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1.  Introduction

Sodium chloride is an ingredient used in processed meat products 
for its role in technological, microbiological, and sensory quality. 
This component helps to enhance the fl avor of the product by exerting 
a prooxidant effect on meat lipids, and the formation of the salty 
taste is mainly caused by negatively charged Cl- ions that present in 
the salt molecules. Besides, by binding the water that can be used 
by microorganisms, it acts as an obstacle against the development of 
undesired microbial flora. The interaction of NaCl with the side 
chains of actin and myosin also improves the textural properties 
of the product [1]. Despite being a significant ingredient in 
the  production  of dry-cured meat products, the salt ratio in 
such products can reach to high levels due to the dehydration 

phenomenon.  For this reason, these products lead to an increase in 
the consumer’s total salt intake [2].

Pastırma, which is a Turkish traditional dry-cured meat product 
obtained by processing of meats from beef and buffalo carcasses, has 
been produced in many countries located in Europe and Middle East 
region [3]. In the production of pastırma, 5% NaCl is generally used, 
however, high salt levels such as 8%-10% can also be seen in the 
traditional pastırma production [4]. Besides, the permitted salt level in 
the Meat and Meat Products Communiqué of Turkish Food Codex is 
10% by mass for pastırma [5]. 

Dry-cured meat products including pastırma are the signifi cant 
sources of NaCl, and the higher levels of sodium (Na+) intake are 
correlated with cardiovascular disorders, including hypertension, 
and sodium chloride’s average daily intake level is recommended 
by health authorities to not exceed 6 g/day [6]. In order to decrease 
Na+ content in dry-cured meat products, different approaches 
have been implemented in the meat industry including the use of 
different chloride salts [7-9], amino acids (L-lysine and L-histidine) 
[10,11]. 
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It is known that the strategies applied to reduce the sodium 
content of dry-cured meat products affect the proteolytic and lipolytic 
character of the product. As a matter of fact, phospholipase activity 
and autoxidation values related to the lipolysis phenomenon occurring 
in the product [12] and total free amino acid content, proteolysis 
index, and Cathepsin B + L enzymes related to the proteolysis 
phenomenon of the product are significantly affected by the change in 
the curing process [10]. The change in curing mixture to obtain low-
sodium dry-cured meat product strongly affects the odor intensity and 
flavor properties of the dry-cured meat product because of the changes 
in proteolytic and lipolytic character [11-14]. However, despite the 
importance of lipolytic and proteolytic changes in the formation of 
volatile compounds; the volatile component profile of the product 
was not examined in the studies conducted to reduce the sodium 
content of pastırma [15-17] and was not addressed with an integrated 
approach with other technological parameters. Therefore, the aim of 
the present study was to investigate the effects of sodium, potassium, 
calcium, and magnesium chloride salts on the lipolytic and proteolytic 
enzymes, volatile profile, microbial populations, and its chemical, 
physico-chemical, and sensory properties.

2.  Material and methods

2.1 Pastırma production

M. Longissimus thoracis et lumborum muscles (24 h post-
mortem) obtained from three different beef carcasses were used in 
pastırma production. Each muscle was vertically divided into two 
parts of equal weight, and four pieces of muscles were obtained from 
each carcass. One of the four pieces was used as the control group and 
the other three pieces were treated with curing mixtures containing 
different levels of chloride salts. Pastırma production was carried 
out according to the traditional method applied by the Erzurum 

Meat and Milk Institution (Fig. 1). In this method, excessive fat and 
connective tissue were removed from the surface of the muscles, 
and incisions were made at a 45° angle by using a knife. Next, the 
muscles were dry-cured using a 10% salt/salt mixture (control: 100% 
NaCl; treatment I: 50% NaCl + 50% KCl; treatment II: 40% NaCl +  
40% KCl + 20% CaCl2; treatment III: 30% NaCl + 40% KCl + 
20% CaCl2 + 10% MgCl2) by weight, 0.2% saccharose, 150 mg/kg 
KNO3, and 100 mg/kg NaNO2. The curing stage was conducted for 
33 h at 8-10 °C. After curing, the meat pieces were washed with tap 
water to remove excessive salt. Then, the meat pieces were dried for 
9 days under environmental conditions (min 8 °C-max 19 °C) (I. 
drying stage). After the first drying stage, meat pieces were pressed at  
8-10 °C for 48 h using 10 kg of weight per kg of meat (I. Pressing). Then, 
the II. drying stage was applied for 7 days  (min 8 °C-max 20 °C).  
The relatively dry meat pieces were then subjected to II. pressing 
process at 8-10 °C for 24 h. III. drying stage was applied for 6 days 
under environmental conditions at temperatures of 8-17 °C. After 
that, the dried pieces were placed in a paste mixture (çemen) for 24 h 
and then, covered with çemen at 2-3 mm thickness. Çemen is a high-
viscosity coating paste applied to the surface of pastırma to provide 
a special appearance, color, texture, taste, aroma, and flavor [3]. 
The çemen mixture in the study was as follows: 800 mL tap water,  
200 g paprika, 100 g garlic and 500 g flour obtained from Trigonella 
foenum graecum seed. The pieces covered with çemen paste were 
then subjected to final drying (last drying stage) for 4 days between 
8-17 °C. Experimental pastırma samples were produced with three 
replicates according to the traditional method. 

2.2 Sampling

For characterization of proximate composition and pH values 
of raw material, meat samples were taken from each muscle before 
production. Other stated analyses were performed on the final product.  
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Fig. 1 Pastırma production according to the traditional method.
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2.3 Microbiological analysis

Enumeration of lactic acid bacteria and Enterobacteriaceae were 
carried out using De Man ROGOSA Sharpe Agar (MRS, Merck) and 
Violet Red Bile Dextrose Agar (VRBD-Agar, Merck), respectively, 
at 30 °C for 48 h under anaerobic conditions. Micrococcus/
Staphylococcus and mold-yeast counts were determined under aerobic 
conditions using Mannitol Salt Phenol-Red Agar (MSA, Merck) at 
30 °C for 48 h for Micrococcus/Staphylococcus and Rose Bengal 
Chloramphenicol Agar (RBC-Agar, Merck) at 25 °C for 3-5 days for 
mold-yeast.

2.4 Physical and chemical analysis

2.4.1 Proximate composition and physicochemical analysis

The amounts of moisture, crude protein, fat, and ash of the raw 
material were determined according to AOAC [18]. Water activity  
(aw) and pH of the pastırma samples was measured using Novasina, 
TH-500 aw Sprint equipment and pH-meter (ATI ORION 420, MA 
02129, USA), respectively. TBARS analysis was carried out with 
a spectrophotometric (Aquamate Thermo Electron Corporation, 
England) method as stated by Lemon [19]. Non-protein nitrogenous 
matter (NPN-M) was titrimetrically calculated according to 
procedure offered by Anonymous [20]. The amount of free 
fatty acids was measured as described by Wang [21]. The color 
intensity of the samples was measured on sliced samples (1.5 mm 
thickness) using a colorimeter (Minolta, CR-200, Minolta Co, Osaka, 
Japan) according to criteria stated by International Commission on 
Illumination (CIELAB, Commision Internationele de I’E Clairage). 
Residual nitrite analysis was performed according to a method stated 
by Tauchman [22]. 

2.4.2 Determination of Cathepsin B, B + L, and H enzymes 
activities

Catepsin B, B + L, and H enzymes activities were fluorometrically 
(Perkin Elmer) determined as stated by Toldrá & Etherington, [23] 
using 2.5 g of grounded pastırma sample.  Cathepsin B (EC 3.4.22.1.) 
and B + L (EC 3.4.22.15) activity were measured at pH 6.0 using  
0.05 mmol/L N-CBZ-Arg-Arg-AMC and 0.05 mmol/L N-CBZ-Phe-
Arg-AMC substrates, respectively. For the cathepsin H (EC 3.4.22.16) 
assay, measurement was done at pH 6.8 using L-Arg-AMC as 
substrate. One unit of enzyme activity (U) was defined as the amount 
of enzyme which hydrolyses 1 μmol of substrate per min at 37 °C.

2.4.3 Determination of acid lipase, neutral lipase, and 
phospholipase activities

Acid lipase, neutral lipase and phospholipase activities were 
fluorometrically (Perkin Elmer) determined according to a method 
stated by Motilva, Toldra & Flores [24]. Enzyme activities were 
determined fluorometrically using 0.92 mmol/L 4-methlyumbelliferyl 
oleate (Sigma Aldrich) as substrate at pH 5.0. For the reaction buffer, 
0.2 mol/L disodium phosphate, 0.1 mol/L citric acid, 0.5 mg/mL 
Triton X-100, 0.8 mg/mL of bovine serum albumin (BSA) (pH 5) 
were used for acid lipase. In addition to the reaction buffer of acid 

lipase, 150 mmol/L FNa was additionally used in the reaction buffer 
for phospholipase analysis. A reaction buffer for neutral lipase was 
prepared using 0.22 mol/L Tris-HCl containing 5 mg/mL bovine 
serum albumin at pH 7.5. 

Because of an autohydrolysis detected in 4-methlyumbelliferyl 
oleate at pH 7.5 in the analysis of neutral lipase, some modifications 
were made. Before running the neutral lipase analysis in well-plate, 
four different wells were filled with a reaction buffer and substrate 
without enzyme extract, and these four wells were used as blank 
testing. After completing the neutral lipase analysis, the mean value 
obtained in the blank test was subtracted from the results obtained in 
the neutral lipase analysis, and net fluorescence values were detected for 
neutral lipase. One unit of enzyme activity (U) was defined as the amount 
of enzyme which hydrolyses 1 μmol of substrate per hour at 37 °C.

2.4.4 Determination of mineral matters

Minced pastırma samples that were dried at 100-102 °C were 
crushed into powder with a muddler. 0.5 g of the powdered sample 
was taken and 3 mL of 30% H2O2 and 2 mL of 70% nitric acid 
were added to the sample. Then, the samples put into a microwave 
oven (Berghof Speedwave Microwave Digestion Equipment 
MWS-2) to get burned, and the burning process took place in three 
different phases; first phase: temperature: 145 °C, duration: 5 min, 
radiofrequency: 75%; second phase: temperature: 190 °C, duration:  
10 min, radiofrequency: 90%; third phase: temperature: 100 °C duration: 
10 min, radiofrequency: 40%. Then the mineral matter content of 
the samples, which were diluted to 25 mL after the burning process, 
was measured with an ICP-OES (Perkin Elmer Optical Emission 
Spectrometer Optima 2100 DV) device. The wave lengths used for 
Ca2+, Fe2+, K+, Mg2+, and Na+ elements were 317,933, 238.204, 766.490, 
285.213, and 589.592 nm, respectively. The results of the analysis were 
expressed as mg mineral matter/kg dry matter [25,26].

2.4.5 Analysis of volatile compounds

Analysis of volatile compounds was performed according to the 
method given by Kaban [27]. 5 g of grounded pastırma sample that 
was transferred to a 40 mL vial (Supelco, Bellefonte PA, USA) was 
held in a thermal block for 1 h at 30 °C to provide the accumulation of 
volatile compounds in the headspace. In order to extract the volatile 
compounds, CAR/PDMS fibre (Supelco 75 μm, USA) was used. 
Analysis was performed using a gas chromatograph (GC, Agilent 
Technologies 6890 N)/mass spectrometer (MS, Agilent Technologies 
5973) device. The volatile compounds were identified with the library 
of the mass spectrometer (NIST, WILEY, FLAVOR) and standard 
molecules (Supelco 44585-U, Bellefonte PA USA). 

2.5 Sensory analysis

Sensory assessments of the samples were carried out by the 
trained staff and graduate students (a total of 36 panelists for all 
replicates) of the Food Engineering Department. The sliced pastırma 
samples were evaluated with regard to color, odor, texture, taste, and 
general acceptability, using a hedonic scale numbered from 1 to 9 for 
each sensory parameters.  
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2.6 Statistical analysis

The research was performed according to a randomized complete 
block design with three replicates. The obtained data were subjected 
to analysis of variance (two-way), and the main effects of chloride 
salts were evaluated with Duncan’s multiple range test. All data were 
analyzed with SPSS 13 software (USA, 2004). 

3.  Results and discussion

The proximate composition ranges and the pH values of the raw 
meat are presented in Table 1.

Table 1
The proximate compositions (%) and pH values of the raw meat.

Carcass Moisture Protein Fat Ash pH
1 75.75 ± 0.36 21.51 ± 0.25 2.01 ± 0.40 1.06 ± 0.01 5.53 ± 0.05
2 76.38 ± 0.43 19.34 ± 0.31 3.29 ± 0.50 1.01 ± 0.01 5.83 ± 0.04
3 74.61 ± 0.42 20.60 ± 0.36 4.26 ± 1.25 1.01 ± 0.01 5.74 ± 0.07

3.1 Microbiological results 

The use of different salt mixtures had no significant effect  
(P > 0.05) on the final counts of the microorganisms investigated in 
the study (Table 2). Besides, Enterobacteriaceae counts were below the 
detectable level in all pastırma groups, probably due to the decreases 
in water activity (Table 3) [28]. The results obtained for lactic acid 
bacteria and Enterobacteriaceae in dry-cured loins treated with different 
chloride salts [29,30] were similar with our findings. Blesa et al. [31]  
found no differences among mean values of salt-tolerant bacteria 
in dry-cured hams salted with different chloride salts. In contrast, 
Lorenzo et al. [32] detected higher numbers for salt-tolerant bacteria 
in dry-cured lacon salted with KCl and NaCl. On the other hand, in 
contrast to our findings, the replacement of NaCl by other chloride 
salts in dry-cured lacon was found to increase the yeast numbers [32].  
This could be explained by the differences in raw materials and 
processes between the pastırma and dry-cured lacon.

3.2 Water activity and residual nitrite 

Mean water activity and residual nitrite values are presented in 
Table 3. The aw values of all treatments were lower than 0.90 which is 
a characteristic value for such products [1]. Considering the higher pH 
values in pastırma, water activity can be thought of as an important 
obstacle factor for the microbiological safety of the product. On the 
other hand, the use of different salt mixtures had significant (P < 0.05) 
but a slight differences in aw values on the samples. In the studies 
investigating the effect of chloride salts on dry cured meat products, 
different water activity results were encountered depending on the salt 
mixture and product type [15,29,32]. On the other hand, different salt 
mixtures had no statistically significant effect on the residual nitrite 
levels of pastırma (P > 0.05). The results (Table 3) are in harmony 
with TSE 1071 (Pastırma Standard of Turkish Standards Institution) 
in which the residual nitrite level is stated to be lower than 50 mg/kg. 
The residual nitrite levels were also lower than 50 mg/kg in other dry-
cured meat products salted with different chloride salts [16,33,34]. 

3.3 pH and color intensity

The pH values of all treatments detected in the present study are 
in accordance with TSE 1071 in which the pH limit is ≤ 6.0. The use 
of different salt mixtures had a very significant (P < 0.01) effect on 
the pH values of pastırma (Table 3). Except for the monovalent salts, 
use of CaCl2 and/or MgCl2 decreased the pH values of the samples. 
This result is probably due to a decrease observed in the isoelectric pH 
owing to the relative binding properties of divalent salts to negative 
charges of proteins [35]. Likewise, similar results were also detected 
by other authors [7,16] in dry-cured meat products. 

Different salt mixtures had very significant (P < 0.01) effects 
on a* and b* values except for L* parameter (P > 0.05) (Table 3). 
The highest a* values were obtained with the use of monovalent salts, 
however, divalent salt usage revealed lower a* values. Similar to a* 
parameter, lower b* values were measured in samples with CaCl2 and/or  
MgCl2. In contrast to our findings, Aliño et al. [29] and Hastaoğlu &  

Table 3
The overall effects of different chloride salts on aw, residual nitrite, TBARS, pH, L*, a* and b* values of pastırma samples.

Salt aw Residual nitrite (mg/kg) pH TBARS (μmol MDA/kg) L* a* b*

Control 0.87 ± 0.01a 2.07 ± 1.05a 5.76 ± 0.05a 34.86 ± 2.59a 33.60 ± 0.42a 25.41 ± 4.10a 12.75 ± 3.21ab

Treatment I 0.88 ± 0.01ab 2.08 ± 0.60a 5.77 ± 0.06a 32.26 ± 5.23a 32.86 ± 3.29a 27.16 ± 2.40a 13.82 ± 2.72a

Treatment II 0.87 ± 0.02a 2.12 ± 0.45a 5.60 ± 0.04b 36.04 ± 4.18a 32.83 ± 1.62a 22.30 ± 1.44b 11.09 ± 1.07bc

Treatment III 0.89 ± 0.02b 2.21 ± 0.39 a 5.59 ± 0.04b 35.19 ± 4.26a 34.38 ± 2.73a 22.41 ± 2.41b 10.64 ± 1.02c

Significance * NS† ** NS† NS ** **
†NS: Not significant; *: P < 0.05; **: P < 0.01; any two means in the same column having the same letters in the same section are not significantly different.

Table 2
The overall effects of different chloride salts on microbiologic counts of pastırma samples.

Salt/Salt mixtures Lactic acid bacteria (lg(CFU/g)) Micrococcus/Staphylococcus (lg(CFU/g)) Enterobacteriaceae (CFU/g) Mold-Yeast (lg(CFU/g))

Control 4.04 ± 0.21a 5.82 ± 0.98a < 100 6.20 ± 0.12a

Treatment I 3.95 ± 0.56a 5.84 ± 1.12a < 100 5.57 ± 1.17a

Treatment II 4.37 ± 1.49a 4.83 ± 1.99a < 100 6.22 ± 0.35a

Treatment III 3.81 ± 0.43a 4.87 ± 1.68a < 100 6.42 ± 0.20a

Significance NS† NS NS NS
†NS: Not significant; any two means in the same column having the same letters in the same section are not significantly different. 
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Vural [15] detected no differences between samples in terms of L*, 
a*, and b* values when different chloride salts were used. Besides, 
there are other studies [16,30] with different results, too.

3.4 Mineral matter and non-protein nitrogen 

The elements (Na+, K+, Ca2+, Mg2+) except for Fe2+ had a certain 
increase (P < 0.01) depending on their ratio in the curing mix  
(Table 4). To reduce the NaCl ratio in curing mix to provide to obtain 
low-sodium pastırma ((13 494.33 ± 4 360.66) mg/kg dry matter) was 
especially succeeded with 30% NaCl + 40% KCl + 20% CaCl2 + 10% 
MgCl2 mixture. However, use of 100% NaCl in curing mix resulted 
in more than two fold Na+ content ((36 298.33 ± 2 344.06) mg/kg dry 
matter) compared to the aforementioned mix. Decrease in Na+ content 
in dry-cured meat products with the use of different chloride salts was 
also observed in other studies [36,37].

NPN-M amounts of the samples were between 3.66-4.45 g/100 g  
pastırma and use of salt/salt mixtures in curing was found to have a 
very significant effect (P < 0.01) on NPN-M values (Table 5). The 
highest mean value ((4.27 ± 0.16) g/100 g) for NPN-M was obtained 
in samples salted with NaCl/KCl/CaCl2 combination. On the other 
hand, the lowest mean value ((3.93 ± 0.24) g/100 g) was obtained in 
samples salted with 50% NaCl + 50% KCl mixture. As an overall 
assessment, NPN-M value was slightly increased in the presence of 
CaCl2 and/or MgCl2. Similar results were also found by Kızılkaya [17] 
in NPN values of pastırma in the presence of CaCl2. 

3.5 Enzyme activities

Salt/salt mixtures were found to have very significant (P < 0.01) 
effects on Cathepsin B and B + L (Table 5). The highest Cathepsin 
activity in all samples was observed in Cathepsin B + L. Cathepsin 
B activity was lower compared to Cathepsin B + L and was higher 
than Cathepsin H. Cathepsin H activity was only observed in a few 
samples with no statistical significance (P > 0.05). Similar trends in 
Cathepsin B, B + L, and H activities have also been shown in other 

studies [36-38] in which different chloride salts were used in as curing 
agent. The highest and the lowest Cathepsin B activity were detected 
in control group and treatment III, respectively. The highest Cathepsin 
B + L activity ((57.33 ± 14.64) × 10-3 U/g  dry-matter) was detected in 
samples of the treatment II and this treatment had statistical difference 
(P > 0.05) with the control group. The lowest Cathepsin B + L 
activity was determined in treatment I. Including this study, there is a 
significant variation between Cathepsin B and B + L activity values 
(except for Cathepsin H) of dry-cured meat products obtained with 
different chloride salts [8,36-38]. 

The lipolytic enzymes investigated in the study were found to 
retain their activity (Table 5) at a certain level during the production 
of pastırma. The use of different salt mixture in pastırma production 
was found to have very significant effects on acid lipase and 
phospholipase (P < 0.01) except for neutral lipase (P > 0.05). The 
use of MgCl2 in the mixture was found to increase the acid lipase 
activity ((1.11 ± 0.15) U/g dry matter). This could be due to the lower 
inhibitory effect MgCl2 on acid lipase compared to NaCl and KCl [39].  
The highest mean values for phospholipase activity were detected 
in samples salted with NaCl/KCl/CaCl2/MgCl2 and NaCl/KCl, 
respectively. Considering these results, the highest mean values of 
acid lipase and phospholipase were detected in samples salted with 
NaCl/KCl/CaCl2/MgCl2. In a study by Zhang et al. [12], use of KCl in 
the salting mixtures of dry-cured loins revealed similar results for acid 
lipase, phospholipase, and neutral lipase, as in this study. However, 
Ripolles et al. [39] detected no significant variation among lipolytic 
enzyme activities of dry-cured hams salted with different chloride 
salts at the end of an eleven-month production period. 

3.6 TBARS and free fatty acids

TBARS values of pastırma samples (μmol MDA/kg) salted 
with different salt mixtures are presented in Table 3. No differences  
(P > 0.05) were observed among the samples salted with different 
chloride salts with respect to TBARS values. Similar results for 

Table 4
The overall effects of different chloride salts on moisture (%), Na+, K+, Ca2+, Mg2+, and Fe2+contents (mg/kg dry matter) of pastırma samples.

Salt/Salt mixtures Na+ K+ Ca2+ Mg2+ Fe2+

Control 36 298.33 ± 2 344.06a 11 825.00 ± 853.57c 580.60 ± 69.89b 660.40 ± 11.26b 50.98 ± 21.79a

Treatment I 19 833.33 ± 2 940.42b 37 175.00 ± 4 772.85a 499.67 ± 64.43b 640.00 ± 12.43b 41.15 ± 2.15a

Treatment II 18 695.00 ± 7 629.60c 33 648.33 ± 4 611.26ab 2 236.67 ± 519.55a 643.05 ± 25.78b 41.64 ± 3.76a

Treatment III 13 494.33 ± 4 360.66d 30 890.00 ± 3 837.51b 2 021.00 ± 219.63a 1 455.33 ± 185.79a 38.19 ± 6.30a

Significance ** ** ** **

**: P < 0.01; any two means in the same column having the same letters in the same section are not significantly different. 

Table 5
The overall effects of different chloride salts on NPN-M, free fatty acids (g oleic acid/100 g fat), proteolytic (× 10-3 U/g dry-matter) and lipolytic (U/g dry-matter) 
enzyme activities of pastırma samples.

Salt/Salt mixtures Cathepsin B Cathepsin B + L Cathepsin H NPN-M (g/100 g) Free fatty acids Acid lipase Neutral lipase Phospholipase
Control 10.37 ± 1.15a 51.97 ± 18.93a 0.02 ± 0.04a 4.04 ± 0.08bc 0.122 ± 0.02a 0.95 ± 0.14b 0.55 ± 0.27a 0.53 ± 0.12b

Treatment I 8.54 ± 1.30c 27.66 ± 5.54b 0.00 ± 0.00a 3.93 ± 0.24c 0.095 ± 0.01b 1.00 ± 0.10b 0.51 ± 0.39a 0.64 ± 0.05a

Treatment II 9.50 ± 1.40b 57.33 ± 14.64a 0.00 ± 0.00a 4.27 ± 0.16a 0.114 ± 0.02a 1.02 ± 0.11b 0.57 ± 0.30a 0.54 ± 0.05b

Treatment III 6.77 ± 1.44d 34.90 ± 18.89b 0.00 ± 0.00a 4.20 ± 0.07ab 0.11 ± 0.02ab 1.11 ± 0.15a 0.56 ± 0.25a 0.71 ± 0.16a

Significance ** ** NS† ** * ** NS **
†NS: Not significant; **: P < 0.01; any two means in the same column having the same letters in the same section are not significantly different. 
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TBARS values obtained in dry-cured ham [39] salted with different 
chloride salts are in agreement with our findings. However, use of 
KCl with L-histidine and L-lysine in salting was found to decrease the 
TBARS values of dry-cured loins [12].

The different salt mixtures treatment was found to have a 
statistically significant (P < 0.05) effect on the amount of free fatty 
acid content of pastırma samples (Table 5). According to these results, 
the highest free fatty acid amount was detected in samples salted with 
100% NaCl. On the other hand, the lowest amount was determined in 
50% NaCl + 50% KCl treatment. These results are in agreement with 
Ripolles et al. [39] who detected significant effect of different chloride 
salts on the amount of free fatty acids of dry-cured hams. In contrast to 
these findings, some studies revealed no statistically significant effects of 
different chloride salts on the amount of free fatty acids [36,37].

3.7 Sensory evaluation

Different salt mixtures had very significant (P < 0.01) effects on 
all sensory parameters (Table 6). Considering the results, the highest 
scores were detected in samples treated with 100% NaCl and 50% 
NaCl + 50% KCl for each parameter. Use of KCl alone did not alter 
the sensory scores negatively. In contrast, the lowest scores were 
found in samples salted with mixtures containing divalent salts. 
On the other hand, the addition of MgCl2 into the salting mixture 
improved all sensory parameters compared to the mixture containing 
only CaCl2 as a divalent salt. Our results were found to be consistent 
with the literature findings on dry-cured hams [36,38]. Besides, the 
use of KCl in the salting mixture was stated to provide desirable 
results in sensory features [15]. However, in a study on dry-cured 
lacon [32], the addition of CaCl2 and MgCl2 into the curing mixture 
didn’t alter the color and odor parameters.

Table 6
The overall effect of different chloride salts on sensory properties of pastırma 
samples.

Salt Color Odor Texture Taste General 
acceptability

Control 6.96 ± 1.34a 7.20 ± 0.96a 7.26 ± 1.28a 7.02 ± 1.39a 7.17 ± 1.28a

Treatment I 6.91 ± 1.27ab 7.09 ± 0.80ab 7.08 ± 1.17a 6.56 ± 1.39a 6.78 ± 1.25a

Treatment II 5.58 ± 1.55b 6.30 ± 1.49c 5.89 ± 1.56b 5.29 ± 1.30b 5.49 ± 1.37b

Treatment III 6.19 ± 1.41bc 6.55 ± 1.07bc 6.18 ± 1.04b 5.58 ± 1.16b 5.74 ± 1.08b

Significance ** ** ** ** **

*: P < 0.05; **: P < 0.01; any two means in the same column having the same letters in 
the same section are not significantly different.

3.8 Volatile compounds

Forty-five volatile compounds belonging to nine chemical 
groups were identified (Table 7). The highest measured total volatile 
compound family was aldehydes as also found in dry-cured hams [14]. 
On the other hand, the replacement of NaCl with other chloride salts 
increased the total amount of volatile compounds in each replacement 
(Fig. 2). Similar results were detected in dry-cured biceps femoris 
cured with KCl and/or KCl + CaCl2 [40].  

The use of different chloride salts had very significant effects on 
2-hexenal, trans-2-octenal, and nonanal (P < 0.01) and significant 
effects on 2-methyl-2-butenal, benzaldehyde, and octanal (P < 0.05) 
(Table 7). The highest mean value of 2-hexenal was determined in 

samples treated with NaCl/KCl. The lowest trans-2-octenal content 
was detected in the control group. The most intensive nonanal 
content was determined in treatment III as 5.44 ± 1.18. Parallel to our 
findings, the highest nonanal content in dry-cured hams was detected 
by Armenteros et al. [14] in a 55% NaCl + 25% KCl + 15% CaCl2 + 
5% MgCl2 salt treatment. The highest mean values for 2-methyl-2-
butenal and octanal in pastırma samples were obtained with the NaCl/
KCl/CaCl2/MgCl2 mixture. The changes in the NaCl ratio in salt 
formulation with KCl revealed a higher octanal value in Jinhua ham [41].  
The highest benzaldehyde peak was detected with the NaCl/KCl/
CaCl2 treatment. These results obtained for benzaldehyde are in 
agreement with Armenteros et al. [14] and Nachtigall et al. [40] who 
found divalent salt’s effect on benzaldehyde level. 
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Fig. 2 Total chromatographic areas of the volatile compounds measured in 
each treatment.

Within 6 ketone compounds, only 3-octen-2-one, 3,5-octadien-
2-one and 6-methyl-3,5-heptadien-2-one were significantly affected 
by different chloride salts (P < 0.05) (Table 7). These compounds in 
the ketone group were not detected in other dry-cured meat products 
salted with other chloride salts [40-42]. The highest mean 3-octen-
2-one value was determined in samples salted with NaCl/KCl. On 
the other hand, 3,5-octadien-2-one and 6-methyl-3,5-heptadien-
2-one were most abundant in samples salted with the mixture  
containing MgCl2. 

Different chloride salts were found to have significant effects on 
benzyl alcohol (P < 0.05) and very significant effects on 1-hexanol 
(P < 0.01) (Table 7). The highest mean value for 1-hexanol was 
detected in samples treated with NaCl/KCl/CaCl2/MgCl2. However, 
benzyl alcohol was found in almost equal amounts in the NaCl/
KCl/CaCl2/MgCl2 and NaCl/KCl treatments. Similarly, use of mono 
and divalent NaCl substitutes significantly affected the 1-hexanol 
values in dry-cured meat products [42,14] and this compound was 
previously detected in the second drying stage and in the final product 
of pastırma [28]. In contrast, these compounds weren’t detected in 
Jinhua ham [41] and dry-cured biceps femoris [40].  

For sulphur compounds, only methyl 2-propenyl disulfide and 
diallyl disulphide were very significantly affected by different 
chloride salts (P < 0.01) (Table 7). The highest peaks for methyl 
2-propenyl disulfide and diallyl disulphide were detected in the 
samples treated with NaCl/KCl/CaCl2/MgCl2. Diallyl disulphide is 
known as the characteristic garlic odor and probably originated from 
the garlic used in the çemen mixture [28] in traditionally produced 
pastırma samples just after çemen coating. In contrast, these sulphur 
compounds weren’t detected in other dry-cured meat products salted 
with different chloride salts [14,40-42]. 
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Table 7
The overall effects of different chloride salts on volatile profile of pastırma (mean chromatographic area ± standard deviation).

Compounds R‡ KI§ Control Treatment I Treatment II Treatment III S
Aldehydes

Acetaldehyde c < 500 0.27 ± 0.32a 0.51 ± 0.72a 0.72 ± 0.96a 2.32 ± 3.60a NS

Pentanal a 742 0.70 ± 0.37a 0.78 ± 0.42a 1.02 ± 0.32a 0.36 ± 0.56a NS

2-Methyl-2-butenal c 792 0.16 ± 0.18b 0.26 ± 0.15ab 0.11 ± 0.13b 0.39 ± 0.11a *

Hexanal a 849 20.46 ± 5.08a 24.89 ± 2.38a 22.9 ± 1.74a 19.31 ± 3.78a NS

2-Hexenal c 922 0.24 ± 0.09ab 0.32 ± 0.03a 0.12 ± 0.07c 0.20 ± 0.10bc **

Heptanal a 955 0.87 ± 0.25a 0.93 ± 0.18a 1.00 ± 0.09a 0.94 ± 0.14a NS

Trans-2-heptanal c 1 026 0.20 ± 0.07a 0.22 ± 0.04a 0.23 ± 0.04a 0.22 ± 0.03a NS

Benzaldehyde c 1 022 1.30 ± 0.25ab 1.02 ± 0.50b 1.67 ± 0.41a 1.62 ± 0.30a *

Octanal b 1 054 1.19 ± 0.37b 1.27 ± 0.25b 1.63 ± 0.18a 1.65 ± 0.36a *

2,4-Heptadienal c 1 065 0.10 ± 0.09a 0.14 ± 0.04a 0.13 ± 0.07a 0.15 ± 0.05a NS
Trans-2-octenal c 1 134 0.10 ± 0.26b 0.55 ± 0.13a 0.41 ± 0.32a 0.62 ± 0.14a **

Nonanal b 1 163 3.30 ± 0.85b 4.12 ± 0.27b 5.25 ± 0.52a 5.44 ± 1.18a **
Trans-2-nonenal c 1 224 0.27 ± 0.21a 0.35 ± 0.24a 0.32 ± 0.17a 0.31 ± 0.20a NS

2,4-Nonadienal c 1 292 0.05 ± 0.08a 0.08 ± 0.06a 0.08 ± 0.07a 0.17 ± 0.09a NS

Ketones

2-Heptanone c 948 0.05 ± 0.06a 0.04 ± 0.06a 0.07 ± 0.06a 0.62 ± 1.33a NS

2,5-Hexanedione b 1 030 2.16 ± 2.40a 4.00 ± 1.66a 4.35 ± 2.18a 4.52 ± 0.72a NS
6-Methyl- 5-hepten-2-one c 1 037 0.17 ± 0.04a 0.21 ± 0.06a 0.19 ± 0.02a 0.22 ± 0.04a NS

3-Octen-2-one c 1 088 0.24 ± 0.05ab 0.32 ± 0.05a 0.16 ± 0.09b 0.27 ± 0.14a *

3,5-Octadien-2-one c 1 165 0.15 ± 0.10b 0.22 ± 0.06ab 0.21 ± 0.08ab 0.27 ± 0.10a *

6-Methyl-3,5-heptadien-2-one c 1 293 0.11 ± 0.04b 0.07 ± 0.08b 0.08 ± 0.09b 0.21 ± 0.08a *

Alcohols   

Ethanol c 539 2.13 ± 1.79a 0.96 ±0.78a 1.28 ± 1.03a 0.58 ± 0.89a NS

1-Hexanol b 935 0.37 ± 0.26b 0.61 ± 0.40b 0.58 ± 0.21b 2.53 ± 1.74a **

3,5-Octadien-2-ol b 1 093 0.18 ± 0.14a 0.20 ± 0.11a 0.27 ± 0.02a 0.25 ± 0.05a NS
Benzyl alcohol c 1 136 0.05 ± 0.12b 0.25 ± 0.05a 0.17 ± 0.13ab 0.25 ± 0.14a *

Sulphur compounds   

Allylmercaptan c 611 0.00 ± 0.00a 0.27 ± 0.52a 0.20 ± 0.33a 0.24 ± 0.54a NS

Methyl-thiirane b 615 0.00 ± 0.00a 0.14 ± 0.34a 0.06 ± 0.15a 0.06 ± 0.13a NS

1H-pyrrole-1-benzenesulfonyl c 811 0.10 ± 0.16a 0.09 ± 0.14a 0.13 ± 0.14a 0.10 ± 0.15a NS
3,3’-thiobis-1-propene b 888 1.30 ± 0.38a 1.69 ± 0.26a 1.50 ± 0.48a 1.76 ± 0.45a NS

Disulfide methyl 2-propenyl b 958 0.23 ± 0.06b 0.28 ± 0.04a 0.25 ± 0.04b 0.30 ± 0.04a **
Diallyl disulphide b 1 138 3.89 ± 1.07c 5.22 ± 1.05ab 4.47 ± 0.86bc 5.43 ± 0.49a **

Esters   

Ethyl acetate a 641 0.68 ± 0.74a 0.30 ± 0.49a 0.18 ± 0.28a 0.09 ± 0.22a NS
Propanoic acid, butyl ester b 976 0.24 ± 0.24a 0.04 ± 0.07b 0.01 ± 0.03b 0.03 ± 0.06b *

Propyl hexanoate b 1 151 0.55 ±0.46a 0.00 ± 0.00b 0.22 ± 0.34b 0.00 ± 0.00b **
Butanoic acid, hexyl ester b 1 450 0.31 ± 0.17a 0.39 ± 0.63a 0.11 ± 0.06a 0.18 ± 0.05a NS

Furan  

2-Pentyl-furan b 1 021 0.36 ± 0.07c 0.43 ± 0.04c 0.53 ± 0.05b 0.61 ± 0.08a **

Terpen     

D-Limonene b 1 052 0.39 ± 0.07b 0.44 ± 0.02b 0.38 ± 0.07b 0.65 ± 0.18a **
Aromatic hydrocarbons

Toluene a 789 0.39 ± 0.32a 0.31 ± 0.36a 0.26 ± 0.22a 0.25 ± 0.31a NS
1-Methyl-2-(1-methylethyl)-benzene c 1 062 0.44 ± 0.06bc 0.51 ± 0.06b 0.41 ± 0.08c 0.60 ± 0.10a **

Aliphatic hydrocarbons

Octane a 800 0.29 ± 0.15a 0.23 ± 0.18a 0.39 ± 0.09a 0.36 ± 0.18a NS

Decane a 1 000 0.38 ± 0.55a 0.03 ± 0.06a 0.07 ± 0.08a 0.02 ± 0.06a NS

2-Hexene c 1 046 0.14 ± 0.08a 0.10 ± 0.00a 0.11 ± 0.08a 0.14 ± 0.08a NS
3-Ethyl-2-methyl-1,3-hexadiene c 1 084 0.09 ± 0.07a 0.14 ± 0.03a 0.07 ±0.07a 0.11 ± 0.06a NS

Dodecane a 1 200 0.10 ± 0.04a 0.13 ± 0.08a 0.10 ± 0.01a 0.11 ± 0.01a NS

Tridecane a 1 300 0.10 ± 0.12a 0.11 ± 0.06a 0.13 ± 0.07a 0.16 ± 0.09a NS
Tetradecane a 1 400 0.02 ± 0.04a 0.05 ± 0.04a 0.04 ± 0.05a 0.12 ± 0.13a NS

NS: Not significant; *: P < 0.05; **: P < 0.01; any two means in the same line having the same letters in the same section are not significantly different. ‡R: Reliability of identification: a: 
mass spectrum and retention time identical with an authentic sample, b: mass spectrum and Kovats index from literature in accordance, c: tentative identification by mass spectrum. §KI: 
Kovats index calculatedfor DB-624 capillary column (J & W scientific: 30 m, 0.25 mm id, 1.4 lm film tickness) installed on a gas chromatograph engined with a mass selective detector.
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Propanoic acid, butyl ester, and propyl hexanoate were 
significantly affected by different chloride salts at the levels of  
P < 0.05 and P < 0.01, respectively (Table 7). Use of NaCl substitutes 
decreased the chromatographic area of these compounds. These 
compounds were not detected in other dry-cured meat products 
produced with KCl/CaCl2/MgCl2 [40-42]. 

2-Pentyl-furan, an oxidation product of linoleic acid [40], was 
detected in samples as a unique furan compound, presented in Table 7. 
Different chloride salts had very significant effect on this compound 
(P < 0.01). Decrease in NaCl levels caused an increase in the amount 
of 2-pentyl-furan, and the highest peaks were observed in treatment 
III and II, respectively. These results were also observed in dry-cured 
meat samples salted with CaCl2 and MgCl2 [40].   

Only one terpen (D-limonene) compound was detected in the 
samples and significantly (P < 0.01) affected by MgCl2 (Table 7). 
Similarly, Zhang et al. [41] found no alteration in the percentage of 
D-limonene when KCl used. For aromatic hydrocarbons (Table 7),  
1-methyl-2-(1-methylethyl)-benzene was very significantly affected 
by the salting procedure (P < 0.01). The highest peak for this 
compound was determined in treatment III. However, 1-methyl-2-(1-
methylethyl)-benzene wasn’t detected in other products [14,42,40]. 
The aliphatic hydrocarbons (Table 7) that were identified in the 
samples weren’t affected by different chloride salts (P > 0.05). 

4.  Conclusion

The consumption of dry-cured meat products that contain high 
levels of sodium is a major concern for individuals that suffer 
from cardiovascular diseases. Considering the results, It has been 
determined that the addition of different chloride salts to the curing 
mixture had significant effects on the physicochemical, biochemical, 
and sensory properties with volatile profile of pastırma. Since many 
volatile chemical compounds found in dry-cured meat products have 
low odor threshold values, any change in the curing mix should 
be investigated in terms of volatile profile. On the other hand, the 
replacement of NaCl with KCl at the level of 50% was found not to 
cause a significant alteration in the product, especially for the sensory 
and volatile profile. However, the use of CaCl2 and MgCl2 in the 
formulation resulted in lower sensory scores. Besides, considering the 
results obtained from the groups salted with CaCl2 and MgCl2 in this 
study; as a suggestion, the future works that will be on low sodium 
dry-cured meat products should be carried out by investigating the 
evolution of the volatile and sensory profile of the product. 
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