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The Lactococcus genus includes 5 species. Lactococcus lactis subsp. lactis is the most common in dairy product but L. garviae has been also isolated. Their biotope is animal skin and plants. Owing to its biochemical characteristics, strains of L. lactis are widely used in dairy fermented products processing. Cases of human infections due to lactococci are very seldom reported even if Lactococcus garviae can be involved in fish diseases. Then L. lactis can be considered as safe and it is most commonly considered as Generally Recognized as Safe.

Introduction

The genus Lactococcus was proposed by Schleifer and colleagues in 1985 to reclassify some species of the genera Streptococcus (Lancefield group N lactic streptococci) and Lactobacillus. It has been defined on the basis of chemotaxonomic studies confirmed by 16s rRNA sequencing [START_REF] Schleifer | Transfer of Streptococcus lactis and related streptococci to the genus Lactococcus gen[END_REF][START_REF] Schleifer | Molecular and chemotaxonomic approaches to the classification of streptococci, enterococci and lactococci: a review[END_REF][START_REF] Collins | 16 s ribosomal ribonucleic acid sequence analyses of lactococci and related taxa. Description of Vagococcus fluvialis gen. nov., sp[END_REF]. The Lactococcus genus includes five species, L. garvieae (formerly E. serolicida), L. piscium, L. plantarum, L. raffinolactis (formerly S. raffinolactis) and L. Lactis, which is differentiated into subspecies L. lactis subsp. cremoris, L. lactis subsp. hordniae (formerly Lactobacillus hordniae) and L. lactis subsp. lactis (formerly Lactobacillus xylosus, Streptococcus lactis) (www.bacterio.cict.fr).

Lactococci are Gram positive cocci and belong to the group of Lactic Acid Bacteria. They are homofermentative and exclusively produce L(+) lactic acid. They are not β hemolytic and they are poorly α hemolytic.

Biotope and concerned food

Lactococci are generally found on plants and the skins of animals. L. plantarum is mainly isolated from plants, L. garvieae from fish, animals and milk, and L. piscium from salmon [START_REF] Williams | Lactococcus piscium sp. nov. a new Lactococcus species from salmonid fish[END_REF]. The presence of lactococci in raw milk is due to contamination from forage during milking. The two lactococci most commonly found in raw milk, cheese and other dairy products are L. lactis subsp. lactis and L. lactis subsp. cremoris. These two subspecies generally reach a high level (N10 8 CFU g -1 ) as early as the first day of manufacturing and maintain it throughout the ripening period of many raw milk cheeses such as Camembert [START_REF] Corroler | Correlation between polymerase chain reaction analysis of the histidine biosynthesis operon, randomly amplified polymorphic DNA analysis and phenotypic characterization of dairy Lactococcus isolates[END_REF], Serra [START_REF] Macedo | Changes in the microflora of Serra cheese: evolution throughout ripening time, lactation period and axial location[END_REF], Venaco [START_REF] Casalta | Bases scientifiques de la qualité du Venaco, fromage traditionnel au lait cru. Mise au point de ferments sélectionnés spécifiques[END_REF] and Pecorino Sardo [START_REF] Ledda | Studies on the microbial population and ecosystem of Pecorino Sardo cheese made from raw ewe's milk[END_REF]. L. raffinolactis has occasionally been found in raw milk and cheeses [START_REF] Perez Elortondo | Indigenous lactic acid bacteria in Idiazabal ewes' milk cheese[END_REF][START_REF] Lopez-Diaz | Lactic acid bacteria isolated from a hand made blue cheese[END_REF]. L. garvieae may also be isolated from raw milk [START_REF] Villani | Detection and characterization of a bacteriocin, garviecin L1-5, produced by Lactococcus garvieae isolated from raw cow's milk[END_REF] and raw milk cheeses: PDO Salers [START_REF] Callon | Diversity of lactic acid bacteria isolated from AOC Salers cheese[END_REF], Egyptian cheeses [START_REF] El-Baradei | Occurrence of Lactococcus garvieae in four types of Egyptian cheeses by specific polymerase chain reaction assay[END_REF], Jben cheese [START_REF] Ouadghiri | Biodiversity of lactic acid bacteria in Moroccan soft white cheese (Jben)[END_REF], Italian Piedmontese PDO Toma cheeses [START_REF] Fortina | Genetic characterization of some lactic acid bacteria occurring in an artisanal protected denomination origin (PDO) Italian cheese, the Toma piemontese[END_REF]. A study of 35 European artisanal dairy products indicated lactococci as the most commonly found LAB genus, accounting for 38% of the bacterial isolates identified [START_REF] Cogan | Characterisation of the lactic acid bacteria in artisanal dairy products[END_REF].

L. lactis subsp. lactis and to a lesser extent L. lactis subsp. cremoris have long been extensively used in starter cultures Available online at www.sciencedirect.com for dairy fermentation (i.e. in cheeses, sour cream and butter), composed of single or multiple strains with or without other lactic acid bacteria [START_REF] Beresford | Recent advances in cheese microbiology[END_REF]. Their main role in dairy fermentation is acidification, mainly by producing L-lactic acid. They contribute to the development of texture by producing exopolysaccharides, or to flavor by producing aromatic compounds (alcohols, ketones, aldehydes) or by citrate, amino acid or fat metabolism [START_REF] Smit | Flavour formation by lactic acid bacteria and biochemical flavour profiling of cheese products[END_REF]. They can also be used for food preservation due to their ability to produce organic acids and bacteriocins, nisin being the best characterized and recognized [START_REF] Delves-Broughton | Applications of the bacteriocin nisin[END_REF]. Their use as probiotics has been also considered [START_REF] Ouwehand | Adhesion of probiotic micro-organisms to intestinal mucus[END_REF]. The annotation of the genomes of different subspecies will undoubtedly open up new prospects for identifying new useful functions in the species [START_REF] Kok | Comparative and functional genomics of lactococci[END_REF]. It will also be a great help in assessing the safety of lactococci [START_REF] Kok | Comparative and functional genomics of lactococci[END_REF].

Taxonomy

The identification of the most common Lactococcus species found in dairy products can be successfully performed by rapid and accurate molecular techniques.

PCR-DGGE (denaturating gradient gel electrophoresis) analyses can be used for differentiating Lactococcus lactis from other lactic acid bacteria [START_REF] Coppola | Molecular evaluation of microbial diversity occurring in different types of Mozzarella cheese[END_REF]. rRNA oligonucleotide probes have been designed for identifying L. lactis subsp. cremoris [START_REF] Salama | Development and application of oligonucleotide probes for identification of Lactococcus lactis subsp. cremoris[END_REF]. Several PCR or multiplex PCR reactions are now available, exploiting the diversity of sequences of 16 SrRNA genes in L. lactis [START_REF] Pu | Integrated polymerase chain reaction-based procedures for the detection and identification of species and subspecies of the Gram-positive bacterial genus Lactococcus[END_REF] and L. garvieae [START_REF] Zlotkin | Identification of Lactococcus garvieae by PCR[END_REF] and the polymorphism of the 16 S-23 S rDNA spacer region (Blaiotta et al., 2002) or other functional genes, histidine biosynthesis operon [START_REF] Corroler | Correlation between polymerase chain reaction analysis of the histidine biosynthesis operon, randomly amplified polymorphic DNA analysis and phenotypic characterization of dairy Lactococcus isolates[END_REF], acmA gene [START_REF] Garde | PCR amplification of the gene acmA differentiates Lactococcus lactis subsp. lactis and L. lactis subsp. cremoris[END_REF], sodA gene [START_REF] Fihman | Lactococus garvieae endocarditis: identification by 16 S rRNA and sodA sequence analysis[END_REF]. The genetic diversity of Lactococcus can be analyzed by random polymorphism DNA (RAPD) [START_REF] Tailliez | Molecular diversity and relationship within Lactococcus lactis, as revealed by randomly amplified polymorphic DNA (Rapd)[END_REF] or multiple locus microsatellite analysis [START_REF] Quénée | Minisatellite polymorphism as a tool to distinguish closely related Lactococcus lactis strains[END_REF] for L. lactis or by pulsed-field gel electrophoresis (PFGE) for L. garvieae [START_REF] Vela | Phenotypic and genetic characterization of Lactococcus garvieae isolated in Spain from lactococcosis outbreaks and comparison with isolates of other countries and sources[END_REF].

Knowledge of the L. lactis genome will make it easy, in the future, to develop new genomic tools for increasingly reliable identification [START_REF] Kok | Comparative and functional genomics of lactococci[END_REF].

Safety assessment

Members of Lactococcus genus are most commonly classed as Generally Recognized as Safe (GRAS) [START_REF] Salminen | Demonstration of safety of probioticsa review[END_REF]. L. lactis cannot be considered as an opportunist pathogen, as only two cases of endocarditis have been reported in the medical literature over a period of fifty years [START_REF] Wood | Streptococcus lactis isolated from a patient with subacute bacterial endocarditis[END_REF][START_REF] Mannion | Diagnosis of bacterial endocarditis by Streptococcus lactis and assisted by immunoblotting of serum antibodies[END_REF].

Lactococcus garvieae has been associated with septicemic infections of fish, mainly in intensive modern aquaculture; it is the main risk factor for the Mediterranean European trout industry [START_REF] Schmidtke | Antigen recognition by rainbow trout (Oncorhyncus mykiss) of whole cell proteins expressed by Lactococcus garvieae when obtained directly from fish and under iron limited culture conditions[END_REF][START_REF] Vela | Phenotypic and genetic characterization of Lactococcus garvieae isolated in Spain from lactococcosis outbreaks and comparison with isolates of other countries and sources[END_REF][START_REF] Eyngor | Clonality and diversity of the fish pathogen Lactococcus garvieae in Mediterranean countries[END_REF]. It has been also isolated from bovine mastitis [START_REF] Teixeira | Phenotypic and genotypic characterization of atypical Lactococcus garvieae strains isolated from water buffalos with subclinical mastitis and confirmation of L. garvieae as a senior subjective synonym of Enterococcus seriolicida[END_REF]. Human infections due to L. garviae are scarce, since only six cases has been described, all of which concerned elderly or immunosuppressed patients. L. garvieae has been incriminated in three cases of infection of prosthetic valves [START_REF] Fihman | Lactococus garvieae endocarditis: identification by 16 S rRNA and sodA sequence analysis[END_REF], one case of native valve infection [START_REF] Fefer | Lactococcus garvieae endocarditis: report of case and review of the literature[END_REF], one case of osteomyelitis [START_REF] James | Osteomyelitis and possible endocarditis secondary to Lactococcus garvieae: a first case report[END_REF] and one case of bacteremia with a liver abscess [START_REF] Mofredj | Lactococcus garvieae septicemia with liver abscess in an immunosuppressed patient[END_REF]. The number of cases may be underestimated as the bacterial agent responsible for endocarditis cases has not always been identified with certainty.

Conclusion

Lactococci are ubiquitous in the environment and in food. They are widely used as starters, with a long history of use for the sake of their technological properties, especially in dairy products, from small-scale manufacture to industrial-scale processes. Their identification no longer poses problems.

Lactococci from dairy products can be generally considered safe, in view of their extensive, daily consumption by humans and their low incidence in human infections.