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Improvement of dry-cured Iberian ham sensory
characteristics through the use of a concentrate
high in oleic acid for pig feeding
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The aim of this study was to investigate the sensory characteristics of dry-cured hams
from confined Iberian pigs fed on a high oleic (HO) concentrate (HO-Pienso hams), and
to study how different the characteristics of these hams are from those of Iberian hams
from the best grade (Montanera hams, from extensively reared pigs). Nearly half of the
fatty acids studied were similar in HO-Pienso and Montanera hams. No differences were
found for 18:1, but some major fatty acids of subcutaneous fat of Iberian hams were
different between the HO-Pienso and the Montanera hams (C16:0, C18:0, C18:2). The
descriptive test revealed that 15 of the 23 sensory characteristics were not significantly
different between both groups of hams. No sensory differences appeared for fat appear-
ance or lean texture characteristics, but lean appearance, oiliness, saltiness and the most
intensively perceived characteristics of odour and flavour were significantly different.
These differences in the sensory traits between Montanera and Pienso hams were not as
marked as found in previous studies. Therefore, the use of a concentrate high in oleic acid
enables simulation, at least in part, of the sensory characteristics, especially texture.
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Introduction meat properties and to processing tech-
Iberian ham is a meat product character- nology, influence sensory attributes. One
ised by a high sensorial quality. Several of the most important factors related to
factors, which can be grouped into raw raw meat properties is rearing system,
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which strongly affects the fatty acid pro-
file of the tissues (Flores et al., 1988;
Cava et al., 1997; Ruiz et al., 1998) and
determines the sensory characteristics of
hams (Cava et al., 2000; Carrapiso, Bonilla
and Garcia, 2003; Carrapiso et al., 2007).
Several commercial categories have been
specified depending on rearing system
(Real Decreto 1469/2007): “Montanera”
and “Pienso” system. The Montanera sys-
tem yields Iberian hams with the highest
quality and prices on the market and are
made from Iberian pigs reared outdoors
and fed on acorns and grass during the
finishing period (the two months prior to
slaughter). The Pienso system produces
the lowest quality and priced hams, which
are obtained from pigs reared in confine-
ment and fed a concentrate diet.

The formulation and composition of
the concentrates used to feed the pigs is
relevant because it affects not only fat
composition (Wood et al., 2004), but also
the sensory characteristics of the resulting
dry-cured hams (Pastorelli et al., 2003).
In recent years, some reformulated con-
centrates have been used to feed Pienso
Iberian pigs. Among them, concentrates
with high oleic acid concentration try to
simulate the composition of the diet of
Iberian pigs reared outdoors. In this way,
it was found that Iberian dry-cured loins
from animals fed on a concentrate high in
oleic acid (HO-Pienso) had no sensory dif-
ferences from outdoor-reared pigs fed on
acorns and pasture (Muriel et al., 2003).
Another study only found differences in
saltiness and marbling shape between
Iberian dry-cured loins from Montanera
pigs and pigs fed on a HO-Pienso supple-
mented with tocopherol acetate (Ventanas,
Ventanas and Ruiz, 2007). Although some
information relating to the differences
between HO-Pienso and Montanera hams
has been published (Ventanas et al., 2007),
there is no information on the sensory
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profile of dry-cured hams from Iberian
pigs fed with these concentrates, and it
is not known if this results in Iberian
hams with similar sensory characteristics
to those of Montanera hams.

The objective of this study was to deter-
mine if the sensory characteristics of Iberian
hams obtained from pigs fed in confine-
ment with a concentrate high in oleic
acid are similar to those of Iberian hams
obtained from pigs fed in the Montanera
system. The association between the sen-
sory differences and subcutaneous fatty
acid composition was also examined.

Materials and Methods

Samples

Forty dry-cured Iberian hams represent-
ing two pig groups with different feeding
regimes during the finishing period (the
last 8 weeks prior to slaughter) were used.
One group (n = 20) represented pigs fed
in a traditional extensive system based
on acorns and pasture (Montanera). The
other group was from pigs fed in confine-
ment with a concentrate high in oleic
acid (HO-Pienso). For details on chemi-
cal composition of concentrate diet, see
Muriel et al. (2002). Hams were subjected
to the dry-curing process, which lasted for
722 days (Jurado et al., 2007).

Subcutaneous fatty acid analysis

Samples were taken from the subcutane-
ous fat of raw hams and were vacuum-
packaged and kept at —80 °C. Lipids were
extracted with chloroform:methanol
(Bligh and Dyer, 1959). The neutral frac-
tion was isolated using NH,-aminopropyl
minicolumns (Kaluzny et al., 1985) and
the fatty acid composition was determined
by gas chromatography of the fatty acid
methyl esters synthesized by using sodium
methoxide and sulfuric acid/methanol, as
described by Cava et al. (1997). Fatty acid
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methyl esters were analysed using a HP
5890 II chromatograph (Hewlett-Packard)
equipped with a cold on-column injector,
a flame ionisation detector and a 30 m X
0.53 mm capillary column coated with FFAP-
TPA stationary phase (1 pum thickness).
Conditions were as follows: oven tempera-
ture 220 °C isothermal for 30 min, injector
and detector temperature 230 °C, and flow
rate of the carrier gas (N) 2.6 mL/min.

Intramuscular fat concentration

Lipids were extracted from muscle samples
using chloroform:methanol (Bligh and
Dyer, 1959). The solvent (chloroform)
was removed using a rotary vacuum evap-
orator, and residual chloroform by evapo-
ration under a stream of N. Intramuscular
fat (IMF) was calculated by weighing the
residue.

Sensory analysis

The samples were assessed by a trained
panel of 18 members using a sensory
descriptive test (Garcia et al., 1996).
Twenty-three traits related to sensory char-
acteristics of Iberian hams were evaluated
using an unstructured scale (10 cm) with
the extremes being classified as ‘very low’
and ‘very high’. The traits were related
to appearance of fat and lean, texture of
fat and lean, odour, taste, and flavour.
The results were assessed and summarised
using sensory evaluation software (FIZZ,
version 1.01; Biosystemes, France).

Three extremely thin slices from the
back of each ham were obtained by using
a knife and were immediately presented
on a glass plate to the assessors. All ses-
sions were performed at 20to 22°Cina 6
booth sensory panel room equipped with
white fluorescent lighting. The full panel
participated in each session, the panellist
order being randomised. Three hams were
successively evaluated in each session. The
sample order was randomised.

Data analysis

The statistical analyses were performed on
the mean responses of the panel for each
sensory trait (Meilgaard, Civille and Carr,
1999). Student’s ¢ test was used to com-
pare the means of the two groups. Pearson
correlation and factor analysis (using prin-
cipal components analysis as the method
for factor extraction) were used to evalu-
ate the interrelationships among variables
(Hair et al., 1998). Statistical analyses were
performed using the SPSS (2001) statisti-
cal package.

Results and Discussion

The subcutaneous fatty acid analysis
showed significant differences between the
HO-Pienso and the Montanera hams for
only five fatty acids (C14:0, C16:0, C18:0,
C18:2, C18:3; Table 1). Previous studies
have shown that most fatty acids were
significantly different (P < 0.05) between
conventional Pienso and Montanera
hams (Cava et al., 2000; Carrapiso et al.,
2002, 2003). Therefore, feeding on HO-
concentrates provides hams with a fatty
acid composition more similar to that
of the Montanera hams (the high grade
of Iberian hams) than conventional con-
centrates. This fact is in accordance with
previous studies which reported that the
composition of the concentrate has a major
influence on the fatty acid composition of
meat (Wood et al., 2004; Mitchaothai et
al., 2007) and meat products (Gandemer,
2002).

The IMF was not different between
the HO-Pienso and the Montanera hams
(Table 1). This agrees with previous reports
that rearing system does not have a marked
effect on IMF for Iberian dry-cured ham
or loin (Cava et al., 2000; Ventanas et al.,
2007; Carrapiso and Garcia, 2005) nor
for raw pig meat, although there is a ten-
dency for local breeds to have a higher
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Table 1. Fatty acid composition (g/kg total fatty acid) of neutral lipids from subcutaneous fat
and the intramuscular fat (IMF) concentration (mean = s.d.) of dry-cured Iberian hams from pigs
representing two production systems

Production system! Significance

Montanera HO-Pienso
Fatty acid (g/kg total fatty acids)
C12:0 1.8+23 0712
C14:0 52+33 0.83+£0.21 o
C16:0 175.7+8.2 187.6 £9.9 e
Cle6:1 209+2.9 214+338
C17:0 3.6%0.6 39+0.6
C17:1 3.7+09 41+08
C18:0 103.9 +£9.7 114.2 £ 10.6 o
C18:1 556.0£15.8 5523+133
C18:2 98.7+11.3 79.4+£9.6 e
C18:3 6.7+1.1 43+09 e
C20:0 29+04 29+04
C20:1 204 +£3.2 209+33
Total SFA? 293.7+14.9 317.7+£173 e
Total MUFA? 600.9 £ 16.0 598.7+16.1
Total PUFA* 105.4 £11.8 83.6+£9.8 e
Intramuscular fat (g/kg dry sample) 124.1 £ 46.4 1343 £41.7

' Montanera = traditional outdoor system, HO-Pienso = fed in concentrates, with high oleic acid concentra-

tion, during indoor finishing period.
2 Saturated fatty acids.

3 Monounsaturated fatty acids.

4 Polyunsaturated fatty acids.

IMF concentration when they are reared
outdoors than when they are reared
indoors (Pugliese et al., 2004).

With regard to the sensory charac-
teristics, 15 of the 23 traits evaluated
did not differ significantly between the
HO-Pienso and the Montanera groups
(Table 2). No significant differences were
found for fat appearance, texture (except
for oiliness), taste (except for saltiness)
or minor flavour traits. Previous studies
on conventional Pienso and Montanera
Iberian hams revealed only small differ-
ences for fat appearance, taste and minor
flavour traits (Cava et al., 2000; Carrapiso
et al., 2003), whereas the textural char-
acteristics of fat and lean were markedly
different (Cava et al., 2000; Carrapiso
et al., 2003). The similarity in lean texture
and fat hardness between the groups in

the present study (Table 2) confirms the
great importance of diet composition, and
also the major influence of the fatty acid
composition on some dry-cured ham sen-
sory characteristics. Previous studies have
shown a strong influence of fatty acid
composition on texture characteristics
of meat (Wood et al., 2004; Gandemer,
2002) and also of Iberian ham (Carrapiso
et al., 2003).

The present results indicate that feeding
on HO-concentrate results in Pienso hams
that are similar to the much more expen-
sive Montanera hams. The reduction in the
sensory differences between HO-Pienso
and Montanera products associated with
feeding the HO-concentrate is in accor-
dance with results from a similar study
performed on dry-cured Iberian loin
(Muriel et al., 2003; Ventanas et al., 2007).
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Table 2. Results (mean = s.d.) from a sensory evaluation of dry-cured Iberian hams from pigs
representing two production systems

Attribute Production system! Significance
Montanera HO-Pienso
Fat appearance
Yellowness 2.3+0.65 2.1+0.48
Pinkness 3.3+0.67 3.2+0.96
Lean appearance
Redness 5.6 £0.60 6.0 £ 0.66 *
Brightness 5.5+0.90 4.8+ 0.98 *
Marbling 5.5+0.96 5.5+0.86
Odour
Intensity 5.3+0.68 4.8+0.55 o
Montanera-ham typical odour 42+0.71 3.8+0.67
Fat texture
Hardness 2.9+0.40 3.0+0.42
Oiliness 5.8+0.50 53+£0.74 *
Lean texture
Hardness 32+042 3.0+0.56
Dryness 2.4+0.50 2.6+0.53
Fibrousness 3.9+0.49 3.7+0.39
Juiciness 5.9+ 0.69 5.6 +0.64
Taste
Saltiness 3.7+£0.46 3.3+£0.32 o
Sweetness 2.4 +0.50 23+£045
Bitterness 1.1+£0.33 1.2+£0.27
Flavour
Intensity 5.7+0.37 53+041 o
Persistence 541043 4.9+045 o
Cured 4.5+0.60 4.1£0.68 *
Rancid 1.4+£0.29 1.4+£0.42
Other flavour descriptors
Toasted 2.510.36 2.3+£045
Mouldy 1.0+ 0.42 1.3+0.51
Pungent 1.0+£0.23 1.1£0.34

I'See footnote to Table 1.

Despite the similarity between the
groups in fatty acid composition, impor-
tant sensory differences still remained
with respect to appearance, odour and
some texture and flavour traits. According
to the principal component analysis

(PCA), the variability in the sensory data
was strongly related to the differences
between HO-Pienso and Montanera hams
(Figure 1). This variability provided a
clear grouping of hams; most HO-Pienso
hams appeared to the left of the PCl1
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Figure 1. Projection of the individual hams onto the space defined by the first two principal
components (PCI and PC2): B Montanera hams, 0 HO-Pienso hams.

axis and Montanera hams to the right.
In fact, 8 of the 23 sensory characteris-
tics evaluated were significantly different
(P < 0.05) between the HO-Pienso and
the Montanera hams, including lean red-
ness and brightness, odour intensity, fat
oiliness, saltiness and the most intensively
perceived flavour traits (intensity, persis-
tence and cured; Table 2). Most of these
variables had high weights in PC1 (all
except redness and saltiness) and were
therefore strongly related (Figure 2).
With regard to appearance, lean red-
ness and brightness were significantly
different (Table 2). Lean of HO-Pienso
hams was redder than that of Montanera
hams, which agrees with results for
dry-cured loins obtained from the same
pigs (Muriel et al., 2003). However, previ-
ous studies on Iberian ham did not reveal
a clear and unequivocal difference in lean
redness between Pienso and Montanera

hams (Cava et al., 2000; Carrapiso et al.,
2003), which indicates that other fac-
tors determine ham redness to a larger
extent.

Brightness was also significantly affect-
ed (Table 2); scores for the Montanera
hams being higher than for the HO-
Pienso. Similar differences in bright-
ness between conventional Pienso and
Montanera ham have already been
reported (Cava et al., 2000; Carrapiso et
al., 2003), and, therefore, the use of the
HO-concentrate did not eliminate dif-
ferences for this characteristic. A strong
relationship between brightness and fatty
acid composition of Iberian ham has
been reported (Carrapiso et al., 2003).
However, in the present study a weak
relationship was found between bright-
ness and fatty acid composition; only
linoleic acid (C18:2) and linolenic acid
(C18:3) showed a significant although
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Figure 2. Projection of the sensory variables onto the space defined by the first two principal

components (PC1 and PC2).

slight correlation (0.35, P = 0.048 and
0.38, P = 0.031, respectively). Therefore,
the main fatty acids of subcutaneous fat
were not useful predictors of brightness
or oiliness in these hams, in contrast to
the proposal by Carrapiso et al. (2003).

Brightness was significantly correlated
with other lipid-related characteristics,
mainly fat oiliness (0.81, P < 0.001).
Brightness was also correlated with odour
and flavour, the strongest relationships
were with Montanera-ham typical odour
(0.68, P < 0.001) and cured flavour (0.56,
P < 0.001).

The scores for odour intensity were
higher for Montanera hams than for
HO-Pienso (Table 2). Previous studies
on Iberian ham have yielded clear differ-
ences in odour intensity and also in the
Montanera-ham typical odour between
Montanera and conventional Pienso hams
(Cava et al., 2000).

Differences also appeared for fat oili-
ness (Table 2), which is in agreement
with previous studies on Iberian ham
(Carrapiso et al., 2003). The strong corre-
lations between fat oiliness and fatty acid
composition reported by Carrapiso et al.
(2003) were not found, and neither stearic
or oleic acids were correlated with oiliness.
Therefore, the HO-concentrate greatly
reduced the difference in subcutaneous
fatty acid composition of Iberian hams
(Table 1), and probably other compounds
or minor fatty acids were responsible for
the observed differences in oiliness vari-
ability (Table 2).

With regard to taste characteristics,
only saltiness was significantly affected
(P < 0.01) by the rearing system, being
more intense in Montanera hams (Table
2). Up to now, no clear effect of rearing
system on taste characteristics of Iberian
ham has been reported. Although salti-
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ness can be related to NaCl and free
amino-acids (Careri et al., 1993), no dif-
ferences in the NaCl concentration were
observed between the HO-Pienso and the
Montanera hams (Jurado et al., 2007).
Differences in free amino acids were
limited, but significant for glutamic acid
(Jurado et al., 2007), and therefore differ-
ences in saltiness may be related to taste-
active compounds such as this free amino
acid or to peptides or organic acids, which
can influence saltiness perception.

The most intensely perceived flavour
descriptors (intensity, persistence and
cured flavour) were significantly different
(P < 0.05) between the HO-Pienso and the
Montanera hams (Table 2), as was previ-
ously found (Cava et al., 2000; Carrapiso et
al., 2002). Scores for the Montanera hams
were higher than for the Pienso hams. In
a previous study performed on dry-cured
loins obtained from the same pigs as in
this study, no differences for the flavour
characteristics were found (Muriel et al.,
2003), probably because paprika masked
the flavour differences in those products.

In conclusion, differences in the sen-
sory traits between the Montanera and
the HO-Pienso hams were not as marked
as in previous studies that used traditional
concentrates for Pienso pigs (Cava et al.,
2000; Carrapiso et al., 2002, 2003). In
consequence, the high oleic acid content
concentrate improved the sensory quality
of hams from indoor-reared pigs.
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