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Selection and application of autochthonous functional starter cultures in 
traditional Croatian fermented sausages

Abstract

Microbiota of the traditional fermented sausages is a reach source of potential starter cultures 
for artisan or industrial applications. Lactic acid bacteria (LAB) and coagulase-negative 
cocci (CNC) are the main microbial groups involved in the meat fermentation and routinely 
implemented in sausage production as starters, in order to upgrade product’s safety and quality. 
The strain selection is based on technological and safety properties which should be tested by 
phenotypic and genotypic methods. Further characterization by proteomic approaches could 
give us an additional knowledge on metabolic activity of the culture under specific conditions 
and enable the optimization of the fermentation process. Although dry fermented sausages are 
microbiologically stabile products, some specific hazards could occur. Due to the spreading 
of antimicrobial resistance, a risk potential of commensal bacteria such as LAB and CNC is 
still questionable. Thus competitive and protective functional starter cultures contribute to the 
reduction or elimination of microbiological and toxicological risks.

Introduction

Regional food specialties in Croatia, such as dry 
fermented meat products have been traditionally 
manufactured in rural households and family farms. In 
general, these are traditional products that should be 
recognized as autochthonous Croatian products. Only 
some of these (e.g. dry fermented sausage “kulen”) 
are produced under control in rural manufacturing 
facilities and then put on the market (Kozačinski 
et al., 2008a).  Since natural production is rather 
“extensive” than standardized and constant, there 
are efforts to improve hygienic and technological 
conditions thorough legislation and practice. The fact 
that traditional sensorial features of sausages can’t 
be achieved in industrial scale production, gives the 
chance to private producers or small and medium 
enterprises (SMEs) for protection of autochthonous 
foods. However, it is expected that some kind of 
fermented sausage (e.g. kulen) has the same standard 
quality in all facilities related to equipment, raw 
materials, additives, technological parameters 
(smoking, ripening chambers). In the Northwest part 
of Croatia, the traditional fermented sausages are 
manufactured from pork, beef, pork back fat with the 
addition of salt and specific spice mixture (ground 

black pepper, minced red pepper, garlic), filled in 
natural swine casings, smoked and ripened at lower 
temperatures (Kozačinski et al., 2006a). There are 
also efforts for protection of traditional horsemeat 
dry fermented sausages (Šimić and Mioković, 2008; 
Alagić et al., 2008; Alagić et al., 2011a; Alagić et 
al., 2011b). The east part of Croatia is known for 
traditional Slavonian homemade dry sausage and 
kulen which are recognized in specific peppery 
flavor. Adriatic part of Croatia is more specialized in 
traditional dry cured meat products such as Dalmatian 
smoked ham or Istrian ham.

Fermentation is one of the oldest processes of 
meat preservation, which depends on the biological 
activity of indigenous microbiota (Ross et al., 
2002; Hutkins, 2006). Knowledge about the role 
of microorganisms in the food fermentation dates 
long ago, so that individual strains, considered 
fit from the technological and hygienic point of 
view, have been introduced in the production of 
fermented foodstuffs in form of starter cultures. In 
case of fermented sausages, these are lactic acid 
bacteria and coagulase-negative cocci, prevailingly 
species of the genus Lactobacillus, Pediococcus and 
Staphylococcus (Hutkins, 2006). Naturally fermented 
sausages with autochthonous “wild” microbial 
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populations are rich source of potential starter 
cultures with favorable technological and hygienic 
properties for food applications. For selection of 
potential functional starter cultures, the strains must 
be phenotypically and genotypically characterized, 
including technological, safety and probiotic features 
(Ammor and Mayo, 2007). However, results of in 
vitro studies at given laboratory conditions could 
be promising, but performance of the culture in real 
food fermentation may not be relevant. In this review, 
we summarize Croatian recent findings related to 
traditional fermented sausages from microbiological 
point of view with particular emphasis to selecting/
excluding criteria for autochthonous starter cultures.

Microbial studies of Croatian traditional fermented 
sausages

Microbiological succession during the maturation 
of dry fermented sausages is a complex and constant 
process. It is dependent on many factors such as initial 
contamination, intrinsic and extrinsic hurdles - salt, 
pH, water activity, nitrites, casings, temperature and 
moisture (Zdolec, 2007). Process of acidification and 
desiccation are favorable for stabilizing microbial 
associations constituted mainly from lactic acid 
bacteria and micrococci-staphylococci group. Recent 
studies conducted on Croatian fermented sausages 
from microbiology point of view were related to 
monitoring of indigenous microbial changes during 
the ripening (Kozačinski et al., 2006a; Zdolec et 
al., 2007a; Alagić et al., 2008), determination of 
autochthonous microbiota (Kozačinski et al., 2006a; 
Cvrtila et al., 2008; Zdolec et al., 2009; Frece et al., 
2010a; Babić et al., 2011), selection of potential 
protective strains/cultures (Zdolec et al., 2009; Frece 
et al., 2010), artificially inoculation of sausages 
with foodborne pathogens (Hadžiosmanović et al., 
2005; Drosinos et al., 2006; Čaklovica et al., 2006; 
Kozačinski et al., 2006b; Zdolec et al., 2007a; 
Zdolec et al., 2007b; Zdolec et al., 2007c; Zdolec et 
al., 2008a), application of starter cultures, protective 
cultures or bacteriocins (Zdolec, 2007; Zdolec 
et al., 2008b; Zdolec et al., 2008c; Zdolec et al., 
2008d; Medić et al., 2009; Nežak et al., 2011) and 
determination of antimicrobial resistance (Zdolec et 
al., 2011). 

Identification of indigenous microbiota
Identification of indigenous microbiota was 

performed by means of culture-dependent as well 
as culture-independent methods (Table 1). In 
general, good correlation is found for traditional and 
molecular methods of identification for main LAB 
and CNC species in different European fermented 

sausages. However, molecular identification showed 
that phenotypic methods are unable to identify some 
lactic acid bacteria/coagulase-negative cocci (LAB/
CNC) species (Iacumin et al., 2006), suggesting 
that culture-independent methods should be the first 
choice for studying bacterial diversity and ecology 
of fermented sausages (Rantsiou and Cocolin, 2006). 
Biochemical and molecular identification of intrinsic 
LAB or CNC in different types of Croatian sausages 
showed the domination of Lactobacillus plantarum 
and Staphylococcus xylosus. Those species are also 
found as dominant in other Mediterranean countries 
(Iacumin et al., 2006; Drosinos et al., 2007; Albano 
et al., 2009). One recent study (Babić et al., 2011) 
reported Leuconostoc mesenteroides as one of 
dominant LAB in Croatian dry sausage “kulen”, 
which implicates even more the need for introducing 
competitive technologically suitable starter cultures, 
because that species is heterofermentative and can 
cause sensorial deviations of sausages.   

Antimicrobial activity of LAB strains/starter cultures
Most researches related to Croatian fermented 

sausages during last decade was focused on 
antimicrobial activity of selected lactic acid bacteria 
and their application as protective starter cultures, as 
shown in Table 2. Antimicrobial activity of LAB is 
expressed through synthesized organic acids (lactic, 
acetic), hydrogen peroxide, carbon dioxide, enzymes, 
reuterin, dyacethil and bacteriocins (Holzapfel et 

Table 1  Results of determination of indigenous microbiota of different 
types of traditional Croatian fermented sausages   

Strains selected Sausage type Methods  of characterization Reference

Lb. plantarum
Lb. delbrueckii
Ln. mesenteroides
Lb. acidophilus
S. xylosus
S. warneri
S. lentus
S. auricularis
C. famata
Penicillium sp., Aspergillus sp.

Kulen API 50 CHL
API STAPH
API 20C AUX
RAPD PCR

Frece et al., 2010b
Babić et al., 2011

Lb. plantarum
Lb. brevis
Lb. curvatus
Lb. pentosus
Lb. fermentum
Ln. mesenteroides
Lc. lactis
P. pentosaceus
S. xylosus
S. capitis
S. carnosus
S. saprophyticus

Artisan traditional fermented sausage from North-West Croatia API 50 CHL
API STAPH
PCR

Kozačinski et al., 2006a
Kozačinski et al., 2008b
Cvrtila et al., 2008

Lb. plantarum
Lb. fermentum
Lb. pentosus
Lb. delbrueckii
W. viridescens
W. confusa

Artisan horse-meat dry sausage API 50 CHL Alagić et al., 2011a Alagić et al., 
2011b

Lb. curvatus
Lb. brevis
Ln. mesenteroides

Homemade traditional fermented sausage from North-West Croatia API 50 CHL Zdolec et al., 2007a

Lb. acidophilus
S. xylosus

Homemade traditional fermented sausage from North Croatia API 50 CHL
API STAPH

Frece et al., 2010d

Lc.lactis subsp. lactis
C. zeylanoides

Horsemeat dry sausage API 50 CHL
API 20C AUX

Markov et al., 2010

S. xylosus
S. warneri
S. lentus
S. auricularis

Kulen API STAPH Frece et al., 2010c

Lb. fermentum
Lb. curvatus
Lc. lactis subsp. lactis
S. xylosus
S. sciuri

Homemade Slavonian sausage API 50 CHL
API STAPH

Dobranić et al., 2011

*Lb.=Lactobacillus; Ln.=Leuconostoc; C.=Candida; S.=Staphylococcus; P.=Pediococcus; 
W.=Weisella; Lc.=Lactococcus
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al., 1995). Creating higher quantities of hydrogen 
peroxide, CO2, dyacethil or acetic acid in fermented 
meat products isn’t desirable from technological 
reasons despite the possible antimicrobial activity. 
However, the spectrum of LAB activity will depend 
on genetic-phenotypic characteristics of species, i.e. 
on ability of synthesizing products with antimicrobial 
properties in given conditions. In vitro studies of 
LAB antimicrobial properties showed promising 
results due inhibiting main food-borne pathogens. 
Many studies have reported the antimicrobial effect 
of LAB toward the bacteria Listeria monocytogenes, 
Escherichia coli, Salmonella spp., Clostridium spp., 
Staphylococcus aureus and others (Leroy et al., 
2006). Inhibition of L. monocytogenes, L. welshimeri, 
Salmonella Enteritidis, Salmonella spp. and Yersinia 
enterocolitica was shown under laboratory conditions 
(Zdolec et al., 2009), but also in fermented sausages 
for Listeria, enterobacteria, enterococci, staphylococci 
and yeasts (Zdolec et al., 2007c; Zdolec et al., 2008d). 
Such cognitions nowadays lead to development of 
an increasing number of the new functional starter 
cultures comprised of species with known metabolic 
profile and proved antimicrobial effect. 

Results observed indicate a strong protective 
potential of autochthonous LAB, as well as their 
favorable technological properties for industrial 
implementation. Pilot production of sausages with 
introduced new protective functional starter cultures 
or natural protective agents (bacteriocins) showed 
a significant improvement of microbial quality 
and sensorial features of final products (Zdolec 
et al., 2007c; Zdolec et al., 2008d). Thus, strong 

antilisterial activity of Lactobacillus sakei cultures 
was found during the ripening, despite unusually 
high levels of experimentally inoculated pathogen. 
However, natural ripening process was also able to 
reduce Listeria bellow limits of detection which is 
important finding regarding regular product’s safety. 
Furthermore, Lb. sakei culture reduced enterococci, 
yeasts and total viable count during the ripening that 
could partially influence the sensorial features of 
final products. Upgrading of safety and quality by 
applying (non)bacteriocinogenic (non)autochtonous 
strains as starter cultures was reported in different 
kinds of fermented sausages and other fermented 
meat products all over the world (Liu et al., 2010; 
Laukova et al., 2010; Sriphochanart and Skolpap, 
2010; Bonomo et al., 2011; Vatanyoopaisarn et al., 
2011; Jaworska et al., 2011). Bacteriocin-based 
conservation strategy in food production is intensively 
tested during last decades, but using bacteriocins 
as additives is still questionable mainly due their 
un-stability in reach proteolytic matrix such as 
fermented sausages. However, most studies showed 
that sausages produced with bacteriocinogenic 
cultures are preferable than non-inoculated products 
or inoculated with non-bacteriocinogenic culture.  A 
part of this product’s improving should be attributed 
to bacteriocins produced in situ (Zdolec et al., 2007c; 
Liu et al., 2010; Laukova et al., 2010).  

Potential hazards related to LAB and CNS
Selection of potential starter cultures for 

fermented sausages production should consider 
the potential hazards which are mainly related to 
presence of transferable antibiotic resistance markers 
in lactic acid bacteria or coagulase-negative cocci 
(Bernardeau et al., 2008; Talon and Leroy, 2011). 
It would be of particular importance to monitor 
the presence of same markers in animal LAB and/
or CNC, because animals would be the first link of 
spreading antibiotic resistance through agri-food 
chain. Preventing the occurrence or reducing the 
number of resistant commensal bacteria in animals 
should be the prerequisite for easier selection of 
potential functional starter cultures from food 
(Zdolec, 2012). 

Preliminary testing of antimicrobial susceptibility 
of LAB isolated from Croatian traditionally fermented 
sausages revealed in selection of several (multi)
resistant strains (Zdolec et al., 2011). Recently, we 
have studied the resistance in CNC from sausages 
by means of qualitative-quantitative E-test and 
PCR method to detect mecA, tetM, tetK and ermB 
genes (Zdolec et al., in press). Preliminary results 
showed low prevalence of (multi)resistant strains, 

Table 2 Results of testing antimicrobial activity of selected strains from 
traditional Croatian fermented sausages   

Strains tested for 
antimicrobial activity

Indicator 
microorganism

Strains with 
strongest 
antimicrobial activity

Test methods Reference

Lb. paracasei
Lb. casei
Lb. brevis
Lb. curvatus
Lb. fermentum

L. monocytogenes
L. welshimeri
Y. enterocolitica
P. aeruginosa
S. aureus
Salmonella spp.

Lb. paracasei
Lb. brevis

Agar spot test
Agar well
diffusion test

Zdolec et al., 
2009

Lb. plantarum
Lb. fermentum
Lb. pentosus
Lb. delbrueckii
W. viridescens
W. confusa

L. monocytogenes Lb. plantarum Agar spot test
Agar well
diffusion test

Alagić et al., 
2011b

Lb. curvatus
Lb. brevis
Ln. mesenteroides

L. monocytogenes Ln. mesenteroides Agar spot test
Agar well
diffusion test

Zdolec et al., 
2007b

Lb. plantarum
Lb. delbrueckii
Ln. mesenteroides
Lb. acidophilus

E. coli
S. aureus
L. monocytogenes
Salmonella 
Typhimurium

Lb. plantarum
Lb. delbrueckii
Ln. mesenteroides

Turbidimetric 
assay

Frece et al., 
2010b
Babić et al., 
2011

Lb. acidophilus E. coli
S. aureus
L. monocytogenes
Salmonella spp.

Lb. acidophilus KA1 Turbidimetric 
assay

Frece et al., 
2010d

Lc. lactis subsp. 
lactis

E. coli
S. aureus
L. monocytogenes
Salmonella spp.

Lc. lactis subsp. 
lactis 5K1

Turbidimetric 
assay

Markov et al., 
2010

S. xylosus
S. warneri
S. lentus
S. auricularis

E. coli
S. aureus
L. monocytogenes
Salmonella spp.

S. xylosus
S. warneri
S. lentus

Disk diffusion
Turbidimetric 
assay

Frece et al., 
2010c

*Lb.=Lactobacillus; Ln.=Leucoonostoc; S.=Staphylococcus; W.=Weisella; Lc.=Lactococcus
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but majority of them were resistant to erythromycin 
and tetracycline.

Proteomic approach 
Technological expectations of potential starter 

culture should also rely on –omics characterisation 
of the strain and influence of sausage production 
conditions on the enzymatic expression of culture 
applied. For this purpose we preliminary screened 
proteomic profiles of two CNS strains from two 
spontaneously fermented sausages using 2-DE gels 
combined with mass spectrometry identification. 
Strains were identified to the genus level by PCR 
as staphylococci and by biochemical tests as S. 
epidermidis (Dobranić et al., in press). Proteomic 
analysis revealed differential expression among 31 
proteins between two strains of different origin. Since 
S. epidermidis is opportunistic pathogen and even 
frequently found in spontaneously fermented sausages 
(Marty et al., 2012), the proteomic profiling could be 
a useful tool in epidemiological studies. However, 
proteomic approach is particularly important for 
studying protein-related succession during the 
maturation of fermented meat products (Gašo-Sokač 
et al., 2011), and assessment the influence of starter 
cultures.

Conclusion

Constant and recognizable quality of traditional 
fermented sausages is one of the main consumer’s 
demands. However, many varieties of the same 
product are present on the market, which is result of 
different “standard procedures” applied. Selection of 
raw materials, additives, casings and microclimatic 
conditions should be standardized and employed in 
all production facilities for each sausage type. One 
of the leading factors in developing of product’s 
uniformity is starter culture activity. Dominant 
autochthonous strains in LAB or CNC population 
which are isolated from the specific fermented 
sausage should be considered as potential starter 
cultures for the same product. These strains are most 
adapted to specific intrinsic ecology of specified 
fermented sausage and technological procedures 
implemented. However, domination of some LAB 
and CNC species/strains could result in products of 
lower quality and/or safety. For this reason selection 
procedure of potential starters should involve all 
potentially “risky” criteria such as toxigenicity, 
acquired transmissible antimicrobial resistance or 
technologically unacceptable pathways (production 
of gases, acetic acid etc.). For this purpose and for the 
specified sausage type, the proteomic approach could 

provide a deep insight into the real functionality of 
specific starter cultures in meat fermentation.

References

Alagić, D., Kozačinski, L., Filipović, I., Zdolec, N., 
Hadžiosmanović, M., Njari, B., Kozačinski, Z. and 
Uhitil, S. 2008. Microbial changes during ripening 
of fermented horsemeat sausages. Meso 10 (3): 224-
227.

Alagić, D., Zdolec, N., Njari, B., Filipović, I., Ekert 
Kabalin, A., Alagić-Ćorić, G., Stojnović, M., Cvrtila 
Fleck, Ž. and Kozačinski, L. 2011a. The quality of 
fermented sausages of horse meat during the three 
production season. Meso 13 (4): 277-283.

Alagić, D., Zdolec, N., Njari, B., Filipović, I., Ekert Kabalin, 
A., Alagić-Ćorić, G., Stojnović, M., Vragović, N. and 
Kozačinski, L. 2011b. Microbial characterization of 
horse meat dry sausage. Meso 13 (6): 450-455.

Albano, H., van Reenen, C. A., Todorov, S. D., Cruz, D., 
Fraga, L., Hogg, T., Dicks, L. M. T. and Teixeira, P. 
2009. Phenotypic and genetic heterogeneity of lactic 
acid bacteria isolated from ‘‘Alheira”, a traditional 
fermented sausage produced in Portugal. Meat Science 
82: 389-398.

Ammor, M. S. and Mayo, B. 2007. Selection criteria for 
lactic acid bacteria to be used as functional starter 
cultures in dry sausage production: An update. Meat 
Science 76: 138–146.

Babić, I., Markov, M., Kovačević, D., Trontel, A., Slavica, 
A., Đugum, .J, Čvek, D., Svetec, I. K., Posavec, S. 
and Frece, J. 2011. Identification and characterization 
of potential autochthonous starter cultures from a 
Croatian “brand” product “slavonski kulen”. Meat 
Science 88: 517-524.

Bernardeau, M., Vernoux, J. P., Dubernet, S. H. and 
Guéguen, M. 2008. Safety assessment of dairy 
microorganisms: the Lactobacillus genus. International 
Journal of Food Microbiology 126: 278-285.

Bonomo, M. G., Ricciardi, A. and Salzano, G. 2011. 
Influence of autochthonous starter cultures on 
microbial dynamics and chemical-physical features 
of traditional fermented sausages of Basilicata region. 
World Journal of Microbiology and Biotechnology 
27: 137-146.

Cvrtila, Ž., Hadžiosmanović, M., Savić, V., Kozačinski, 
L., Zdolec, N. and Filipović, I. 2008. Identification of 
Lactobacillus spp. from fermented sausages by PCR 
method. In Ćurić, D. (Ed.) Proceedings of the 2008 
Joint Central European Congress on Food, pp. 45-49. 
Cavtat, Croatia: Croatian Chamber of Economy.

Čaklovica, F., Alagić, D., Smajlović, M., Kozačinski, 
L., Cvrtila, Ž., Vesković-Moračanin, S.,  Gasparik 
Reichardt, J. and Zdolec, N. 2006. Effect of selected 
LAB on L. monocytogenes during production of 
traditionally fermented sausages. Meso 8 (3): 140-
143.

Dobranić, V., Pleadin, J., Zdolec, N. and Filipović, I. 2011. 
Chemical composition and microbial populations of 



Zdolec et al./IFRJ 20(1): 1-6 5

Slavonian sausage. In Mitrov, D. (Ed.), Proceedings  
Days of veterinary medicine, p. 97. Ohrid, Macedonia: 
Faculty of Veterinary Medicine Skopje.

Dobranić, V., Zdolec, N., Račić, I., Vujnović, A., 
Zdelar-Tuk, M., Filipović, I. and Špičić, S. 2012. 
Determination of enterotoxin genes in coagulase-
negative staphylococci from autochthonous Croatian 
fermented sausages. Veterinarski arhiv, in press.

Drosinos, E. H., Mataragas, M., Vesković-Moračanin, 
S., Gasparik-Reichardt, J., Hadžiosmanović, M., 
Alagić, D. 2006. Quantifying nonthermal inactivation 
of Listeria monocytogenes in European fermented 
sausages using bacteriocinogenic lactic acid bacteria 
or their bacteriocins: a case study for risk assessment. 
Journal of Food Protection 69: 2648–2663.

Drosinos, E. H., Paramithiotis, S., Kolovos, G., Tsikouras, 
I. and Metaxopoulos, I. 2007. Phenotypic and 
technological diversity of lactic acid bacteria and 
staphylococci isolated from traditionally fermented 
sausages in Southern Greece. Food Microbiology 24: 
260-270.

Frece, J., Čvek, D., Kovačević, D., Gobin, I., Krcivoj, T. 
and Markov, K. 2010a. Characterization of bacterial 
strain Lactobacillus plantarum 1K isolated from 
Slavonian “kulen“, as probiotic functional starter 
culture. Meso 12 (4): 210-216.

Frece, J., Markov, K. and Kovačević, D. 2010b. 
Determination of indigenous microbial populations, 
mycotoxins and characterization of potential starter 
cultures in Slavonian kulen. Meso 12 (2): 92-98.

Frece, J., Markov, K., Čvek, D. and Kovačević, D. 2010c. 
Staphylococci as potential indigenous starter cultures 
from “Slavonian kulen”. Meso 12 (3): 150-155.

Frece, J., Pleadin, J., Markov, K., Perši, N., Dukić, V., 
Čvek, D. and Delaš, F. 2010d. Microbe population, 
chemical composition and mycotoxins in sausages 
from Varaždin County. Veterinarska stanica 41 (3): 
189-198.

Gašo-Sokač, D., Kovač, S. and Josić, D. 2011. Use of 
Proteomic Methodology in Optimization of Processing 
and Quality Control of Food of Animal Origin. Food 
Technology and Biotechnology 49 (4): 397-412.

Hadžiosmanović, M., Gasparik-Reichardt, J., Smajlović, 
M., Vesković-Moračanin, S. and Zdolec, N. 2005. 
Possible use of bacteriocins and starter cultures 
in upgrading of quality and safety of traditionally 
fermented sausages. Tehnologija mesa 46 (3-4): 194-
211.

Holzapfel, W. H., Geisen, R. and Schillinger, U. 1995. 
Biological preservation of foods with reference to 
protective cultures, bacteriocins and food-grade 
enzymes. International Journal of Food Microbiology 
24: 343–362.

Hutkins, R. W. 2006. Meat fermentation. In Hutkins, R. 
W. (ed.). Microbiology and technology of fermented 
foods, pp. 207-232. Blackwell Publishing.

Iacumin, L., Comi, G., Cantoni, C. and Cocolin, L. 2006. 
Ecology and dynamics of coagulase-negative cocci 
isolated from naturally fermented Italian sausages. 
Systematic and Applied Microbiology 29 (6): 480-

486.
Jaworska, D., Neffe, K., Kołozyn-Krajewska, D. and 

Dolatowski, Z. 2011. Survival during storage and 
sensory effect of potential probiotic lactic acid bacteria 
Lactobacillus acidophilus Bauer and Lactobacillus 
casei Bif3’⁄IV in dry fermented pork loins. International 
Journal of Food Science and Technology 46 (12): 
2491-2497.

Kozačinski, L., Zdolec, N., Hadžiosmanović, M., Cvrtila, 
Ž., Filipović, I. and Majić, T. 2006a. Microbial flora of 
the Croatian traditionally fermented sausage. Archiv 
für Lebensmittelhygiene 57 (9/10): 141-147.

Kozačinski, L., Zdolec, N., Gasparik-Reichardt, J., Alagić, 
D., Vesković-Moračanin, S. and  Hadžiosmanović, M. 
2006b. Influence of bacteriocins on characteristics and 
safety of traditionally fermented sausages. Meso 8 (4): 
218-223.

Kozačinski, L., Hadžiosmanović, M., Cvrtila Fleck, Ž., 
Zdolec, N., Filipović, I. and Kozačinski, Z. 2008a. 
Quality of dry and garlic sausages from individual 
households. Meso 10 (1): 74-80. 

Kozačinski, L., Drosinos, E. H., Čaklovica, F., Cocolin, 
L., Gasparik-Reichardt, J. and Vesković-Moračanin, 
S. 2008b. Investigation of microbial association of 
traditionally fermented sausages. Food Technology 
and Biotechnology 46 (1): 93-106.

Laukova, A., Simonova, M. and Strompfova, V. 2010. 
Staphylococcus xylosus S03/1M/1/2, bacteriocin-
producing meat starter culture or additive. Food 
Control 21: 970-973.

Leroy, F., Verluyten, J. and De Vuyst, L. 2006. Functional 
meat starter cultures for improved sausage fermentation. 
International Journal of Food Microbiology 106 (3): 
270–285.

Liu, G., Griffiths, M. W., Shang, N., Chen, S. W. and Li, P. L. 
2010. Applicability of bacteriocinogenic Lactobacillus 
pentosus 31-1 as a novel functional starter culture or 
coculture for fermented sausage manufacture. Journal 
of Food Protection 73 (2): 292-298.

Markov, K., Frece, J., Čvek, D., Trontel, A., Slavica, A. and 
Kovačević, D. 2010. Dominant microflora of horse 
meat fermented sausages. Meso 12 (4): 217-221.

Marty, E., Buchs, J., Eugster-Meier, E., Lacroix, C. 
and Meile, L. 2012. Identification of staphylococci 
and dominant lactic acid bacteria in spontaneously 
fermented Swiss meat products using PCR-RFLP. 
Food Microbiology 29 (2): 157-166.

Medić, H., Vidaček, S., Marušić, N., Šatović, V. and Nežak, 
J. 2009. The effect of casing and starter cultures on 
ripening process and quality of fermented sausages. 
Meso 11 (2): 113-122.

Nežak, J., Zdolec, N., Vidaček, S., Marušić, N. and 
Medić, H. 2011. The use of Pediococcus carnosus 
and Staphylococcus xylosus starter cultures in the 
production of kulen. Meso 8 (2): 109-115.

Rantsiou, K. and Cocolin, L. 2006. New developments 
in the study of the microbiota of naturally fermented 
sausages as determined by molecular methods: A 
review. International Journal of Food Microbiology 
108 (2): 255-267.



6 Zdolec et al./IFRJ 20(1): 1-6

Ross, R. P., Morgan, S. and Hill, C. 2002. Preservation and 
fermentation: past, present and future. International 
Journal of Food Microbiology 79 (1-2): 3-16.

Sriphochanart, W. and Skolpap, W. 2010. Characterization of 
proteolytic effect of lactic acid bacteria starter cultures 
on thai fermented sausages. Food Biotechnology 24 
(4): 293-311.

Šimić, D. and Mioković, B. 2008. Additional knowledge 
about horsemeat dry sausage “piket” from the Pakrac 
area. Meso 10 (4): 292-296.

Talon, R. and Leroy, S. 2011. Diversity and safety hazards 
of bacteria involved in meat fermentations. Meat 
Science 89 (3): 303-309.

Vatanyoopaisarn, S., Prapatsornwattana, K., Kuhakongkeat, 
T. and Phalakornkule, C. 2011. Potential use of lactic 
acid bacteria with bacteriocin-like activity against 
Staphylococcus aureus as dual starter cultures in thai 
fermented sausage “Sai Krok Prew”. International 
Food Research Journal 18: 680-687.

Zdolec, N. 2007. Influence of protective cultures and 
bacteriocins on safety and quality of fermented 
sausages. Zagreb, Croatia: Faculty of veterinary 
medicine, University of Zagreb, PhD thesis.

Zdolec, N., Hadžiosmanović, M., Kozačinski, L., Cvrtila, 
Ž., Filipović, I., Leskovar, K., Vragović, N. and 
Budimir, D. 2007a. Home-made fermented sausages – 
microbiological quality. Meso 9 (6): 318-324. 

Zdolec, N., Kozačinski, L., Hadžiosmanović, M., Cvrtila, 
Ž. and Filipović, I. 2007b. Inhibition of Listeria 
monocytogenes growth in dry fermented sausages. 
Veterinarski arhiv 77 (6): 507-514.

Zdolec, N., Hadžiosmanović, M., Kozačinski, L., 
Cvrtila, Ž., Filipović, I., Marcinčak, S., Kuzmanović, 
Ž., and Hussein, K. 2007c. Protective effect of 
Lactobacillus sakei in fermented sausages. Archiv für 
Lebensmittelhygiene 58 (7/8): 152-155.

Zdolec, N., Hadžiosmanović, M., Kozačinski, L., Cvrtila, 
Ž., Filipović, I. and Škrivanko, M. 2008a. Influence 
of protective cultures on Listeria monocytogenes 
in fermented sausages: a review. Archiv für 
Lebensmittelhygiene 59 (2): 60-64.

Zdolec, N., Hadžiosmanović, M., Kozačinski, L., Cvrtila 
Fleck, Ž., Filipović, I., Leskovar, K., Popelka, P. and 
Marcincak, S. 2008b. Upgrading the safety and quality 
of traditional fermented sausages. Meso 10 (3): 227-
230.

Zdolec, N., Hadžiosmanović, M., Kozačinski, L., Cvrtila, 
Ž. and Filipović, I. 2008c. Implementation of 
bacteriocin-producing culture Lb. sakei and bacteriocin 
mesenterocin Y in production of fermented sausages. 
In Ćurić, D. (Ed.) Proceedings of the 2008 Joint 
Central European Congress on Food, pp. 301-308. 
Cavtat, Croatia: Croatian Chamber of Economy.

Zdolec, N., Hadžiosmanović, M., Kozačinski, L., Cvrtila, 
Ž., Filipović, I., Škrivanko, M. and Leskovar, K. 
2008d. Microbial and physicochemical succession in 
fermented sausages produced with bacteriocinogenic 
culture of Lactobacillus sakei and semi-purified 
bacteriocin mesenterocin Y. Meat Science 80: 480-
487.

Zdolec, N., Kozačinski, L., Njari, B., Filipović, I., 
Hadžiosmanović, M., Mioković, B., Kuzmanović, 
Ž., Mitak, M. and Samac, D. 2009. The antimicrobial 
effect of lactobacilli on some foodborne bacteria. 
Archiv für Lebensmittelhygiene 60 (3): 115-119.

Zdolec, N., Filipović, I., Cvrtila Fleck, Ž., Marić, A., 
Jankuloski, D., Kozačinski, L. and Njari, B. 2011. 
Antimicrobial susceptibility of lactic acid bacteria 
isolated from fermented sausages and raw cheese. 
Veterinarski arhiv 81 (1): 133-141.

Zdolec, N. 2012. Lactobacilli – functional starter cultures 
for meat applications. In Peres Campos, A. I. and 
Mena, A. L. (Eds.). Lactobacillus: Classification, Uses 
and Health Implications. NovaPublishers, USA.

Zdolec, N., Račić, I., Vujnović, A., Zdelar-Tuk, M., 
Matanović, K., Filipović, I., Dobranić, V., Cvetnić, 
Ž., Spičić, S. 2012. Antimicrobial resistance of 
coagulase-negative staphylococci isolated from 
spontaneously fermented sausages. Food Technology 
and Biotechnology. In Press.


