selected were firmness, fria-
bility, solubility, adherence and humidity in mouth. 

A definition of each term was established, as well as the evaluation 
procedure. Continuous linear 10 cm scales (anchored at points 0 and 10 
and with an additional cm at each end) were used for attribute intensity 
scoring. 

2.3.2.2. Selection of references and training. Assessors were provided 
with references for taste, aroma and texture, either chemical substances 
or commercial products. References were prepared according to  
Bérodier et al. (1997), Lavanchy et al. (1999), Ojeda et al. (2015), 
Pérez-Elortondo et al. (2007) procedures. References were prepared 
with a cheese base for their perception to be as close as possible to the 
real situation of cheese evaluation. 

2.3.2.3. Analysis of the samples of the study. The eight samples were 
evaluated in triplicate over three sessions. These sessions took place in 
the two weeks following the consumers study. A dummy sample was 
first evaluated in individual booths and then a group discussion took 
place for a last scoring alignment. Then, panellists scored the eight 
samples in booth using Fizz software 2.40H. Samples were coded with 
three digits random numbers and presented according to a Williams 
Latin square design. Panellists were instructed to wait 20 s between 
each sample and to chew a piece of apple and rinse their mouth with 
water to eliminate any residual product. A five minutes break was 
programmed between the first four and the remaining four samples. 

2.4. Data analysis 

2.4.1. Effect of consumer origin, cheese origin and PDO/non-PDO on PSQ 
(H1) 

A four-way mixed ANOVA was performed on PSQ scores according 
to the following model: 

Y=µ+consumer origin+cheese origin+PDO/non-PDO+consumer 
(consumer origin)+cheese origin*consumer(consumer origin)+cheese 
origin*consumer origin+cheese origin*PDO/non-PDO+consumer(con-
sumer origin)*PDO/non-PDO+consumer origin*PDO/non-PDO+cheese 
origin*consumer origin* PDO/non-PDO+error 

In this model, cheese origin, consumer origin, and PDO/non-PDO 
were considered as fixed factors and consumer as random factor. A 
Turkey’s honest significant difference (HSD) post hoc test was applied 
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to consumer origin to find significant (p  <  0.05) differences between 
pair of samples. 

For first order interaction cheese origin*consumer origin, Kruskal- 
Wallis test was applied (p  <  0.05) on PSQ scores in each consumer 
origin. Dunn’s test (with Bonferroni’s correction) was run on consumer 
origin to find significant differences (p  <  0.05) between pairs of 
samples. Also, paired t-tests with Bonferroni’s correction (for 16 com-
parisons from two effects at 5% significance level, significant differ-
ences at p  <  0.003) were run on PSQ between local and non-local 
cheeses in each consumer origin. 

Regarding first order interaction consumer origin*PDO/non PDO, 
paired t-test with Bonferroni’s correction (for eight comparisons from 
two effects at 5% significance level, significant differences at 
p  <  0.006) was applied for calculating significant differences in PSQ 
according to PDO/non-PDO in each consumer origin. 

Finally, with regard to second order interaction cheese origin*con-
sumer origin*PDO/non-PDO, paired t-test with Bonferroni’s correction 
(for eight comparisons from two effects at 5% level, significant differ-
ences at p  <  0.006) was applied in order to study significance dif-
ferences in PSQ between local and non-local PDO and non-PDO cheeses 
in each consumer origin. 

Kruskal-Wallis test was run with XLSTAT 2011 (Addinsoft, Paris, 
France). The other statistical analyses were computed using IBM® SPSS® 
Statistics25 (SPSS Inc., Chicago, USA) with the exception of 
Bonferroni’s correction from paired t-test, which was calculated without 
using statistical software (significant differences at p  <  (5% sig-
nificance level/number of comparisons)). 

2.4.2. Relationship between PSQ and liking (H2) 
Spearman’s correlation coefficient (r) between PSQ and liking scores 

were calculated on individual scores considered all together. 
Then, for each consumer origin, a correlation coefficient between 

PSQ and liking scores was calculated for the eight cheeses considered 
together, for PDO cheeses, for non-PDO cheeses and for each cheese 
individually. 

Correlation coefficient (r) ≥ 0.7 was considered as a high correla-
tion, 0.4 ≤ r  <  0.7 medium correlation and r  <  0.4 low correlation. 

Analyses were computed with IBM® SPSS® Statistics25. 

2.4.3. Sensory drivers of PSQ (H3) 
A three-way ANOVA was performed on sensory scores from the 

trained panel, with product, assessor and session as fixed factors con-
sidering all first-order interactions. Further, a PCA was performed on 
the mean scores of discriminant attributes. Mean scores of consumers’ 
PSQ from each city were added as supplementary variables. Finally, 
Hierarchical Cluster Analysis (HCA) was done using Squared Euclidean 
distances and Ward’s criterion. In this analysis, all the dimensions 

resulting from PCA were considered. 
ANOVA was performed using IBM® SPSS® Statistics 25 while PCA 

and HCA were done using XLSTAT 2011. 

3. Results 

3.1. Effect of consumer origin, cheese origin and PDO/non-PDO on PSQ 
(H1) 

The four-ways mixed ANOVA showed that PSQ depends on: consumer 
origin (F (3, 434) = 22.4, p  <  0.001), cheese origin (F (3, 1302) = 63.7, 
p  <  0.001) and PDO/non-PDO (F (1, 434) = 156.6, p  <  0.001). 

Regarding consumer origin, RE consumers gave significantly 
(p  <  0.05) lower scores (mean score, MS 2.77, standard error, SE 
0.036) than consumers from the other three cities and JH consumers 
gave significant (p  <  0.05) higher scores (MS 3.25, SE 0.037) than the 
consumers from the other three cities. Significant differences were not 
found between consumers from VG (MS 2.91, SE 0.039) and DI (MS 
2.92, SE 0.042). 

In RE and VG, local cheeses were scored higher than non-local 
cheeses (Fig. 1a). A significant cheese origin*consumer origin interac-
tion (F (9, 1303) = 10.1, p  <  0.001) confirmed that quality perception 
among consumers from different origins depends on cheese origin 
(Fig. 1b). Kruskal-Wallis test revealed significant differences among 
products in each consumers’ origin. Particularly, in RE the most posi-
tively evaluated samples were Italian cheeses and in VG local cheeses 
together with Italian cheeses. By contrast, consumers in DI and JH did 
not find significant PSQ differences between local and non-local 
cheeses. In fact, Italian cheeses got the highest score in DI and JH (in 
this last city with local cheeses as well). 

As hypothesized, PDO cheeses, all together, were perceived as sig-
nificantly higher in quality than non-PDO cheeses (MS 3.17, SE 0.028 vs 
MS 2.75, SE 0.026, respectively). 

The significant interaction between PDO/non-PDO and consumer 
origin (F (3, 434) = 10.3, p  <  0.001) indicated that the different 
sensory quality perception for PDO and non-PDO products depends, to 
a certain extent, on consumers’ origin. Actually, significant differences 
were found between PDO and non-PDO cheeses in RE, VG and DI, 
where PDO cheeses were scored higher in PSQ than non-PDO cheeses 
whereas, no significant differences were found in JH (Fig. 2). 

Fig. 3 illustrates the significant second-order consumers’ origin*cheese 
origin*PDO/non PDO interaction (F (9, 1301) = 11.1, p  <  0.001). In VG, 
DI and RE, significant differences between local PDO and local non-PDO 
cheeses were found whereas no difference between PDO and non PDO 
cheese was perceived for foreign cheeses. There was an exception for 
Finnish cheeses with the traditional cheese scored significantly higher in 
PSQ than its industrial counterpart in every city. 

Fig. 1. a) PSQ in each consumer origin according to cheese origin. Dark and light grey bars represent local and non-local cheeses, respectively. Signification of 
differences from paired t-test (with Bonferroni’s correction): s when significant (p  <  0.003) and ns when non-significant (p ≥ 0.003). Error bars are mean standard 
errors. b) Bars with points represent Italian cheeses, dark bars Spanish cheeses; bars with lines French cheeses and bars with squares Finnish cheeses. Different lower 
case letters represent significant differences (p  <  0.05) between pairs of samples according to Dunn’s test (with Bonferroni’s correction). Error bars are mean 
standard errors. 
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3.2. Relationship between PSQ and liking (H2) 

A significant correlation was observed between PSQ and liking 
scores given by all consumers to the eight cheeses considered all to-
gether (r = 0.508, p  <  0.001). In each city, a significant (p  <  0.05) 
correlation between PSQ and liking was obtained both for PDO and for 
non-PDO cheeses from each cheese origin, with the exception of local 
non-PDO cheese in RE (Fig. 4). Also, a higher correlation was observed 
for non-local cheeses than local cheeses in RE, VG and DI. In the case of 
JH this difference was not so clear. 

3.3. Sensory drivers of PSQ (H3) 

The results of the three-way ANOVA on descriptive scores revealed 
significant (F (154, 1278 = 16.7p  <  0.001) differences among pro-
ducts for all attributes. 

Fig. 5 shows the loading plot and the product map of PCA run on all 
descriptive attributes, with mean scores of PSQ from consumers of each 
city as supplementary variables. The first two principal components 
explained 76.30% of the total variance and cheeses are distributed in 
the four quadrants of the plot. PC1 is a taste factor opposing “sweet” to 
“acid” and PC2 is a texture axis opposing “friability” and “firmness” to 
“humidity mouth”. 

PSQ for consumers from VG was driven mainly by “strong” sensory 
attributes, as “butyric acid”, “rennet”, “acidified milk”, “acid” and 
“pungent”, whereas PSQ of consumers from RE and DI was driven by 
“salty”, “solubility” and “friability”. Finland showed a lower tendency 
toward these last sensory characteristic. However, PSQ for each con-
sumer origin was represented in the same quadrant of the PCA sug-
gesting that there are no marked differences in the drivers explaining 
PSQ among the four cities. In fact, when HCA was run to identify 
clusters of drivers of PSQ, three main clusters were identified (Fig. 6) 
and the four PSQ were included in the same cluster. 

4. Discussion 

The main objective of this work was to study the impact of con-
sumers’ origin on Perceived Sensory Quality of cheeses according to 
their familiarity with cheeses. We first hypothesized (H1) that con-
sumers from different European regions would assess differently PSQ of 
cheeses from different origins. Consumers gave higher scores to do-
mestic cheeses in two (RE and VG) of the four cities. More interestingly, 
we found that consumers were better at discriminating between the 
local higher quality cheese (PDO) and the local lower quality cheese 
(non-PDO). This is obvious for consumers from Italy (RE), Spain (VG) 

Fig. 2. PSQ in each consumer origin according to PDO/non-PDO.Dark and light 
grey bars represent PDO and non-PDO cheeses, respectively. Signification of 
differences from paired t-test (with Bonferroni’s correction): s when significant 
(p  <  0.006) and ns when non-significant (p ≥ 0.006). Error bars are mean 
standard errors. 

Fig. 3. PSQ in each consumer origin according to cheese origin and PDO/non-PDO. Dark and light grey bars represent PDO and non-PDO cheeses, respectively. 
Significance of differences from paired t-test (with Bonferroni’s correction): s when significant (p  <  0.006) and ns when non-significant (p ≥ 0.006). Error bars are 
mean standard errors. 
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and France (DI) who were the only ones to identify PDO cheese from 
their own region as higher in PSQ than the non-PDO counterpart. 

According to their familiarity towards the products and, more spe-
cifically, they would be better at differentiating the quality level of PDO 
vs. non-PDO cheeses from their own country than for cheeses from 
other countries. They scored PDO local cheese significantly higher in 

PSQ compared to the non-PDO whereas they did not perceive any dif-
ferences between PDO vs. non PDO for foreign products. 

This is interpreted in terms of familiarity with the products, al-
though we did not directly measure cheese familiarity, as people are 
more exposed to local vs. non-local cheeses. This is in line with Sáenz- 
Navajas et al. (2014) who pointed out that consumers are tend to 

Fig. 4. Correlation coefficients (r) between PSQ and liking in each city for local and non-local cheeses (considered separately and together as averaged r value). Black 
bars represent the average of PDO and non-PDO cheeses, dark and light grey bars represent PDO and non-PDO cheeses, respectively. ns: no significant correlation 
(p ≥ 0.05); *:p  <  0.05; **: p  <  0.01. 

Fig. 5. Representation of cheeses, sensory characteristics and consumers’ PSQ over the first two components by PCA. A = aroma; T = taste; Tx = texture.  
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categorize local wines as higher in quality than non-local ones. In an-
other study (Sáenz-Navajas et al., 2013) those authors found that 
Spanish consumers from La Rioja categorized Rioja wines as higher in 
PSQ than French wines from Côtes du Rhône. In both cases, wines were 
PDO products. The authors attributed this effect to consumers’ famil-
iarity with wines from their own region. We found the same pattern of 
responses in the three countries that are familiar with the PDO system. 
In Finland, people from JH also identified their traditional cheese as 
higher in PSQ than the industrial counterpart whereas they where not 
able to differentiate PDO from non-PDO foreign products. However, 
people from foreign countries also differentiate the two cheeses in a 
similar way. This could be explained, to a certain extent, by the fact that 
Finnish cheeses were the cheese-pair with the highest number of sen-
sory attributes significantly different between them (data not shown). 

In the present study, we found that PSQ was related to liking to a 
certain extent (r = 0.508) but the correlation is somehow weaker for 
domestic compared to foreign cheeses. This support our second hy-
pothesis. Consumers may have develop their own mental representation 
of a high quality product for the local PDO cheese, based on their re-
peated experiences with this cheese. They learn to identify quality cues 
that are not only based on their liking for cheeses in general. This is not 
completely in line with Hopfer and Heymann (2014) who found a high 
correlation between liking and PSQ on Californian consumers for Ca-
bernet Sauvignon wines. But, other factors such as the diversity of 
tested products and the product category, may impact correlation va-
lues. As the studies in this area are too scarce to be conclusive, further 
work is needed to better understand the relationships between PSQ and 

liking and its modulation by familiarity. 
Sensory attributes driving PSQ were quite similar among consumers 

from different origins. Sáenz-Navajas et al. (2013) also reported 
agreement among 56 wine consumers from La Rioja (Spain) and 52 
consumers from Côtes du Rhône (France) regarding drivers of wine 
aroma PSQ. This could have been expected, as similar trend were ob-
served across countries: Italian cheeses were scored high in PSQ and 
traditional Finnish cheese got high scores than its industrial counter-
part. Thus, this result is not in contradiction with the idea that for fa-
miliar PDO products, consumers may develop a concept of “quality” 
somehow diverging from their “quality” concept of cheeses in general. 

Finally, it is necessary to indicate that more studies would be ne-
cessary to confirm the findings of the present work, especially regarding 
the differences in sensory quality perception between PDO and non- 
PDO cheeses. In fact, the unavoidable limited number of samples to 
include in the study forced to choose few cheeses, so the results could 
not be extrapolated to cheeses with or without PDO. Another limitation 
is that, if it had been done in other parts of Europe, the results could 
have been somewhat different, depending on familiarization and cul-
tural aspects. 

5. Conclusions 

The results of this research suggest that PSQ depends to a certain 
extent on consumer origin, probably due to familiarity with local pro-
ducts. Only small differences in sensory drivers of PSQ have been found 
across consumers from different regions. However, as local cheeses 

Fig. 6. Hierarchical cluster analysis. Clusters of drivers of PSQ for the different consumer origin. A = aroma; T = taste; Tx = texture.  
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were perceived as higher in PSQ than non-local cheeses, it indicated 
that over a general trend, familiarity modulates PSQ. 

The correlation between PSQ and liking is significant but only 
moderate, suggesting that PSQ is a distinct judgment from liking that 
includes other dimensions. The relation between PSQ and liking is 
stronger for non-local cheeses than for local-cheeses, reinforcing the 
idea that familiarity affects PSQ. 
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