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Abstract

The influence of different sensory attributes on the acceptability of dry-cured Iberian ham was studied. Partial least squares
regression analysis showed that juiciness and several flavour traits were the major attributes positively influencing acceptability of

dry-cured Iberian ham, whereas yellowness of the fat, dryness and fibrousness showed a negative influence. Using stepwise multi-
variate regression, juiciness and flavour intensity were the two traits that better explained the acceptability of dry-cured ham, the
linear model obtained showing a regression coefficient of 0.526. The regression coefficient of acceptability with juiciness and flavour
intensity was higher using a piecewise linear regression model (R2=0.759) showing, therefore, a discontinuous relationship between

these variables. However, results on product acceptability have been obtained using trained panellists and it might be possible that
the use of a consumer panel would change these conclusions. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Dry-cured Iberian ham is the most valuable meat
product of Spain, with a first-rate consumer acceptance.
This high consumer acceptability is mainly sustained on
its unique and very appreciated sensory features, which
are the consequence of both the characteristics of the
raw material and the prolonged traditional processing
method that requires between 1 and 2 years ripening.
Hams from pure Iberian pigs finished extensively with
acorns and cured for about 24 months processing, reach
the highest prices in the market. The effect of different
factors concerning the raw material and the processing
on dry-cured Iberian ham characteristics have been
previously considered in several studies (Andrés, Cava,
Mayoral, Tejeda, Morcuende, & Ruiz, 2001; Andrés,
Ruiz, Mayoral, Tejeda, & Cava, 2000; Ruiz, Cava,
Antequera, Martı́n, Ventanas, & López-Bote, 1998).
Moreover, a number of studies have been devoted to
elucidate the relationship between several chemical
parameters and different sensory traits in Iberian ham

(Ruiz, Ventanas, Cava, Andrés, & Garcı́a, 1999, 2000),
and other types of dry-cured hams (Buscailhon et al.,
1994; Careri, Mangia, Barbieri, Bolzoni, Virgili, & Par-
olari, 1993; Flores, Grimm, Toldrá, & Spanier, 1997;
Hinrichsen & Pedersen, 1995).
However, little research has been dedicated to deter-

mine the relationship between the sensory character-
istics of dry-cured ham with its acceptability.
Furthermore, it is not unusual in scientific and non-sci-
entific literature to assume the relationship between
sensory traits and overall quality found in studies about
other meat products, or to confer positive or negative
implications to objective sensory traits. Both assump-
tions may lead to mistakes when evaluating which sen-
sory features really matter in dry-cured ham.
Multivariate statistics are powerful and useful tools

for evaluating sensory data. Multivariate analysis can
be used for exploratory investigations (to reveal general
patterns in data), correlative (to establish links between
parameters or to predict specific values of parameters),
and classification (to reveal or predict specific groupings
among samples) purposes.
The objective of this work was to study the influence

of different sensory characteristics on the overall quality
of dry-cured Iberian ham and to establish which of
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these sensory traits show a greater effect on the overall
quality. This would be useful for ham producers, since it
would allow controlling those features directly related
to the acceptability of the ham.

2. Materials and methods

2.1. Experimental design

Ten hams obtained from 10 Iberian pigs (140–145 kg
live weight) finished on the traditional extensive pro-
duction system, in which acorns and pasture are the
basic food source, were processed into cured hams
according to the traditional method during the first
stages of processing (Ruiz, Ventanas, Cava, Timón, &
García, 1998). In the last stage (the ripening of the hams
in a cellar) one group (five hams) was processed in a
method shorter than the traditional one, being ripened
for 9 months (420 days of total processing time) while
the other group (five hams) was ripened for 15 months,
according to the traditional prolonged method, the total
time of the curing process being 600 days. Hams were
bone-in 6.0�0.4 kg weight. Six different slice locations
were evaluated. Slices were taken in a parallel direction
to the ham bones and to most of the muscle fibers from
the muscles included in the samples. Three slice loca-
tions corresponded to three depths from the surface of
the front (cranial) part of the ham to the ham bones
meanwhile the other three corresponded to three depths
from the surface of the back (caudal) part to the ham
bones. Anatomical references were used in order to
obtain slices containing exactly the same muscles.

2.2. Sensory analyses

Ham slices were assessed by a trained panel of 14
members, using a descriptive analysis method (Ruiz,
Ventanas et al., 1998). Panellists were trained and had
participated in sensory evaluation of dry-cured ham for
2 years. Individual flavour and aroma recognition
thresholds were used to select the subjects. Selected
subjects underwent further training in dry-cured ham
sensory characteristics during two years, using hams
with different characteristics (i.e. feeding, breed, etc.).
Subjects had a total of 120 h of training in preparation
for descriptive analysis. Consistency of panellists was
validated using the Rasch model (Garcı́a, Ventanas,
Antequera, Ruiz, Cava, & Alvarez, 1996).
Two samples corresponding to two different slice

locations from two hams were evaluated in each session,
a total of 30 sessions being carried out (three per week).
Sample order was randomized. The panel was held at
11:00, 3 h after breakfast. For each sample three extre-
mely thin slices (0.5 mm) of about 8 g each were given to
the panellists. Slices were obtained using a knife and

were served immediately on glass plates, both the slices
and the plates being at room temperature (20–23 �C). At
least one of the slices contained 1cm of subcutaneous
fat. A glass of about 100 ml of water at 12 �C was pro-
vided for each assessor between the two samples. All
sessions were done in a six-booth sensory panel room at
22 �C equipped with white fluorescent lighting. Twenty
traits about sensory characteristic of Iberian ham,
grouped in appearance of the fat (yellowness, pinkness
and oiliness), appearance of the lean (redness, bright-
ness and marbling), texture of the fat (firmness), texture
of the lean (dryness, fibrousness, juiciness and hard-
ness), aroma (aroma intensity and ‘‘acorn ham’’ aroma)
and flavour (saltiness, sweetness, bitterness, flavour
intensity, after taste, cured flavour and rancid flavour),
were assessed by the panellists using an unstructured 10-
cm scale, ranging from less (0 cm) to more (10 cm), fol-
lowing the sensory descriptive test developed previously
by Garcı́a et al. (1996). The sensory traits, their defini-
tions and extremes are explained in Table 1 (Ruiz,
Ventanas et al., 1998).
Acceptability of each ham was evaluated by the

panellists once the session has finished using an
unstructured 10-cm scale ranging from completely
unacceptable (0 cm) to like extremely (10 cm).

2.3. Statistical analyses

Partial least squares regression analysis (PLS) was
used to show the relationship between overall quality of
the ham and sensory traits evaluated. PLS is a bilinear
modelling method where information in the original X-
data is projected onto a small number of underlying
variables (PLS components), and a linear relationship
between such components and the Y-data is calculated.
In the present study the PLS1 method, where only one
variable (dry-cured ham acceptability) is predicted by
several X-variables (sensory traits), was carried out
using the Unscrambler software (CAMO, ASA, Oslo,
Norway).
The general purpose of multiple regression is also to

learn more about the relationship between several inde-
pendent or predictor variables (sensory traits in this
study) and a dependent or criterion variable (overall
quality of the ham). The method for selecting the inde-
pendent variables was the Forward Stepwise Regression
(Statistica, StatSoft, Tulsa, OK, USA), in which the
independent variables are individually added or deleted
from the model at each step of the regression until the
‘‘best’’ regression model is obtained. The F to enter for
carrying out the forward stepwise method was set to 3
and the F to remove was set to 1.
In order to study further the relationship between the

selected independent variables and the dependent one
(acceptability), non-linear regression models were tested
(logistic, exponential and piecewise regression) using
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Statistica (StatSoft, Tulsa, OK, USA). Further expla-
nation of piecewise linear regression is included in
Section 3.

3. Results and discussion

In the present study, samples from hams ripened
under either a short or a long processing, and from dif-
ferent slice locations, each one including different mus-
cles, were sensory analysed. These different samples
somewhat reproduce the actual heterogeneity in dry-
cured Iberian ham features the consumer can find in the
market or in the restaurants, and allow enough varia-
bility to study the influence of different sensory traits on
the acceptability. The effect of processing time and slice
location on sensory characteristics has been previously
examined (Ruiz, Ventanas et al., 1998). In earlier papers
and using information from the same hams, we also
examined the relationship between sensory attributes
and different chemical variables, such as volatile com-
pounds (Ruiz, Ventanas et al., 1999), amino acids and
peptides (Ruiz, Garcı́a, Dı́az, Cava, Tejeda, & Venta-
nas, 1999), and fat, moisture and fatty acid composition
(Ruiz et al., 2000). In the present one, the relationship
between acceptability and sensory traits was studied

using a PLS1 model, in which a combination of X-vari-
ables predicts a dependent Y-variable.
Including preference variables in a descriptive profil-

ing study in which trained panellists are utilised is not
an entirely correct procedure (Risvik, 1994). However,
in spite of the general agreement among sensory scien-
tists that affective data should be obtained from subjects
selected to represent the population of consumers, the
practice of having small trained or experienced panels
make affective judgements in addition to rating intensity
of attributes is fairly common (Love, 1994). In fact,
asking affective questions to trained panellists has long
been, and still is, a useful approach to study such kind
of relationship in meat and meat products (Nute, Jones,
Dransfield, & Whelehan, 1987; Safari, Fogarty, Ferrier,
Hopkins, & Gilmour, 2001). In the present study, since
the number of panellists was rather high (14 members),
and the affective question was asked separately at the end
of the session, information about the relationship
between descriptive traits and preference might be useful.
Fig. 1 is a plot of the loadings for the first two partial

least squares components. The first component was able
to predict 51% of the variation in the acceptability of
the ham whereas the second only explained 12%.
Therefore, a fairly good prediction for acceptability
using descriptive sensory traits was achieved.

Table 1

Sensory atributes, definitions and extremesa

Sensory trait Definition

Appearance

Yellowness Level of yellow colour of the fat (white to intense yellow)

Pinkness Level of pink areas in the fat (complete white to numerous pink areas)

Oiliness Level of liquid fat on the surface (complete solid to very oily)

Redness Intensity of red colour in the lean (pale pink to dark red)

Brightness Intensity of bright on the lean surface (dull to very bright)

Marbling Level of visible intramuscular fat (very lean to intense marbled)

Texture

Fat firmness Effort required to bite through subcutaneous fat with front teeth (very soft to very firm)

Hardness Effort required to bite thorough lean and to convert the sample to a swallowable state (very tender to very firm)

Dryness Amount of juices present in the mouth in the first chews (very dry to very wet)

Fibrousness Extent to which fibres/strands are perceived on chewing (not to very fibrous)

Juiciness Impression of lubricated food during chewing (not to very juicy)

Aroma

Aroma intensity Level of overall odour before eat the sample (odourless to very intense odour)

‘‘Acorn ham’’ aroma Intensity of a special odour, which is characteristic in hams from pigs extensively fed on acorns (very low to very high)

Flavour

Saltiness Level of salt taste (not to very salty)

Sweetness Level of sweet taste (not to very sweet)

Bitterness Level of bitter taste (not to very bitter)

Flavour intensity Level of overall flavour (flavourless to very intense flavour)

After-taste Intensity and time extension of the flavour after swallow the sample (very low to very high)

Cured Intensity of the typical flavour from cured meat products (very low to very high)

Rancid Intensity of the rancid flavour (very low to very high)

a Each attribute scored in an unstructured line of 10 cm.
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Fig. 1. Loading and score plots of factors 1 and 2 obtained from partial least squares regression analysis (PLS1) of acceptability (dependent vari-

able) and sensory traits (independent variable).
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Juiciness and several flavour traits, such as cured fla-
vour and flavour intensity had the highest positive
loadings on component 1, in which acceptability also
showed the highest loadings. Therefore, it seems that
both the juicy sensation perceived during chewing and
the flavour are the main features determining the
acceptability of dry-cured Iberian ham. This was con-
firmed carrying out a stepwise multiple regression ana-
lysis, in which the independent variables that explain a
higher proportion of the variance of the independent
one are selected (Table 2). Both juiciness and flavour
intensity were the only two variables that fulfilled the
conditions for entering in the model (F to enter=3, F
to remove=1). The linear regression equation
obtained showed a regression coefficient (R2) of 0.526.
Juiciness also has an important role on overall quality

of cooked fresh meat (Chambers & Bowers, 1993). Jui-
ciness is related to the degree of lubrication of the food
during the chewing and the subsequent swallowing.
However, the relationship between the subjective
sensation and any objective measurement has not been
clearly understood (Winger & Hagyard, 1994). At
any rate, the juiciness of meat products is considered
to arise from the moisture released by the product
during chewing and the moisture from saliva (Winger &
Hagyard, 1994). Intramuscular fat stimulates the saliva
secretion and contributes itself to the juiciness by coat-
ing on the tongue, teeth and other parts of the mouth
(Dikeman, 1987). Due to the dehydration that takes
place during the processing of dry-cured products, the
direct contribution of intramuscular fat itself plays a
very important role in the juiciness of this type of
products (Ruiz, Ventanas et al., 1998). Therefore,
considering together such results and those observed
in the present study, intramuscular fat content seems
to have a very important role in overall quality of dry-
cured Iberian ham, the higher the fat content, the higher
the acceptability. Among the factors influencing intra-
muscular fat content, the swine breed and the rearing
are the main ones. Iberian pig is a non-selected pig
breed with a high tendency to accumulate fat (Lopez-
Bote, 1998). The traditional extensive system in which
the pigs are reared involves high slaughter weights
and a high energetic diet during the finishing period,
when the pigs are almost fully developed (Mayoral et
al., 1999). This leads to very fat animals, with almost
60% fat in their carcasses and between 5 and 10%
intramuscular fat (Mayoral et al., 1999). It seems,
therefore, that both breeding and rearing systems, sig-
nificantly contribute to the definition of the quality of
dry-cured Iberian ham. Thus, modern trends focussed
on increasing production of Iberian pig meat, involving
crossbreeding with other pig breeds or accelerated rear-
ing systems that reduce the amount of fat, could nega-
tively influence the acceptability of dry-cured Iberian
ham.

However, along with sensory characteristics, healthy
aspects may affect consumer choice behaviour. In this
sense, a possible detrimental effect of high fat content
on consumer preference should be considered, because
the descriptive panel used might not be able to interpret
consumer demand for low-fat products. Nevertheless,
high fat content of meat products from Iberian pigs is
proverbial and well-known by consumers.
For cooked meat, flavour appears to be not as essen-

tial in the definition of product quality as far as no off-
flavour can be detected (Pearson, 1994). Conversely, the
present results showed that this attribute is likely to play
an important role in affecting Iberian ham acceptability.
This result confirms traditional and empirical knowl-
edge about dry-cured Iberian ham production, since the
procedure to control the ripening and quality of the
hams in the industry involves the evaluation of the
aroma by an expert. Previous works dealing with this
matter pointed out the importance of intense aromas on
the quality of ham (Buscailhon et al., 1994; Parolari,
1994).
The flavour of a food is a combination of its taste and

smell, which are produced by non-volatile and volatile
compounds, respectively. Raw meat is generally char-
acterized as being salty, metallic and bloody tasting with
a sweet aroma (Reineccius, 1994). During the sub-
sequent processing numerous precursors react to form
the characteristic taste and aroma of dry-cured ham
(Ruiz, Garcı́a et al., 1999; Ruiz, Ventanas et al., 1999).
A positive effect of the ripening time on the concentra-
tion of some volatile compounds with positive influence
on cured flavour of dry-cured Iberian ham has been
previously observed, those hams processed under an
accelerated method showing a weaker flavour (Ruiz,
Ventanas et al., 1999). Not only the processing but the
rearing of the pigs has a marked influence on the flavour
of Iberian ham, those hams from pigs fed extensively on
acorns and pasture showing a stronger flavour (Garcı́a
et al., 1996). Therefore, keeping the traditional rearing
system, in which the pigs are free-reared and fed on
acorns, and the prolonged processing of the hams,
rather than accelerated ones, also appear as essential
ways to produce more acceptable Iberian hams.
Neither a quadratic nor an exponential model

improved the regression between acceptability and jui-
ciness and flavour intensity (data not shown). Never-
theless, using piecewise linear regression a considerably
higher regression coefficient was obtained (R=0.759;
Table 3). In piecewise linear regression two separate
linear regression equations are estimated; one for the y
values that are less than or equal to the breakpoint and
one for the y values that are greater than the break-
point. Given that the regression coefficient obtained
using piecewise regression was higher than in the linear
regression model, it seems that there is a discontinuity in
the relationship between the dependent and the
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independent variables. In the present case, the break-
point was 5.81, and thereafter, coefficient for juiciness
remained high whereas that for flavour intensity was
much lower. This could mean that flavour intensity is
very important in dry-cured Iberian ham acceptability,
those hams with a lack of flavour showing a poorer
acceptability. However, once the intensity of the flavour
is high enough, such relationship is not as strong. On
the other hand, juiciness positively influences dry-cured
Iberian ham acceptability throughout the studied range,
the greater the juiciness, the higher the acceptability of
dry-cured Iberian ham.
Most studies dealing with sensory evaluation of

cooked fresh meat show that tenderness is the major
factor affecting acceptability of fresh meat (Pearson,
1994). However, the present study shows that, contrary
to cooked fresh meat, hardness does not influence dry-
cured ham acceptability (Fig. 1). Similarly, Buscailhon
et al. (1994) mentioned the difficulty in anticipating the
effect of dry-cured ham texture on consumer accept-
ability.
Yellowness of the fat, fibrousness, dryness, fat firm-

ness and rancid flavour showed a negative relationship
with acceptability in the PLS regression analysis (Fig. 1).
However, it seems that this negative influence was not
very important, since the absolute values of the loadings
were small.
Yellowness of the fat and rancid flavour are caused by

lipid oxidation. During ripening of dry-cured Iberian
ham lipid oxidative phenomena develop, leading to for-
mation of several flavour compounds, some of them
showing rancid notes, specially those from oxidation of
linoleic (C18:2 n-6) and arachidonic (C20:4 n-6) acids
(Ruiz, Ventanas et al., 1999). As a consequence of these
oxidative reactions, coloured polymers are formed, the
fat exhibiting yellow to orange colours (Barton-Gade,
1984). Yellowness of the fat is considered a defect in
fresh meat (Barton-Gade, 1984) and some meat pro-
ducts (Arvanitoyannis, Bloukas, Pappa, & Psomiadou,

2000). Rancidity is a major problem in the meat indus-
try, specially in processed meat products that should be
stored either refrigerated or frozen (Skibsted, Mikkel-
sen, & Bertelsen, 1998). Therefore, it seems that, fol-
lowing the same trend as in many other meat products,
excessive lipid oxidation leads to decreased acceptability
in dry-cured Iberian ham.
Presence of antioxidant substances like a-tocopherol

reduces lipid oxidation during ham processing (Isabel et
al., 1999). Free-range Iberian pigs fed on acorns and
pasture shows higher amounts of compounds with anti-
oxidative properties in their muscles than those fed on
concentrates, most likely because of the high amount of
tocopherol in the pasture (Rey, Lopez-Bote, & Arias,
1997). Moreover, those pigs fed on acorns show high
amounts of oleic acid (C18:1 n-9) in muscle lipids,
whereas those fed on concentrates usually show higher
amounts of linoleic acid (C18:2 n-6; Andrés et al., 2001).
The latter is more prone to autooxidation and com-
pounds derived from its oxidation show rancid notes.
These two features lead to lower amounts of com-
pounds from lipid oxidation and reduced rancid notes
in hams from pigs fed on acorns and pasture (Rey et al.,
1997). These results strengthen the importance of feed-
ing the pigs on acorns and pasture in order to obtain
dry-cured Iberian ham with higher acceptability.
The negative influence of some textural traits like

fibrousness or dryness on overall acceptability has been
previously described in cooked meat (Chambers &
Bowers, 1993). Fibrousness is caused both by the pre-
sence of insoluble collagen and by the aggregation of
myofibrilar proteins due to the dehydration occurred
during the ripening process (Córdoba, Antequera, Ven-
tanas, López-Bote, Garcı́a, & Asensio, 1994). Dryness is
mainly determined by the amount of moisture retained
in the ham after the processing (Chizzolini et al., 1996).
Therefore, these two traits strongly depend on the
degree of dehydration achieved during the processing,
which is controlled by the temperature and relative

Table 3

Estimation of the relationship between dry-cured Iberian ham acceptability and juiciness and flavour intensity by the piecewise linear regression

method

Intercept1 Coef.

juiciness

Coef.

flavour intensity

Intercept2 Coef. juiciness Coef.

flavour intensity

Breakpoint R2

1.890 0.337 0.305 3.646 0.324 0.130 5.812 0.759

Table 2

Estimation of the relationship between dry-cured Iberian ham acceptability and the sensory traits by the multiple regression stepwise method

Intercept Coef.

juiciness

Coef.

flavour intensity

R2 F to enter P

Step 1 1.479 0.668 0.446 46.75 0.0000

Step 2 0.679 0.558 0.359 0.526 9.54 0.0031
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humidity conditions underwent by the hams during the
ripening process, and the characteristics of the raw
material, specially the water holding capacity and the
amount of fat. Since the incidence of exudative meats in
Iberian pigs is practically inexistent (Garcı́a Cachán,
1992), fat content is the main factor in the raw material
influencing the degree of dehydration during dry-cured
Iberian ham processing. As cited previously, Iberian
ham processing is considerably long. If the process is
shortened, flavour might be impaired (Ruiz, Ventanas et
al., 1999). Therefore, again intramuscular fat content
seems to be important in acceptability, since it regulates
the degree and rate of dehydration, high levels of fat
allowing long processing times that produce intense fla-
vour, with a degree of dehydration low enough to avoid
negative consequences on texture, and hence, on overall
acceptability.
Finally, when observing the score values of each

sample in the PLS components (Fig. 1), long processing
hams tended to locate closer to the traits positively
related to acceptability. This was most likely due to
differences in flavour traits, since textural traits like jui-
ciness or dryness did not show statistical differences
between processing times, as it has been discussed in a
previous study (Ruiz, Ventanas et al., 1998).

4. Conclusions

Juiciness and flavour intensity seem to be the most
important features in determining dry-cured Iberian
ham acceptability, the juicier and the more intense the
flavour of the ham, the better the ham quality. Conse-
quently, both the raw material and processing, influence
dry-cured Iberian ham acceptability, since juiciness is
mainly based on intramuscular fat content, which
depends on raw material composition, and flavour is
developed during the processing from a number of pre-
cursors present in the raw material. Therefore, these
results highlight the importance of maintaining the tra-
ditional free-range rearing system of Iberian pigs and
the prolonged processing. Further research involving a
larger number of hams and a consumer panel assessment
is needed to better understand the relationship between
sensory profile and dry-cured ham acceptability.
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