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Abstract

Hexanal content and TBARs were monitored in Semimembranosus and Biceps femoris muscles throughout the ripening of 46 dry-
cured Iberian hams processed with different amounts of salt (6% vs. 3% w/w) and different processing systems (traditional vs.
modified). Rancid odour and rancid flavour were sensorially analysed in the final product. Hams processed at higher temperatures

during the drying stage, following a traditional system, showed lower values in this phase for hexanal content in both muscles
(P<0.001), but TBARs showed the opposite behaviour (P<0.001 and P<0.05 for Semimembranosus and Biceps femoris, respec-
tively). Salt content affected hexanal content of each muscle in a different way. Semimembranosus muscles from traditionally pro-

cessed hams showed lower rancid flavour scores (P<0.001) while salt did not significantly affect rancid odour or aroma scores
(P>0.05). Evidently the effects of salt content and processing temperature, within studied ranges, on lipid oxidation are limited. In
fact, increased processing temperature, during the drying stage, does not lead to greater oxidation in dry-cured ham, in spite of the
well known pro-oxidant effect of temperature.

# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Lipid oxidative phenomena that take place through-
out the processing of dry-cured Iberian ham lead to the
formation of volatile carbonyls (Antequera et al., 1992)
which strongly affect the flavour of the final product
(Ruiz, Ventanas, Cava, Garcı́a, Andrés, & Garcı́a,
1999). Contents of volatile aldehydes from lipid oxid-
ation in dry-cured Iberian ham are markedly higher
than in other types of dry-cured hams, due to the longer
processing and more extreme processing conditions
(Ruiz, Muriel, & Ventanas, 2002). The potentially
negative implications of this fact on the flavour of dry-
cured Iberian ham are counteracted by the high number
of volatile flavour compounds of these hams, showing
many aromatic nuances (Ruiz, Garcı́a, Muriel, Andrés,
& Ventanas, 2002). Thus, a certain level of compounds
with rancid notes is needed to achieve the typical fla-
vour, but an excess in such aromatic notes leads to an
overall unpleasant flavour.
The development of lipid oxidation in dry-cured meat

products relies on a number of factors, such as the raw
material composition and characteristics (Ruiz &
Lopez-Bote, 2002), the processing conditions (Buscail-
hon, Berdagué, & Monin, 1993; Toldrá, Flores, & Sanz,
1997) and the amount and type of additives and ingre-
dients added to the product (Aguirrezabal, Mateo,
Domı́nguez, & Zumalacárregui, 2000). Salt addition is
essential for (1) achieving microbiological stability
(through decreasing water activity), (2) making possible
the solubilization of muscle proteins which in turn
allows gel formation and development of an optimum
texture, and (3) for imparting salty taste in the final
product (Martin, 2001).
On the other hand, salt affects, (to a certain extent)

some chemical and biochemical reactions, such as pro-
teolysis (Martı́n, Antequera, Córdoba, Timón, & Ven-
tanas, 1998), lipolysis (Martı́n, Córdoba, Ventanas, &
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Antequera, 1999) and lipid oxidation (Kanner, Harel, &
Joffe, 1991). As far as lipid oxidation is concerned, salt
has been described as a pro-oxidant agent in several
studies (Coutron-Gambotti, Gandemer, Rousset,
Maestrini, & Casabianca, 1999; Kanner et al., 1991).
Thus, strategies aimed to reduce salt content in dry-
cured ham, due to the implications of salt content in the
human diet on cardiovascular health (Morgan, Aubert,
& Brunner, 2001), could affect the rate and degree of
lipid oxidation development in dry-cured Iberian ham.
Slight increases in temperature during the processing

of dry-cured ham seem to positively influence the
development of lipid oxidative reactions according to
Antequera et al. (1992). However, these authors also
detected a decrease in lipid oxidation markers after
periods in which the temperature rose. Nevertheless, no
attempt to study the influence of processing tempera-
ture, nor that of the amount of added salt, on the lipid
oxidative phenomena during the processing of dry-
cured Iberian ham has been carried out. Thus, this work
was aimed to study the development of oxidative reac-
tions during processing of dry-cured Iberian hams with
different salt contents and processing conditions.
2. Materials and methods

2.1. Processing of hams and sampling

Forty-six thighs were obtained from 23 Iberian �

Duroc pigs which similar genetics that had been reared
under the same rearing system. Six of them were sam-
pled and analysed (raw ham -R-), and the rest were
processed into dry-cured Iberian hams. Hams were
placed on shelves in a cold room held at 1–3 �C and
salted by individual addition of a controlled amount of
salt in the lean part of the raw ham. Two different salt
levels were considered: a group of 20 hams was salted
with 6% of salt (w/w) (high salt batch) (HS), whereas
the other 20 hams were salted by adding 3% of salt (w/
w) (low salt batch) (LS). Salting was completed when
there was no visible salt on the ham surface. After
completion of salting, all hams were held at 2–5 �C and
85–75% relative humidity for 60 days (postsalting
phase). Temperature was, thereafter, increased from 5
to 20 �C at 0.25 �C/day during 60 days, while relative
humidity was progressively reduced to 65%. Before the
beginning of the drying stage, HS and LS batches were
divided into further two groups, each one following
different processing thereafter. Half the hams of each
salt level followed a process which tried to mimic the
temperature evolution of the traditional processing.
This group (traditional -T-) was processed at a max-
imum temperature of 28�2 �C during the drying stage
(77 days), followed by a cellar phase (212 days) at
15.5�0.5 �C. The other group of hams was ripened
following a modified processing (modified -M-), in
which the temperature was kept constant (19�1 �C)
during both the drying stage (77 days) and the cellar
stage (137 days). Both processes took 415 days and
hams were (bone-in) 7.3�0.5 kg in weight. Stages at
which hams were sampled and number of samples taken
are shown in Table 1. In the raw hams (R) and at the
end of cellar (EC), Semimembranosus and Biceps
femoris muscles were removed from the hams, whereas,
in the rest of the stages, samples were obtained by
extraction of a cylinder, sized 10�2.5 cm, using a stain-
less steel tube with a cutting edge. These samples mainly
involved Semimembranosus and Biceps femoris muscles,
which were perfectly identifiable. Samples were vacuum-
packaged and kept frozen at �80 �C until analysed.

2.2. Measurement of lipid oxidation

Thiobarbituric acid-reactive substances (TBARs)
were measured by following the extraction method
described by Buege and Aust (1978), with modifications
taken from Sorensen & Jorgensen (1996). One gram of
sample was homogenized with 9 ml 1.15% potassium
chloride for 30 s and centrifuged at 4000 rpm for 15
min. During homogenisation, tubes were kept in ice to
avoid heating. Two millitres of trichloroacetic acid-
thiobarbituric acid-hydrochloric acid (15%, 0.375%,
0.25 N, respectively) reagent were added to 1 ml of the
supernatant. The solution was heated at 100 �C for 40
min, cooled and again centrifuged. Absorbance was
Table 1

Sampling during the processing of the Iberian hams
Batches
 Salting (%w/w)
 Type of processinga
 Number of samples in each samplingb
R
 PS
 EPS
 D
 ED
 EC
HS-T
 6
 T
 6
 5
 5
 5
 5
 6
HS-M
 6
 M
 6
 5
 5
 5
 5
 6
LS-T
 3
 T
 6
 5
 5
 5
 5
 6
LS-M
 3
 M
 6
 5
 5
 5
 5
 6
a T (Traditional); M (Modified).
b R (raw ham=0 days); PS (postsalting=102 days); EPS (end of postsalting=138 days); D (drying=173 days); ED (end of drying =203 days);

EC (end of cellar =415 days).
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measured at 530 nm on a spectrophotometer (model U-
2000, Hitachi, Tokio) and concentration of mal-
onaldehyde (MDA) was calculated from a standard
curve in triplicate, using solutions of 1,1,3,3-tetra-
ethoxypropane (TEP) (Merck, Schchardt). TBARs were
expressed as mg MDA kg�1 muscle.
Hexanal content was quantified by headspace-solid

phase microextraction (SPME) and GC/MS (gas chro-
matograph Hewlett-Packard 5890 series II, coupled to a
mass selective detector Hewlett-Packard HP-5791 A). A
0.5 g of minced sample and 1.5 ml of distilled water
were thoroughly mixed in a vial, which was then closed
with a teflon/silicone septum. An SPME fibre (75 mm
carboxen-polydimethylsiloxane coating) was inserted
through the septum and exposed to the headspace of the
vial. Extraction was carried out at 40 �C for 30 min with
stirring in a water bath. After extraction, the SPME
fibre was immediately transferred to the injector of the
chromatograph which was in splitless mode at 280 �C.
The separation of hexanal was performed on a 5%
phenyl-methyl silicone (HP-5)-bonded phase fused silica
capillary column (Hewlett-Packard, 50 m�0.32 mm i.d,
film thickness 1.05 m, operating at 6 psi of column head
pressure. Oven program was: 40 �C for 10 min, 5 �C
min�1 to 200 �C, and held at 200 �C for 5 min. Transfer
line to the mass spectrometer was maintained at 280 �C.
The mass spectra were obtained using a mass selective
detector by electronic impact at 70 eV, a multiplier vol-
tage of 1756 V and collecting data at a rate of 1 scan s�1

over the m/z range 30–500. Hexanal was tentatively
identified by comparing mass spectra and retention time
with that of a standard (Sigma, St. Louis, USA) injected
under the same conditions. Hexanal content was calcu-
lated using a standard curve with solutions of hexanal
(Sigma, St. Louis, USA) in triplicate, extracted and
analysed under exactly the same conditions as the sam-
ples. Hexanal content was expressed as ng hexanal g�1

muscle.

2.3. Sensory analysis

Slices of Biceps femoris and the Semimembranosus
muscles from each dry-cured ham were assessed by a
trained panel of 12 members, using a descriptive analy-
sis method (Garcı́a, Ventanas, Antequera, Ruiz, Cava,
& Alvarez, 1996; Ruiz, Ventanas, Cava, Timón, &
Garcı́a, 1998). Panellists were trained and had partici-
pated in sensory evaluation of dry-cured ham for 2
years. Individual flavour and aroma recognition thresh-
olds were used to select the subjects. Selected subjects
underwent further training in dry-cured ham sensory
characteristics during 2 years, using hams with different
characteristics (e.g. feeding, breed.). Subjects had a total
of 120 h of training in preparation for descriptive ana-
lysis. Consistency of panellists was validated using the
Rasch model (Garcı́a et al., 1996).
Two samples from two different hams were evaluated
in each session. The panel was held at 11 a.m., 3 h after
breakfast. Three 1.0 mm thick slices of about 8 g
each were given to the panellists. Slices were obtained
using a commercial slicing machine and were served
immediately on glass plates, both the slices and the
plates being at room temperature (20�–23 �C). A glass
of about 100 ml of water at 12 �C was provided 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
of sensory characteristics of dry-cured ham were
assessed on a continuous non-structured scale ranging
from the lowest intensity of each trait (left side) to the
highest (right side), following the sensory descriptive
test developed previously by Garcı́a et al. (1996). In the
present study, only rancid odour and flavour were
considered. The other traits are considered elsewhere.
The sensory traits, their definitions and extremes have
been explained elsewhere (Ruiz et al., 1998). Each
assessor evaluated the samples on a computerized sys-
tem for direct recording of data (Fizz, Biosystemes,
France).

2.4. Statistical analysis

The effect of the amount of added salt (6% vs. 3%)
and processing conditions (traditional vs. modified) was
analysed by a two-way analysis of variance, together
with their interaction (salt � processing), using the
GLM procedure (SPSS 10.0). The Tukey’s test was used
at the 5% level to make comparisons between sample
means when pertinent.
3. Results and discussion

Hexanal content (ng g�1 muscle) in Semimembranosus
and Biceps femoris muscles throughout the processing
of dry-cured Iberian hams with different salt contents
and processed under different systems is shown in
Table 2. Hexanal content has been widely used for
monitoring oxidative stability in meat and meat pro-
ducts (Shahidi, Yun, Rubin, & Wood, 1987). Hexanal
levels found in this work were considerably lower than
values observed by other authors in dry-cured Iberian
ham (Antequera et al., 1992; Martı́n, Timón, Petrón,
Ventanas, & Antequera, 2000). These differences could
be partly due to differences in the raw matter composi-
tion and in the processing conditions. However, the
different extraction methods are most likely the main
cause for differences found among these works. In other
studies, in which headspace-SPME was used to deter-
mine hexanal content in other meat products, similar
values to those found in the present study were obtained
(Elmore, Mottram, & Hierro, 2000).
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Despite the group of hams and the muscle considered,
hexanal content showed an increasing pattern through-
out the processing, with two peaks, one at the drying
stage (D) and the other one at the end of cellar (EC)
(Table 2). The two-phase rising in hexanal content in
dry-cured Iberian ham has been previously found in
other works (Antequera et al., 1992). Such a biphasic
pattern was linked to variations in the temperature
during the processing. In fact, a decrease in oxidative
stability and a higher production of lipid oxidation-
derived compounds, as a result of an increase in tem-
perature, has been described in model systems and meat
products (Farmer, 1992; Tamura, Kitta, & Shibamoto,
1991). In French and Italian hams, increasing hexanal
levels during the processing were also observed (Bus-
cailhon et al., 1993; Hindrichsen & Pedersen, 1995),
though this two-phase oxidative trend was not evident,
most likely due to the shorter processing times of these
types of hams.
Salt content significantly (P<0.05) affected hexanal

content of Semimembranosus muscle at the end of cellar
(EC) stage, HS hams showing lower values than LS
ones. On the other hand, HS hams showed significantly
(P<0.05) higher hexanal content values in Biceps
femoris muscle at the end of drying (ED) and end of
cellar (EC) samplings. Such different behaviour, the
Table 3

Malondialdehyde content (mg kg�1 of muscle)(mean�standard error

of the mean) of muscles Semimembranosus and Biceps femoris

throughout the ripening of dry-cured Iberian hams with either 6%

(HS) or 3% (LS) salt (w/w) and processed by a traditional (T) or a

modified (M) system
Samplinga
 Batch
 Semimembranosus
 Biceps femoris
R
 0.083/3/3/3�0.00
 0.092/2/23/3�0.02
PS
 HS
 0.133/23�0.08
 0.122/2�0.02
LS
 0.1223/3�0.21
 0.083/3�0.02
P (salt)
 nsb
 ns
EPS
 HS
 0.153/23�0.02
 0.162/2�0.00
LS
 0.1823/23�0.02
 0.2023/23�0.02
P (salt)
 ns
 ns
D
 HS-T
 0.59a1�0.01
 0.35a1�0.04
HS-M
 0.21c23�0.01
 0.25ab1�0.02
LS-T
 0.35b1�0.03
 0.24b2�0.03
LS-M
 0.24c2�0.02
 0.20b23�0.03
P (salt/processing/

interaction)
z/z/z
 x/x/ns
ED
 HS-T
 0.19a3�0.03
 0.16b2�0.02
HS-M
 0.27a2�0.03
 0.24a2�0.02
LS-T
 0.18a2�0.02
 0.14b123�0.01
LS-M
 0.26a2�0.02
 0.27a12�0.02
P (salt/processing/

interaction)
ns/y/ns
 ns/z/ns
ED
 HS-T
 0.402�0.07
 0.481�0.06
HS-M
 0.521�0.08
 0.451�0.07
LS-T
 0.341�0.03
 0.381�0.04
LS-M
 0.391�0.04
 0.401�0.05
P (salt/processing/

interaction)
ns/ns/ns
 ns/ns/ns
Different letters (a–c) within the same stage mean significant differ-

ences between batches (P<0.05). Different superscript numbers (1–3)

within the same batch between different stages mean significant differ-

ences (P<0.05).
a R (raw ham=0 days); PS (postsalting=102 days); EPS (end of

postsalting=138 days); D (drying=173 days); ED (end of drying

=203 days); EC (end of cellar =415 days)
b ns, P>0.05.
x P<0.05.
y P<0.01.
z P<0.001.
Table 2

Hexanal content (ng g�1 of muscle) (mean�standard error of the

mean) of muscles Semimembranosus and Biceps femoris throughout the

ripening of dry-cured Iberian hams with either 6% (HS) or 3% (LS)

salt (w/w) and processed under a traditional (T) or a modified (M)

system
Samplinga
 Batch
 Semimembranosus
 Biceps femoris
R
 0.193/3/1/3�0.10
 0.273/2/2/3�0.07
PS
 HS
 0.5923/3�0.12
 0.7023/2�0.10
LS
 0.561/3�0.16
 0.752/3�0.11
P (salt)
 nsb
 ns
EPS
 HS
 0.093/3�0.02
 0.073/2�0.01
LS
 0.101/3�0.01
 0.092/3�0.00
P (salt)
 ns
 ns
D
 HS-T
 1.02b2�0.06
 1.47b2�0.13
HS-M
 7.82a1�0.85
 10.8a1�2.47
LS-T
 1.80b1�0.19
 1.95b2�0.48
LS-M
 7.70a1�1.89
 13.0a1�1.98
P (salt/processing/

interaction)
ns/z/n
 ns/z/ns
ED
 HS-T
 0.25b3�0.04
 1.18a23�0.17
HS-M
 0.76a3�0.11
 0.51b2�0.13
LS-T
 0.54b1�0.16
 0.42b2�0.08
LS-M
 0.81a23�0.08
 0.52b3�0.16
P (salt/processing/

interaction)
ns/y/ns
 x/ns/x
ED
 HS-T
 1.54a1�0.22
 6.52ab1�0.48
HS-M
 2.63a2�0.35
 10.66a1�1.15
LS-T
 3.59a1�1.20
 6.50ab1�1.17
LS-M
 5.44a12�1.79
 5.75b2�1.37
P (salt/processing/

interaction)
x/ns/ns
 x/ns/ns
Different letters (a–c) within the same stage mean significant differ-

ences between batches (P<0.05). Different superscript numbers (1–3)

within the same batch between different stages mean significant differ-

ences (P<0.05).
a R (raw ham=0 days); PS (postsalting=102 days); EPS (end of

postsalting=138 days); D (drying=173 days); ED (end of drying =203

days); EC (end of cellar =415 days)
b ns, P>0.05.
x P<0.05.
y P<0.01.
z P<0.001.
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small differences found and the lack of differences at
most stages underline the scarce influence of salt content
on lipid oxidative changes in dry-cured Iberian ham at
the levels tested in this study. The different behaviour in
each muscle could be related to the pattern of salt dif-
fusion through the whole ham, as well as other char-
acteristics, such as fat content, fat composition, balance
of antioxidants/pro-oxidants or enzymatic activity
(Andrés, Cava, Mayoral, Tejeda, Morcuende, & Ruiz,
2001; Lauridsen, Nielsen, Henckel, & Sorensen, 1999).
Biceps femoris is an internal muscle, covered with a
thick layer of subcutaneous fat on one side, and with
several muscles, fascias and intermuscular fat on the
other. Thus, salt content in this muscle slowly rises
throughout the processing, and is not high enough to
cause effects until a long time after salting. On the other
hand, Semimembranosus is close to the surface, with no
subcutaneous fat on it, and thus, salt content rapidly
rises after salting.
Processing markedly influenced hexanal content at the

drying stage (D) in both muscles (P<0.001) and at the
end of the drying stage (ED) of Semimembranosus
(P<0.01), those hams processed under a modified (M)
system showing higher values in all cases. This result is
strange since, during the drying stage, hams processed
under the modified system were kept at a constant tem-
perature of 19 �C while, in the traditional system, the
temperature was progressively raised to 28 �C. Evi-
dently lipid oxidation during the processing of dry-
cured ham is not directly dependent on the processing
temperature. The amount of compounds from lipid
oxidation depends on their rate of formation and
degradation or reaction with other compounds. There-
fore, the higher level of hexanal at the drying stage in
those hams processed at lower temperatures, is most
likely due to a lower rate of reaction with other com-
pounds. Other authors have detected the development
of Maillard reactions between compounds from lipid
oxidation and free amino acids even at room tempera-
ture (Pripis-Nicolau, de Revel, Bertrand, & Maujean,
2000). In fact, such type of reactions has been pre-
viously described in dry-cured Iberian ham (Ventanas et
al., 1992). On the other hand, temperature positively
influences proteolytic enzyme activity, and thus, free
amino acid content (Arnau, Guerrero, & Gou, 1997;
Córdoba, Antequera, Garcı́a, Ventanas, & López-Bote,
1994). Greater amounts of free amino acids in those
hams processed at higher temperatures could therefore
be a reason for the lower amounts of hexanal.
Processing conditions did not significantly affect hex-

anal content in remaining stages, although hams pro-
cessed in a modified system tended to show higher
values in the final product (EC stage).
TBARs in Semimembranosus and Biceps femoris

muscles of dry-cured Iberian hams, processed with dif-
ferent amount of salt and different ripening conditions,
are shown in Table 3. TBARs also followed a biphasic
type of behaviour, with marked increases at the drying
stage (D) and the end of the cellar stage (EC), agreeing
with the pattern described by other authors (Antequera
et al., 1992). Cava, Ruiz, Ventanas, and Antequera
(1999) also found a marked increase during the drying
stage, with similar values to those observed in the pre-
sent study.
Salt content significantly affected TBARs at the dry-

ing stage (D) of Semimembranosus (P<0.001) and
Biceps femoris (P<0.05) muscles, those hams salted
with a 6% w/w salt (HS) showing higher values in both
muscles. Salt content did not affect TBARs values at
any other stage, although those hams processed with a
lower amount of salt tended to show lower TBARs in
the final product (EC stage). The light pro-oxidant
effect of salt detected in the TBARs agrees only in part,
and at different stages, with hexanal results. This could
be due to the different origins of malonaldehyde and
hexanal (oxidation of 3 or 4 double-bonded fatty acids
and oxidation of linoleic acid, respectively), together
with different rates of formation and further reactions
of both compounds with other substances (Draper,
McGirr, & Hadley, 1986; Guillén-Sans & Guzmán-
Chozas, 1998). Despite these differences, it seems that
the pro-oxidant effect of salt is very small in dry-cured
ham, at least in the amounts considered in the present
study. Several authors have detected a pro-oxidant
effect of sodium chloride in model systems (Sárraga &
Garcı́a-Regueiro, 1998) and meat products (Aguirreza-
bal et al., 2000; Kanner et al., 1991). However, some
others have found little or no effect of sodium chloride.
Table 4

Sensory scores for rancid odour and rancid flavour (mean�standard

error of the mean) of muscles Semimembranosus and Biceps femoris

from dry-cured Iberian hams with either 6% (HS) or 3% (LS) salt (w/

w) and processed by a traditional (T) or a modified (M) system
Semimembranosus
 Biceps femoris
Rancid odour
HS-T
 1.3�0.1
 1.3�0.1
HS-M
 1.2�0.1
 1.4�0.2
LS-T
 1.2�0.1
 1.3�0.1
LS-M
 1.3�0.1
 1.2�0.1
P (salt/processing/interaction)
 a/ns/ns
 ns/ns/ns
Rancid flavour
HS-T
 1.3�0.1
 1.4�0.1
HS-M
 1.7�0.1
 1.6�0.3
LS-T
 1.2�0.1
 1.4�0.1
LS-M
 1.6�0.1
 1.5�0.2
P (salt/processing/interaction)
 ns/z/ns
 ns/ns/ns
Different letters (a–c) within the same stage mean significant differ-

ences between batches (P<0.05). Different superscript numbers (1–3)

within the same batch between different stages mean significant differ-

ences (P<0.05).
a ns, P>0.05.
z P<0.001.
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Sárraga and Garcı́a-Regueiro (1998) observed that 1–
3% salt concentration produced lower TBARs than
non-salted samples, whereas 5% salt content produced
an oxidative activity. The scarce pro-oxidant effect of
salt in dry-cured Iberian ham agrees with sensorial
results obtained in this work, since salt did not sig-
nificantly influence rancid odour and rancid aroma
(P>0.05)(Table 4). Similarly, Coutron-Gambotti et al.,
(1999) found that higher salt content did not increase
rancidity.
Processing temperature significantly affected TBARs

of Semimembranosus muscle at the drying stage (D)
(P<0.001) and end of drying stage (ED) (P<0.01). In
the former stage, those hams processed in a modified
(M) system showed lower values, whereas, in the latter,
these hams showed higher values. Exactly the same
pattern was detected in Biceps femoris muscle, those
hams processed under a modified system showing sig-
nificantly lower (P<0.05) values at the drying stage (D),
and significantly higher (P<0.001) at the end of the
drying (ED). Such behaviour did not agree with that
found for the hexanal content, reinforcing differences
between both measurements cited previously. Regard-
less of these differences, it seems that the processing
temperature affected the dynamics of malonaldehyde
formation throughout the ripening, but not the final
levels of TBARs. Therefore it seems that processing
temperature scarcely influence rancidity in dry-cured
ham (did not affect hexanal content or TBARs). How-
ever, sensory scores for rancid flavour showed a sig-
nificant influence of processing system in the
Semimembranosus muscle (P<0.001), those hams pro-
cessed in a modified system, with constant temperatures
during the drying stage, showing higher rancid flavour
scores. Similar behaviour was observed in the Biceps
femoris muscle, though not to a significant extent.
Therefore, neither hexanal content nor TBARs seems to
be a good marker for rancidity in dry-cured ham. This
could be due to the great number of different aromatic
nuances in this product.
Sensory results underline the suitability of processing

systems with increases in the temperature during the
drying phase for reducing rancid flavour notes. This
result is strange, since temperature positively influences
lipid oxidation. Such an effect on rancidity is most
probably due to its positive effect on some other reac-
tions, such as proteolysis and Maillard reactions. This is
important, since rancid notes in dry-cured Iberian ham
have been negatively related to acceptability (Ruiz,
Garcı́a, Muriel, Andrés & Ventanas, 2002).
4. Conclusion

The effect of salt content and processing temperature,
within common ranges found in the processing industry,
on oxidative parameters is limited. Increasing proces-
sing temperature during the drying stage does not lead
to higher levels of hexanal in dry-cured Iberian ham,
which is unusual since temperature has a proven pro-
oxidant effect.
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gui, J. M. (2000). The effect of páprika, garlic and salt on rancidity

in dry sausages.Meat Science, 54, 77–81.

Andrés, A. I., Cava, R., Mayoral, A. I., Tejeda, J. F., Morcuende, D.,

& Ruiz, J. (2001). Oxidative stability and fatty acid composition of

pig muscles as affected by rearing system, crossbreeding and meta-

bolic type of muscle fibre. Meat Science, 59, 39–47.
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Ventanas, J., Córdoba, J. J., Antequera, T., Garcı́a, C., López-Bote,
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