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Abstract: The aim of this study was to evaluate the effect of extended maturation and temperature
increase on the physico-chemical, biochemical, instrumental color and texture, sensory, and accept-
ability parameters of cured and boneless Iberian hams. Given the limited knowledge in this area, our
objective was to develop a ham with enhanced proteolysis, potentially leading to increased bioactive
peptide generation and superior sensory characteristics compared to salt-reduced counterparts. To
achieve this, a batch of hams cured up to 38% loss at 30 ◦C and two batches cured up to 42% loss at
30 ◦C and 36 ◦C were evaluated. Results showed that the increase in processing time and temperature
significantly enhanced (p < 0.05) ham proteolysis and amino acid content without adversely affecting
its texture. No significant differences were observed in instrumental texture parameters or sensory
attributes as evaluated by consumers. These processing conditions also increased the content of free
amino acids, improving the product quality. Overall, these processing modifications resulted in hams
with excellent sensory acceptability and enhanced bioactive potential despite the salt reduction.

Keywords: ham; processing technology; temperature increase; overripeness

1. Introduction

Iberian ham is a high-quality product that, due to its nutritional profile and sensory
characteristics, is highly appreciated by consumers [1,2]. It is one of the leading products of
the Spanish meat industry, and this can be generalized to any country in the Mediterranean
basin since the demand for this product is increasing [3].

The production process of cured ham is carried out first by salting the ham, then
post-salting, drying, and finally, a long maturation period [4,5].

The quality of the cured ham that is finally obtained will depend on how proteolysis
has evolved during the production process in response to changes in the different factors
that occur during production, such as temperature and relative humidity, excluding consid-
erations regarding the quality of the meat utilized, which also constitutes a pertinent factor
for consideration.

Throughout these stages, complex proteolysis and lipolysis reactions occur that con-
tribute to developing the sensory profile that our ham will finally have [6]. It is mainly
during maturation that proteins and lipids undergo intense processes of proteolysis and
lipolysis, affecting the flavor and texture of the cured ham. Final flavor formation has to
develop over a long maturation time at high temperatures [7,8]. These changes depend
mainly on the duration of the ripening process, and this has been corroborated in different
cured products [9–12]. Increased maturation time or overripening will lead to increased
proteolysis and, consequently, to an increase in the amount of potentially bioactive peptides
with beneficial properties for the consumer’s health [13].
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Salt is the main ingredient, after meat, in the preparation of cured ham, which is
involved in proteolysis, water holding capacity (WHC), and organoleptic characteristics.
In addition, it decreases water activity (aw), thus contributing to the stability of the final
product [5,14].

Throughout the processing stages, salting and drying procedures yield varying profiles
of salt and water content, which undergo fluctuations over time. It is crucial to quantify
and evaluate how these two variables vary in order to see their effects on the biochemical
evolution and sensory characteristics that develop during ham processing; control of each
stage is also necessary to obtain a tasty and safe product [5].

Today’s concern about sodium intake and its relationship with certain diseases [15]
has led to new initiatives to reduce the consumption of salty foods. However, in products
such as traditional dry sausages this is not an easy task, since salt plays an essential role in
controlling the chemical and microbial processes in ham.

In a study by Zhao et al. [16], it was observed that the salting process inhibited the
potential activity of the proteolytic enzymes cathepsin B and L to only 9.31% and 13.66%,
respectively, of their original potential activity, thus confirming the inhibitory role of salt
in proteolysis.

Similar results were described by Harkouss et al. [17], who corroborated the promoting
role of temperature and the inhibitory role of salt and drying in increasing proteolytic
intensity [18].

Water activity generally affects microbial growth and the action of certain enzymes
involved in proteolytic reactions, which are responsible for the development of the flavor,
aroma, and texture of ham [11,19,20].

To deal with the undesirable effects of salt reduction (reduction of flavor and aroma,
undesirable effects on texture, and problems with stability and color formation [21]), several
options have been proposed, one of which shows that prolonging the maturation phase
results in better flavor and aroma properties in hams and also reinforces muscle firmness
due to muscle endopeptidases and exopeptidases that generate a large amount of free
amino acids and peptides [22–25]. It has also been described that a reduction in moisture by
dehydration is linked to a more persistent aroma and other sensory features [10,25,26]. One
of these studies also showed that the acceptability of ham decreased with increasing curing
time. High pastiness and stickiness values seemed to be more correlated with decreased
acceptability despite a significant increase in aroma. These textural changes were the result
of excessive proteolysis [22].

Even so, knowledge in this area is very scarce, which is why in this work we pretend
to evaluate the effect of the extension of maturation on ham characteristics, with the aim of
developing a ham with high proteolysis (probably more significant biopeptide generation)
and with better sensory characteristics than a ham reduced in salt due to an increase in
maturation time (overripening).

Knowledge in this area is relatively scarce for boneless Iberian hams reduced in salt
since it has never been done. Therefore, it is unknown what side effects would be produced
if the temperature or maturation time were increased.

2. Materials and Methods
2.1. Preparation and Collection of Cured Iberian Ham Samples

A total of 48 Iberian hams were needed for the development of this study. Three
batches of 16 Iberian hams each were processed.

Pork legs were first deboned and then salted with sea salts and nitrifying agents at a
rate of 0.8 days/kg in a cold storage chamber at a temperature of 3 ◦C.

After salting, the pork legs were washed with water and, after this, a traditional curing
process was carried out. The resting or post-salting stage began at 3 ◦C, gradually increasing
to 6 ◦C. This processing phase ended when the Iberian hams reached 18% shrinkage.

Subsequently, the temperature was raised to 30 ◦C. The process ended when the
pieces reached a weight loss of 38%. After this last processing, the first batch had finished
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its maturation process, but the two remaining batches of Iberian hams were taken to
overripening, with up to 42% weight loss in each but in different processing conditions:
The second batch was processed at a temperature of 30 ◦C and the third batch at 36 ◦C.

The percentage weight loss was determined by weighing each sample in triplicate dur-
ing each processing stage. The results were expressed as percent weight loss, considering
the fresh weight of each piece.

Finally, 8 cured Iberian hams were selected from each batch (48 hams). Samples were
taken at the following stages: I: raw muscle; II: beginning of post-salting; III: end of post-
salting; IV: drying phase (33% weight loss); V: final product (38% weight loss for lot I and
42% for lots II and III).

2.2. Physicochemical Analyses

The analysis of the physicochemical parameters of the samples was carried out in
triplicate for each type of dry-cured Iberian ham.

Moisture content analysis were determined following the gravimetric procedure
described in ISO1442 [27].

The determination of total nitrogen (TN) and non-protein nitrogen (NPN) was carried
out by the Kjeldahl method [28]. For the preparation of NPN extract, the method followed
by Abellán et al. [29] was used. The crude protein value was obtained by multiplying the
TN value by 6.25. The proteolysis index was determined as the percentage of the ratio of
non-protein nitrogen to total nitrogen [30].

For salt content analysis, the Volhard methodology of ISO1841-1 [31] was used and
slightly modified. The Folch method [32] was used to measure the intramuscular fat content
of Iberian hams.

The evaluation of water activity was carried out by gravimetry using the AOAC
920.153 method [33].

Free amino acid (FAA) content was determined following the method described by
Abellán et al. [34].

2.3. Determination of Instrumental Color and Texture Profile Analysis (TPA)

Instrumental color assessment utilized colorimetry with a colorimeter (HunterLab,
Colorflex) following the CIELab system. The outcomes were represented by the L*, a*,
and b* coordinates, denoting luminosity, red–green index, and yellow index, respectively.
Additionally, the saturation parameter (chroma) and hue angle (h*) values were obtained.
The results were averaged from three measurements [35].

For instrumental texture analysis, a QTS-25 texturometer (Brookfield CNS Farnell,
Borehamwood, Hertfordshire, England) equipped with a 25 kg load cell and a 10 mm-
diameter probe was employed. Texture Pro v. 2.1 software facilitated data interpretation [36].

The biceps femoris muscle was dissected into 10 × 10 × 10 mm parallelepipeds, with
three parallelepipeds per sample. Testing was conducted at a controlled room temperature
of 20 ◦C.

The procedure involved subjecting the sample to two consecutive cycles at a constant
speed of 30 mm/s, with 50% compression perpendicular to the muscle fibers.

Texture profile analysis (TPA) was conducted to assess the hardness, deformation
concerning hardness, adhesiveness, cohesiveness, recoverable deformation, springiness,
gumminess, and chewiness.

2.4. Sensory Analysis

For the sensory analysis of the dry-cured Iberian ham, a consumer test was performed
with an untrained panel. The analysis was carried out following the method described by
Muñoz-Rosique et al. [35] with slight modifications. For this analysis, a total of 200 anony-
mous participants attended on a voluntarily basis and without having received any type
of prior information or training. The study was conducted in a single session where the
participants evaluated the three batches of hams. The age range chosen was 18 to 55 years.
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For the study, participants evaluated the samples using a questionnaire that included
the hedonic assessment of appearance, color, odor, texture, salty taste, overall taste, and
overall acceptability. Each attribute was scored by assigning a numerical value using a
hedonic scale between 1 (I dislike it very much) to 5 (I like it very much).

The samples used for the consumer sensory test were complete slices of the cross-section
of the piece, following the method established in the UNE-ISO standard 6658:2019 [37] and
UNE-ISO 4121:2006 [38], which were coded with a random three-digit number.

The results were obtained by calculating the average score given to each product
attribute evaluated by the consumer. To determine the preference between the three sam-
ples, the percentage values of choice of the consumer panel were obtained in each type of
dry-cured ham studied.

2.5. Statistical Analysis

All analyses of our samples were performed in triplicate. Statistical analysis of our
samples was performed using SPSS software package (version 21.0, IBM Corporation,
Armonk, NY, USA). All results were expressed with the mean and standard error. The
results shown in the tables are expressed with two decimal places.

To evaluate the effect of overripening, a one-way ANOVA was performed between
batches I and II. The effect of temperature was also evaluated using a one-way ANOVA
between hams from lots II and III.

When the effect of overripeness or temperature was significant (p < 0.05), the results
were compared using Tukey’s HSD test. Differences were considered statistically significant
when p-values were equal to or below 0.05. Relationships among the studied factors are
presented using appropriate tables and figures.

3. Results and Discussion
3.1. Analysis of the Physical–Chemical Parameters of Iberian Ham during Processing

Figure 1 shows the changes in the physicochemical parameters of Iberian dry-cured
ham throughout the maturation process.
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Figure 1. Changes in the physicochemical parameters of Iberian dry-cured ham throughout the
maturation process.

Figure 1 shows the evolution of the physicochemical parameters and salt content
of boneless cured Iberian hams reduced in salt during the different stages of processing.
The different processing stages affected all the physicochemical parameters. Moisture
content in the cured ham decreased significantly (p < 0.001) during all stages but mainly
between post-salting (stage III) and the final stage (stage V). In contrast, intramuscular fat
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content increased (p < 0.05), as did protein values. This parameter increased progressively
throughout all the stages, with significant differences being observed between the raw
muscle (stage I) and the final product (stage V) but not between the final stages of processing
(stage IV and stage V). The same can be observed in the total nitrogen (TN) or non-protein
nitrogen (NPN) content, where the evolution throughout processing was gradual, with
significantly higher values (p < 0.05) being observed mainly between the end of post-salting
(stage III) and the end of processing (stage V).

Consequently, PI increased significantly during the different processing stages (p < 0.05).
The increase in temperature that occurs during the final stages of processing (stage IV and
stage V) was directly related to the increase in temperature that occurs during these stages
of ham processing, resulting in an increase in the activity of proteolytic enzymes [23,25,29].

The physicochemical modifications that took place during processing coincide with
those observed during the processing of other cured hams [26,35].

NaCl concentration increased throughout processing but mainly at the beginning of
the post-salting stage (stage II). This significant increase was due to the incorporation of
curing salts associated with the manufacturing process (p < 0.05). An increase in NaCl
values was observed between stages I and II, as well as between the end of post-salting and
the last two stages (stages IV and V), which was due to the decrease in moisture content,
which takes place during last stages of ham processing. The final salt content indicates
a correct diffusion of salt, which is important not only for the texture and flavor of the
ham but also to ensure the microbiological quality of the ham [14,19,35]. The ash content
remained stable throughout processing, and significant differences were only observed
between stage I (raw muscle) and stage II (beginning of post-salting).

3.2. Effect of Change in Processing Conditions in the Storage Phase on the Physicochemical
Parameters of Iberian Ham

Table 1 shows the effect of the overmaturation along with the increase in the tempera-
ture on the physicochemical parameters obtained from Iberian ham.

Table 1. Effect of different processing conditions on the physicochemical parameters of Iberian ham.
Results are expressed as means values ± SEM.

Processing Conditions p-Value

I II III Overmaturation Temperature

Moisture 35.39 ± 1.16 a 29.81 ± 0.57 b 32.13 ± 1.63 ab 0.00 0.21

%NaCl 3 ± 0.16 a 3.1 ± 0.18 a 3.3 ± 0.18 a 0.69 0.45

Fat 40.95 ± 1.64 a 48.66 ± 0.11 b 47.6 ± 0.68 b 0.00 0.15

Ash 0.88 ± 0.01 a 0.84 ± 0.01 b 0.84 ± 0.01 b 0.01 0.88

Protein 26.42 ± 0.22 a 25.66 ± 0.33 b 25.51 ± 0.11 b 0.07 0.67

I: Traditional processing up to 38% weight loss at 30 ◦C. II: Traditional processing up to 42% weight loss at 30 ◦C.
III: Traditional processing up to 42% weight loss with temperature increase up to 36 ◦C in the storage phase. SEM:
standard error of mean. The p-value processing conditions: one-way ANOVAa,b between conditions I, II, and III.
Values within a row with different superscripts differ significantly at p < 0.05.

Table 1 shows the results obtained for the different physicochemical parameters with
the different processing conditions. In batch I, the final percentage of weight loss or loss
was 38% at 30 ◦C, and for batches II and III the final percentage of weight loss was 42% in
both batches, at 30 ◦C for batch II and at 36 ◦C for batch III.

Overripening had a significant effect (p < 0.05) on moisture content, with the lowest
moisture content being obtained in the hams of lot II as a result of the increase in ripening
time, which is consistent with the progressive weight loss experienced by hams with
continued ripening [9,12,24].

The salt content of the hams was not significantly affected by the different processing
conditions; a slight increase in salt content was observed between hams from lots I and II. A



Foods 2024, 13, 1588 6 of 12

more marked increase in salt content was observed between hams from lot I and lot III. The
increase in salt content was due to the increase in the maturing time of hams from lots II
and III. An increase in curing time causes the water content to decrease and, consequently,
the salt concentration increases [18,39]. Proteolysis in hams can be affected by humidity
and salt content. A high salt content could slow down the activity of proteases, but this
was not the case with our hams, which were reduced in salt [40,41].

Overripening also significantly affected the intramuscular fat content of the ham, with
significantly higher values being obtained in lots II and III compared to lot I. Other studies
carried out on Jinhua hams related this increase in processing time and temperature increase
to the acceleration of lipid oxidation and a higher concentration of volatile components
directly related to flavor development [7].

Ash content increased significantly in lots II and III with respect to lot I due to over-
ripening, which decreases the moisture content of the ham [42].

3.3. Effect of Processing Conditions on the Biochemical Parameters of Boneless Iberian Ham during
the Final Storage Stage

Figure 2 shows the effect of changing the processing conditions of Iberian ham on
biochemical parameters.
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Figure 2 shows the biochemical content of boneless cured Iberian hams reduced in
salt in the final stages of processing of the different batches. Total nitrogen and protein
content did not vary significantly despite the changes in processing time and temperature
applied to batches II and III. Similar values were obtained for the three batches in both
parameters studied.

The proteolysis index was significantly affected (p < 0.05) by the processing changes
in the ham. Hams from lots I and II obtained values similar to each other and significantly
lower than those of hams from lot III. This was due to the increase in temperature in the final
phase of the Iberian hams from lot III, which may have resulted in the significant variations
that took place during proprotein degradation, which induces protease activity [5]. Similar
results were observed in other studies, where increasing the temperature and drying level
significantly (p < 0.05) increased the NPN content and the IP [43–45]. The hams from
batch II were not affected by the increase in processing time for the hams from batch
I, and this may have been because there comes a moment in which, despite continuing
with the processing, proteolysis remains stagnant and is not favored by the increase in
processing time.
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Non-protein nitrogen content was not significantly affected by the different processing
conditions; higher values were observed in the hams of lot III, which had up to 42% weight
loss or loss at 36 ◦C. This may have been due to the increase in the temperature of the
cellar in the final phase, since increasing the temperature increased proteolysis and, with it,
the activity of cathepsins B and L, which contribute to the production of smaller peptides
and free amino acids, which also contribute to the development and quality of the cured
ham [6]. Similar results have been obtained for Jinhua hams [46].

The non-significant results for these fractions (TN and NPN) and the similar results for
all batches can be explained by the fact that we know that over-translation and temperature
increase protein degradation. Thus, the salt content in all hams was reduced, which also
increases cathepsin activity [16,46].

Results for the effect of different processing conditions on Iberian dry-cured ham on
free amino acid (FAA) content in the final product are shown in Table 2.

Table 2. Effect of processing conditions on free amino acid content (FAA) of Iberian dry-cured ham.
Results are expressed in g/kg of dry matter as mean values ± SEM.

FAA
Processing Conditions p-Value

I II III Overmaturation Temperature

Asp - - - - -

Glu 2.57 ± 0.29 a 3.99 ± 0.04 b 3.95 ± 0.33 b 0.00 0.89

Ser 1.04 ± 0.18 a 0.98 ± 0.07 a 1 ± 0.01 a 0.86 0.85

His 0.81 ± 0.07 a 1.12 ± 0.01 b 1.25 ± 0.03 b 0.03 0.01

Gly 2.4 ± 0.18 a 3.17 ± 0.02 b 3.51 ± 0.04 b 0.03 0.00

Thr 0.33 ± 0.02 b 0.39 ± 0.03 b 1.32 ± 0.15 a 0.25 0.00

Arg 0.64 ± 0.16 a 0.17 ± 0.02 ab 0.13 ± 0.00 b 0.13 0.07

Ala 6.65 ± 0.56 a 8.54 ± 0.11 b 9.92 ± 0.11 b 0.00 0.00

Tyr 0.47 ± 0.05 b 0.7 ± 0.05 a 0.49 ± 0.02 ab 0.05 0.04

Cys - - - - -

Val 2.15 ± 0.16 a 2.85 ± 0.02 b 3.13 ± 0.07 b 0.03 0.04

Met 0.69 ± 0.06 a 0.63 ± 0.02 a 0.63 ± 0.08 a 0.55 0.97

Trp 0.23 ± 0.02 b 0.31 ± 0.01 a 0.3 ± 0.01 ab 0.05 0.72

Phe 1.24 ± 0.09 b 1.5 ± 0.01 ab 1.93 ± 0.18 a 0.15 0.13

Ile 1.6 ± 0.12 a 1.94 ± 0.02 a 2.11 ± 0.04 b 0.14 0.04

Leu 2.51 ± 0.18 b 2.94 ± 0.02 ab 3.39 ± 0.105 a 0.23 0.02

Lys 3.18 ± 0.35 a 4.05 ± 0.32 a 4.39 ± 0.06 a 0.25 0.50

Pro 1.17 ± 0.11 b 1.51 ± 0.00 ab 1.62 ± 0.01 a 0.00 0.12

Total FAA 26.67 34.35 39.03 0.00 0.00
I: Traditional processing up to 38% weight loss at 30 ◦C. II: Traditional processing up to 42% weight loss at 30 ◦C.
III: Traditional processing up to 42% weight loss with temperature increase up to 36 ◦C in the storage phase. SEM:
standard error of mean. The p-value processing conditions: one-way ANOVAa,b between conditions I, II, and III.
Values within a row with different superscripts differ significantly at p < 0.05.

Changes in the concentration of free amino acids also indicate changes in ham proteins
during storage [47]. The different processing conditions of the salt-reduced boneless
cured Iberian ham significantly affected the composition of free amino acids. No values
were detected for the amino acids aspartate (Asp) and cysteine (Cys), coinciding with the
results obtained in a study on lamb ham, where an increase in maturation time resulted
in undetectable values of this amino acid [47]. Serine (Ser), methionine (Met), arginine
(Arg), phenylalanine (Phe), and lysine (Lys) were not significantly affected by the different
processing conditions (overripeness and temperature) to which the different batches were
subjected. Similar but slightly higher values were observed in almost all the hams from
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batch I, except for phenylalanine and lysine, where the highest values were obtained from
batches II and III. These results coincide with those found in another study, where increased
storage time increased the concentration of these amino acids [47]. For the rest of the
free amino acids, temperature and over-maturing led to significant changes in the free
amino acid content. For histidine (His), glycine (Gly), alanine (Ala), tyrosine (Tyr), and
valine (Val) overripening and temperature produced significant changes (p < 0.05) in the
concentration of these amino acids. Glutamic acid (Glu), tryptophan (Tro), and proline
(Pro) were also significantly affected (p < 0.05) only by overripening, without the increase in
temperature, producing significant changes in their concentration. In the case of threonine
(Thr), isoleucine (Ille), and leucine (Leu) it was temperature that produced significant
differences (p < 0.05) in their concentration. For all free amino acids, these processing
changes favored a significant increase in their concentration, with the hams of batch III
being in most cases the ones that showed the highest concentrations. Therefore, peptidase
activity was significantly affected by the increase in temperature during the final phase and
overripening [4], as was the total free amino acid (FAA) content, which was significantly
higher in batches II and III than in batch I, with batch III having the highest values.

The results obtained for batch I are similar to those obtained in the study by Muñoz-
Rosique et al. [35] for traditionally cured hams. In the first place, the reduction in salt did
not cause any decrease in the amino acid content, as corroborated by the study by Cittadini
et al. [48].

FAAs are also a type of taste substance. Glutamic acid is the amino acid associated
with the umami taste of Jinhua ham [7]. In addition, alanine is associated with sweet taste
and leucine with bitter taste. A decrease in their concentration during ham maturation can
diminish these flavors [47], something that did not occur in our hams since overripening
and temperature had the opposite effect of increasing the concentrations of these amino
acids. Lysine is related to the flavor of ripening [7,47], coinciding with the results obtained
for our hams, where the lysine values for lots II and III were the highest.

In addition, it was observed that, with respect to the amino acid content of the hams
from batch I, there was an increase in the concentration of almost all amino acids, reflecting
the fact that the temperature and overripening favored the activity of the peptidases.
Similar results were observed in another study, where processing time increased the total
free amino acid content in Jinhua hams with increased maturation time and processing
temperature [7].

A higher content of free amino acids is directly related to an increase in the substrate
of the Strecker degradation reaction, which is responsible for the formation of aromatic
molecules that directly contribute to the flavor of cured ham [8,49].

3.4. Instrumental Color and Texture Profile

Table 3 shows the effect of different processing on the instrumental color obtained
from Iberian ham.

Table 3. Effect of processing conditions on instrumental color. Results are expressed as means
values ± SEM.

Processing Conditions p-Value

I II III Overmaturation Temperature

L 49.2 ± 1.03 b 46.03 ± 0.44 a 47.54 ± 1.44 b 0.01 0.33

a 28.62 ± 0.99 a 30.22 ± 0.25 a 28.82 ± 0.77 a 0.14 0.11

b 34.75 ± 0.63 a 34.47 ± 0.57 a 31.93 ± 1.42 a 0.74 0.12

C 45.06 ± 1.01 a 45.85 ± 0.52 a 43.15 ± 0.98 b 0.5 0.03

h 50.59 ± 0.74 b 48.73 ± 0.44 a 47.75 ± 1.7 a 0.05 0.59

I: Traditional processing up to 38% weight loss at 30 ◦C. II: Traditional processing up to 42% weight loss at 30 ◦C.
III: Traditional processing up to 42% weight loss with temperature increase up to 36 ◦C in the storage phase. SEM:
standard error of mean. The p-value processing conditions: one-way ANOVAa,b between conditions I, II, and III.
Values within a row with different superscripts differ significantly at p < 0.05.
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Instrumental color parameters were not affected by the temperature or overripeness
of the cured Iberian ham (p > 0.05 in all cases), coinciding with the data obtained in similar
studies [22]. The brightness value (L) was slightly higher in the hams from lot I, as well as
in the h parameter. A decrease in L* values was directly related to the decrease in moisture
or, in other words, the dehydration of the cured ham, since a decrease in water increases
the concentration of pigments such as nitrosyl-myoglobin. As a consequence, there is
a reduction in luminosity (L*) [50]. The range of values for parameters a, b, and c was
similar for all the batches of hams, so they were not significantly affected by overripeness
or increased temperature.

Table 4 shows the effect of different processing conditions on the instrumental texture
of Iberian dry-cured ham.

Table 4. Effect of different processing conditions on instrumental texture of Iberian dry-cured ham.
Results are expressed as means values ± SEM.

Processing Conditions p-Value

I II III Overmaturation Temperature

C1 hardness (N) 15.31 ± 2.05 a 17.87 ± 2.39 a 16.9 ± 1.45 a 0.43 0.73

C1 hardness deformation (mm) 2.97 ± 0.00 a 2.98 ± 0.00 a 2.98 ± 0.00 a 0.64 0.57

C1 adhesiveness (mJ) 0.03 ± 0.02 b 0.24 ± 0.09 a 0.36 ± 0.10 a 0.04 0.38

C2 hardness (N) 14.63 ± 1.95 a 16.66 ± 2.23 a 15.67 ± 1.33 a 0.50 0.71

C2 0.62 ± 0.04 a 0.67 ± 0.03 a 0.63 ± 0.03 a 0.39 0.41

C2 recoverable deformation (mm) 1.43 ± 0.13 a 1.50 ± 0.11 a 1.45 ± 0.14 a 0.65 0.78

C2 springiness (mm) 2.1 ± 0.15 a 2.31 ± 0.13 a 2.19 ± 0.13 a 0.31 0.53

C2 gumminess (N) 9.84 ± 1.77 a 12.31 ± 2.01 a 10.94 ± 1.39 a 0.37 0.58

C2 chewiness (mJ) 22.2 ± 5.15 a 29.82 ± 5.65 a 25.39 ± 4.31 a 0.34 0.54

I: Traditional processing up to 38% weight loss at 30 ◦C. II: Traditional processing up to 42% weight loss at 30 ◦C.
III: Traditional processing up to 42% weight loss with temperature increase up to 36 ◦C in the storage phase. SEM:
standard error of mean. The p-value processing conditions: one-way ANOVAa,b between conditions I, II, and III.
Values within a row with different superscripts differ significantly at p < 0.05.

Overripening and the increase in processing temperature in the final phase did not
have a significant effect on the different parameters defined for the instrumental texture.
Only the adhesiveness was significantly higher in hams from lots II and III with respect to
lot I, with lot III obtaining the highest values. Although there were no significant differences,
for the rest of the parameters, slightly higher values were observed for hams from lots II
and III with respect to lot I. Higher hardness values have been attributed to water content,
since texture is positively related to moisture loss in ham [10]. As a general rule, the lower
the moisture content, the better the consistency [51]. Despite showing greater proteolysis,
the texture parameters analyzed did not indicate a softer texture. This could be due to the
positive effect of temperature and overripening on hardness, since for both batches (II and
III) the hardness was higher than for batch I, with these results also coinciding with those
obtained in other studies [9,43].

Table 5 shows the effect of different processing conditions on the sensory analysis
profile of Iberian dry-cured ham.

Table 5 shows the acceptability scores for dry-cured hams under different processing
conditions given by the consumer panel. Despite the different processing conditions, the
consumer panel scored the three types of ham very similarly, finding significant differ-
ences only for color, with overripeness significantly affecting these parameters. Therefore,
consumer acceptability of sensory traits was similar for all the types of cured hams stud-
ied. Similar results were described by Cilla et al. [22]. Therefore, we can say that neither
overripening nor the increase in temperature in the final processing phase affected the
organoleptic characteristics of the salt-reduced boneless cured Iberian ham. Prolonged
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ripening or overripening could increase lipid oxidation, the Maillard reaction, or Strecker
amino acid degradation, leading to the development of compounds responsible for the
flavor of the ham [49].

Table 5. Effect of different processing conditions on the sensory analysis profile of Iberian dry-cured
ham. Results are expressed as means values ± SEM.

Processing Conditions p-Value

I II III Overmaturation Temperature

Appearance 4.15 ± 0.07 a 4 ± 0.07 a 4.14 ± 0.07 a 0.11 0.14

Color 4.28 ± 0.06 b 4.1 ± 0.07 a 4.23 ± 0.07a 0.04 0.15

Odor 3.87 ± 0.07 a 3.94 ± 0.07 a 3.86 ± 0.08a 0.53 0.47

Texture 3.95 ± 0.07 a 3.87 ± 0.07 a 3.9 ± 0.08 a 0.48 0.83

Salty taste 3.82 ± 0.08 a 3.78 ± 0.08 a 3.66 ± 0.08 a 0.68 0.28

Global flavor 4.01 ± 0.07 a 3.94 ± 0.07 a 3.91 ± 0.07 a 0.50 0.78

General acceptance 4.05 ± 0.07 a 3.95 ± 0.06 a 3.94 ± 0.07 a 0.33 0.86
I: Traditional processing up to 38% weight loss at 30 ◦C. II: Traditional processing up to 42% weight loss at 30 ◦C.
III: Traditional processing up to 42% weight loss with temperature increase up to 36 ◦C in the storage phase. SEM:
standard error of mean. The p-value processing conditions: one-way ANOVAa,b between conditions I, II, and III.
Values within a row with different superscripts differ significantly at p < 0.05.

4. Conclusions

Increasing processing time and temperature significantly increased proteolysis, but
this did not result in undesirable changes in texture. No significant differences were
observed in any of the analyzed parameters defining instrumental texture. The consumer
panel did not detect worse texture in these hams; the texture was not significantly affected.

Furthermore, these changes in processing conditions increased the content of free
amino acids, benefiting the consumer, as well as being responsible for aromas and attributes
that contribute to the development of positive effects in cured ham.

These changes did not modify the sensory attributes evaluated by the participants, as
no significant differences were found between the different batches—only for the instrumen-
tal color, which scored significantly lower in the overripe ham without temperature increase.

In general, despite the reduction in salt, these new processing conditions benefited the
hams, with all of them obtaining very good scores in the sensory panel, with texture not
being affected by increased proteolysis and with a higher content of free amino acids. In
addition, increased proteolysis and NPN will lead to a higher production of peptides with
possible bioactivity.
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