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Abstract 

This paper studies the effect of reduced sodium chloride amounts (3%, 5% and 7%) on 
the quality aspects and safety elements of traditionally salted ham without any nitrates 

and nitrites added, dried and ripened under natural air-drying conditions. The 

physicochemical and textural properties, the degree of proteolysis, the microbiological 

characteristics and sensory profile of dry-cured ham were analysed at different 

production stages. A salting degree above 3% in the manufacture of this traditional dried 

product had a key role in the development of the desired microbiological and sensory 

characteristics in the absence of nitrites. Salting of the pork hams with 5% and 7% 

sodium chloride for 45 days at a temperature of 2±2 °С ensured a salt concentration and 

water activity that would guarantee the product safety with regard to the microbiological 

risks during the subsequent drying and ripening under natural air-drying conditions. The 

Elena ham samples salted with 5% sodium chloride and ripened for a period of 12 

months in natural air-drying chambers were characterized as having the most balanced 
flavor.  

 

Keywords: ham, sensory analysis, texture, proteolytic index, microbiology  

 

Introduction  

In-depth studies of traditional technological processes, their features and the effect 
they have on the quality and safety of meat products are important research topics of 
current relevance related to nutrition and health. Meat products, dried and ripened 

under natural conditions, are among the most authentic and highly valued sustainable 

food products manufactured through the interweaving of experience, science, 

culture, geography and history (Leroy et al., 2015; Mediani et al., 2022).  
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Dry-cured pork hams are considered a typically Mediterranean product, although 
they are also produced outside southern Europe (Zahariev, 2008). Their 

characteristic high salt content results from the technology used. For instance, this 
content is about 6.5% in Iberian ham (Toldrá, 2002; Andrés et al., 2004), 7.7% in 

Bayonna ham (Monin et al., 1997), 6.3 to 7.4% in Istarski Prust Slovenian ham 

(Marušić et al., 2014), and 4.2 – 6.2% in Parma ham (Protected Destination of 
Origin. Prosciutto di Parma). Other types of ham, such as Tuscan ham, Jinhua ham 

and Dalmatinski ham, are characterised by an even higher sodium chloride quantity, 

i.e., 8.3% (Prosciutto Toscano D.O.P.), 8 – 15% (Zhou and Zhao, 2007) and 7.5 – 

9.8% (Marušić et al., 2016), respectively. These high levels of sodium chloride are 
in conflict with the recommendations concerning sodium chloride reduction in foods 

because of its potential to cause hypertension, cardiovascular disease, and stroke 

(WHO, 2012; Grillo et al., 2019; Lucarini et al., 2021). However, the possibilities of 
reducing the salt content in dried meat products are limited from a microbiological 

and sensory perspective (Schivazappa and Virgili, 2020; Fraqueza et al., 2021; 

Muñoz-Rosique et al., 2022; Patarata et al., 2022). The penetration of salt in 2 to 4% 
concentrations into the muscles plays an important technological role both in the 

inhibition of spoilage-causing microbial growth and in the occurrence of controlled 

protein hydrolysis (Candek-Potokar and Skrlep, 2012; Laureati et al., 2014; 

Ockerman and Basu, 2014). The salt content and degree of dehydration in the pork 
hams determines the activity of proteolytic enzymes, thereby contributing greatly to 

the formation of the sensory quality of dry-cured products. This is mainly due to the 

fact that a low salt content may lead to excessive proteolysis, which is considered 
undesirable in the manufacture of dried ham due to the sensory flaws associated with 

it, such as soft consistency and risk of microbial spoilage of the product (Ruiz-

Ramirez et al., 2006; Morales et al., 2007).  

The effect of nitrites/nitrates in the manufacture of dried meat products is mainly 
manifested during the ripening and drying period. Depending on their presence and 
the amounts added, changes in the color and oxidative characteristics of the meat 

proteins (Feng et al., 2016) and lipids (Zanardi et al., 2004; Berardo et al., 2016) are 

observed during this period, along with selection of the microbial species 

contributing to the formation of the quality and safety of these products (Hospital et 
al., 2015). 

This paper presents a study of the effect of reduced sodium chloride amounts on the 
quality aspects and safety elements of traditionally salted ham without any nitrates 

or nitrites added, ripened and dried under natural air-drying conditions. 

 

Materials and methods 

Raw and processed materials 

The analyses were conducted using Elena ham, a meat product traditional for the 
Elena region of the Balkan Mountains (Bulgaria) and made from pork hind leg, 

according to a technology schematically presented in Figure 1. 
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Figure 1. Diagram of the main technological steps in the manufacture of dry-cured Elena 

ham and stages of sample taking for analysis. 

 

Ten pork hams obtained from pigs slaughtered at 12 months of age were used for the 
experiment. After the cooling period (24 hours at 4°C), the pork hind legs were 

separated through a cut between the last lumbar vertebra and the first sacral vertebra 

and a cut through the tarsometatarsal joint. The shaped hams averaged 10.673 ± 

0.094 kg. The raw hams were salted with sodium chloride (Figure 1), in 3% and 5% 
concentrations, respectively, relative to the ham weight, and control samples were 

prepared in parallel using the traditionally applied concentration of 7% salt. The 

salting was carried out in chambers at a temperature of 2 ± 2°C and relative air 
humidity of 80 – 90% for a period of 45 days. After salting, the hams were cleaned 

of the excess salt mixture, washed with water, drained and hung for ripening and 
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drying in natural drying chambers in the specific Balkan climate of the town of 

Elena. This took place at the end of March, when the local climate is characterised 

by cool and dry air and average daily temperatures ranging from 2 – 5°C to 10 – 
12°C. To carry out the research, samples were taken from the raw hams during 

shaping (R), after the end of salting (S), after 1 month of drying and ripening (1M), 

after 6 months of drying and ripening (6M) and after 12 months of drying and 
ripening (12M).  

For the physicochemical analyses, two laboratory samples were prepared from each 
ham: from the outer surface and from the inside of the hams. The samples were 

transported to the laboratories of the UFT in Plovdiv, Bulgaria, in vacuum packaging 

and under refrigerated conditions (< 4°C), then analyzed directly or frozen (- 8°C) 
until the day of analysis, but for no more than one week. 

 

Methods of analysis 

Physical-chemical analysis  

The moisture content was determined by drying the sample at 104 ± 1°C to constant 
weight using a KERN MLS-A moisture analyzer (Kern & Sohn GmbH, Germany). 

The pH value was measured in an aqueous extract of the product (1:9 w/v) using an 
MS 2004 pH meter (Microsyst, Bulgaria). The LabSwift-aw system (Novasina AG, 

Switzerland) was used for determination of the water activity, and the sodium 

chloride content was measured through determination of the chloride ion 
concentration by titration, or Mohr’s Method. 

The proteolytic index was determined as the percentage of the N-terminal α-amino 
groups (Moore and Stein, 1954), corresponding to the peptides and amino acids, in 

respect to the total protein content, established using the Lowry method (Lowry et 

al., 1951). 

Texture analysis 

The texture profile analysis (TPA) of the finished product was performed using a 
TA-XT Plus texture analyzer (Stable Micro Systems, Surrey, GB), following the 

method described by Bourne et al. (1978), with some modifications (Mitreva et al., 
2019). The TPA components have been presented as follows: hardness, elasticity, 

adhesiveness, cohesiveness and chewiness.  

Microbiological analysis  

The samples were prepared for the microbiological studies according to ISO 6887. 
The following values were determined: the total number of mesophilic aerobic and 

facultative anaerobic microorganisms according to ISO 4833; the number of 

coliforms through inoculations in a 1 cm3 quantity of ten-fold dilutions on HiChrome 
Coliform Agar w/SLS (HiMedia), incubated at 37°C and 44°C for 48 hours: a 

method validated according to ISO 7251; lactic acid bacteria (LAB) according to 

ISO 15214, on MRS agar; enterococci through inoculations in a 1 cm3 quantity of 
pre-made ten-fold dilutions on Bile Aesculin Azide agar (HiMedia) after 48 h at 

30°C; quantification of staphylococci (non-pathogenic and pathogenic) and 

micrococci through inoculations in a 1 cm3 quantity of pre-made ten-fold dilutions 
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on Manitol salt agar (HiMedia) at 30°C for 48 h; and moulds and yeasts through 

surface inoculations on a selective medium for moulds and yeasts cultivated at 20°C 

for 3/7 days; Salmonella spp. and Listeria monocytogenes according to ISO 6579 
and ISO 11290-1. 

Sensory analysis  

The sensory analysis was carried out after the 6th and the 12th month of the drying 
and ripening of the Elena ham according to the methodology described below. The 

evaluation was carried out by a nine-member tasting panel including experts in the 

field of meat. The main evaluation indicators were divided into 4 categories: 1. 

appearance and cut surface; 2. color and color stability 3. consistency; 4. smell and 
taste. The product was given points from 1 to 5, the maximum score for each criterion 

being 5. Depending on the criterion, the score was multiplied by a weighting factor: 

×1 for appearance and cut surface; ×3 for color and color stability; ×2 for consistency; 

×4 for smell and taste. The reduction in the score for a given indicator was decided 

based on the common flaws for this group of meat products indicated in the tasting 
sheet (Table 1). 

 

Table 1. Sensory Evaluation Sheet including sensory flaws most often observed in dry-cured 

Elena ham. 

Sensory Attribute  Sensory Flaws 

Appearance and  

Cut Surface 

Appearance - atypical shape, fat and skin thickness over 3 

cm, undesirable mould, other atypical surface deposits, non-

uniform surface colouration, external greying, 

uncharacteristic colouration, pink colouration of the fat, 

yellow colouration of the fat, fatty surface, dark red colour 

of the meat, low marbling, high marbling, cracks and 

ruptures on the surface, other flaws 
Cut surface - too compact outer layer, too hard surface, too 

soft surface, low marbling, high marbling, oily surface, 

muscle surface gloss, other flaws 

Colour and Colour 

Stability 

Pale colouration, too dark red colour, uneven colouration, 

grey-green colouration, reddish adipose tissue, yellowish 

adipose tissue, rapid discolouration of the cut surface, 
iridescent areas, blood spots, other flaws 

Consistency Too soft, too hard, too dry, too wet, too greasy, hard to 

chew, tough, pasty, lack of juiciness, gritty, crumbly, other 

Smell and Taste 

Smell - absence of ripe meat smell, faint ripe smell, stale 
smell, rotten ammonia smell, rancid smell, mouldy smell, 

uncharacteristic smell 

Taste - too salty, too sweet, atypical of the product, very 

intense taste, tasteless, sour, bitter, rancid, greasy, metallic, 

buttery, fishy, soapy, other smell and taste flaws 

 

The minimum score required to cover the minimum criteria for each of the evaluated 
categories was 3. The sums of the multiplied scores for the individual indicators were 
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divided by 10. The value obtained in this way represented the overall sensory score 

of the product tested. 

Statistical analysis  

The data obtained were statistically processed using the Statgrafics XVI software. A 
two-factor analysis of variance was applied for evaluation of the effect of the sodium 

chloride concentration used (Factor 1) and the manufacturing stage (Factor 2) of the 
Elena ham samples studied. The calculations for both experiments were performed 

at a confidence level of α = 0.05. Duncan's multiple range test was used to compare 

the sample means. The analyses were performed in 5-fold replicates. Statistically 

significant differences between the mean values were found at probability lower than 
0.05. 

 

Results and discussion 

Changes in the physical-chemical parameters and proteolytic index 

The mean values for the moisture of Elena ham after the 6th month, when it was 
considered ready for consumption, were 54.52% for the samples with 3% salting, 
52.01% for 5%, and 51.11% for 7%, respectively (Table 2). With the extension of 

the period of ripening under natural air-drying conditions, the moisture content 

continued to decrease, reaching values below 50% in the finished products after the 

12th month. Such moisture values have been reported for most Spanish hams (Pérez-
Santaescolástica et al., 2018) obtained over a similar period of manufacture, as well 

as for the traditional Croatian Istrian ham (Marušić et al., 2014), produced without 

skin but with an even layer of fatty tissue on the surface. 

A statistically significant increase in the pH values of the hams compared to the 

initial pH of the raw ham (R) (5.78) was observed after the 6th month of ripening and 
drying, a trend that was maintained with the extension of the manufacturing process 

(up to the 12th month) (Table 2). The highest pH values were measured after the 12th 

month of ripening in the samples salted with 3% sodium chloride (6.09 ± 0.02) for 
the external sample), these values being on average 0.31 units higher than the initial 

pH value regardless of the long production period. The reasons for the different rate 

of the pH changes in the inside and on the surface part of the ham could be seen in 

the different degree of salt penetration and the moisture release process which affect 
both the proteolytic activity and the conditions for microbial growth. Evidence of 

this can also be found in the changes in the proteolytic index of the samples (Table 

2) and the results of the microbiological studies (Table 4). 

The water activity showed a most significant decrease after the end of salting, from 

0.974 to 0.928, respectively, for the samples with the highest percentage of salt used 
(Table 2).  
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To prevent the growth of psychrotrophic pathogens, such as the non-proteolytic 
strains of Clostridium botulinum inside the meat, the temperature during salting 

should be below 5°C; in addition, the salting process must also be sufficient in order 
to ensure water activity below 0.96 (Cassens, 1994; Hospital et al., 2016). These 

critical water activity values were reached for all samples as early as the 45th day of 

salting, except for the 3%S samples from the inside of the hams. 

A considerable increase in the proteolytic index (PI) compared to the mean value in 

the raw pork hams (1.42 ± 0.56) was already observed during the salting process. 
This increase was strongly influenced by the degree of salting of the samples, those 

salted with 3% (w/w) sodium chloride showing the highest PI value (Table 2). This 

faster growth trend was maintained throughout the period studied. In contrast, the 
samples prepared with 7% (w/w) sodium chloride demonstrated the lowest 

proteolytic index values, which could have been due to the inhibited progress of the 

proteolytic reactions initiated by both the tissue proteases and, possibly, the bacterial 

enzymes. Harkouss et al. (2012; 2014) regarded salt content above 4% and moisture 
content below 50% as such inhibiting conditions. 

Changes in the texture profile 

The hardness, chewing force and adhesiveness of the Elena ham samples were 
significantly affected by the processing stage (p < 0.05), (Table 3). These changes 

were directly related to the changes in the moisture content and the changes in the 

protein fraction (Monin et al., 1997), and corresponded well to the results obtained 
by Lorenzo and Purrinos (2013) on changes in the textural parameters of Lacón dry-

cured shoulders. Until the 6th month of ripening and drying, the cohesiveness values 

for Elena ham did not show statistically significant differences (p > 0.05); however, 

cohesiveness increased after this period, albeit slightly, but to a statistically 
significant level (p < 0.05) (Table 3). A probable reason for this increase in 

cohesiveness was both the compaction of the meat structure due to the more 

significant degree of dehydration in the samples and the deeper protein changes in 
them, as also indicated by the data obtained on the proteolytic index after the 6th and 

the 12th month of drying and ripening. The loss of moisture during the production 

process contributes to an increase in hardness, which, when adhesiveness decreases, 

leads to the improved cutting of the samples (Pérez-Santaescolástica et al., 2018). 
Such a decrease in adhesiveness along with an increase in hardness that improved 

the slicing of the Elena ham was observed in the 12-month samples. 

As regards the degree of salting, lower and statistically significant hardness values 
were measured, along with higher values for the adhesiveness, cohesiveness and 

chewiness of the samples made with 3% (w/w) sodium chloride compared to the 
other hams. The results obtained also explained the lower scores for the consistency 

indicator given to these samples during the sensory analysis (Figure 2). 
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Table 3. Changes in the texture characteristics of dry-cured Elena ham depending on the 
degree of salting (3%, 5% and 7% (w/w)) and during its production stage: after shaping (R), 

after the end of salting (S), after 1 month of drying and ripening (1M), after 6 months of 

drying and ripening (6M), and after 12 months of drying and ripening (12M) under natural 

air-drying conditions. 
 

Hardness,  

N 

Elasticity, 

% 

Chewiness, 

N 

Adhesiveness, 

N.mm 

Cohesiveness, 

- 

R 8.04±0.13 a 0.53±0.0 a 2.95± 0.11 a -0.69±0.09 а 0.64±0.02 а 
3%S 30.00±2.73 b,x 0.51±0.05 а,x 9.69±4.58 b,x -1.53±0.55 b,x 0.64±0.01 a,x 
5%S 42.25±2.22 b,y 0.60±0.04 а,x 16.37±2.21 b,y -0.95±0.32 а,xy 0.68±0.02 a,x 
7%S 48.40±0.96 b,z 0.52±0.04 a,x 17.44±0.44 b,y -0.88±0.03 b,y 0.70±0.06а,x 

3%1M 41.40±4.43 c,x 0.50±0.03 а,x 15.47±2.55bc,x -2.05±0.55b, x 0.68±0.03 a,x 
5%1M 58.20±4.38 c,y 0.56±0.02 а,x 20.75±4.73b,xy -1.68±0.22 b,x 0.65±0.02 a,x 
7%1M 69.03±1.99 c,z 0.55±0.02 a,x 23.62±2.00 c,y -1.86±0.50 c,x 0.62± 0.04 а,x 

3%6M 49.66±1.86 d,x 0.56±0.03 а,x 19.90±3.42 c,x -2.37±0.62 b,x 0.78±0.02 b,x 
5%6M 65.25±1.19 d,y 0.55±0.02 а,x 20.83±1.20 b,x -1.50±0.40 b,x 0.64±0.02 a,y 
7%6M 76.88±4.14 d,z 0.62±0.02 а,y 30.54±3.95 d,y -1.27±0.67 b,x 0.67±0.02 a,y 

3%12M 87.90±6.27 e,x 0.57±0.03 а,x 41.19±4.95 d,х -1.90±0.20 b,x 0.88±0.02 c,y 
5%12M 100.35±4.30e,y 0.61±0.02 а,x 48.15±2.52 c,x -0.95±0.45b,y 0.72±0.03 b,x 
7%12M 118.50±9.18e,z 0.58±0.02 а,x 57.35±5.50 e,y -0.98±0.09 b,y 0.75±0.01 b,x 

The results obtained have been presented as mean values (n = 5); *The values in the rows bearing 

different superscripts showed statistically significant differences (p < 0.05, Duncan’s test): x, y, z in 
relation to the salt concentration, and a, b, c, d, e in relation to the production stage. 

 

Changes in the microbiological characteristics  
With the salt penetration and the progress of dehydration, a characteristic microbiota 

was selected in the Elena ham, mainly dominated by salt-tolerant and xerophilic 

species such as micrococci and staphylococci and a certain amount of lactic acid 
bacteria (Table 4). This is consistent with the microbiological features of dry-cured 

ham reviewed by Wang (2008). Staphylococci, micrococci and molds are the most 

often isolated microbial species from dry-cured hams, and these dominant species 
are considered to largely define the microbial community and influence the flavor 

and quality of the ham (Chen et al., 2021). Even during salting, the total number of 

bacteria increased significantly (p < 0.05), and apart from an increase in micrococci 
and staphylococci, a significant increase in the number of enterococci, yeasts and the 

coliforms cultivated at 37°C was observed (Table 4). Interaction of salt penetration 

and concentration, pH and aw decline of hams as well as temperatures of process lead 

to a similar behavior of microbial groups increasing their numbers along the first 
stages of process and then decreasing during the last stages (Reynolds et al., 2001, 

Martínez-Onandi et al., 2019). In the least salted sample, the quantitative changes in 

the microflora differed considerably. They demonstrated a sharp increase in the 
microbial load, the qualitative composition of which differed from that found in the 

5%S and 7%S samples.  
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The amounts of coliforms and enterococci reported for the 3%S sample were 

statistically significantly higher compared to the other two samples, and the growth 

rate of staphylococci and micrococci was lower (p < 0.05), (Table 4). These results 
corresponded to the finding of Blesa et al. (2008) that with lower salted hams, a 

longer time after salting is needed to reach water activity values that leading to a 

decrease in microbial counts. 
From the group of lactose-positive bacteria, E. coli was the dominant microbial 

species that survived well during the salting period. The decrease in their number 

was only observed 6 months after the drying and ripening of the Elena ham  

The number of enteropathogenic coliforms (incubated at 44°C) in the samples with 
a higher degree of salting remained approximately constant until the 6th month of 

drying and ripening, after which it began to decrease, whereas in the samples with 

3% salt, the coliforms and E.coli incubated at 44°C increased their numbers, albeit 
slightly, during salting and were subsequently detected even during the 12th month 

of drying and ripening (Table 4). Salmonella bacteria and L. monocytogenes in 25 g 

of the finished product were not detected in any of the Elena ham samples examined. 
It is interesting to note the more significant increase in the lactic acid population in 

the period of drying and ripening of the Elena ham, with the highest values of about 

4 logarithmic units measured in the sixth month. Subsequently, the number of lactic 

acid bacteria decreased to values of 2.75, 3.00 and 3.03 log CFU/g, respectively, in 
samples 3%12M, 5%12M and 7%12M (Table 4). In fact, the number of lactic acid 

bacteria already began to increase at the stage of salting. Their greater number during 

the first month of drying and ripening (1M) could mainly be attributed to the 
placement of the hams in the natural drying chambers where they probably formed 

part of the natural production microflora. Their lower participation, however, in the 

general microbiological picture of the samples could have been related to the salt 

concentration and the dehydration, which did not provide a microbiological niche 
for their more significant growth. 

Sensory analysis  

Extending the ripening from 6 to 12 months under natural air-drying conditions 
resulted in higher and statistically discernible smell and taste scores for the samples 

salted with 5% and 7% salt (w/w) compared to those obtained during the 6th month. 

In contrast, the samples with 3% (w/w) salting demonstrated a decrease in these 
values with the extension of the ripening up to the 12th month. The main flaws that 

led to a lower score were bitterer and less salty taste reported for these samples. In 

the 7%12M samples, the reason for their slightly lower scores compared to 5%12M 

was the saltier taste and slightly rancid smell. The Elena ham samples prepared with 
5% salt and aged for 12 months in natural drying chambers were characterised as the 

most balanced ones in terms of smell and taste (Figure 2). A softer and paste-like 

consistency was reported for the 3%6M samples, leading to their significantly lower 
scores. The improvement in the consistency scores for the 7%12M samples 

compared to the 7%6M samples, despite their lower moisture content, indicated that 

the proteolytic activity in the dry-cured Elena ham was preserved even after 6 months 
of ripening in the natural drying chambers.  
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After the 6th month of ripening, the following flaws in the colour of the dry-cured 

Elena ham were observed: in the 3% salted samples, the colour was too pale, with 

iridescence, and in the 7% salted samples, it was too dark and uneven, with grey-
brown areas and yellow colouration of the adipose tissue. In contrast, the samples 

salted with 5% sodium chloride again received the highest and statistically 

discernible score for this indicator (p = 0.003). 
On the basis of the comparison of the scores obtained for their overall sensory 

quality, the Elena ham samples could be arranged in the following order: 5%12M > 

7%12M > 5%6M > 7%6M > 3%6M > 3%12M. 

 

 
Figure 2. Sensory evaluation of Elena ham samples with different degree of salting (3%, 5% 

and 7% (w/w)) after 6 months of drying and ripening (6M), and after 12 months of drying 

and ripening (12M) under natural air-drying conditions  

 

Conclusions 

In summary, none of the sodium chloride concentrations used in the experiments was 
found to lead to significant inhibition of the proteolytic activity of the tissues, 

considering the increasing proteolytic index and pH values until the end of the drying 
and ripening period studied. A degree of salting above 3% in the manufacture of this 

traditional dry-cured product played a key role in the development of its desired 

microbiological characteristics. This is essential due to the absence of nitrites or 

nitrates in the salting mixture. The complex analysis of the results obtained showed 
that the use of 5% (w/w) sodium chloride for salting the pork hams presented a 

scientifically based possibility of avoiding the use of high salt concentrations in the 

traditional production of dry-cured ham delicacies with a view to improving the 
health profile of this group of meat products. 
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