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Abstract – This paper presents some important 

characteristics of fermented sausages produced 

with commercial probiotic strain Lactobacillus 

casei LC01 and potential probiotic Lactobacillus 

plantarum 564 isolated from autochthonous 

Sjenički cheese. The results show that at the end of 

ripening the pH-value of sausages produced with 

Lb. pantarum 564 was statisticaly lower (4,62-4,66) 

then the pH-value of sausages produced with  Lb. 

casei LC 01 (4,75 - 4,79). There was no siginificant 

difference in aw-value of experimental sausages. 

Both Lb. plantarum 564 and Lb. casei LC 01 

strains showed a good potential to grow in 

fermented sausages, so the count of viable cells at 

the end of ripening was 7,8-8,0 log cfu/g and 8,5-

8,8 log cfu/g respectively. The overal sensory 

quality of experimental sausages was highly 

evaluated: 4,8 (adjusted rating 94,4-95,3) for the 

sausages with Lb. plantarum 564 and 4,9 (adjusted 

rating 97,6-97,9) for the sausages with Lb. casei 

LC 01.  

 

Key words – fermented sausages, functional food, 

probiotics. 

 
I. INTRODUCTION 

 

With the development of consumer awareness 

about the importance of healthy nutrition, 

functional food becomes even more significant. 

Besides the basic nutrients, functional food 

contains functional ingredient(s) that exercise 

positive effects on human health. One of the 

most important group of functional ingredients 

are certainly probiotics. Probiotics are live 

microorganisms that, after being ingested 

through food, may exercise health benefits on 

the host. In order to be selected and assigned as 

a probiotic, a microorganism must be a 

significant part of human intestinal flora, to be 

able to survive passage through the stomach and 

intestine, and possess the ability of adherence to 

intestinal epithelial cells [1]. Probiotic bacteria 

achieve positive effect on human health in 

several ways. They prevent gastro-intestinal 

infections, reduce cholesterol level in blood, 

have a positive effect on immune system and 

help in overcoming the lactose intolerance 

problem, and even more, it is also believed that 

they can prevent development of cancer [2, 3, 4]. 

Production of functional food is most developed 

by dairy and bakery products, but meat industry 

also develops products with functional 

properties. Considering the possibilities of 

application of probiotics in meat products, only 

fermented sausages can be used as probiotic 

carriers. It is explained by the fact that 

fermented sausages are not heat treated during 

production and that the bacteria from 

Lactobacillus genus naturally play important 

role in fermentation process. It is well known 

that a large number of Lactobacillus strains 

possess probiotic properties. 

During the selection of a probiotic bacterial 

strain for applying in fermented sausages 

production it is of great importance to meet 

some requirements, such as to have the ability to 

survive the sausage production process as well 

as the conditions during storage in sufficient 

number to be able to achieve positive effects on 

human health. In order to be characterized as a 

probiotic food, a product must contain high 
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number of probiotic bacteria, which means at 

least 10
6
 cfu / g [5]. In addition, there should be 

met the requirement not to alter the sensory 

properties of the product [3, 6].  

 

One of the simpler methods of probiotic bacteria 

application in fermented sausages is to use 

commercial probiotic cultures, which are already 

used in dairy industry. The benefit of this 

approach is that the use of probiotics in dairy 

industry is already largely developed and the 

properties of probiotic bacteria originating from 

dairy products are mostly tested. However, some 

of probiotic bacteria which are used in dairy 

industry do not have the ability to grow and 

survive in fermented sausages, which is the case 

with the most commonly used strains such as Lb. 

acidophilus LA 5 and Bifidobacterium lactis BB 

12 [7, 5]. The literature data [5, 7, 8], as well as 

the results of our own research [9] show that Lb. 

casei LC 01, a commercial probiotic starter 

culture which is used in dairy industry, 

successfully survives and grows in fermented 

sausages in high numbers so the sausage could 

be assigned as probiotic, without affecting the 

sensory properties of the product. 

The harder approach is the use of probiotic 

bacteria isolated from fermented sausages.  

However, the bacteria that are naturally involved 

in the ripening of fermented sausages, with the 

exception of Lactobacillus plantarum strains, do 

not have probiotic significance. Vuyst et al. [10] 

reported that some strains of Lb. plantarum, 

which are isolated from fermented sausages, 

have better adherence ability to intestinal 

epithelial cells than strains of Lb. paracasei 

species, contributing to their stronger probiotic 

potential. However, Cebeci et al. [11] concluded 

that none of the Lb. plantarum strains isolated 

from fermented sausages has all the 

characteristics of a probiotic.They recommended 

that Lb. plantarum strains as probiotic 

candidates originated from fermented sausages 

should be used as mixtures of different strains to 

get all of the probiotic characteristics in one 

product. These authors also concluded that 

strains of Lb. plantarum originating from some 

fermented milk products (e.g. kefir and 

sourdough) have a better probiotic potential than 

the probiotic strains originating from fermented 

sausage. 

Related to foregoing data, the aim of this study 

was to investigate the possibility of application 

of potential probiotic bacterial strain Lb. 

plantarum 564 isolated from autochthonous 

Sjenički cheese in production of functional 

fermented sausages. As a control product were 

used fermented sausages produced with a 

commercial probiotic strain Lb. casei LC 01, 

which is widely used in dairy industry and also 

proven to be successfully applied in the 

production of functional fermented sausages. 

 

II. MATERIALS AND METHODS 

 

Experimental sausages were produced according 

to two basic recipes, which in previous research 

provided products with the most acceptable 

sensory properties [9, 16]: 

- Sausage A: lean beef 35 %, lean pork 40 %, 

pork backfat 22 %,   inulin powder 2 % 

(Fibruline instant, Cosucra S.A., Belgium), pea 

fiber 1 % (Swelite, Cosucra S.A., Belgium). 

-  Sausage B: lean beef 35 %, lean pork 40 %, 

pork backfat 20 %,   inulin suspension 4 % 

(Fibruline XL, Cosucra S.A., Belgium, inulin 

and water ration 1:1), pea fiber 1 % (Swelite, 

Cosucra S.A., Belgium). 

Additions to 1 kg stuffing were identical for 

both recipes: 28.0 g curing salt with nitrite, 1.5 g 

dextrose, 4.0 g sucrose, 2.5 g grounded white 

pepper, 1.0 g peppercorns, 0.5 g cardamom, 4.0 

g brandy with juniper, and 2.5 g  omega-3 fatty 

acids preparation (Denomega Gat 100). 

Inulin suspension for the Sausage B was 

prepared by homogenization of inulin and warm 

water (75
o
C) in a meat bowl cutter in 1:1 ratio, 

followed by cooling and freezing (-12 
o
C). 

From each of these recipes, two particular 

groups of sausages were produced. In the first 

group, as a starter culture was used a 

commercial probiotic strain Lb. casei LC 01 

(Chr. Hansen, Denmark). For the second group, 

a potential probiotic culture Lb. plantarum 564 

was used (from the collection of the Department 

of Technological Microbiology, Faculty of 

Agriculture, University of Belgrade), which was 

isolated from autochthonous Sjenički cheese and 

characterized as a potential probiotic [12]. In 

this way, four groups of experimental sausages 

were produced, as follows: 
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Sausage A with Lb. casei LC01 

Sausage A with Lb. plantarum 564 

Sausage B with Lb. casei LC01 

Sausage B with Lb. plantarum 564 

 

The stuffing preparation: frozen materials (pork 

meat, pork backfat and inulin suspension) were 

cut in a »meat block braker« and chilled beef 

meat was coarsely grinded. In a meat bowl cutter 

were firstly chopped frozen materials, followed 

by probiotic starter culture addition.  After that, 

the chilled beef maet, sugars, inulin powder 

(recipe A), pea fiber, Denomega Gat 100 and 

grounded spices were added. The stuffing was 

comminuted to 2 mm particle size, and at the 

and of the process the peppercorn and curing salt 

were added, and finally properly blended. The 

stuffing was filled in collagen casings 60 mm 

diameter. Sausages were firstly tempered 

(drainage) up to 12 hours at room temperature, 

and then smoked at 20-24 ° C, casually during 3-

4 days. Drying and ripening lasted another 15-17 

days at 18-20 °C and relative humidity which 

decreased from 90 to 85 %. Total production 

process lasted 21 days. 

Experimental sausages were examined using 

standard physico-chemical, bacteriological and 

sensory methods.   

Physico-chemical methods: 1) pH-value was 

measured by means of a digital pH-meter WTW, 

model 521, with combined electrode (WTW-

Wissenschaftlich-TechnischeWerkstäten GmbH, 

Weilheim, Germany). Water activity (aw) was 

measured by means of an aw-meter (GBX 

Scientific Instruments, Fa-St/1).   

Bacteriological methods: 1) the count of cells of 

probiotic strain Lb. casei LC 01 in fermented 

sausages was examined on MRS agar (Merck) 

supplemented with moxalactam (Sigma-Aldrich 

Chemie, M-8158, Germany) in the amount of 

112 µg mL
-1

, at 37
o
C/72 hrs in anaerobic 

environment [5]. 2) The count of cells of 

potential probiotic strain Lb. plantarum 564 was 

examined on MRS agar (Merck) supplemented 

with rifampicin (Sigma-Aldrich Chemie, R-3501, 

Germany) in the ammount of 250 µg mL
-1

, at 

37
o
C/48 hrs in anaerobic environment. 

Rifampicin resistant strain Lb. plantarum 564 

(Rif
r
) was produced by cultivation of strain Lb. 

plantarum 564 in MRS broth (Merck, Germany) 

with increase of rifampicin concentration and 

incubation at 37°C /18 hrs [13].  

Overall sensory quality was investigated by 

eight-member panel, following the method of 

adjusted five-point scale system [14]. Sensory 

characteristics of fermented sausages were 

evaluated by scores of 5 (excellent) to 1 

(unacceptable), and the obtained scores were 

multiplied with corresponding coefficients of 

importance: appearance 2, cut surface 

appearance 4, color and sustainability of color 4, 

odor and taste 6 and texture 4.  

The results were statistically analyzed by 

determining the average value, measure of 

variation and statistical significance. 

 

 

III. RESULTS AND DISCUSSION 

 

The results of examination of physico-chemical 

parameters of experimental sausages are shown in 

Table 1. The pH-value of experimental sausages 

produced with potential probiotic strain Lb. 

plantarum 564 was lower for more then 0.1 pH-

unit than the pH-value of sausages produced with 

Lb. casei LC 01 strain, and this difference was 

statistically significant. Since Lb. plantarum 

strains do not show the ability to ferment inulin, 

but they possess a very good ability to ferment 

glucose and sucrose [15], the lower pH-values of 

sausages produced with Lb. plantarum 564 may be 

primarily a consequence of intensive fermentation 

of sucrose and dextrose which were added in 

experimental sausages. 
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Table 1 Physico-chemical parameters of fermented sausages 
 

Parameter Sausage  A with  

Lb. casei LC01 

Sausage A with  

Lb. plantarum 564  

Sausage B with 

Lb. casei LC01 

Sausage B with 

Lb. plantarum 564 

pH 4.75a 4.62b 4.79a 4.66b 

aw 0.900 0.907 0.901   0.904 
         

        a,b = p < 0.01 

 

 

 

 

 
 

Figure 1 Count of probiotic bacterial cells in fermented sausages (log cfu/g) 

 

The pH-value of sausages produced with 2 % 

inulin powder (recipe A) was lower than pH-

value of sausages produced with 4 % inulin 

suspension (recipe B), which is in accordance 

with our previous findings [9,16], and was 

associated with the fermentation of inulin 

powder by Lb. casei, which had a good ability to 

ferment this prebiotic [15]. The water activity of 

all experimental sausages was almost the same 

(Table 1) and in accordance with aw-values 

detected in fermented sausages containing 

dietary fibers and prebiotics [17, 18, 19] as well 

as the previous results of our own research [9, 

16].  

The results of Lb.plantarum 564 and Lb. casei 

LC01 probiotic strains viability examination in 

fermented sausages showed that the both strains 

had a good growing rate. The viable cells count 

of a potential probiotic strain Lb. plantarum 564  

 

at the end of the sausage production was 7.8 - 

8.0 log cfu / g (Fig. 1), which is sufficient for a 

product to be assigned as probiotic food [5]. 

These results support the claims that Lb. 

plantarum strains have a good ability to grow in 

fermented sausages in which they represent a 

part of natural microflora [10]. The viable cells 

count of a commercial probiotic  strain Lb. casei 

LC 01 at the end of the sausage production was  

8.5 - 8.8 log cfu / g (Fig. 1), which is in 

accordance with the literature data [7, 20] as 

well as the results of our own research [9, 21].  

The examination of overall sensory quality of 

experimental sausages showed that all products 

were highly evaluated (Table 2), noting that the 

sausages produced with Lb. plantarum 564 had a 

slightly lower average score as well as the adjusted 

rating, regardless the basic recipe. 
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Table 2. Scores of some sensory properties of fermented sausages 
 

Sensory property Sausage  A with         

Lb. casei LC01 

Sausage A with  

Lb. plantarum 564  

Sausage B with 

Lb. casei LC01 

Sausage B with 

Lb. plantarum 564 

Appearance 5.0 5.0  5.0  5.0  

Cut surface appearance 4.9 ± 0,2 4.9 ± 0,2 4.9 ± 0.2 4.9 ± 0.2 

Color and sustainability of color 4.9 ± 0,2 4.9 ± 0,2 4.9 ± 0.2 4.8 ± 0.3 

Odor and taste 4.8 ± 0,3 4.4 ± 0,2 4.8 ± 0.3 4.4 ± 0.2 

Texture 4.9 ± 0,2 4.9 ± 0,2 4.9 ± 0.2 4.8 ± 0.3 

Average score * 4.90 4.83 4.92 4.78 

Adjusted score ** 97.6 95.3 97.9 94.4 
 

*=maximal score is 5,00; **= maximal score is 100

 

Such results were obtained because the odor and 

taste of sausages produced with Lb. plantarum 

564 was rated 4.4 and of sausages produced with 

Lb. casei LC 01 with a score 4.8, which 

influenced their overall sensory quality. The 

taste of sausages with Lb. plantarum 564 was 

slightly sour, which was supported by lower pH-

value measured in these products (Table 1), and 

the flavor was slightly unspecific for fermented 

sausages. Other characteristics, such as 

appearance, cut surface appearance; color and 

sustainability of color as well as texture were 

highly evaluated in all experimental sausages, 

with no significant differences. 

 

IV. CONCLUSION 

 

When selecting an appropriate probiotic strain 

for the production of functional fermented 

sausages, the most important requirements for 

those strains are to be able to survive in 

sufficient number and not to alter the sensory 

properties of the product. Both Lb. plantarum 

564 and Lb. casei LC 01 strains showed a good 

potential to grow in fermented sausages, being 

present in a higher number then the requested 

minimum for probiotic food. Even more, the use 

of these strains as starter cultures did not 

significantly affect the sensory properties of 

experimental fermented sausages, which were 

highly evaluated (4.8 and 4.9 respectively).  
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