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ANTIBIOTIC RESISTANCE IN LEUCONOSTOC  

ISOLATES OF CHEESE ORIGIN 

Ledina T.
1
,  Djordjevic J.

1
,  Bulajic S.

1
 

 

Abstract: Leuconostoc spp. are widely distributed in dairy environments, mostly as adjunct 

cultures and non-starter lactic acid bacteria. In order to gain Qualified Presumption of 

Safety status, bacteria must not carry transferable resistance to antibiotics. Although 

members of lactic acid bacteria are recognized as safe, constant monitoring of antibiotic 

resistance is recommended by European Food Safety Authority. The aim of this study was 

to evaluate antibiotic resistance in Leuconostoc isolates of cheese origin. 

This study was conducted on 20 Leuconostoc isolates belonging to two species: 

Leuconostoc mesenteroides (n=18) and Leuconostoc pseudomesenteroides (n=2). All 

investigated isolates originated from Serbian traditional raw milk cheeses – Zlatar, Sjenica 

and Homolje cheese. Minimum inhibitory concentrations were determined by broth 

microdilution method for 8 antibiotics and results were interpreted according to European 

Food Safety Authority guidance. Most prevalent resistance phenotype was resistance to 

kanamycin (n=15), following with resistance to chloramphenicol (n=6), and streptomycin 

(n=5). One Ln. mesenteroides isolate showed multiresistance, with resistance to 7 out of 8 

investigated antibiotics. Genetic basis of tetracycline resistance (tet(A), tet(B), tet(C), 

tet(K), tet(L), tet(M), tet(O) and tet(W) genes) was analyzed by PCR method in all isolates. 

None of the analyzed genes was found in any of the isolates.  According to the results of 

this study Leuconostoc isolates are not a reservoir of tetracycline resistance. However, 

determining genetic basis of antibiotic resistance is necessary for the complete risk 

assessment regarding transferable antibiotic resistance in the isolates. 

 

Keywords: Leuconostoc, antibiotic resistance, lactic acid bacteria 

 

Introduction 

Although resistance to antibiotics is probably as old as bacterial populations, overuse and 

misuse of antibiotics in human and veterinary medicine have put huge selective pressure 

on bacteria, enabling survival only of the resistant cells (Allen et al., 2010). Bacterial 

resistance to antibiotics can be intrinsic characteristic of a genus or species, but can also be 

acquired through horizontal gene transfer and mutations (Mathur and Singh, 2005). While 

intrinsic and mutational resistance are threat to human health only in pathogenic bacteria, 

acquired resistance in commensal bacteria is indirect health hazard, as it can be transferred 
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from commensal to pathogenic bacteria (Devirgiliis et al., 2011). In order to fully 

comprehend antibiotic resistance phenomenon, it is necessary to acknowledge ecological 

dimension of antibiotic resistance – sources of resistant bacteria and the main routes for the 

dissemination through different environments (Wang et al., 2006). Food chain is one of the 

possible routes for the exchange of antibiotic resistant bacteria between human and animal 

populations, as gene transfer from resistant to susceptible bacteria can happen during 

processing and production, as well as in gastrointestinal tract of consumers (Rossi et al., 

2014). Having in mind their diversity and abundance, commensal bacteria originating from 

food may play an important role in antibiotic resistance genes transfer (Marshall et al., 

2009). Leuconostoc species are heterofermentative lactic acid bacteria, which participate in 

the formation of aroma in many dairy products. Strains of Leuconostoc metabolize citrate 

in milk to produce dyacetil and are associated with the formation of other flavor 

compounds, such as lactic acid, acetic acid end ethanol (Hemme and Foucaud-

Scheunemann, 2004). Together with lactobacilli they constitute non-starter lactic acid 

bacteria (NSLAB), which are crucial for the characteristic sensory properties of many 

traditional cheeses (Nieto-Arribas et al., 2010). Leuconostoc species are commonly 

isolated from Serbian traditional cheeses, where they constitute a substantial part of 

NSLAB (Begovic et al. 2011; Golić et al., 2013). 

The aim of this study was to evaluate antibiotic resistance in Leuconostoc isolates 

originating from traditional Serbian cheeses, as part of the isolates’ safety assessment.  

 

Materials and methods 

Material for this research were 20 Leuconostoc spp. isolates belonging to two species: 

Leuconostoc mesenteroides (n=18) and Leuconostoc pseudomesenteroides (n=2). All 

investigated isolates originated from Serbian traditional raw milk cheeses (Homolje, Zlatar 

and Sjenica cheese) and were previously identified by MALDI (Matrix-Assisted Laser 

Desorption/Ionization) TOF (Time of Flight) mass spectrometry, as described in our 

previous study (Ledina et al., 2018). 

Antibiotic susceptibility testing 

Susceptibility testing was performed following EFSA recommendations (European Food 

Safety Authority, EFSA, 2012), by determining MIC (Minimum Inhibitory 

Concentrations) values for following antibiotics: gentamicin (gentamicin sulphate; 

Fluka™, Honeywell, Germany), kanamycin (kanamycin sulphate; Dr. Ehrenstorfer, 

Augsburg, Germany), streptomycin (streptomycin sesquisulphate hydrate; Sigma-Aldrich, 

Germany), tetracycline (tetracycline hydrochloride; HiMedia, India), erythromycin 

(erythromycin dihydrate; Sigma-Aldrich, Germany), clindamycin (clindamycin 

hydrochloride, Sigma-Aldrich, Germany), chloramphenicol (chloramphenicol; Sigma-

Aldrich, Germany) and ampicillin (ampicillin trihydrate; Dr. Ehrenstorfer, Augsburg, 

Germany). MIC values were defined as the lowest concentration of antibiotic that 

completely inhibited growth in the microtiter well after 48h of incubation. Susceptibility 

testing was performed using broth microdilution method, following procedure described in 

ISO standard 10932:2010 “Milk and milk products - Determination of the minimal 

inhibitory concentration (MIC) of antibiotics applicable to bifidobacteria and non-

enterococcal lactic acid bacteria (LAB)” (International Organization for Standardization, 
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ISO, 2010). Susceptibility to antibiotics was assessed according to the EFSA guidelines 

(EFSA, 2012). 

DNA extraction and detection of tet genes  

The extraction of total bacterial DNA was performed using commercial kit (Wizard 

Genomic DNA purification kit, Promega, WI, USA), following manufacturer’s 

instructions. Prior to the DNA extraction, 1 ml of overnight MRS (de Man, Rogosa 

Sharpe) broth (Merck, Germany) culture was centrifuged at 12,000 rpm/2 min. The pellet 

was suspended in in 600 µl of 0.5 mM EDTA solution (pH 8.0) containing lysozyme (1 

mg/mL) and mutanolysine (25 U/mL) (Sigma-Aldrich, Germany) and incubated at 37
o
C/1 

h in order to improve cell lysis. The presence of following genes associated to tetracycline 

resistance was investigated in all isolates: tet(A), tet(B), tet(C), tet(K), tet(L), tet(M), tet(O) 

and tet(W). Primer sequences were designed and PCR amplification conditions were set as 

described in Hansen et al. (1996), for tet(A) gene; Roe et al. (1995) for tet(B) gene, Frech 

and Scwarz (2000) for tet(C) gene, Zycka-Krzesinska et al. (2015) for tet(K) and tet(L) 

genes; Nawaz et al. (2011) for tet(M) and tet(O) genes and Aminov and Mackie (2001) for 

tet (W) gene.  

 

Results and discussion 

Lactic acid bacteria have long history of safe use, which granted them QPS (Qualified 

Pressumption of Safety) status. However, it is highly recommended to test phenotypic 

resistance in bacteria that are added on purpose to food and, if the phenotypic resistance is 

present, to analyze genetic basis of the resistance (EFSA, 2012). In this research, following 

EFSA guidelines, resistance/susceptibility patterns of Leuconostoc isolates was determined 

by broth microdilution method. Distribution of MIC values for Leuconostoc mesenteroides 

isolates is shown in Table 1.  

Table 1. Distribution of MIC values for Leuconostoc spp.  

Ab 

Number of isolates with the following MIC value (µg/ml) 
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µ
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.0

3
2
 

0
.0

6
4
 

0
.1

2
5
 

0
.2

5
 

0
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GEN 
      

1 5 10 2 1 
 

1 
    

16 

KAN 
        

1 
 

4 7 4 3 
  

1 16 

STR 
          

1 8 6 4 1 
  

64 

TET 
     

1 12 2 1 
 

1 1 2 
    

8 

ERY 
   

2 13 4 
   

1 
       

1 

CLI 
 

3 13 3 
      

1 
      

1 

CHL 
        

14 5 
  

1 
    

4 

AMP 
   

3 13 4 
           

2 

White area represents concentrations of antibiotic distributed in microtiter plate wells for 

each antibiotic. Ecoff values (µg/ml), are ecological cut off values (breakpoints) for the 
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phenotypic resistance, proposed by EFSA (2012). If the isolate had MIC value greater than 

Ecoff, it was considered resistant to antibiotic.  Ab – antibiotic; GEN – gentamicin, KAN – 

Kanamycin, STR – Streptomycin, TET – Tetracycline, ERY – Erythromycin, CLI – 

Clindamycin, CHL – Chloramphenicol, AMP – Ampicillin.  

Most prevalent phenotypic resistance in Leuconostoc mesenteroides was resistance to 

kanamycin (n=14), following with resistance to chloramphenicol (n=6) and resistance to 

streptomycin (n=5). Regarding two Leuconostoc pseudomesenteroides isolates, one isolate 

was susceptible to all investigated antibiotics and one isolate was resistant to kanamycin 

and tetracycline. Resistance to aminoglycoside antibiotics and chloramphenicol were as 

well reported as most prevalent in dairy Leuconostoc strains from the previous studies 

(Alegría et al., 2015; Flórez et al., 2016). Although resistance to aminoglycosides and 

chloramphenicol was common in the Leuconostoc isolates, MIC values for kanamycin, 

streptomycin and chloramphenicol were only one to two-fold higher than proposed 

breakpoints for most isolates. In the research by Flórez et al. (2016) it is suggested that 

breakpoint values for kanamycin and streptomycin should be reevaluated. However, in 

order to revise breakpoint values, it is necessary to evaluate MICs in considerable number 

of strains; and, to our knowledge, antibiotic resistance in dairy Leuconostoc has not been 

extensively investigated to date.  

Distribution of MIC values among strains in a bacterial population is one of the indicators 

if the resistance is intrinsic or acquired. There is a general scientific consensus that bacteria 

with intrinsic resistance have unimodal (Gaussian) distribution of MIC values, as opposed 

to bacteria with acquired resistance which have bimodal distribution if MIC values. 

(Murray et al., 2003). Since the resistant isolates from this research show unimodal 

distribution of MIC values for kanamycin, streptomycin and chloramphenicol, it can be 

assumed that the resistance to these antibiotics is intrinsic, and, as such do not pose a risk 

for the antibiotic resistance genes transfer. However, molecular characterization of 

antibiotic resistance is necessary in order to conclude if the resistance is intrinsic or 

acquired.  

Resistance to gentamicin, tetracycline, erythromycin and clindamycin was a characteristic 

of one isolate, which showed multiresistance (resistance to three or more classes of 

antibiotics), being susceptible only to ampicillin. Multi drug resistant Leuconostoc isolates 

of dairy origin were also reported in other studies (Flórez et al., 2016; Morandi et al., 

2013). Tetracycline resistance genes are widely spread in lactic acid bacteria, and can be 

detected even in phenotypically susceptible strains. Genetic basis of tetracycline resistance 

(tet(A), tet(B), tet(C), tet(K), tet(L), tet(M), tet(O) and tet(W) genes) was analyzed by PCR 

method in all isolates. None of the analyzed genes was found in any of the isolates. Having 

in mind that more than 40 tet genes is described to date (Roberts and Schwarz, 2016), 

tetracycline resistance in two phenotypically resistant isolates could be coded by the genes 

that were not analyzed in this study, or could be chromosomally encoded.  

 

Conclusions 

Resistance to aminoglycoside antibiotics kanamycin and streptomycin, as well to 

chloramphenicol was frequent among isolates originating from traditional Serbian cheeses. 

These resistances can be intrinsic and not transferable, but genetic basis of the resistance 
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should be further analyzed, in order to exclude risk of gene transfer. According to the 

results from this study, Leuconostoc isolates could not serve as a reservoir for tetracycline 

resistance.  
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