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Abstract 

The aim of this study is to monitor the effect of two starter cultures on some chemical and sensory properties of 
industrially produced Macedonian traditional sausage. The research covered three variants: Variant 1: Control variant 
(conventionally produced Macedonian traditional sausages using nitrite salt and powdered acerola); Variant 2: 
Macedonian traditional sausages where the basic formulation was enriched by addition of starter culture CS-300 
(Staphylococcus carnosus ssp. utilis + Staphylococcus carnosus) in combination with Swiss chard powder and powdered 
acerola; Variant 3: Macedonian traditional sausages where the basic formulation was enriched by addition of starter 
cultures CS-300 (Staphylococcus carnosus ssp. utilis + Staphylococcus carnosus) and BLC-78 (Pediococcus acidilactici + 
Staphylococcus carnosus) in combination with Swiss chard powder and powdered acerola. Starter cultures have a 
positive effect on changing the pH value of sausages, which creates favorable conditions for the development of the 
desired microflora. In the sausages from variant 2 the value for water activity is constant, and the largest decrease was 
determined in the variant 3. Nitrate-reducing bacteria in combination with a natural source of nitrates (Swiss chard 
powder and leek) are a suitable substitute for nitrite salt, thus eliminating its negative effects on consumer health. 
According to the obtained results, with the use of the starter culture CS-300 good quality of the sausages is achieved. At 
the same time a safe product is obtained where the use of nitrite salt is completely eliminated.  
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1. Introduction

The production of the first sausages is thought to have taken place in ancient Greece, as evidenced by quotes from Homer 
who described sausages as a delicacy of minced meat and spices. Today, sausages belong to the largest group of meat 
products available in a wide range of types and with different commercial names. Numerous requests from consumers 
initiate the production of new types of sausages, with different composition and additives to improve their nutritional 
and health safety, in accordance with modern technological production processes [1]. 

The various canning procedures used in the meat industry have to extend the shelf life of meat and meat products over 
a period of time, ie to prevent their spoilage [2]. The application of various canning procedures aims at maximum 
preservation of the nutritional and sensory values of meat or meat products [3]. 

Nitrites belong to the group of preservatives, ie additives that prevent infection, intoxication and spoilage of sausages 
and meat products in general and increase their durability [4]. They also affect the change and achievement of numerous 
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quality properties of sausages, such as color, smell, taste, texture and so on. In the meat industry, they are most 
commonly used in the form of sodium nitrite (E250) and potassium nitrite (E249), or as sodium nitrate (E251) and 
potassium nitrate (E252) [5]. Nitrates, unlike nitrites, do not have antimicrobial activity, but with the action of 
nitratreductive bacteria, with the help of the enzyme nitrate-reductase, they are reduced to nitrites. Their concentration 
during the production process is significantly reduced, and thus they show antimicrobial effect, which is further 
contributed by the higher pH value [6]. 

The pH value of food has a great influence on the development and viability of microbial cells. Like any other factor, the 
pH value, in interaction with other factors such as water activity, the presence of salt, temperature, redox potential or 
the presence of preservatives, can stimulate or inhibit certain microbial species. The use of lactic acid bacteria in meat 
products results in their rapid acidification. The low pH value is directly correlated with the durability of the products 
[7]. Therefore, the appropriate pH value of sausages is of great importance for the proper growth and development of 
microorganisms that are naturally present in meat and all added additives, and especially for the proper direction of 
the activity of the used starter cultures [8]. 

The growing need for safe food that does not contain chemical additives, but also food that has the desired sensory 
characteristics, increases the interest in the application of starter cultures [9]. Such microorganisms possess at least one 
of the significant functional characteristics (organoleptic, nutritional and technological advantages or have a positive 
effect on consumer health) and therefore their use is a compromise between the requirements of consumers on the one 
hand and the food industry on the other [10].  

Starter cultures are a large number of cells prepared in a special, microbiological way, usually from one type of 
microorganism, which added to the initial raw material leads to the formation of a fermented product by accelerating 
and controlling the fermentation process itself [8]. The use of certain types of microorganisms, as part of the starter 
cultures that produce components that are of great importance for the aroma of the product, results in a pleasant taste, 
as well as shortening the maturation time. Starter cultures, on the other hand, also control the decrease of the pH value 
of the environment, which enables inhibition of the growth of undesirable microorganisms, which increases the safety 
and stability of the final product [9]. 

The aim of this research is to monitor the effect of two starter cultures on some chemical and sensory properties of 
industrially produced Macedonian traditional sausage.  

2. Material and methods 

As a material for work was used Macedonian traditional sausage produced in industrial conditions in the meat industry 
"Soleta" in Skopje. As a basis for the production the traditional formulation of Vevcanski sausage was taken, modified 
for industrial use. Pork meat (I category) and dorsal bacon were used in the ratio 75:25%. Water was added in an 
amount of 150 g/kg mixture. Than additives, spices and starter cultures were added to the mixture. The following 
starter cultures were used: CS-300 (Staphylococcus carnosus ssp. utilis) and BLC-78 (Pediococcus acidilactici + 
Staphylococcus carnosus). 

The research in this paper covered three variants: 

 Variant 1: Control variant (conventionally produced Macedonian traditional sausages using nitrite salt and 
powdered acerola); 

 Variant 2: Macedonian traditional sausages where the basic formulation was enriched by the addition of starter 
culture CS-300 in combination with powder Swiss chard (as a substitute for nitrite salt) and powdered acerola; 

 Variant 3: Macedonian traditional sausages where the basic formulation was enriched by the addition of starter 
cultures CS-300 and BLC-78 in combination with powder Swiss chard (as a substitute for nitrite salt) and 
powdered acerola.  

The meat and bacon were ground to pieces of 8 mm. Then all spices and starter cultures were added, according to the 
determined formulation. The aim of adding Swiss chard powder is to provide a natural source of nitrates that the added 
starter cultures will convert into nitrites with which it is expected to achieve better results compared to the control 
variant where nitrite salt is added during production, and the only source nitrates is the leek that is part of the basic 
formulation. In this way, not only nitrite salt is completely excluded from use, thus eliminating its adverse effects on the 
health of consumers, but also improvements in the quality of sausages have been achieved. The meat, together with the 
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added spices and starter cultures, was mechanically mixed in a stirrer. Then, the mixture was left to stand for 48 hours 
in a refrigerator at a temperature of 1-3 °C. 

After leaving the mixture, it was accessed to machine filling of the sausages, where during the filling of the mixture of 
each variant, detailed washing and cleaning of the filler was carried out. Sausages were then thermally treated according 
to a program that was created according to the needs and modification of the basic formulation.  

2.1. Determination of the presence of residual nitrites 

The presence of residual nitrites was determined in the final product on the 1st, 10th and 20th day of production. Three 
samples were randomly selected from each variant separately and analyzed according to the method of [12]. 

2.2. Determination of pH value 

The pH value was determined by a portable pH meter (Mettler toledo FE20/F62) with a piercing, glass electrode for 
direct determination of the pH value in meat and meat products. Before and during the pH reading, the pH meter was 
calibrated with standard buffers (pH 4.00 and 7.00 at 20°C). The results for the pH value are expressed as the arithmetic 
mean of the three measurements. 

2.3. Determination of water activity (Aw) 

The water activity was determined in the final product on the 1st and 30th day of the production, using the instrument 
Аw meter (Rotronic), and the obtained results are presented as an arithmetic mean of three analyzed samples taken at 
random from each variant separately. 

2.4. Sensory analysis  

The examination of the sensory characteristics is performed on the 7th day of production. Assessment of the sensory 
properties of the prepared product was performed by comparison-scoring method [13]. The sensory optimal features 
were: color, smell, taste, consistency, cross-sectional appearance, outside look. The assessment is performed on a scale 
of 0 to 5, where each grade represents a certain level of quality: grade 0 indicates a product with visible mechanical or 
microbiological damage; grade 1 indicates altered and atypical color or some other property of the product 
(unacceptable product); grade 2 indicates that the product has certain, significantly noticeable defects in quality; grade 
3 indicates partially noticeable defects in quality; grade 4 indicates insignificant deviations in terms of color or some 
other property; and grade 5 indicates that the product has exceptional, characteristic sensory properties, optimal color, 
ie optimal overall quality. For each of the above mentioned characteristics, the coefficient of importance has been 
determined: outside look – 1; the cross-sectional appearance – 4; consistency – 3; color – 3; odor – 4; and taste - 5. The 
grade for each property is multiplied by the coefficient of importance. Values are collected and divided by the 
coefficients (20). The obtained value represents the weighted average value, ie the weighted value - general grade of 
the quality of the examined sausage. In addition, the percentage of the maximum possible quality is calculated, which 
represents the weighted average value (WAV) compared to the maximum value (5):  

WAV / 5 ∙ 100 

All of the sensory parameters are rated on fresh sausage samples from each variant separately.  

2.5. Statistical analysis 

The obtained results were statistically processed using the software package SPSS 20. To determine the statistical 
significant differences of the obtained values, one-way analysis of variance (ANOVA test) was performed, followed by 

post hoc Tukey's test (p = .05) for analysis of values between variants.  

3. Results and discussion 

From the data presented in Table 1, can be seen that on the first day of production, sausages from variant 3 are 
characterized with the highest content of residual nitrites (2.27 mg/100g), while the lowest value is observed in variant 
2 (1.46 mg/100g). The content of residual nitrites in the control variant in which nitrite salt (0.5% NaNO2) was applied 
is 1.62 mg/100g. There is a statistically significant difference (p<0.05) in variant 2 and variant 3 compared to the control 
variant. There is a statistically significant difference (p<0.05) between variant 2 and variant 3, too.  
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Table 1 Residual nitrite content in sausages (mg/100g)  

Variants n 

1st day of the 
production  

10th day of the 
production 

30th day of the 
production 

�̅� ± SD �̅� ± SD �̅� ± SD 

Variant 1 3 1.62a ± 0.02 2.62a ± 0.02 3.45a ± 0.03 

Variant 2 3 1.46b ± 0.02 3.52b ± 0.02 3.68b ± 0.01 

Variant 3 3 2.27c ± 0.02 2.21c ± 0.00 4.61c ± 0.00 
a,b,c - values marked with different letters have a statistically significant difference between the examined variants (p<0.05). 

Furthermore, on the 10th day of production, as a result of the activity and the number of nitrate-reducing bacteria that 
remained present in the sausages, the value of residual nitrites increased in the variant 2 (3.52 mg/100g). On the other 
hand, in variant 3, a minimal reduction is observed (2.21 mg/100g). In these two variants, as a substitute for nitrite salt, 
a natural source of nitrates was added by adding Swiss chard powder and leeks, which are further reduced to nitrites 
by the starter cultures added during the sausage production. Variant 2 and variant 3 are statistically significantly 
different (p<0.05) from the control variant. Moreover, on the 20th day of the production, there is a significant increase 
of the content of residual nitrites in variant 3, in which two starter cultures were applied (4.61 mg/100g). A small 
increase is also observed in variant 2, in which one starter culture was added (3.68 mg/100g). A tendency of minimal 
increasing is observed in the control variant, where on the 10th day of production 2.62 mg/100g nitrites are determined, 
while on the 20th day of production this value increases to 3.45 mg/100g. There is statistically significant difference 
(p<0.05) in the variants 2 and 3 compared to the control variant.  

The initial input of nitrites in the control variant in this research is 12.0 mg/100g, and their value in the finished product 
is significantly reduced due to the added acerola powder (2 g/kg, which according to the declaration contains 25% 
vitamin C) which has a pronounced reducing effect on the content of residual nitrites after heat treatment of sausages. 

The obtained data correspond to the research of Михајловиќ [14], where in the frankfurter in which ascorbic acid has 
been added, the content of residual nitrites in the 2nd day after production is 6.87 ppm, ie their content is significantly 
reduced compared to the initial input of 12.0 mg/100g. Lila et al. [15] found that the residual nitrite content of 
frankfurter sausage produced from beef after heat treatment was 2.70 mg/100g. The initial nitrite input was 11.9 
mg/100g. Kovačević et al. [16] investigated the content of residual nitrites in different types of sausages available on 
the Croatian market. Namely, they pointed out that the content of residual nitrites in the long shelf life sausages was 
0.70 mg/100g, while in heat-treated sausages it was 4.20 mg/100g. On the other hand, Bacus’s [17] research by the 
Danish company ChrHansen indicates that using the starter culture CS-300 in the production of ham, the content of 
residual nitrites after heat treatment was 1.50 mg/100g, which is in line with the values obtained in this study in variant 
2, in which the same starter culture was applied. Nevertheless, Merino et al. [18] found that in pork and beef sausages, 
on the 15th day of production, the content of residual nitrites was 2.3 mg/100g, while on the 19th day of production, 
their content increased to 2.8 mg/100g, and then the value decreased until the 45th day of production when it was 0 
mg/100g. 

The meat that was used as a raw material for the production of the Macedonian traditional sausage, has a pH value of 
5.86 and a temperature value of 12 ºC, which is in accordance with the necessary criteria (Table 2). Namely, according 
to Čavlek [19] for the production of semi-permanent sausages, it is best for the meat used as raw material to have a pH 
value between 5.4 and 5.8. This creates favourable conditions for further development of lactic acid bacteria which are 
expected to achieve the desired quality properties of the final product. 

Table 2 pH value and temperature of raw material (pork). 

Fresh pork meat 
рН value Temperature (ºС) 

5.86 12.00 

 

From the data presented in Table 3, it can be seen that in the filling of all three variants a minimal decrease in pH is 
observed. The lowest pH value of 5.76 is determined in the variant 3 (CS-300 + BLC-78), and the highest pH value is 
determined in the control variant. The minimal decrease in the pH value of the filling is primarily due to the added 
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cultures and additives, but also to the initial activity of the starter cultures, which at this stage is still insignificant. A 
statistically significant difference (p<0.05) is found in variant 3 compared to the control variant. 

Table 3 Average pH of the sausages. 

Variant n 

Filling after 72 
hours (before 
filling) 

Sausages 
after heat 
treatment 

Sausages – 
10th day of 
the 
production 

Sausages – 
30th day of 
the 
production 

Sausages – 
45th day of 
the 
production 

�̅� ± SD �̅� ± SD �̅� ± SD �̅� ± SD �̅� ± SD 

Variant 1 3 5.83a± 0.01 5.95a± 0.00 6.04a± 0.01 6.07a± 0.01 6.10a± 0.04 

Variant 2 3 5.81a± 0.03 5.95a± 0.00 6.03a± 0.00 6.08a± 0.01 6.09b± 0.04 

Variant 3 3 5.76b± 0.04 5.95a± 0.00 6.04a± 0.00 6.13b± 0.01 6.19a± 0.06 
a,b,c - values marked with different letters have a statistically significant difference between the examined variants (p<0.05). 

After the heat treatment of the sausages, uniformity of this parameter is achieved in all three variants (5.95). At this 
stage, the increase in pH is due to the reduction of the presence of lactic acid bacteria, which reached their maximum 
growth and effect during the initial phase of the heat treatment program. Furthermore, on the 10th day of the production, 
all three variants show a continuous increasing. Based on the obtained data, after the heat treatment, as well as on the 
10th day of production, no statistically significant differences in the pH value between the three examined variants were 
determined. On the 30th day of production, the highest pH value is determined in variant 3 (6.13), compared to the 
control variant (6.07) and variant 2 (6.08). A statistically significant difference (p<0.05) is found in variant 3 compared 
to the control variant, as well as between variants 2 and 3. On the 45th day of production, the sausages from the variant 
3 are characterized with the highest pH value (6.19), and the sausages from the variant 2 with the lowest (6.09). 
Therefore, it can be noticed that lactic acid bacteria are most rapidly inactivated in variant 3, resulting in the highest pH 
value. The change of this parameter is also affected by the storage time of the product. 

In their research, Medić et al. [20] found that during the storage of finished products produced with starter cultures, 
there is an increase in pH values. Namely, at the beginning of the production, they determined that the pH value of all 
tested variants is 5.58, while during the expiration measurements, the pH value increased to 5.95 in the variant in which 
the starter cultures Pediococcus pentosaceus, Staphylococcus carnosus and Staphylococcus xylosus were applied. From 
that point of view, Zdolec et al. [21] noticed that in the first days, traditionally produced sausages have an average pH 
of 5.90 while before the expiration date, this value increased to 6.03. According to Molly et al. [22] the acidification of 
meat products, which occurs as a result of the multiplication of lactic acid bacteria, has a number of positive effects, such 
as lowering the pH, providing hygienic stability, obtaining the characteristic sour taste, coagulation of proteins in meat, 
reducing the ability to water binding and development of the desired red color by favouring the reaction between 
nitrogen monoxide and myoglobin. 

Table 4 Average values for water activity in the sausages. 

Variant n 
1st day of the production 30th day of the production 

�̅� ± SD �̅� ± SD 

Variant 1  3 0.919ab ± 0.00 0.906a ± 0.00 

Variant 2 3 0.918a ± 0.00 0.918b ± 0.00 

Variant 3 3 0.921b ± 0.00 0.896c ± 0.00 
a,b,c - values marked with different letters have a statistically significant difference between the examined variants (p<0.05). 

From the data shown in Table 4, it can be seen that on the 1st day of the production, the values for Aw differ minimally 
between the variants. The highest Aw value is determined in the samples from the variant 3 (0.921), while the lowest 
value is obtained in the samples from variant 2 (0.918). Statistically significant difference (p<0.05) is determined only 
between variant 2 and variant 3. During the storage of sausages, the content of available water decreases, which create 
conditions for inhibition of certain microbial communities, but on the other hand it also affects the sensory properties 
of the sausages. Therefore, based on the measurement of Aw on the 30th day of the production, it can be seen that the 
highest reduction in the content of available water is determined in the sausages from variant 3 (0.896). A smaller 
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difference is observed in the sausages from the control variant (0.906). Also, a statistically significant difference 
(p<0.05) is found in variants 2 and 3 compared to the control variant, as well as between variant 2 and variant 3. 

According to Pidcock et al. [23], compared to fresh meat, whose average value for Aw is 0.99, the lower values for this 
parameter in sausages, allow them to be stored for a longer period. In their research, Medić et al. [20] found that in the 
variant in which the starter cultures Pediococcus pentosaceus, Staphylococcus carnosus and Staphylococcus xylosus were 
applied, on the 1st day of production, the water activity was 0.958 while on the 40th day this value decreased to 0.850. 
According to authors, the evaporation of water also conditions the change of the primary chemical composition of the 
sausages. In comparison, Ciuciu et al. [24] pointed out that in sausages where the lactic acid bacteria Lactobacillus sakei 
was used as a starter culture, the initial value of water activity decreased from 0.962 to 0.827 in the final product. 

According to the data in Table 5, it can be noticed that on the 7th day of production, the sausages from the variant 3 are 
characterized with the highest marks for most of the examined properties (color, taste, consistency and cross-sectional 
appearance). The odor property is rated with the highest marks in variant 2, while the outside look has the highest 
marks in the sausages from variant 1. According to these results, the sausages from the variant 3 are characterized by 
statistically significant highest weighted average value (4.59) and highest % of maximum possible quality (91.80%). 

Table 5 Average values from the sensory analysis of the sausages performed on the 7th day of production. 

Sensory properties n CI 

Variant 1 Variant 2  Variant 3  

O 
K 

O 
K 

O 
K 

�̅� ± SD �̅� ± SD �̅� ± SD 

Color 20 3 4.41 13.23a ± 0.01 4.25 12.75b ± 0.01 4.73 14.19c ± 0.01 

Smell 20 4 3.83 15.32a ± 0.01 4.33 17.32b ± 0.03 4.30 17.20c ± 0.01 

Taste 20 5 3.83 19.15a ± 0.01 4.33 21.65b ± 0.03 4.60 23.00c ± 0.04 

Consistency 20 3 4.08 12.24a ± 0.03 4.00 12.00a ± 0.21 4.59 13.77b ± 0.03 

Cross-sectional 
appearance 

20 4 4.41 17.64a ± 0.03 4.33 17.32b ± 0.02 4.73 18.92c ± 0.02 

Outside look 20 1 4.83 4.83a ± 0.00 4.50 4.50b ± 0.04 4.81 4.81a ± 0.01 

Total CI  20       

PSV    4.12a ± 0.03  4.28b ± 0.01  4.59c ± 0.09 

% of maximum 
possible quality 

   82.40a ± 0.71  85.60b ± 0.61  91.80c ± 1.71 

CI - coefficient of importance; O - average grade; K - corrected assessment; PSV - weighted average  
a,b,c,d - values marked with different letters have a statistically significant difference between the examined variants (p<0.05). 

 

The quality properties of food are a set of characteristics that are acceptable to consumers. They are divided into 
external factors (size, shape, color, consistency, odor, taste, texture) and internal factors (chemical, physical and 
microbiological) [25]. The way food is produced has a great influence on sensory characteristics. It is known that the 
typical taste and aroma of sausages produced with the addition of starter cultures, as the main sensory characteristics, 
is due to the activity of microorganisms and metabolic processes of decomposition of carbohydrates, proteins and lipids 
in meat, in combination with various spices [8, 26]. Operta et al. [27] investigated the sensory characteristics of Bosnian 
sausage produced from fresh, chilled beef (type A) and frozen beef (type B), adding starter cultures Lactobacillus, 
Pediococcus, Staphylococcus and Candida. They found that both types of sausages have similar sensory properties. There 
were statistically significant differences in the mean for the cross-sectional appearance. Type B sausages had better 
consistency (7.55) compared to type A sausages (5.76), lighter color (6.13/7.79) and whiter adipose tissue color 
(1.73/4.30). Furthermore, Toldrá [28] wrote that the ingrained taste of sausages as well as the yellowish color of 
adipose tissue occurs as a result of oxidation of unsaturated fatty acids. According to the results of sensory analysis of 
perennial sausages from domestic and wild boar obtained by Kos et al. [29], it is concluded that home-made pork 
sausages have a more intense smell, greater spiciness, as well as greater consistency and better overall quality. 
Nevertheless, Petrović et al. [30] pointed that the highest sensory rating for the overall appearance, had the sausages 
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produced in the first season that were smoked and dried in traditional conditions. The lowest sensory rating for the 
overall quality was given to the sausages that were smoked and dried in industrial conditions. 

4. Conclusion 

Based on the analysis, it can be concluded that starter cultures have positive effect on changing the pH value of sausages, 
which creates favorable conditions for the development of the desired microflora. Moreover, in the sausages from 
variant 2 (CS-300) the value for water activity is constant, and the largest decrease is determined in the variant 3 (CS-
300 + BLC-78). Nitrate-reducing bacteria in combination with a natural source of nitrates (Swiss chard powder and 
leek) are a suitable substitute for nitrite salt, thus eliminating its negative effects on consumer health. Starter cultures 
have also a positive influence on the sensory properties in the industrially produced Macedonian traditional sausage. 
According to this research, with the use of the starter culture CS-300 (Staphylococcus carnosus ssp. utilis) good quality 
of the sausages is achieved. At the same time a safe product is obtained where the use of nitrite salt is completely 
eliminated.  
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