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Temporal differences in microbial composition of Epoisses cheese rinds during ripening and storage
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Epoisses is a French Protected Designation of Origin smear-ripened cheese with an orange color and a strong flavor, both generated by surface microorganisms. We evaluated the microbial dynamics at the surface of Epoisses cheeses during ripening and postmanufacturing storage at low temperatures. Most of the bacterial species detected by amplicon-sequencing were Gram-negative species that were not deliberately inoculated during cheesemaking. These microorganisms may be of interest for the development of more efficient ripening cultures.

INTRODUCTION

Smear-ripened cheeses are covered by a layer of yeasts and bacteria that have a strong impact on appearance and flavor [START_REF] Bockelmann | Cheese: smear-ripened cheeses[END_REF]. The yeasts dominate during the early stages of ripening because they are salt-and acid-tolerant, and subsequently increase the pH, thereby favoring the growth of aerobic acid-sensitive bacteria. Ripening takes place at high relative humidity (>95%) and the cheeses are washed several times with a dilute saline solution to spread any microcolonies of yeasts or bacteria that have developed on the surface.

The beneficial yeasts and bacteria have to be competitive in order to prevent the growth of undesired microorganisms, and most smear-ripened cheese are inoculated with defined ripening cultures today [START_REF] Bockelmann | Cultures for the ripening of smear cheeses[END_REF].

As for other food products, microbial analyses of smear-ripened cheeses traditionally relied on culture-based techniques, but the advent of culture-independent techniques based on the analysis of nucleic acids extracted from the food matrix was very useful to better characterize the structure of the microbial communities [START_REF] De Filippis | Recent Past, Present, and Future of the Food Microbiome[END_REF][START_REF] Jonnala | Sequencing of the Cheese Microbiome and Its Relevance to Industry[END_REF]. However, only limited information is available about the microbial dynamics that occur during the manufacturing of smear-ripened cheeses. Such information may help to better understand the ecological relationships between cheese microorganisms and their adaptation to the cheese habitat. For example, population dynamic studies of Gubbeen cheeses revealed a progression of bacteria, with staphylococci dominating the early stages of ripening and Actinobacteria the later stages, and the commercial strains used for smearing the cheese were only present at a very low level early in ripening [START_REF] Rea | Stability of the biodiversity of the surface consortia of Gubbeen, a red-smear cheese[END_REF]. In Tilsit cheeses, biodiversity increased during ripening and Actinobacteria were the most prominent group in the late phase.

The objective of the present study was to evaluate the microbial dynamics at the surface of Epoisses, a French Protected Designation of Origin (PDO) cheese [START_REF] Legifrance | Decree n°2010-1092 relating to the Protected Designation of Origin (PDO) "Epoisses[END_REF], whose production level is approximately 1300 tons per year [START_REF] Cniel | Dairy economy -edition 2020[END_REF]. This cheese is made from whole cow's milk produced by specified dairy breeds in the Burgundy region.

Epoisses cheese can be manufactured from raw or from pasteurized milk and undergoes a dominant lactic type coagulation, whose duration is greater than 16 hours, and draining occurs spontaneously, without pressing. Salting is done using dry salt, and ripening time is at least 28 days, at a temperature of 10-13°C. During ripening, the cheeses are washed one to three times per week with washing solutions supplied with increasing amounts of Marc de Bourgogne, a pomace brandy. Epoisses cheese has an orange color and a strong flavor, both generated by surface microorganisms. A 16S rRNA amplicon-sequencing analysis revealed that Epoisses rinds contain high levels of species adapted to cold aquatic and saline environments [START_REF] Dugat-Bony | Highlighting the microbial diversity of 12 French cheese varieties[END_REF]. In order to better understand the microbial activity involved in the generation of the typical properties of Epoisses, as well as to provide information about ripening cultures that are suitable for this cheese variety, it was interesting to monitor the microbial composition during a typical manufacturing run and postmanufacturing storage at low temperatures.

MATERIALS AND METHODS

Cheese manufacturing and sampling

All the cheeses were taken from the same batch of cheese production of an industrial manufacturing unit in 2017. The factory produced the cheeses from pasteurized milk and in compliance with the Epoisses PDO specifications. Several commercial microbial cultures were inoculated during cheesemaking. At the beginning of the manufacturing process, milk was inoculated with a mesophilic lactic starter culture, with the yeasts Debaryomyces hansenii and Geotrichum candidum and with the aerobic ripening bacteria Brevibacterium aurantiacum, Staphylococcus xylosus, and Glutamicibacter arilaitensis. Brevibacterium aurantiacum was also added to the smearing solutions used after day 6. After ripening (12°C), the cheeses were packaged and transferred to a cold room at +4°C. Three different cheeses were analyzed at eight sampling times (day 6, day 9, day 21, day 24, day 28, day 33, day 40 and day 90). The cheeses were cut perpendicular to the surface in order to produce two equivalent parts. One part was used to measure the concentrations of lactose, lactate, free amino acids and non-protein fractions. The upper and lower sections (rinds) of the other part were removed with a knife (thickness 2-3 mm), pooled, and used for cell counts, pH measurements and DNA extraction.

Microbiological analyses

One gram of cheese rind, sampled as described above, was mixed with 9 ml of physiological saline solution (9 g/L NaCl). After dispersion with a mechanical blender (Ultra-Turrax® model T25; Ika Labortechnik, Staufen, Germany) for 1 min at 14,000 rpm, 10-fold serial dilutions were performed in physiological saline solution and plated in triplicate on agar plates. After four days of incubation at 25°C, the aerobic ripening bacteria were counted on brain heart infusion agar (Biokar Diagnostics, Beauvais, France) supplemented with 50 mg/l amphotericin (Sigma Aldrich, Saint Louis, MO, USA), which inhibits the growth of fungi.

The lactic acid bacteria were counted on MRS agar (Biokar diagnostics) supplemented with 50 mg/l amphotericin after three days of incubation at 30°C under anaerobic conditions. The yeasts were counted on yeast extract-glucose-chloramphenicol agar (Biokar Diagnostics) after three days of incubation at 25 °C. Geotrichum candidum and D. hansenii could be selectively counted on this medium because they have distinct colony morphotypes.

Biochemical analyses

Biochemical analyses were performed for each of the three cheeses sampled at the eight sampling times. Non-protein nitrogen content of the cheeses was measured by the Kjeldahl method according to the NF EN ISO 8968 standard (Milk and milk products -Determination of nitrogen content). The levels of lactate and lactose were assayed using commercially available kits (Biosentec, Auzeville Tolosane, France) according to the manufacturer's instructions. Free amino acids were analyzed by HPLC, as previously described [START_REF] Castellote | Investigation of Geotrichum candidum gene expression during the ripening of Reblochon-type cheese by reverse transcription-quantitative PCR[END_REF]. The pH was measured on the homogenized cheese rinds.

DNA extraction, 16S rRNA and ITS amplicon sequencing, and data analysis

DNA was extracted from three different cheeses at each of the eight sampling times, using the bead beating-based protocol detailed in a previous study [START_REF] Dugat-Bony | Overview of a surface-ripened cheese community functioning by meta-omics analyses[END_REF]. Briefly, the cheese rind samples ( 1 g) were diluted in 9 ml sodium citrate solution (20 g/l trisodium citrate dihydrate) and homogenized with an Ultra Turrax® model T25 mechanical blender at 24,000 rpm for 2 min. A second treatment was performed after 10 min of incubation at room temperature. The mixture was then centrifuged at 6,400 x g for 10 min at 4°C, and the supernatant was removed. The casein pellet (containing the microbial cells) was resuspended in 5 ml of a Triton X-100 aqueous solution (2.5% v/v), vigorously shaken, heated in a water bath at 70°C for 10 min, centrifuged at 6,400 x g for 10 min at 4°C, and rinsed twice with 10 ml of a physiological saline solution. The pellet was dissolved in a mixture of 270 μL of guanidium thiocyanate (4M) in Tris-HCl (pH 7.5, 0.1 M) and 30 μL of sodium lauroyl sarcosinate (100 g/l), and transferred to a 2-mL tube containing 250 mg of 0.1-mm-diameter zirconium beads and 250 mg of 0.5-mm-diameter zirconium beads (Biospec Products, Bartlesville, OK, USA). Proteinase K treatment, bead-beating, phenol-chloroform extraction, RNase treatment and ethanol precipitation were then performed as previously described [START_REF] Leclercq-Perlat | Dynamics of Penicillium camemberti growth quantified by real-time PCR on Camembert-type cheeses at different conditions of temperature and relative humidity[END_REF], and the DNA pellet was dissolved in 120 μl of Tris EDTA buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA). Purified DNA was quantified with Qubit DNA assay kits on the Qubit 3.0 fluorometer (ThermoFischer Scientific, Villebon-sur-Yvette, France). PCR amplification of the bacterial V3-V4 region (16S rRNA gene) and of the fungal ribosomal Internal Transcribed Spacer 2 (ITS2) region was done with the primer pairs F343/R784 and ITS3/ITS4_HYO1, as previously described [START_REF] Dugat-Bony | Highlighting the microbial diversity of 12 French cheese varieties[END_REF]. The amplified products were used for Illumina paired-end library preparation and cluster generation, followed by 250 bp paired-end sequencing on an Illumina MiSeq instrument (INRAE, GeT-PLaGE platform, Toulouse, France). Paired-end reads (2 x 25,000 sequences) were merged using Flash [START_REF] Magoč | FLASH: Fast Length Adjustment of Short Reads to Improve Genome Assemblies[END_REF], and the sequence data were processed using the FROGS pipeline [START_REF] Escudié | FROGS: Find, Rapidly, OTUs with Galaxy Solution[END_REF], according to the standard operating procedure. Briefly, operational taxonomic units (OTUs) were built using Swarm with a maximum number of differences allowed to group together two amplicons (aggregation distance parameter) of 3 [START_REF] Mahé | Swarm: robust and fast clustering method for amplicon-based studies[END_REF], and OTUs that accounted for <0.05% of the total set of sequences were discarded. Lastly, the OTU affiliations were checked using the EzBiocloud database [START_REF] Kim | Introducing EzTaxon-e: a prokaryotic 16S rRNA gene sequence database with phylotypes that represent uncultured species[END_REF] for the bacteria and the UNITE database [START_REF] Nilsson | The UNITE database for molecular identification of fungi: handling dark taxa and parallel taxonomic classifications[END_REF] for the fungi. Alpha-diversity metrics were determined using the Phyloseq package [START_REF] Mcmurdie | phyloseq: an R package for reproducible interactive analysis and graphics of microbiome census data[END_REF] implemented on the FROGS pipeline. Bacterial OTU-sample networks were computed using Gephi software (v. 0.9.1) [START_REF] Bastian | Gephi: An Open Source Software for Exploring and Manipulating Networks[END_REF]. For a better visualization, only edges corresponding to the presence of OTUs with a relative abundance > 0.5% in the samples were represented on the graph. Raw sequence data were deposited at the Sequence Read Archive of the National Center for Biotechnology Information under the accession numbers SAMN17082512 to SAMN17082535 (bioproject PRJNA685310).

RESULTS

In order to investigate the microbial dynamics at the surface of Epoisses cheeses, samples corresponding to the same manufacturing run of a cheese factory were taken at various ripening stages and during storage at +4°C. A white covering became visible at the surface of the cheeses sampled at day 21, and a yellow/orange color, typical of this cheese variety, appeared afterwards, its intensity increasing during storage at +4°C (Figure 1A). The pH of the cheese surface increased from about 4.5 at day 6 to 6.5 at day 33, and continued to increase after packaging and storage at +4°C (Figure 1B). Lactose and lactate were consumed by the cheese microorganisms and were nearly exhausted in the cheeses at the end of ripening (Figure 2). During ripening, the non-protein nitrogen fraction of the cheeses increased, and it continued to increase during storage at +4°C. The production of non-protein nitrogen results from the degradation of proteins and amino acids.

Fungal growth at the cheese surface

At the cheese surface, the yeast D. hansenii reached about 3x10 8 cfu/cm 2 at days 21 and 28, and cell numbers strongly decreased thereafter (Figure 3). Geotrichum candidum was not detected at days 6 and 9, but this may be due to the fact that it is not possible to distinguish G. candidum colonies on the agar plates when this species represents less than about 1% of D. hansenii because of the large colonies formed by the latter that rapidly cover the entire surface of the agar plates. In contrast to D. hansenii, the level of G. candidum was nearly constant from day 21 to day 90. The cheese rind contained lactic acid bacteria, whose level slightly decreased during ripening. The level of aerobic bacteria was about 3x10 4 cfu/cm 2 at day 21 and reached 2x10 8 cfu/cm 2 at day 33. This growth is probably the consequence of the increase in the cheese pH due to the activity of the yeasts, which favors the growth of acid-sensitive surface bacteria. Despite the use of orange-pigmented B. aurantiacum strains as ripening agents, orange colonies were not or almost never observed on the agar plates from cheeses sampled from day 6 to day 40 (<1% of the colonies enumerated on brain heart infusion agar), and represented only about 2% of the colonies at day 90.

ITS amplicon-sequencing analyses revealed a lower level of G. candidum sequences in comparison to D. hansenii at the beginning of ripening (Figure 4A). From day 21 to day 90, the changes in the proportion of the ITS sequences of the two yeasts was different than what was observed by counting on agar plates (Figure 5). Indeed, after day 21, there was only a slight increase in the proportion of the G. candidum ITS sequences, whereas a large increase was observed for the proportion of G. candidum living cells. This may be explained by the large decrease of D. hansenii viability that was observed after day 24. Except for G. candidum and D. hansenii, no other fungi were detected in the cheeses (cutoff was set at 0.05% relative abundance of the ITS sequences).

Bacterial growth at the cheese surface

The 16S rRNA amplicon-sequencing analyses showed the presence of two sequence clusters of lactic acid bacteria (Figure 4B and Supplemental Table S1). The first corresponds to L. lactis and the second (referred to as Lactococcus group chungangensis) to L. chungangensis and L. laudensis. The proportion of the lactic acid bacteria 16S rRNA sequences considerably decreased during ripening, especially after day 24, as the consequence of the growth of the aerobic acid-sensitive bacteria. At the late stage of ripening, there was a large increase of 16S rRNA sequences corresponding to G. arilaitensis, Psychrobacter aquimaris, Psychrobacter group nivimaris, Psychrobacter cibarius, Vibrio litoralis, Halomonas group venusta and Mesonia ostreae. Among these bacteria, only G. arilaitensis was deliberately inoculated as a ripening agent. The other inoculated ripening bacteria, B. aurantiacum and S. xylosus, did not establish themselves at the surface of the cheese. The 16S rRNA sequences of S. xylosus were not detected (0.05% cutoff) and those of B. aurantiacum represented less than 0.5% of the average relative abundance, except in one cheese sample at day 6 (1.0%) and in one cheese sample at day 90 (2.2%). At day 24, P. aquimaris was the most abundant non-inoculated species that grew at the surface of the cheeses and represented between 7 and 13% of the 16S rRNA sequences. 16S rRNA sequences from this species were also abundant in one of the cheeses at day 6 and one at day 21, showing that there were some differences in cheeses sampled at the same ripening time. At the end of ripening at day 33, lactic acid bacteria represented less than 10% of the 16S rRNA sequences, and, in addition to P. aquimaris, the most abundant OTUs were G. arilaitensis, Psychrobacter group nivimaris, V. litoralis, Halomonas group venusta and M. ostreae. The bacterial composition changed during storage at 4°C. The proportion of G. arilaitensis increased, whereas there was a decrease for P. aquimaris, Psychrobacter group nivimaris, V. litoralis and M. ostreae. Eight minor bacterial groups ("Other" category in Figure 4B) representing an average relative abundance of between 0.05 and 0.3% were detected by 16S rRNA amplicon-sequencing: Halomonas titanicae, Halomonas glaciei, Psychrobacter proteolyticus, Psychrobacter namhaensis, Pseudoalteromonas group issachenkonii, Marinomonas polaris, Cobetia group marina and Sphingomonas group insulae (Supplemental Table S1). Shannon and Inverse Simpson alphadiversity indices showed that the highest bacterial diversity was at days 28 and 33 and decreased during storage at +4°C (Supplemental Figure S1).

Since a previous study concerning the bacterial composition of Epoisses cheese rinds from three different factories in 2014 was available [START_REF] Dugat-Bony | Highlighting the microbial diversity of 12 French cheese varieties[END_REF], we recovered the corresponding 16S rRNA sequencing data (accession number SRP071345 of the Sequence Read Archive of the National Center for Biotechnology Information) and processed them using the bioinformatic pipeline described in the Materials and Methods section. The same protocol for DNA extraction and amplicon sequencing was used in the two studies. An OTUsample network was built in order to visualize differences between the samples (Figure 6).

The cheese samples that were investigated in the present study were produced by Factory 1.

The absence of Brevibacterium and the dominance of Gram-negative species such as

Psychrobacter are observed in all of the samples. In comparison to the cheeses produced by the Factory 1 in 2014, the cheeses produced in 2017 (present study) contained lower levels of P. cibarius and Pseudoalteromonas group issachenkonii, but higher levels of G. arilaitensis, V. litoralis, M. ostreae and Psychrobacter group nivimaris.

DISCUSSION

One key feature of Epoisses cheese is the type of coagulation, which is mostly of the lactic type. Coagulation takes place for 16 to 24 hours, and the pH at the beginning of molding is about 4.5. Mesophilic starter cultures are used for the manufacturing of this cheese variety, which explains the dominance of lactococci at the beginning of ripening. Interestingly, in addition to L. lactis, there was a high level of L. chungangensis or L. laudensis. Little is known about the presence and activity of these species in cheeses, but there are at least three publications in which their occurrence in cheeses has been reported [START_REF] Masoud | The fate of indigenous microbiota, starter cultures, Escherichia coli, Listeria innocua and Staphylococcus aureus in Danish raw milk and cheeses determined by pyrosequencing and quantitative real time (qRT)-PCR[END_REF][START_REF] Frétin | Bacterial community assembly from cow teat skin to ripened cheeses is influenced by grazing systems[END_REF][START_REF] Park | Microbiological Characteristics of Gouda Cheese Manufactured with Pasteurized and Raw Milk during Ripening Using Next Generation Sequencing[END_REF]. It would be interesting to investigate their potential functional properties relevant for cheese manufacturing.

Debaryomyces hansenii was the predominant yeast at the beginning of ripening. This can be explained by its deliberate inoculation at the beginning of manufacturing, its acid-and salttolerance, and its ability to grow at 5-10°C. In addition, lactose and lactate, which constitute two important energy compounds for this species [START_REF] Fröhlich-Wyder | Cheese yeasts[END_REF], were present at the beginning of ripening. Debaryomyces hansenii reached about 3x10 8 cfu/cm 2 in the Epoisses cheeses, which represents a high level, considering that in smear-ripened cheeses, yeasts typically reach around 10 6 -10 8 cfu/cm 2 [START_REF] Cogan | Biodiversity of the surface microbial consortia from Limburger[END_REF][START_REF] Fröhlich-Wyder | Cheese yeasts[END_REF]. Smear-ripened cheeses are also referred to as "bacterial smear surface-ripened cheeses" because bacteria are considered to be the dominant microorganisms in these cheeses typically representing 10-100 times higher colony counts than yeasts [START_REF] Corsetti | Interactions between yeasts and bacteria in the smear surface-ripened cheeses[END_REF][START_REF] Cogan | Biodiversity of the surface microbial consortia from Limburger[END_REF]. This trend was not observed for the Epoisses cheeses investigated in the present study since the maximum count of surface bacteria was nearly the same as for the yeasts. One possible explanation could be the low pH of the Epoisses curd at the beginning of ripening, which delays the growth of the acid-sensitive aerobic bacteria. At least until day 21, the increase in pH (the pH value was 5.7 at day 21) can be attributed to the activity of the yeasts since the level of aerobic bacteria was very low. The yeasts contribute to the increase in the pH of the cheese surface by transforming lactate to CO2 and also by producing ammonia from amino acids. Both colony counts and ITS amplicon-sequencing analyses revealed that growth of G. candidum occurred later than that of D. hansenii. This is probably the consequence of the high salt content of the cheese surface at the beginning of ripening due to the salting procedure with dry salt. This favors the growth of D. hansenii since it is more tolerant to salt than G. candidum [START_REF] Boutrou | Interests in Geotrichum candidum for cheese technology[END_REF]. Interestingly, the fungal diversity in the Epoisses cheeses was very low since no species other than the two inoculated fungi D. hansenii and G. candidum could be detected. This is consistent with a previous study in which Epoisses cheeses from three different producers were analyzed by amplicon high-throughput sequencing [START_REF] Dugat-Bony | Highlighting the microbial diversity of 12 French cheese varieties[END_REF]. Consequently, there is no evidence that adventitious fungal species are common in Epoisses cheeses. Several factors may be involved in the large decrease of D. hansenii viability that occurred during the last stage of ripening and during storage at low temperatures. One of these is lactose or lactate exhaustion, which has been proposed to explain D. hansenii lysis in experimental cheeses [START_REF] Leclercq-Perlat | Growth of Debaryomyces hansenii on a bacterial surface-ripened soft cheese[END_REF].

Other possible factors are the lower oxygen supply after cheese packaging or the cheese washing solution, which is supplemented with increasing amounts of Marc de Bourgogne during the ripening process. It is possible that the decrease of D. hansenii viability is a key feature of Epoisses cheese manufacturing since it may also correspond to proteolytic and lipolytic enzymes liberated in the cheese curd by cell lysis [START_REF] Kumura | Casein Digestion by Debaryomyces hansenii Isolated from Cheese[END_REF].

The present study also highlights the absence or poor growth of some ripening culture components at the cheese surface, as already observed in other studies [START_REF] Brennan | Biodiversity of the bacterial flora on the surface of a smear cheese[END_REF][START_REF] Feurer | Does smearing inoculum reflect the bacterial composition of the smear at the end of the ripening of a french soft, redsmear cheese?[END_REF][START_REF] Mounier | Surface microflora of four smear-ripened cheeses[END_REF][START_REF] Mounier | Sources of the adventitious microflora of a smear-ripened cheese[END_REF][START_REF] Goerges | Commercial ripening starter microorganisms inoculated into cheese milk do not successfully establish themselves in the resident microbial ripening consortia of a south German red smear cheese[END_REF][START_REF] Cogan | Biodiversity of the surface microbial consortia from Limburger[END_REF]. The inoculated B. aurantiacum and S. xylosus strains were outcompeted by adventitious strains belonging to other species. It is noteworthy that among the 18 bacterial OTUs detected (0.05% relative abundance cutoff), 14 corresponded to Gram-negative species. At the end of ripening, Gram-negative species accounted for about 70% of the 16S rRNA sequences, with the most abundant genera being Psychrobacter, Halomonas, Mesonia, and Vibrio. One possible factor explaining the dominance of Gram-negative species is the high moisture level of the Epoisses rinds due the humid atmosphere of the ripening rooms and to the frequent washings of the curds (1 to 3 washings per week). Indeed, in a previous study of the community composition of 137 cheese rinds [START_REF] Wolfe | Cheese rind communities provide tractable systems for in situ and in vitro studies of microbial diversity[END_REF], a positive correlation was observed between rind moisture and some Proteobacteria genera such as Psychrobacter and Vibrio, whereas there was a negative correlation for the Gram-positive genera Brevibacterium and Staphylococcus, which correspond to the inoculated genera that did not establish themselves at the surface of the Epoisses cheeses. One interesting feature of the cheese samples investigated in the present study is the presence of M. ostreae. To our knowledge, Mesonia has never been identified in cheese, except in one of the three Epoisses cheese brands analyzed in 2014 [START_REF] Dugat-Bony | Highlighting the microbial diversity of 12 French cheese varieties[END_REF], and which was produced by the same manufacturing unit as in the present study. The presence of M. ostreae is thus a specific signature of the cheese manufacturing unit considered here. Mesonia strains have mostly been isolated from marine environments, including seawater and seaweed; they are considered to be salt-tolerant and some members are able to form biofilms [START_REF] Lee | Mesonia ostreae sp. nov., isolated from seawater of an oyster farm, and emended description of the genus Mesonia[END_REF][START_REF] Huan | Genome Sequencing of Mesonia algae K4-1 Reveals Its Adaptation to the Arctic Ocean[END_REF], which may constitute useful properties for the growth on the cheese surface. The cheeses from the present study were manufactured from pasteurized milk, which is why the presence of high levels of non-inoculated Gram-negative species probably resulted from the facility-specific "house" microbiota, and especially environment microorganisms that were present on processing surfaces, materials and airflows [START_REF] Bokulich | A new perspective on microbial landscapes within food production[END_REF]. The large presence of these microorganisms in the final product also raises the question about the efficiency of the inoculated ripening cultures used for manufacturing Epoisses cheeses. The function of these cultures is to outcompete undesired microorganisms and to generate the typical sensory properties. It may be considered that the design of more efficient cultures requires the presence of Gram-negative strains belonging to the genera Psychrobacter, Halomonas, Vibrio or Mesonia, which are currently not used as ripening culture components.

Interestingly, most Gram-negative bacteria of dairy origin investigated in a recent safety assessment study were considered to be safe [START_REF] Imran | Safety assessment of Gramnegative bacteria associated with traditional French cheeses[END_REF]. Interestingly, B. aurantiacum, the orange-pigmented bacterium that is used to give an orange color to cheeses, represented only a very small minority of the bacterial population. This species is thus probably not responsible for the typical color of Epoisses cheeses. In addition, HPLC profiles of the carotenoids from Epoisses cheese rinds revealed the presence of yellow carotenoids produced by yellow bacteria such as Glutamicibacter arilaitensis, but not of orange carotenoids [START_REF] Galaup | First pigment fingerprints from the rind of French PDO red-smear ripened soft cheeses Epoisses, Mont d'Or and Maroilles[END_REF]. Furthermore, several studies reported the absence or presence at only very low levels of Brevibacterium in some orange smear-ripened cheeses [START_REF] Brennan | Biodiversity of the bacterial flora on the surface of a smear cheese[END_REF][START_REF] Feurer | Does smearing inoculum reflect the bacterial composition of the smear at the end of the ripening of a french soft, redsmear cheese?[END_REF][START_REF] Bockelmann | Cultures for the ripening of smear cheeses[END_REF][START_REF] Bockelmann | Cheese: smear-ripened cheeses[END_REF][START_REF] Delcenserie | Microbiota characterization of a Belgian protected designation of origin cheese, Herve cheese, using metagenomic analysis[END_REF]. It has also been suggested that several factors such as the proteolytic activity of smear bacteria may also be important for the typical color development of smear-ripened cheeses [START_REF] Bockelmann | The surface flora of bacterial smear-ripened cheeses from cow's and goat's milk[END_REF]. Thus, it would be interesting to investigate the type and origin of the pigments that confer color to Epoisses cheeses.

Another noteworthy observation was that during storage at +4°C, between the packaging stage and the "best-before" date (day 90), there was a considerable change in bacterial composition of the Epoisses cheeses. This may also occur in other cheese varieties and it would be interesting to investigate microbial growth and activity during the storage of cheeses at low temperatures and its relationship to the shelf life of the product. In addition, the present study also revealed some changes in the microbial composition of cheeses produced by the same factory over a three year interval. Whether this is common and possibly impacts the sensory properties of the final product is not known, but a previous study reported major changes in the relative importance of the bacterial species present at the surface of Gubbeen cheeses manufactured in the same plant [START_REF] Rea | Stability of the biodiversity of the surface consortia of Gubbeen, a red-smear cheese[END_REF].

CONCLUSIONS

As observed at the surface of other smear-ripened cheeses, the acid-tolerant yeasts grow before the acid-sensitive aerobic bacteria in Epoisses cheeses. However, in this cheese variety, the yeast Debaryomyces hansenii reaches a high level during ripening, and there is subsequently a large decrease in its cell viability, which possibly impacts the organoleptic properties of the final product. Most of the growth of the acid-sensitive bacteria occurs during the last week of ripening, and some changes in bacterial composition also occur during postmanufacturing storage at +4°C. The high moisture level probably favors Gram-negative species, which are the dominant bacteria at the end of ripening. Since these species are able to outcompete part of the inoculated ripening bacteria, it might be interesting to devise ripening cultures containing typical Gram-negative species present in this cheese variety and with previously assessed safety. The orange color of Epoisses cheeses does not seem to be due to the presence of orange-pigmented bacteria, and it would thus be interesting to investigate the type and origin of the pigments present in this cheese. 
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