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Optimization of Growth and Bacteriocin Activity of the Food Bioprotective Carnobacterium divergens V41 in an Animal Origin Protein Free Medium
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Optimization of Carnobacterium divergens V41 growth and bacteriocin activity in a culture medium deprived of animal protein, needs for food bioprotection, was performed by using a statistical approach. In a screening experiment, 12 factors (pH, temperature, carbohydrates, NaCl, yeast extract, soy peptone, sodium acetate, ammonium citrate, magnesium sulfate, manganese sulfate, ascorbic acid and thiamine) were tested for their influence on the maximal growth and bacteriocin activity using a two-level incomplete factorial design with 192 experiments performed in microtiter plate wells. Based on results, a basic medium was developed and three variables (pH, temperature and carbohydrates concentration) were selected for a scale-up study in bioreactor. A 2 3 complete factorial design was performed, allowing the estimation of linear effects of factors and all the first order interactions. The best conditions for the cell production were obtained with a temperature of 15 • C and a carbohydrates concentration of 20 g/l whatever the pH (in the range 6.5-8), and the best conditions for bacteriocin activity were obtained at 15 • C and pH 6.5 whatever the carbohydrates concentration (in the range 2-20 g/l). The predicted final count of C. divergens V41 and the bacteriocin activity under the optimized conditions (15 • C, pH 6.5, 20 g/l carbohydrates) were 2.4 × 10 10 CFU/ml and 819200 AU/ml respectively. C. divergens V41 cells cultivated in the optimized conditions were able to grow in cold-smoked salmon and totally inhibited the growth of Listeria monocytogenes (<50 CFU g -1 ) during 5 weeks of vacuum storage at 4 and 8 • C.

INTRODUCTION

Microbiological quality of food, especially ready-to-eat food, is a constant concern in the food industry. Lightly preserved fish products such as cold-smoked salmon (CSS) are classified as high risk products toward micro-organisms and particularly Listeria monocytogenes [START_REF] Holzapfel | Culture media for non-sporulating Gram-positive food spoilage bacteria[END_REF][START_REF] Sumner | A semi-quantitative seafood safety risk assessment[END_REF]EFSA 2015). Indeed, (i) there is no critical control point during the process, (ii) those products have extended shelf-life during which growth of some psychrotrophic micro-organisms is possible, and (iii) they are consumed without further cooking. The preservative hurdles used in such products are salting, drying, smoking, vacuum-packaging, and chilledstorage, in association with good hygienic and manufacturing practices in industry. These hurdle could be combined with lactic acid bacteria (LAB) used as an extra hurdle to prevent the growth of spoiling and pathogenic bacteria. LAB are able to grow in cold-smoked fish products [START_REF] Leroi | Study of the microbial ecology of cold-smoked salmon during storage at 8 degrees C[END_REF][START_REF] Gonzalez-Rodriguez | Numbers and types of microorganisms in vacuum-packed coldsmoked freshwater fish at the retail level[END_REF][START_REF] Mejlholm | Modeling and predicting the growth of lactic acid bacteria in lightly preserved seafood and their inhibiting effect on Listeria monocytogenes[END_REF] and some of them show an effective microbial antagonism due to competition mechanisms, production of organic acids, and/or production of bacteriocins [START_REF] Rodgers | Preserving non-fermented refrigerated foods with microbial cultures -a review[END_REF][START_REF] Ross | Preservation and fermentation : past, present and future[END_REF][START_REF] Pilet | Applications of protective cultures, bacteriocins and bacteriophages in seafood products[END_REF], and in particular in seafood products [START_REF] Leroi | Effect of inoculation with lactic acid bacteria on extending the shelf life of vacuum-packed cold smoked salmon[END_REF]Duffes et al., 1999a;[START_REF] Katla | Inhibition of Listeria monocytogenes in cold smoked salmon by addition of sakacin P and/or live Lactobacillus sakei cultures[END_REF][START_REF] Tahiri | Comparison of different application strategies of divergicin M35 for inactivation of Listeria monocytogenes in cold-smoked wild salmon[END_REF][START_REF] Leroi | Occurrence and role of lactic acid bacteria in seafood products[END_REF][START_REF] Leroi | Selection of bioprotective cultures for preventing cold-smoked salmon spoilage[END_REF]. In a former study at laboratory level, we have shown that a bacteriocin-producing strain of LAB, Carnobacterium divergens V41, co-inoculated with several strains of L. monocytogenes in CSS (inoculation level 10 5 and 20 CFU/l respectively), was able to prevent growth of Listeria during the 4 weeks of vacuum storage at 4 and 8 • C (<50 CFU/g) [START_REF] Brillet | Biodiversity of Listeria monocytogenes sensitivity to bacteriocin-producing Carnobacterium strains and application in sterile cold-smoked salmon[END_REF]. The inhibitory effect was attributed to the production of a class IIa bacteriocin, divercin V41 [START_REF] Métivier | Divercin V41, a new bacteriocin with two disulphide bonds produced by Carnobacterium divergens V41: primary structure and genomic organization[END_REF] and this was confirmed by the use of a divercin-mutant which did not inhibit L. monocytogenes in CSS [START_REF] Richard | Evidence on inhibition of Listeria monocytogenes by divercin V41 action[END_REF]. Safety and acceptability criteria were provided [START_REF] Brillet | Effect of inoculation of Carnobacterium divergens V41, a biopreservative strain against Listeria monocytogenes risk, on the microbiological, chemical and sensory quality of cold-smoked salmon[END_REF] and the species C. divergens has been included in a revised authoritative list of microorganisms published in 2002 as a result of a joint project between the International Dairy Federation and the European Food and Feed Cultures Association [START_REF] Bourdichon | Food fermentations: microorganisms with technological beneficial use[END_REF]. In order to implement the biopreservation strategy in food industry, it is necessary to optimize the production of Carnobacterium as a starter culture and to check its subsequent growth and inhibition activity in the product after inoculation. Although, in recent investigations specific environmental conditions including the ones found in various food-stuffs have been studied to determine their effect upon the bacteriocins production [START_REF] Leal-Sanchez | Optimization of bacteriocin production by batch fermentation of Lactobacillus plantarum LPCO10[END_REF][START_REF] Messens | Modelling growth and bacteriocin production by Lactobacillus curvatus LTH 1174 in response to temperature and pH values used for European sausage fermentation processes[END_REF][START_REF] Neysens | Effect of sodium chloride on growth and bacteriocin production by Lactobacillus amylovorus DCE 471[END_REF][START_REF] Mataragas | Influence of nutrients on growth and bacteriocin production by Leuconostoc mesenteroides L124 and Lactobacillus curvatus L442[END_REF][START_REF] Drosinos | Growth and bacteriocin production kinetics of Leuconostoc mesenteroides E131[END_REF][START_REF] Schobitz | Bacteriocin like substance production by Carnobacterium piscicola in a continuous system with three culture broths. Study of antagonism against Listeria monocytogenes on vacuum packaged salmon[END_REF][START_REF] Polak-Berecka | Optimization of medium composition for enhancing growth of Lactobacillus rhamnosus PEN using response surface methodology[END_REF][START_REF] Akkoç | Optimisation of bacteriocin production of Lactococcus lactis subsp. lactis MA23, a strain isolated from Boza[END_REF], little is known about growth and bacteriocins production of C. divergens [START_REF] Connil | Growth of Carnobacterium divergens V41 and production of biogenic amines and divercin V41 in sterile cold-smoked salmon extract at varying temperatures, NaCl levels, and glucose concentrations[END_REF]. In most studies, optimization is performed in laboratory culture media such as MRS [START_REF] De Man | A Medium for the Cultivation of Lactobacilli[END_REF] but some studies also report cultivation tests on several raw materials, residues or by-products of low-(or zero-) cost for the production of bacteriocins (Todorov andDicks, 2005, 2007a;[START_REF] Metsoviti | Biotechnological valorization of low-cost sugar-based media for bacteriocin production by Leuconostoc mesenteroides E131[END_REF][START_REF] Garsa | Bacteriocin production and different strategies for their recovery and purification[END_REF][START_REF] Bali | Trends in utilization of agro-industrial byproducts for production of bacteriocins and their biopreservative applications[END_REF]. Those media may contain meat extracts or animal sourced materials. In the hypothesis that residues of medium could be found in the protective culture that will be added to a food product, the composition of the media used for the starter production should be considered. In France, the use of cattle materials (like animals' flours) is totally prohibited in the feed for animals intended for human consumption (Règlement (CE) n • 999/2001)1 as well as in dietary supplements and cosmetics in the United States [START_REF] Fda | Use of materials derived from cattle in human food and cosmetics[END_REF]. To avoid the risk of bovine spongiform encephalopathy infectivity the optimization of C. divergens V41 growth was performed in a medium where vegetal proteins replaced meat protein. Furthermore, it was important to test the effect of culture conditions of C. divergens on its subsequent activity in food matrix.

A first screening of the effect of 12 factors on C. divergens V41 growth was performed in microtiter plate wells. Experiments were organized following a two-level incomplete factorial design containing 192 experiments. Optimization was then performed in 2-l bioreactors. Nine of the previous factors were fixed at the level providing the best growth. A complete factorial design was used to model the effect of three selected factors (carbohydrates concentration, pH, and temperature). Finally, challenge tests using cells produced in optimized conditions were investigated in CSS in co-culture with L. monocytogenes.

MATERIALS AND METHODS

Bacterial Strains

C. divergens V41 was isolated from salmon intestine and has been previously characterized by [START_REF] Pilet | Evidence for two bacteriocins produced by Carnobacterium piscicola and Carnobacterium divergens isolated from fish and active against Listeria monocytogenes[END_REF]. This strain produces the divercin V41 which is a class IIa bacteriocin [START_REF] Métivier | Divercin V41, a new bacteriocin with two disulphide bonds produced by Carnobacterium divergens V41: primary structure and genomic organization[END_REF], active against L. monocytogenes both in model medium and in CSS (Duffes et al., 1999a,b;[START_REF] Richard | Evidence on inhibition of Listeria monocytogenes by divercin V41 action[END_REF][START_REF] Brillet | Biodiversity of Listeria monocytogenes sensitivity to bacteriocin-producing Carnobacterium strains and application in sterile cold-smoked salmon[END_REF]. L. monocytogenes RF76, RF107, RF114, RF119, RF129, and RF148 isolated from CSS industry were kindly provided by ASEPT (Laval, France). All strains were stored at -80 

Culture Media and Inoculum Preparation

The broth used to cultivate C. divergens V41 before inoculation in microtiter plate wells and bioreactors was made without protein of animal origin, and contained soy trypton (10 g/l, Organotechnie S.A., La Courneuve, France), yeast extract (5 g/l, Biokar Diagnostics), D-glucose (10 g/l), and NaCl (4 g/l). This medium was named SYGNa broth (Soy, Yeast, Glucose, and NaCl). For each experiment, the Carnobacterium strain was subcultured twice successively in 10 and 100 ml of SYGNa broth for 24 h at 30 • C. L. monocytogenes RF76 used in the agar diffusion method was sub-cultured twice successfully in 10 ml of Elliker broth for 24 h at 30 • C, and L. monocytogenes RF107, RF114, RF119, RF129, and RF148 used in the CSS experiment were subcultured twice successfully in 10 ml of Brain Heart broth with 3% (w/v) NaCl for 24 h at 15 • C.

Experimental Designs

First, a screening experimental design was performed. Twelve factors having potential influence on growth have been chosen according to the literature [START_REF] Connil | Growth of Carnobacterium divergens V41 and production of biogenic amines and divercin V41 in sterile cold-smoked salmon extract at varying temperatures, NaCl levels, and glucose concentrations[END_REF][START_REF] Messens | Modelling growth and bacteriocin production by Lactobacillus curvatus LTH 1174 in response to temperature and pH values used for European sausage fermentation processes[END_REF][START_REF] Neysens | Effect of sodium chloride on growth and bacteriocin production by Lactobacillus amylovorus DCE 471[END_REF] and composition of selective LAB culture media such as Elliker [START_REF] Elliker | An agar culture medium for lactic acid Streptococci and Lactobacilli[END_REF] or MRS [START_REF] De Man | A Medium for the Cultivation of Lactobacilli[END_REF]: pH, temperature, carbohydrates (mix of equal weight of glucose, lactose, and saccharose), NaCl, yeast extract, soy peptone, sodium acetate, ammonium citrate, magnesium sulfate, manganese sulfate, ascorbic acid and thiamine concentrations. The effects of these factors were estimated by performing a two-level incomplete factorial design (128 experiments), with duplicates of 64 experiments. The factor levels, coded as values of -1 and +1, were as follows: pH 6.5 (-1) and 8.0 (+1), temperature 15 • C (-1) and 30 • C (+1), carbohydrates 2 g/l (-1) and 20 g/l (+1), NaCl 10 g/l (-1) and 60 g/l (+1), yeast extract 5 g/l (-1) and 15 g/l (+1), soy peptone 1 g/l (-1) and 10 g/l (+1), sodium acetate 0 g/l (-1) and 5 g/l (+1), ammonium citrate 0 g/l (-1) and 4 g/l (+1), magnesium sulfate 0 g/l (-1) and 0.4 g/l (+1), manganese sulfate 0 g/l (-1) and 0.08 g/l (+1), ascorbic acid 0 g/l (-1) and 1 g/l (+1), and thiamine 0 g/l (-1) and 0.05 g/l (+1).

The design (Table 1) is a D-optimal design [START_REF] Box | Empirical Model-Building and Response Surfaces[END_REF] allowing the estimation of the main effect of each factor and most of the first order interactions without aliasing. The screening experimental design to estimate the effect of each factor was chosen according to different considerations. Very often in literature, screening of numerous factors is performed with experimental designs containing reduced number of experiments (k+3 at maximum, k being the number of factors studied). Those designs, called Hadamard matrices [START_REF] Plackett | The design of optimum multifactorial experiments[END_REF] allow the estimation of the main effect of the k factors but they are all aliased with first (and higher) order interactions, thus leading to possible confusions when selecting the most influent factors. In our study, the main effects of the 12 factors and their first order interactions were estimated without aliasing. A 2 12-5 (128 experiments) fractional factorial design was necessary to estimate these effects. However, preparing 128 different culture media at the same time was unrealistic and experiments were performed in two trials. A D-optimal design was generated using the Federov modified method (procedure OPTEX of the SAS/QC software, Version 6, First Edition, Cary, NC): the determinant of the information matrix is maximized iteratively under the constraint of the number of experiments. Sixty four runs combining 11 factors (corresponding to 64 different culture media) were performed at 30 • C in a first block of experiments and the same runs were then performed at 15 • C in a second block. This design provided much more information than a classical fractional 2 12-6 (64) factorial design. A microtiter plate contains 96 wells, allowing replicates of 32 experiments in each block.

Three variables (pH, temperature, and carbohydrates concentration) showing an interesting effect on the growth and/or on the production of bacteriocin by C. divergens V41 in microtiter plate wells were selected for study in bioreactor. In general, each component previously tested showing a positive effect on the responses was retained for the basic composition of the culture medium. The composition of the broth is detailed in the results part of this article. A 2 3 complete factorial design was performed, completed with three replicates of the center point of the domain (Table 2). All experiments were randomly run. The factor levels, coded as values of -1, 0 and +1, were as follows: pH 6.5 (-1), 7.25 (0) and 8.0 (+1), temperature 15 • C (-1), 22.5 (0) and 30 • C (+1), carbohydrates 2 g/l (-1), 11 (0), and 20 g/l (+1).

Experimental Conditions

For the screening design, experiments were performed in microtiter plate containing 250 µl of medium per well (200 µl of culture medium and 50 µl of inoculum). Each compound (carbohydrates, soy peptone, sodium acetate, ammonium citrate, magnesium sulfate, manganese sulfate, ascorbic acid and thiamine) was dissolved individually in a buffer solution Na 2 HPO 4 /NaH 2 PO 4 (0.1 M) at pH 6.5 and 8.0. For each level (+1 or -1) a 12.5-fold concentrated stock solution was prepared. NaCl being insoluble when concentrated 12.5 times was prepared with yeast extract, allowing a 6.25-fold concentration. Because of solubility problem in phosphate buffer, magnesium sulfate, and manganese sulfate solutions were prepared in distilled water adjusted at pH 6.5 and 8.0 with HCl/NaOH. Five milliliters of each of the eight individual solutions and 10 ml of NaCl + yeast extract solution were mixed according to the composition of the 64 culture media required for the experiments. The volume was adjusted to 50 ml when necessary with the appropriate buffer solution. The pH of each culture medium was verified (± 0.02 pH unit) and media were sterile filtered (0.22 µm) and kept at 4 • C before used. Sixty four experiments were performed respectively at 15 • C and at 30 • C in two successive blocks of experiments, in a microtiter plate containing 200 µl of medium per well. For each temperature, 32 experiments were repeated. The culture media were inoculated with 50 µl of an appropriate dilution of a pre-culture of C. divergens V41 to obtain an initial inoculation concentration of 10 6 CFU/ml.

Experiments in bioreactors were performed in a 2-l SGI vessel (SGI, Toulouse, France) containing 940 ml of the optimized culture broth (see Section Screening experimental design) sterilized by autoclaving 15 min at 121 • C in bioreactor. This medium contained (g/l): NaCl (10), yeast extract (15), soy peptone (10), MgSO 4 (0.4), and ascorbic acid (1). Next, 4, 22, or 40 ml of filter-sterilized carbohydrates solution (glucoselactose-saccharose; w/w/w; 500 g/l) were added to bring the final carbohydrates concentration to 2, 11, and 20 g/l respectively. When required, the volume was adjusted to 980 ml with sterile distilled water. The culture medium was brought to the final volume (1 l) by addition of 20 ml of the C. divergens V41 inoculum. The subculture obtained in SYGNa broth as described above was appropriately diluted to obtain an initial concentration of 10 7 CFU/ml in each bioreactor. Cultures were run under agitation (200 rpm) at 15, 22.5, or 30 • C when appropriate and the pH was adjusted to 6.5, 7.25, or 8.0 by automatic addition of NaOH (6N).

Analysis of the Samples

For the screening design, bacterial growth was estimated by optical density (OD) monitoring at 600 nm, after shaking, with a microplate reader (ELX808iu Ultra Microplate Reader, Biotek Instruments, St-Quentin Yvelines, France). Measurements were done every hour during 48 h at 15 • C and every half hour during 24 h at 30 • C and data were collected on a computer 
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nd

Experiments were performed in microtiter plate wells. a The factor levels, coded as values of -1, 0, and +1 in the table, were as follows: temperature (T) 15 • C (-1) and 30 • C (+1), pH 6.5 (-1) and 8.0 (+1), carbohydrates (C) 2 g/l (-1), and 20 g/l (+1), yeast extract (YE) 5 g/l (-1) and 15 g/l (+1), soy peptone (SP) 1 g/l (-1) and 10 g/l (+1), NaCl 10 g/l (-1), and 60 g/l (+1), sodium acetate (NaA) 0 g/l (-1) and 5 g/l (+1), magnesium sulfate (MgS) 0 g/l (-1) and 0.4 g/l (+1), manganese sulfate (MnS) 0 g/l (-1), and 0.08 g/l (+1), ammonium citrate (AC) 0 g/l (-1) and 4 g/l (+1), ascorbic acid (AA) g/l (-1), and 1 g/l (+1), and thiamine (Th) 0 g/l (-1) and 0.05 g/l (+1). b Rep are the repetitions of the runs; nd: not determined. c L. monocytogenes RF76 was used as the indicator strain.

(Excel software, version 10, Microsoft, France); the response retained was the maximal OD 600nm (OD max ) calculated as the difference between the maximum OD 600nm observed within 24h of culture and minimum OD 600nm . For the wells where a growth was observed, experiments were repeated in a new set and divercin V41 was quantified in the supernatant by the agar diffusion method [START_REF] Brillet | Biodiversity of Listeria monocytogenes sensitivity to bacteriocin-producing Carnobacterium strains and application in sterile cold-smoked salmon[END_REF], using L. monocytogenes RF76 as target strain. The measures were done at the beginning of the stationary phase and at the end of the experiment (24 h at 30 • C, or 48 h at 15 • C), and the maximal bacteriocin activity detected in the supernatants was retained. Results were expressed as base 2 logarithm of arbitrary activity units per 10 µl (log 2 AU/10 µl), AU/10 µl corresponding to the last dilution of the culture showing an inhibition zone of L. monocytogenes when spotting 10 µl of supernatant in a plate containing L. monocytogenes. This logarithmic transformation was used to reduce variance due to the wide range of activity values obtained. This answer had also a biological significance, corresponding to n, 1/2 n being the dilution factor of the last spot showing an inhibition zone.

For experiments in bioreactors, samples were aseptically withdrawn at convenient time intervals. The OD 600nm was measured every hour and growth curves were fitted with the Richards model [START_REF] Zwietering | Modeling of the bacterial growth curve[END_REF] with parameter m fixed Experiments were performed in 2-l bioreactor. a The factor levels, coded as values of (-1), 0, and +1 in the table, were as follows: carbohydrates concentration (glucose-lactose-saccharose; w/w/w) 2 g/l (-1), 11 g/l (0), and 20 g/l (+1); pH 6.5 (-1), 7.25 (0), and 8.0 (+1); temperature 15 • C (-1), 22.5 • C (0), and 30 • C (+1). b Maximum growth rate (µmax) was estimated by the Richards model with m fixed to 0.5, 1, or 2. c L. monocytogenes RF76 was used as the indicator strain.

to 0.5, 1, or 2 as suggested by [START_REF] Dalgaard | Comparison of maximum specific growth rates and lag times estimated from absorbance and viable count data by different mathematical models[END_REF]. This model allows neperian µ max to be estimated accurately from absorbance growth curve for wide range of growth conditions and gives better estimation than the Gompertz, exponential or Logistic models [START_REF] Dalgaard | Comparison of maximum specific growth rates and lag times estimated from absorbance and viable count data by different mathematical models[END_REF]. Cultivable cell number and bacteriocin activity were determined after inoculation and at the beginning and the end of the stationary phase. Cultivable cells were determined by spread plating serial dilutions of the samples onto Elliker with 1.5% agar plates and incubating at 30 • C for 48 h. Bacteriocin activity was semi quantified by the same method described for experiments in microtiter plate wells. µ max estimated from the Richards fitting, maximum bacterial count (N max ) estimated by the plating technique and maximum bacteriocin activity (BA max log 2 AU 10 µ/l) were retained as responses.

Experiments in Sterile CSS Blocks

According to results from the experimental design in bioreactor, C. divergens V41 was cultivated again in three different conditions: (1) carbohydrates 20 g/l, pH = 8.0, 30 • C; (2): carbohydrates 20 g/l, pH = 6.5, 15 • C and condition 3: carbohydrates 2 g/l, pH = 6.5, 15 • C. The inoculum size of C. divergens V41 and the regulation setting were the same as describe above. When the stationary growth phase was reached, the cells were centrifuged then washed in physiological saline solution (0.1% (w/v) tryptone (Biokar) and 0.85% (w/v) NaCl) just before used. Appropriate dilutions of these cultures were coinoculated with a set of five L. monocytogenes strains (RF107, RF114, RF119, RF129, and RF148) in parts of 30 g of sterile CSS blocks [START_REF] Joffraud | Development of a sterile cold-smoked fish model[END_REF]. CSS blocks were vacuum-packed and stored for 36 days (9 days at 4 • C followed by 27 days at 8 • C). The initial desired levels of L. monocytogenes and C. divergens V41 in the salmon flesh were 20 and 10 5 CFU g -1 respectively. A control for L. monocytogenes was prepared by inoculating CSS blocks with L. monocytogenes alone (the Carnobacterium subculture being replaced by sterile physiological saline solution). Microbial analysis (LAB and Listeria spp.) was carried out weekly as described by [START_REF] Brillet | Biodiversity of Listeria monocytogenes sensitivity to bacteriocin-producing Carnobacterium strains and application in sterile cold-smoked salmon[END_REF]. Each experiment was repeated three times.

Statistical Analysis

Results of the screening design and the design in bioreactor were analyzed by the Experimental Design Module of the Statgraphics software (Statgraphics Plus, version 4, Manugistics, Rockville, Maryland, USA). For microbial data in CSS, results are expressed as mean of three independent measures ±95% Confidence Interval (CI = 1.96 × standard deviation 2 3 ). Means were compared by the least significance difference (LSD) test at the 0.05 level of probability (Statgraphics Plus).

RESULTS

Screening Experimental design

The 192 growth curves performed in microtiter plate wells have been plotted (data not shown) and OD max was retained as response (Table 1). The incomplete factorial design allowed the estimation without aliasing of the main effects of the 12 factors and most of the first order interactions. Nine factors had a significant effect (P < 0.05) on the response OD max whereas three factors (ammonium citrate, thiamine and temperature) did not show significant effects on the response. Among the nine factors cited, NaCl had by far the main influence on the growth (-0.86). That means that when NaCl concentration varies from the level -1 (1%) to +1 (6%), OD max estimated can be decreased by 0.86 OD unit. As an indication, the average OD max , estimated when all the factors are at level 0, was 0.46. The effect of the eight other factors, positive or negative, was significant but weakest (ranging between 0.06 and 0.16). Carbohydrates (+0.16), pH (+0.15), ascorbic acid (+0.11), yeast extract (+0.10), soy peptone (+0.07), and magnesium sulfate (+0.06) had a positive effect, indicating that the response increased when these factors reached their maximum level into the limits of the coded values used in this study. The estimated effects of NaCl (-0.86), sodium acetate (-0.15), and manganese sulfate (-0.12) concentrations were negative. Five first order interactions had also a significant but slight effect on the response. The interactions of NaCl with carbohydrates (-0.19), pH (-0.16), or ascorbic acid (-0.08) or the interaction of temperature with ascorbic acid (-0.10) had a negative estimated effect, whereas the interaction of sodium acetate with NaCl (+0.13) had a positive effect on the response.

Those results indicate that the inhibiting effect of NaCl on growth is reinforced at high value of carbohydrate, pH and ascorbic acid, but lowered in presence of sodium acetate.

For the wells where a growth was observed, runs were repeated in a new set of experiments and bacteriocin activity was measured at the beginning of the stationary phase (known from the first set of experiments) and at the end of the experiment (24 h at 30 • C, 48 h at 15 • C). The maximal bacteriocin activity detected in the supernatants was retained as response (Table 1). For the wells where no growth was observed (OD max < 0.01 in 52 wells among 192), bacteriocin was supposed to be not produced. This hypothesis has been previously validated in two wells showing no OD 600nm increase. Seven factors were found to have significant effects (P < 0.05) on the bacteriocin activity expressed as log 2 AU 10/µl. The estimated effects of soy peptone (+1.61), ascorbic acid (+1.24), carbohydrates (+1.09), yeast extract (+0.70), and sodium acetate (+0.28) were positive, indicating that the response BA max increased when these factors reached the level coded by the value (+1). The estimated effects of NaCl (-3.53), pH (-1.99), temperature (-0.84), and manganese sulfate (-0.51) were negative, indicating that the response decreased when the value of these factors increased. Thiamine, ammonium citrate and magnesium sulfate concentrations did not show significant effects on the response. Once again, NaCl was the factor with the highest effect on the response, followed by pH. The average BA max , estimated when all the factors were at level 0, was 1.83. When NaCl concentration varies from the level +1 (6%) to -1 (1%), BA max estimated increased by 3.53 log 2 AU 10/µl. When pH varies from 8 to 6.5, BA max estimated increased by 1.99 log 2 AU 10/µl. The effect of the seven other factors, positive or negative, was significant but weakest, ranging from 0.28 to 1.61. Seven first order interactions had also a significant but slight effect on the response. The interactions of NaCl with carbohydrates (-1.21) or ascorbic acid (-1.11), the interaction of pH with soy peptone (-0.74) and the interaction of temperature with ascorbic acid (-0.59) had a negative estimated effect, whereas the interaction of NaCl with pH (+1.86), temperature (+0.94) or manganese sulfate (+0.59) had a positive effect on the response BA max .

The purpose of the screening experimental design in microtiter plate wells was to obtain experimental data which served as an initial approach to optimize growth in larger volume, establishing which factors had significant effects on both responses. In the purpose of an application of C. divergens V41 in CSS at pilot scale, it is necessary to produce high quantity of living cells and so to validate in bioreactor results obtain in microtiter plate wells. The two factors having the main positive effects on growth (carbohydrates concentration (2-20 g/l) and pH (6.5-8.0) were retained for further experiments. The other components previously tested showing a significant positive effect on the responses (ascorbic acid, yeast extract, soy peptone, and magnesium sulfate) were retained for the basic composition of the culture medium. The concentration chosen corresponded to the level coded by the value (+1). Concentrations of the components showing a negative or a non-significant effect (NaCl, sodium acetate, manganese sulfate, ammonium citrate, and thiamine) were fixed at the level coded by the value (-1). For all those factors, the levels chosen for the basic medium also corresponded to the levels in favor of a high production of bacteriocin. The factor temperature (15-30 • C) was tested again because of its influence on the bacteriocin activity. Finally, the composition of the basic culture medium used in bioreactor was as follows (g/l): NaCl (10), yeast extract (15), soy peptone (10), MgSO 4 (0.4), and ascorbic acid (1).

Optimization of C. divergens V41 Growth and Bacteriocin Activity in a Bioreactor

The different responses measured in the 11 bioreactors (µ max , N max , and BA max ) are presented in Table 2. The µ max (neperian) ranged between 0.16 and 1.21 h -1 , corresponding to generation times of 4.33 and 0.57 h respectively. The N max ranged from 7.5 × 10 8 to 2.6 10 10 CFU g -1 and BA max between 0 and 15 log 2 AU 10/µl. Results from the complete two-level factorial design performed in bioreactor allowed to estimate the linear effects of the three factors carbohydrate concentration, pH and temperature and their first order interactions on the different responses. An additional experiment in the center of the domain, done in triplicate, allowed to estimate experimental error and to validate the linear model a priori postulated. Results are shown in Table 3. Temperature was the only factor having a significant effect (+0.54; P < 0.05) on µ max and no significant interaction between factors was detected. The µ max increased proportionally (linearly) to the temperature increase, by 0.54 h -1 when temperature raised from 15 to 30 • C. As an example, Figure 1A shows µ max as a function of temperature TABLE 3 | Effects of temperature, pH and carbohydrates and their interactions on the responses maximum growth rate (µ max ), maximum bacterial count (N max ), and bacteriocin activity (BA; L. monocytogenes RF76 was used as the indicator strain).

Effects

µ max (h -1 ) N max (10 9 CFU/ml) BA (log 2 AU/10 µl) Average 0.56 6.9 and carbohydrate, pH being fixed at level -1 (6.5). A lack of fit test was designed to determine whether the linear model chosen was adequate to describe the observed data, or whether a more complicated model should be used. The test was performed by comparing the variability of the current model residuals to the variability between observations at replicate settings of the factors. The P-value for lack-of-fit was 0.21 (greater than 0.05), indicating the model was adequate for the observed data at the 95.0% confidence level. The R-Squared statistic indicates that the model as fitted explains 90.0% of the variability in µ max .

Temperature and carbohydrates concentration, and their interaction, showed significant effects (respectively -12.1 × 10 9 , +11.2 × 10 9 ; -10.6 × 10 9 ; P < 0.05) on the response N max , whereas pH had no effect (Table 3). The maximum bacterial count as a function of temperature and carbohydrate is shown on Figure 1B, pH being fixed at level -1 (6.5). Contrary to what has been observed for µ max , the effect of temperature is negative, indicating that the maximum bacterial count increased when the temperature decreased in the limit of the experimental design. The effect of carbohydrates concentration is positive. Due to an important negative interaction between temperature and carbohydrates concentrations, the negative effect of temperature is reinforced at high carbohydrates concentrations, and the positive effect of carbohydrate concentration is increased at low temperatures. The lack of fit test (P = 0.41) indicated that the linear model could be validated at the 95.0% confidence level. The R-Squared statistic indicates that the model as fitted explains 94.0% of the variability in maximum bacterial counts.

Concerning the bacteriocin activity, pH was the factor which had the main effect on the response, expressed as log 2 AU 10/µl (-7.0; P < 0.05). This effect was negative, i.e., bacteriocin activity decreased when pH increased. Temperature had a slight significant effect on the response (-5.0; P < 0.10) whereas carbohydrates concentration had no significant effect. No interaction between factors was observed. The linear model was once again validated by the three experiments performed at the center of the domain and R 2 was 0.84. As an example, the bacteriocin activity as a function of temperature and pH is shown on Figure 1C, carbohydrates being fixed at 2 g/l. The average BA max , estimated when all the factors are at level 0, was 5.4 log 2 AU 10/µl, corresponding to 4222 AU/ml. When the pH varies from the level +1 (8.0) to -1 (6.5), BA max estimated can be increased by 7.0 log 2 AU 10/µl i.e., the bacteriocin activity in AU per milliliter is multiplied by 2 7 when pH varies from 8.0 to 6.5. As an example, predicted BA max is equal to 373 AU/ml at pH 8 (the other factors being fixed at the level 0), and to 47771 AU/ml at pH 6.5.

According to these results, the culture conditions to maximize the final bacterial cultivable count in bioreactor in the broth without animal protein are 20 g/l of carbohydrates and a temperature of 15 • C, pH within the range 6.5-8.0 having low effect on this response. With those conditions (carbohydrate 20 g/l, temperature 15 • C, pH 8.0), a final predicted bacterial count of 2.4 × 10 10 CFU/ml can be reached. On the other hand, at 15 • C, µ max is much lower than at 30 • C (0.16 and 0.60 h -1 respectively) and consequently, the maximum bacterial count is reached after 38-40 h of fermentation vs. 18-20 h at 30 • C.

The optimal conditions for bacteriocin activity in the broth without animal protein were pH 6.5 with a temperature of 15 • C, carbohydrates concentration within the range 2-20 g/l having no significant effect on the response. In those conditions (pH 6.5, temperature 15 • C, carbohydrate 20 g/l), a production of 13 log 2 AU 10/µl was predicted, corresponding to 819200 AU/ml.

Growth and Inhibition Capacities of C. divergens V41 in CSS after Growing in Optimized Media

To evaluate the influence of the culture conditions on the subsequent capacity of C. divergens V41 to grow in CSS and inhibit L. monocytogenes, C. divergens V41 was cultivated in bioreactor either in the optimal conditions of growth and divercin V41 production (conditions 1: carbohydrates 20 g/l, pH = 6.5, 15 • C,) or in culture medium and conditions nearer from the CSS matrix (conditions 2: carbohydrates 2 g/l, pH 6.5, 15 • C). In conditions 1 and 2, a final bacterial concentration of 2.4 × 10 10 and 2.0 × 10 9 CFU/ml were predicted by the model. As a potential application of the strain in a biopreservation strategy, C. divergens V41 cultivated in those two different conditions was inoculated in sterile CSS blocks in co-culture with L. monocytogenes. The salt and total phenol concentrations of CSS blocks used in these experiments were respectively 4.3% (w/w, total phase) corresponding to 6.3% (w/w, water phase) and 1.25 mg/100 g. Dry matter and total fat content were 35.9% (w/w) and 7.6% (w/w) respectively. Figure 2 represents the growth curves of C. divergens V41 and L. monocytogenes in CSS during the 5 weeks of vacuum storage at chilled temperature. C. divergens V41 inoculated after pre-cultivating under the two different conditions were able to colonize CSS blocks. The inoculation levels in CSS blocks were 3.7 ± 1.7 × 10 5 and 2.3 ± 0.6 × 10 5 CFU/g respectively for condition 1 and 2 (no statistical difference). A very slight growth was observed during the chilled storage, growth curves being generally similar but final count was slightly higher for C. divergens V41 pre-cultivated in conditions 1 than for C. divergens V41 in conditions 2 (1.8 ± 0.9 × 10 6 and 6.1 ± 1.5 × 10 5 CFU/g respectively). L. monocytogenes inoculated alone grew easily in CSS blocks from 4.0 ± 0.9 × 10 1 to 0.8 ± 1.2 × 10 4 CFU/g. When the pathogenic strains were in coculture with C. divergens V41 pre-cultivated in conditions 1 and 2, the growth of L. monocytogenes was totally inhibited all over the storage, the final count reaching 3.5 ± 0.5 × 10 1 and 2.2 ± 0.9 × 10 1 CFU/g respectively (no statistical difference).

DISCUSSION

After analyzing the screening experiments, the NaCl concentration showed the greatest effect on the growth and the bacteriocin activity. The level (+1) corresponding to 6% NaCl (w/v) in the medium was chosen because it corresponded to the NaCl concentration found in CSS (water phase) in Europe [START_REF] Cardinal | Sensory characteristics of cold-smoked Atlantic salmon (Salmo salar) from European market and relationships with chemical, physical and microbiological measurements[END_REF]. The effect of NaCl was negative into the limits of the values used in this study. Although, the Carnobacteria are halotolerant [START_REF] Laursen | Carnobacterium divergens and Carnobacterium maltaromicum as spoilers or protective cultures in meat and seafood: phenotypic and genotypic characterisation[END_REF], a high concentration of NaCl partially inhibited the growth, as already shown by [START_REF] Connil | Growth of Carnobacterium divergens V41 and production of biogenic amines and divercin V41 in sterile cold-smoked salmon extract at varying temperatures, NaCl levels, and glucose concentrations[END_REF] in sterile CSS extract. The pH factor had a positive effect on the growth. It is reported that Carnobacteria can grow easily at alkaline pH [START_REF] Holzapfel | Culture media for non-sporulating Gram-positive food spoilage bacteria[END_REF]. On the contrary, pH had a significant negative effect on the bacteriocin activity, showing a slight acidic pH such as 6.5 is necessary to obtain a high bacteriocin activity. A different pH optimum for growth and for bacteriocin activity has already been observed for a bacteriocin-producing strain of Lactobacillus curvatus [START_REF] Messens | Modelling growth and bacteriocin production by Lactobacillus curvatus LTH 1174 in response to temperature and pH values used for European sausage fermentation processes[END_REF]. Concerning the main components of the culture medium which had a positive effect on the growth, carbohydrates, soy peptone and ascorbic acid are energetic and constitutive substrates. The ascorbic acid decreases the redox potential which is favorable for the growth of facultative anaerobic micro-organisms such as LAB. Manganese sulfate as a stimulator of certain enzymes in LAB [START_REF] Archibald | Manganese: its acquisition by and function in the lactic acid bacteria[END_REF] has been shown to stimulate growth of Carnobacteria [START_REF] Baird | Cresol Red Thallium Acetate Sucrose (CTAS) Agar[END_REF] and a high concentration is used by [START_REF] Wasney | Cresol Red Thallium Acetate Sucrose Inulin (CTSI) agar for the selective recovery of Carnobacterium spp[END_REF] to develop a selective culture medium for this genus. The addition of manganese sulfate in a modified M17 broth led to an impressive increase in bacteriocin production by a Lactobacillus acidophilus strain (Abo-Amer, 2011), and the exclusion of manganese sulfate in MRS broth had also a negative effect on the bacteriocin production of some Lb. plantarum and Lb. fermentum strains [START_REF] Von Mollendorff | Optimization of growth medium for production of bacteriocins produced by Lactobacillus plantarum JW3BZ and JW6BZ, and Lactobacillus fermentum JW11BZ and JW15BZ isolated from boza[END_REF]. In our study, manganese sulfate did not show interesting effects on the growth and bacteriocin activity, probably due to the presence of other components (vitamins, cofactors. . . ) in the soy peptone and yeast extract present in the medium even at level -1 (1 and 5 g/l respectively). On few Lactobacillus species cultured in supplemented MRS broth, it was shown that thiamine may increase the bacteriocin production (Todorov and Dicks, 2007b), however, most of the time the thiamine has no significant effect on bacteriocin production [START_REF] Todorov | Medium components effecting bacteriocin production by two strains of Lactobacillus plantarum ST414BZ and ST664BZ isolated from boza[END_REF], neither on the growth [START_REF] Polak-Berecka | Optimization of medium composition for enhancing growth of Lactobacillus rhamnosus PEN using response surface methodology[END_REF], as observed in our experiment.

The experimental design in bioreactors was performed to verify the results obtained in the screening experiment. Indeed, the conditions in bioreactors are probably different from those in microtiter plate wells, especially agitation conditions and pH regulation. The maximum bacterial count was mainly correlated to temperature and carbohydrate concentration, pH showing no significant effect. N max was observed at 20 g/l carbohydrate and 15 • C. The simplified fitted model (non-significant parameters have been left out) was N max (CFU/ml) = 6.9 × 10 9 -6,0 × 10 9 × (T • ) c +5.6 × 10 9 × (carbohydrate) c -5.3 × 10 9 × (T • ) c × (carbohydrate) c where (T • ) c and (carbohydrate) c were the coded values of the factors. The maximum carbohydrate concentration tested was 20 g/l as for some LAB (Leuconostoc mesenteroides), a decline of µ max as glucose concentration increased from 20 g/l to 30 or 45 g/l was observed, leading to a final biomass at 30 or 45 g/l glucose lower than that with 20 g/l [START_REF] Drosinos | Growth and bacteriocin production kinetics of Leuconostoc mesenteroides E131[END_REF]. A mix of glucose, lactose, and saccharose was used as the incidence on growth/bacteriocin may vary according to carbohydrate source [START_REF] Todorov | Influence of growth medium on bacteriocin production in Lactobacillus plantarum ST31[END_REF][START_REF] Drosinos | Growth and bacteriocin production kinetics of Leuconostoc mesenteroides E131[END_REF]. The negative effect of temperature on N max was coherent with previous results observed in Elliker broth by Duffes et al. (1999b). On the other hand, an increasing temperature significantly increased µ max . The fitted model was µ max (h -1 ) = 0.56 + 0.27 × (T • ) c . In conclusion, at 15 • C and 20 g/l of carbohydrate, a final biomass of 2.4 × 10 10 CFU/ml can be obtained in 38-40 h, whereas at 30 • C, 1.2 × 10 9 CFU/ml can be reached in 18-20 h.

The bacteriocin activity was mainly dependent on pH and temperature, maximum BA being obtained at low pH and low temperature, confirming results in microtiter plate wells. Many studies have shown that highest bacteriocin titres usually are obtained at pH and temperatures values lower than the optimum ones for growth [START_REF] De Vuyst | Primary metabolite kinetics of bacteriocin biosynthesis by Lactobacillus amylovorus and evidence for stimulation of bacteriocin under unfavourable growth conditions[END_REF][START_REF] Krier | Influence of temperature and pH production of two bacteriocins by Leuconostoc mesenteroides subsp. mesenteroides FR52 during batch fermentation[END_REF][START_REF] Aasen | Influence of complex nutrients, temperature and pH on bacteriocin production by Lactobacillus sakei CCUG 42687[END_REF][START_REF] Abo-Amer | Optimization of bacteriocin production by Lactobacillus acidophilus AA11, a strain isolated from Egyptian cheese[END_REF]. In this study, the optimum for bacteriocin activity and µ max where 15 and 30 • C, respectively. Duffes et al. (1999b) also have shown that C. divergens V41 produced more divercin V41 at 20 • C than at 30 • C, in Elliker medium. However, the maximum cell density is obtained at 15 • C, and this probably explain the accumulation of bacteriocin at this temperature. Carbohydrate concentration has low effect on bacteriocin activity, which is surprising as this concentration limits the number of C. divergens. [START_REF] Aktypis | Studies on bacteriocin (thermophilin T) production by Streptococcus thermophilus ACA-DC 0040 in batch and fed-batch fermentation modes[END_REF] have shown that 5 g/l glucose seemed to be insufficient to sustain an adequate growth of Streptococcus thermophilus ACA-DC 0040, resulting in a limited termophilin production. In the optimum condition, (pH 6.5, temperature 15 • C, carbohydrate 20 g/l), an activity of 13 log 2 AU 10/µl was predicted, corresponding to 819,200 AU/ml. This production is much higher than semioptimized production obtained by [START_REF] Métivier | Triton X-114 phase partitioning for the isolation of a pediocin-like bacteriocin from Carnobacterium divergens[END_REF]. They obtained 4050 AU/ml after 40 h of culture in 2-l or 10-l tween-80 deficient MRS bioreactors, 20 • C and pH regulated at 6.5. However, results are difficult to compare as the indicating L. monocytogenes strain used by [START_REF] Métivier | Triton X-114 phase partitioning for the isolation of a pediocin-like bacteriocin from Carnobacterium divergens[END_REF] was different from the strain used in the present study. The experiments in CSS were performed to verify if the culture conditions of the strain had an effect on its subsequent growth and inhibition capacity in CSS. C. divergens V41 grew in CSS and maintain L. monocytogenes under 100 CFU/g during 5 weeks of vacuum storage at chilled and abuse temperature, whatever the culture conditions in bioreactor. [START_REF] Brillet | Biodiversity of Listeria monocytogenes sensitivity to bacteriocin-producing Carnobacterium strains and application in sterile cold-smoked salmon[END_REF] also observed a total inhibition of L. monocytogenes in presence of C. divergens V41 precultured in Elliker medium at 20 • C, pH 6.5. A third culture condition has been tested (data not shown) (conditions 3: carbohydrates 20 g/l, pH 8, 30 • C) that allowed to obtain a satisfying N max in a shorter time (1.6 × 10 9 CFU/ml in 18-20 h). However, we did not reach the desired inoculation level in CSS (1 log lower than expected) so the results could not be exploited.

In conclusion, for a biopreservation strategy, C. divergens V41 biomass can be produced in bioreactor in a medium deprived of protein of animal origin. The best culture conditions to obtain both a maximum biomass and an effective subsequent implantation and inhibition of L. monocytogenes in CSS are 15 • C, pH 6.5, 20 g/l carbohydrates. In those conditions, a maximum biomass of living cells of 2.4 × 10 10 CFU/ml is obtained in 38-40 h. When inoculated in CSS at an initial level of 10 5 CFU/g, the strain is able to guarantee that the count of L. monocytogenes, if not exceeding 40 CFU/g just after production, which is by far higher than the contamination level currently found in the CSS industry [START_REF] Jorgensen | Prevalence and growth of Listeria monocytogenes in naturally contaminated seafood[END_REF], will never overpass the 100 CFU/g maximum tolerable limit till the sell-by date in many European countries.
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FIGURE 1 |

 1 FIGURE 1 | (A) Response surface of the maximum growth rate µ max (h -1 ) of C. divergens V41 as a function of temperature and carbohydrates concentration at pH 6.5. (B) Response surface of the maximum bacterial count (CFU/ml) of C. divergens V41 as a function of temperature and carbohydrates concentration at pH 6.5. (C) Response surface of the bacteriocin production (log 2 AU 10/µl) by C. divergens V41 as a function of temperature and pH with a carbohydrates concentration of 2 g/l. L. monocytogenes RF76 was used as the indicator strain.

FIGURE 2 |

 2 FIGURE 2 | Growth of a mix of five strains of L. monocytogenes alone (×, dotted lines) and with C. divergens V41 pre-cultured in bioreactor in conditions 1 (15 • C, pH 6.5, 20 g/l carbohydrates, △ full line) and 2 (15 • C, pH 6.5, 2 g/l carbohydrates, full line ♦) in sterile CSS blocks during vacuum storage at 4 and 8 • C. Growth of C. divergens V41 in presence of L. monocytogenes after pre-culture in bioreactor in conditions 1 (full line ) and conditions 2 (full line ). Each growth curve represents the mean of three enumerations (bars: 95% confidence interval).

TABLE 1 |

 1 Screening experimental design and factor levels (coded values) to estimate the main effect of each factor (and most of the order one interactions without aliasing) on the growth of C. divergens V41 (OD max ) and its maximal bacteriocin activity (BA max ).

	Run no.					Factor level a					Maximum OD 600nm	Maximum BA (log 2 AU 10/µl) c
	T	pH	C	YE	SP	NaCl NaA	MgS	MnS AC	AA	Th	Run	rep. b	run	rep.

TABLE 1

 1 

	| Continued													
	Run no.					Factor level a					Maximum OD 600nm	Maximum BA (log 2 AU 10/µl) c
	T	pH	C	YE	SP	NaCl NaA	MgS	MnS AC	AA	Th	Run	rep. b	run	rep.

TABLE 1

 1 

	| Continued													
	Run no.					Factor level a					Maximum OD 600nm	Maximum BA (log 2 AU 10/µl) c
	T	pH	C	YE	SP	NaCl NaA	MgS	MnS AC	AA	Th	Run	rep. b	run	rep. b

TABLE 2 |

 2 Experimental design and factor levels (coded values) used to model maximum growth rate (µ max ), maximum bacterial count (N max ), and bacteriocin activity (BA max ) of C. divergens V41 as a function of carbohydrates concentration, pH and temperature.

	Run no.		Factor level a		Growth response b	Maximum bacteriocin activity c
		Carbohydrates	pH	Temperature	µ max (h -1 )	N max (CFU/ml)	BA max (log 2 AU 10/µl)
	1	-1	-1	-1	0.44	3, 2.10 9	9
	2	-1	-1	+1	0.72	2, 5.10 9	10
	3	-1	+1	-1	0.41	3, 0.10 9	4
	4	-1	+1	+1	0.85	7, 5.10 8	0
	5	+1	-1	-1	0.20	2, 3.10 10	15
	6	+1	-1	+1	1.21	1, 8.10 9	2
	7	+1	+1	-1	0.16	2, 6.10 10	4
	8	+1	+1	+1	0.60	2, 6.10 9	0
	9	0	0	0	0.48	1, 4.10 9	5
	10	0	0	0	0.65	7, 7.10 9	7
	11	0	0	0	0.47	3, 8.10 9	3
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