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1 Introduction
The production of artisan cheese is traditional in Uruguay 

and represents an important source of income for farmers. 
This kind of cheese is produced using raw, pasteurized, or 
thermised milk exclusively produced on farms (BAGNATO, 
2004). In this type of production, the so called “whey ferment” 
(serum of the batch form previous cheese vat) is used instead 
of commercial starter cultures. Therefore, lactic acid bacteria 
(LAB) that mediate these processes derive from this serum and 
are complex and variable in composition (COGAN et al., 1997; 
VELJOVIC et al., 2007).

Artisan cheese production sometimes lacks strict food-
safety control and regulations, which are very important for their 
improvement and to reach acceptable quality (O’BRIEN et al., 
2009). To improve these standards, native LAB could be used 
to inhibit pathogenic or spoilage microorganisms. LAB have 
been extensively studied as preservation agents since they can 
exert antimicrobial activity against pathogens and survive 
for long periods without altering the quality or organoleptic 
properties of the product (ALI, 2010; DEVLIEGHERE; 
VERMEIREN; DEBEVERE, 2004; GARCÍA et al., 2010; LEROY; 
DE VUYST, 2004; ZACHAROF; LOVITT, 2012). Antibacterial 
compounds produced by these bacteria, such as bacteriocins 
(ZACHAROF; LOVITT, 2012), can inhibit pathogens like 
Listeria monocytogenes, Staphylococcus aureus, or Escherichia 
coli, and they also play an important role in food preservation 
and are considered an extremely effective tool for food safety 
applications (DEEGAN et al., 2006; GALVEZ et al., 2007).

The aim of this study was to perform a collection of LAB 
isolated from artisan cheese, raw milk, and non-commercial 
starter cultures from a group of farms located in Nueva Helvecia, 
Colonia, Uruguay, to evaluate their potential bacteriocin 
production and to select those with promissory potential for 
cheese elaboration.

2 Materials and methods

2.1 Samples

Raw milk (M), cheese (C), and non-commercial starter 
cultures (S) samples were obtained from dairy farms located 
in Nueva Helvecia, Colonia, Uruguay (Lat 34° 17’ 60 S; Long 
57° 13’ 60 W, Altitude 41 m). Farmers produce artisan cheese 
with their own milk without any heat treatment using non-
commercial starters. Starter cultures are kept and maintained 
by daily addition of cheese whey.

Raw milk and starter culture samples (n = 87 and n = 89 
respectively) were collected between October 2007 and July 
2008, while cheese samples (n  = 83) were obtained between 
November 2007 and August 2008. All samples were kept at 
4 °C until analysis.

2.2 Sample processing and LAB isolation

One milliliter of samples S or M was diluted in 9 ml of 
sterile phosphate buffered saline (PBS) and serially diluted in 
PBS (10–1-10–8), while 1 g of C samples was processed with 10 
ml of sterile PBS in a Stomacher 80 Lab Blender (Seward, UK). 
Subsequently, serial dilutions were performed in PBS (10–1-
10–8). Plate counts were performed on de Man Rogosa Sharpe 
agar (MRS, Oxoid) in order to obtain isolated LAB colonies. 
Incubations were performed in a candle jar at 28-30 °C for 24 
to 48 hours until growth was evident. Three to five colonies were 
randomly selected and grown onto MRS plates for isolation 
and characterization. LAB isolates were kept in MRS-glycerol 
(15%, w/v) at –80 °C.

2.3 Well diffusion agar assay

Production of bacterial-growth inhibitory substances was 
assessed by agar well diffusion assay (FRAGA  et  al., 2008). 
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performed for 24 hours at 37 °C, and the plates were developed 
with trichloroacetic acid at 35% (MEDINA; BARESI, 2007). S. 
aureus ATCC 6538 and L. monocytogenes ATCC 19111 were 
used as positive and negative controls, respectively.

Vancomycin resistance. To determine potential vancomycin 
resistance of the selected strains, a diffusion test onto Mueller 
Hinton agar was performed. The procedures were performed 
according to Bauer  et  al. (1966) and vancomycin disks were 
used (30µg, BBL® Sensi-disc®, Becton Dickinson and Co., 
Sparks, MD). Enterococcus faecalis ATCC 29212 was used as 
positive control.

Genes related to virulence of E. durans.

In order to evaluate the presence of genes potentially related 
to Enterococcus spp. virulence, a PCR approach was performed. 
Specific primers for the amplification of genes that code for the 
sex pheromone (cpd), cytolisin transporter (cylB), aggregation 
protein (agg) and gelatinase (gelE) were used, as proposed by 
Eaton and Gasson (2001). E. faecalis ATCC 29212 was used as 
a positive control.

3 Results and discussion

3.1 LAB strains characterization and identification

Raw milk counts ranged from 1 × 102 to 1 × 108 CFU/
ml; counts of non-commercial starter samples ranged from 
1 × 104 to 3 × 109 CFU/ml, while cheese LAB counts ranged 
from 1 × 104 to 2.4 × 108 CFU/g. LAB counts values were 
similar to those reported in Brazilian raw milk and soft cheeses 
(ORTOLANI et al., 2010) and lower than those reported in fresh 
soft cheese samples (3.3 log CFU/g to 10.5 log CFU/g) from three 
different regions in Croatia (GOLI’C et al., 2013).

A total of 509 LAB strains were isolated during the study. 
Three hundred and three of these strains showed antagonistic 
effect against E. coli, while 191 showed growth inhibition 
against S. bovis; none had significant activity against E. coli 
after neutralization, except for five of them when tested with 
S. bovis (Table 1). These five isolates were further identified by 
sequencing the almost complete 16S rRNA gene. When the 
sequences were compared with the GeneBank (NCBI) database, 
sequence similarity values of 99% or more were obtained. Based 
on this values, the isolates were classified as Lactococcus lactis 
(two isolates from milk), Enterococcus durans (two isolates from 
cheese samples), and Lactobacillus casei (isolated from cheese; 
Table 1) Sequences were deposited under accession numbers 
GU967435 to GU967439.

Some enterococci are associated with food borne illnesses, 
and among their virulence factors are adherence to host tissues, 
toxin secretion, modulation of immune response, synthesis 
of hydrolytic enzymes, and invasion and abscess formation 
(ALTSHUL  et  al., 1997; FOULQUIÉ-MORENO  et  al., 2006; 
GIRAFFA; CARMINATI; NEVIANI, 1997; CARIOLATO; 
ANDRIGHETTO; LOMBARDI, 2008).

Recovered E. durans were not resistant to vancomycin, 
and their haemolytic and gelatinase activities and the presence 
of genes involved in virulence showed negative results. These 

Fifteen ml of culture medium, melted and tempered at 45 °C, 
were inoculated with a strain of Escherichia coli or Streptococcus 
bovis, which were used as Gram negative and Gram positive 
indicators, respectively, at 106 CFU (Colony forming units)/ml 
and poured into Petri dishes that had 10 mm-diameter metalic 
cilinders to form wells (FRAGA et al., 2008). The wells were 
filled with 100 µl of 48 h-culture-supernatants of the tested 
isolates obtained after centrifugation (10,000 × g × 20 minutes, 
Beckman MicrofugeTM 11, USA), The Plates were incubated 
aerobically at 37 °C for 24 hours. Nutrient agar was used for E. 
coli and MRS for S. bovis cultures.

Isolates that inhibited the growth of at least one indicator 
strain were subsequently tested in order to study the nature of 
the inhibitory substances. The methodology described above 
was used, but the supernatants were neutralized with NaOH 
10 M. Isolates that inhibited the growth of the indicator strains 
after neutralization were subsequently tested in order to assess 
the proteinaceus nature of the inhibitory substances.

In this case, neutralized supernatants were treated with 
proteolytic enzymes (pepsin, proteinase K, α quimiotrypsin 
or pronase E; Sigma, St. Louis, Mo, USA) at 1 mg/ml, 37 °C 
for 1 hour or boiled for 15 minutes (PERELMUTER; FRAGA; 
ZUNINO, 2008) in all cases. All assays were performed in 
duplicate.

Bacterial identification

In order to identify the isolates that showed promising 
results as bacteriocin producers, a molecular approach was 
adopted performing PCR followed by sequencing of the 
almost complete 16S rRNA gene amplified with primers 
27F 5’-AGAGTTTGATYMTGGCTCAG-3’ and 1492R 
5’-TACCTTGTTACGACTT-3’. Genomic DNA was extracted 
(Gene elute bacterial genomic DNA extraction kit, Sigma, USA). 
PCR reactions were performed (T1 thermocycler, Biometra, 
Germany) as follows: an initial cycle of 94 °C for 3 minutes; 
30 cycles of 94 °C for 1 minute, 50 °C for 1 minute, 72  °C 
for 1.5 minute; and final extension at 72 °C for 10 minutes. 
The sequences were obtained from the sequencing service 
of Macrogen Inc. (South Korea) and compared to the NCBI 
database (ALTSHUL et al., 1997).

2.4 Analysis of Enterococcus spp. virulence factors

Enterococcus spp. could have pathogenic attributes 
(FOULQUIÉ-MORENO et al., 2006); thus, isolates 11Q9A and 
11Q9D identified as Enterococcus durans were further studied 
to evaluate the absence of a series of virulence factors.

Haemolytic activity. Fresh cultures were seeded onto brain 
heart infusion agar (Himedia, India) supplemented with 5% 
ovine blood, and the plates were incubated for 48 hours at 37 °C. 
Staphylococcus aureus ATCC 6538 and Listeria innocua ATCC 
33091 were used as positive and negative controls, respectively 
(RIVAS et al., 2012).

Gelatinase activity. Isolates were cultured in tryptic soy agar 
supplemented (Himedia, India) with 0.6% (w/v) yeast extract 
and 1.6% (w/v) gelatine (Himedia, India). Incubation was 
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against bacterial pathogens. This analysis indicated that selected 
LAB strains could be used as starters or for cheese preservation.

LAB antimicrobial products such as bacteriocins are of great 
importance in bioconservation of various foods. The use of LAB 
bacteriocins, individually or as biopreservative combinations, 
may have major applications in improving food safety, especially 
of traditional products (MOJGANI; AMIMIA, 2007; JAMUNA; 
JEEVARATNAM, 2004). Autochthonous starters and adjunt 
cultures composed by bacteriocin-producing strains may 
further help to reinforce typicity and originality of traditional 
cheeses (ALEGRÍA et al., 2010).

In addition, some of them were isolated from cheese, 
suggesting that they can remain viable after the elaboration 
process. However, expression of the bacteriocins at the different 
stages of cheese production must be elucidated.

4 Conclusions
In the present study, 509 LAB isolates were evaluated, 

and among them, five potentially bacteriocin producers were 
identified. Two Lactococcus lactis were isolated from raw 
milk and one Lactobacillus casei and two Enterococcus durans 
strains were isolated from cheese. No virulence attributes were 
detected when both E. durans strains were characterized. The 
selected strains showed the production of antimicrobial activity 
mediated by proteinaceous diffusible substances. These results 
support the use of native LAB strains in starter cultures or as 
preservative agents for artisan cheese elaboration.
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