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INTRODUCTION

Cured ham is a high-value product that is strongly associated 
with Mediterranean European countries, where it represents an 
important source of income. In fact, Spain produces more than 40 
million hams annually. The ham healing process requires a long 
time, resulting in a high production cost in comparison with the 
wholesale of pig carcasses; however, the curing process length is 
necessary in order to achieve the desired characteristics of a good 
quality ham [4,8,10,16,24,29]. Noncommunicable Diseases (NCD), 
such as cardiovascular diseases, have been associated with diets rich 
in sodium (Na). At present, according to the orientation of the World  

 
Health Organization (WHO) on the consumption of Na for adults 
[11,28,34], it is strongly recommended to consume a maximum 
of 2g of sodium per day, equivalent to 5g of sodium chloride 
(table salt) / day. Nonetheless, the daily intake of Na in many 
industrialized countries (typically consumed as NaCl) exceeds 
these recommendations [2,34], with cured meats that are in some 
cases more than 20% of the total amount of Na in the diet [15,20].

In order to reduce NaCl content in foodstuffs, other salts such as 
potassium chloride (KCl), calcium chloride (CaCl2) and magnesium 
chloride (MgCl2) have been used as alternatives [2,4,5]. In the 
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results of a study of dressing, Aliño et al. [3] observed significant 
changes in the pattern of salting depending on the type of salts, the 
presence of KCl decreased water loss, while CaCl2 and MgCl2 had 
the opposite effect. However, the replacement of up to 50% of NaCl 
with KCl did not have a significant effect in the kinetics of salting 
with respect to the control group.

Sodium chloride is widely used in food production, due not only 
to the desirable organoleptic changes associated with the addition 
of NaCl, but also to its antimicrobial activity, since it acts as a food 
preservative [28]. The organoleptic changes are related to the 
role played by the NaCl in enzymatic reactions as the proteolysis, 
lipolysis, and oxidation, while the preservation is linked to the 
reduction of the water activity (aw) in the food product [8]. 
These results demonstrate a positive perspective, for the partial 
replacement of Na. Despite the beneficial effects of NaCl, there have 
been a number of measures to reduce Na in human diets. The high 
consumption of Na has been associated with conditions such as 
cardiovascular disease and hypertension, also exposing individuals 
to an increased risk of stroke [28,30].

The pH provides information on the qualitative properties of 
the flesh, being quick and relatively easy to implement. In addition, 
it has a direct or indirect influence on the color, tenderness, flavor, 
water holding capacity and the shelf life of the meat so that, to a 
certain extent, it also influences the sensory characteristics and 
the fitness for the processing of meat [6,17,20]. The objective 
of this study was to evaluate the feasibility of producing high 
value ham, working with small pig producers and using lower Na 
concentrations, in order to produce a healthier product and to 
diversify the sources of income for farmers.

MATERIAL AND METHODS

Sample Size and Unit Analysis

This is a prospective technical feasibility study. Sample size 
was determined considering Na concentration, since it is the most 
important public health parameter in this study. A minimum of 5 
legs per group are necessary to detect a difference of 10 and 8% 
Na in ham, with 80% power and 95% confidence, for a one-tailed 
statistical test [14,27,31]. The pigs were raised in the Linares 
province (latitude-36.1431084 and longitude-71.8260498), Chile. 
These animals were hybrids (Duroc with commercial line); they 
were raised under a mixed system based on pastures and finished 
with grains. The animals were maintained, until they reached a final 
live weight of 110kg. They were then sent to a slaughterhouse, and 
the carcasses were inspected in accordance with Chilean law. For 
the test, one leg of each animal used for treatment A (left) and B 
(right) was taken.

Cured Ham Elaboration Process

Ten legs of the five slaughtered pigs were subjected to a dry 
curing process based on the method of the Spanish Ministry of 
Agriculture Fisheries and Food [25] for the development of serrano 
ham using two different curing treatments. The left legs (average 
weight 10.28 ± 0.46kg) were treated with NaCl 100% (Treatment), 
while the right legs (average weight 10.28 ± 0.69kg) were treated 
with a NaCl / KCl (75% and 25%) mixture.

Briefly, the production of cured ham was carried out in four 
stages (salting, post-salting, drying and ripening). First, during 
the salting, the ham was covered with salt for 1.5 days kg-1 of 
weight and stored at 3 °C [9]. Secondly, during the post-salting, 
the salt retreated, and the ham was washed and dried. While 

drying, following a sequence of gradual and progressive increase 
in temperature and exposure time, the ham was stored at 3 °C for 
95 days. For a uniform preparation, a drying and ripening platform 
was used, which aimed to contain the hams hanging and protected 
from the insects, so that they could reach the required ambient 
temperature of 20 to 30 °C [18]. Finally, during the maturation 
stages, the ham was stored on shelves at room temperature for 280 
days.

pH Evaluation

We performed pH (Hanna Instruments® model 4467, HI 9025, 
Canton, Massachusetts, EE.UU.) measurements at the end of the 
curing process for all samples. All analyses were performed in 
duplicate.

Na and K Measurements

The final Na and K concentrations were assessed by atomic 
absorption spectroscopy (AAS) (Tja Solutions® AA spectrometer, 
Model Solaar 969mk II, Cambridge, Inglaterra), according to the 
method AOAC 985.35. PRT-711.02.012 [21].

Statistical Analysis 

To analyze normality condition of the data we used Shapiro-
Wilks normality test. For descriptive statistic we used means and 
S.D. for the pH, Na and K concentration. Data does not have normal 
distribution, then to analyze the difference between medians of pH, 
Na and K concentration for treatments A and B, we used Kruskall-
Wallis test with a 95% confidence level. In addition, the Pearson 
correlation coefficients were tested between pH, Na, and K with a 
90% confidence level.

RESULTS AND DISCUSSION

There was a lower Na content in treatment B (8.74 ± 1.156 % 
of Na) (p < 0,05), and a higher amount in K for the same group in 
relation to the treatment (11.11 ± 1.467 % of Na) (p < 0,05) that 
was salted with 100% sodium chloride (Figure 1). According to 
Armenteros [8] and Toldra [32], treatment B is within the expected 
range for raw ham with its Na values. With regard to pork values, 
the Na/K relationship is inverse to that found in treatments A and 
B, as Na is lower (0.50 ± 0.068) (p < 0,05) and K is greater (0.98 ± 
0.146) (p < 0.05). 

The greatest amount of Na in artisanal hams (treatment A and 
B), with respect to the recommended values, is due to the high time 
of salt used in this work in the development of raw hams (1.5 days 
per kg body weight) [7,8,33]. As expected, the hams salted with a 
mixture of NaCl and KCl (treatment B) showed an increase in the 
content of the ion K+, which increased substantially with regard to 
the concentration of KCl added to the mixture of salts.

Several strategies have been proposed to reduce NaCl without 
much alteration in the curing process. Studies have shown that the 
partial replacement of NaCl by other chloride salts, for example KCl, 
CaCl2 and MgCl2, could be one of the best alternatives to reduce the 
sodium content in meat products. The correlation between Na and 
K was only important (r = 0.8; p=0.10) in treatment B, showing K 
was retained in the ham as well as Na. The increase of K content in 
the food is healthy according the WHO recommendation [3,8,13,24].

As has been previously described in the literature, in order to 
avoid an excessive dehydration of the flesh, during half of the drying 
and maturation process, a thin layer of butter was applied onto the 
product and was maintained until the end of the production process 
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[2,4,5]. Dehydration during the four steps of the process was 
8.5% to 21.5% for salting and 33.3% for post-salting, drying, and 
maturation. All production stages showed patterns of dehydration 
that were clearly distinguishable from one other. These patterns 
could be used as an alternative method to determine the start and 

end of each of the four steps in the production process of cured ham 
for artisanal producers, who may not have the technology available 
to completely control the environmental conditions and humidity 
due to economic constraints.

Figure 1: Comparison between the percentage of Na and K content in artisanal cured ham (treatments A and B) 
at the end of the curing process.

Figure 2: Comparison of pH values between artisanal cured ham (treatments A and B) at the end of the curing 
process.

The final pH value of the ham for treatment A and B was 5.36 
± 0.064 and 5.48 ± 0.101, respectively, and this difference was not 
significant (p > 0.05) (Figure 2). These values are appropriate for 
the ham’s chemical characteristics [19,23]. The rate and extent of 
decrease in the pH after the slaughter of the animals is determined 
by the formation of lactic acid in the muscle. This is conditioned by 
the nature and condition of the muscle at the time that the flow of 
blood stops, although the changes taking place in the muscle after 
slaughter have their origin during the processes of desensitization. 
This decrease in pH has an influence on the organoleptic properties 
and hygienic meat, as well as on their aptitude for technological 
transformation, and are conditioned by genetic factors and by the 
stress produced in the animals before and during slaughter [1,8,22].

Therefore, meat product manufacturers are in a constant 
search for alternatives to salting techniques that are faster and 

more efficient, allowing a homogeneous distribution of salt in the 
meat, reducing the processing time and improving the final quality 
[12,26].

CONCLUSION

The inclusion of KCl in artisanal curated ham produces a 
decrease in Na and an increase in K. The replacement of NaCl with 
KCl in the ham curated process was not alter the final product 
and the pH with the inclusion of KCl. Thus, this modification has 
potential use in the food industry. For posterior work, we propose 
reducing the salted time using KCl to increase the reduction of the 
Na final content. 
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