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extraction protocols, sampling methods (swabbing or sponging) and surface materials on bacterial communities were investigated.

α and β diversity analyses revealed that DNA extraction methods mainly influence the observed cold smoked salmon microbiota composition. Moreover, different DNA extraction methods revealed significant differences in observed community richness and evenness. β-Proteobacteria: Photobacterium, Serratia and Firmicutes: Brochothrix, Carnobacterium and Staphylococcus were identified as the dominant genera.

Surface microbiota richness, diversity and composition were mainly affected by cleaning and disinfection procedures but not by DNA extraction methods. Surface community richness and

Introduction

Microorganisms from food and food processing environments can negatively impact food safety and quality. As part of quality management systems, food processing plants are regularly cleaned and sanitized, and routine monitoring is conducted to detect surviving bacteria [START_REF] Doyle | Metagenome-based surveillance and diagnostic approaches to studying the microbial ecology of food production and processing environments[END_REF][START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF]. This monitoring is mainly based on culture-dependent methods. However, these techniques can lead to several analytical biases, such as non-specificity for some selective media, and difficulties to appreciate subdominant populations [START_REF] Giraffa | DNA-based, culture-independent strategies for evaluating microbial communities in food-associated ecosystems[END_REF][START_REF] Bokulich | Next-generation approaches to the microbial ecology of food fermentations[END_REF].

Furthermore, processing environments are ecosystems which are submitted to harsh conditions (temperature, moisture and disinfectants). These different stresses could induce viable but not cultivable cells (VBNC) [START_REF] Li | The importance of the viable but nonculturable state in human bacterial pathogens[END_REF] that viable count methods could fail to detect. Moreover, bacteria adapted to a processing environment do often grow on products during storage [START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF].

The growing field of high-throughput DNA sequencing (HTS) has provided new perspectives on the overall dynamics of bacterial communities in food products and food processing plants [START_REF] Hultman | Meat Processing Plant Microbiome and Contamination Patterns of Cold-Tolerant Bacteria Causing Food Safety and Spoilage Risks in the Manufacture of Vacuum-Packaged Cooked Sausages[END_REF]. These methods allow surface bacterial communities within processing environments to be identified and better understood. Moreover, in food microbial ecology, 16S rDNA amplicon sequencing techniques have been used to obtain more information on the evolution of bacterial communities during the shelf life of a product [START_REF] Filippis | Exploring the Sources of Bacterial Spoilers in Beefsteaks by Culture-Independent High-Throughput Sequencing[END_REF][START_REF] Macé | Evaluation of the spoilage potential of bacteria isolated from spoiled raw salmon (Salmo salar) fillets stored under modified atmosphere packaging[END_REF][START_REF] Fougy | Reducing Salt in Raw Pork Sausages Increases Spoilage and Correlates with Reduced Bacterial Diversity[END_REF][START_REF] Chaillou | Origin and ecological selection of core and food-specific bacterial communities associated with meat and seafood spoilage[END_REF]. However, these methods are not without drawbacks. For example, dead bacteria might be revealed by 16S rDNA gene metabarcoding. There are no standardized procedures for sequencing-based analysis methods. From sampling to sequencing, several workflows could lead to different interpretations of results. 16S rDNA metabarcoding results can be dependent on the DNA extraction methods [START_REF] Keisam | Quantifying the biases in metagenome mining for realistic assessment of microbial ecology of naturally fermented foods[END_REF][START_REF] Witte | Influence of sampling and DNA extraction on 16S rRNA gene amplicon sequencing -Comparison of the bacterial community between two food processing plants[END_REF]. Bacterial DNA extraction from food matrices can be difficult and needs several lytic agents (chemical, mechanical, enzymatic, thermal or combinations). Taxa do not share the same lysis sensibility, indeed Firmicutes and other Gram-positive bacteria are more difficult to lyse [START_REF] Ercolini | Microbial Ecology Dynamics during Rye and Wheat Sourdough Preparation[END_REF].

In addition to the DNA extraction method, the sampling device and sampling methodology used can have a major impact on the recovery of surface bacteria and the observed diversity of the bacterial community [START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF]. The microorganisms' surface attachment strength, surface sampling, sampling medium, and environment conditions should be considered when choosing a sampling method.

This study focused on the bacterial communities of a product, cold smoked salmon (CSS), and its processing plant using 16S rDNA metabarcoding. CSS is a lightly preserved product with no thermal treatment and is mainly consumed as a ready-to-eat food (RTE). CSS microbial communities have been widely described in the scientific literature, with most studies focusing on CSS microbial shift during storage and the impact of packaging on CSS microbial communities [START_REF] Joffraud | Effect of bacterial interactions on the spoilage of cold-smoked salmon[END_REF][START_REF] Joffraud | Characterisation of volatile compounds produced by bacteria isolated from the spoilage flora of cold-smoked salmon[END_REF][START_REF] Leroi | Effect of Salt and Smoke on the Microbiological Quality of Cold-Smoked Salmon during Storage at 5°C as Estimated by the Factorial Design Method[END_REF][START_REF] Leroi | Study of the microbial ecology of coldsmoked salmon during storage at 8°C[END_REF][START_REF] Løvdal | The microbiology of cold smoked salmon[END_REF][START_REF] Paludan-Müller | Evaluation of the role of Carnobacterium piscicola in spoilage of vacuum-and modified-atmosphere-packed cold-smoked salmon stored at 5°C[END_REF]. This product has been described as being dominated by Grampositive bacteria, such as lactic acid bacteria (LAB: Lactobacillus, Carnobacterium maltaromaticum), and Gram-negative bacteria, such as marine Vibrionaceae including Photobacterium phosphoreum and psychrotrophic Enterobacteriaceae (Serratia liquefaciens, Hafnia alvei) [START_REF] Leroi | Effect of Salt and Smoke on the Microbiological Quality of Cold-Smoked Salmon during Storage at 5°C as Estimated by the Factorial Design Method[END_REF]. In addition, Aeromonas spp., Shewanella putrefaciens and Brochothrix thermosphacta have also been isolated [START_REF] Løvdal | The microbiology of cold smoked salmon[END_REF]. This microflora could be involved in the CSS spoilage process. CSS products also face pathogenic bacteria such as Listeria monocytogenes and Clostridium botulinum [START_REF] Løvdal | The microbiology of cold smoked salmon[END_REF].

This study aimed to assess whether the DNA extraction methods implemented and the sampling strategy used influence the identification by 16S rDNA metabarcoding of the bacterial communities on CSS products and processing plant surfaces.

Material and methods

Smoked salmon and tissue homogenate preparation

The CSS samples and surface samples came from the same smokehouse processing plant located in Brittany, France. One batch of cold smoked salmon (Salmo salar) (CSS) in a slide package that was preserved under vacuum at 4°C was collected from a local supermarket six days after packaging with no cold chain rupture. It then was analysed at the Use by Date (UBD = 21 days). A 10-g portion with an approximative size of 6.5x6.5x0.25 cm was cut off from the slide and aseptically weighed in a sterile stomacher plastic bag provided with a 63 µm porosity filter (Interscience, Saint-Nom-la-Bretèche, France). To obtain a 10-fold dilution, 90 mL of sterile buffered peptone water (25.5 g/L) (Biokar Diagnostics, Allonne, France) was added to the bag. This sample was then homogenized for 2 min using a stomacher 400 device (Intersciences, Saint-Nom-la-Bretèche, France). Smoked salmon tissue homogenate (SSTH) was either used immediately to enumerate the total viable counts or stored at -20°C for later DNA extraction.

Stainless steel and TPU coupons preparation and installation

Stainless steel (SS, 2 RB finish, AISI 304L) and tri-polyurethane (TPU, Ropanyl DM 8/2) were used in this study. SS and TPU coupons (30 x 25cm, 750 cm 2 ) were purchased respectively from Laser 53 (Bazougers, France) and Ammeraal Beltech (Seclin, France).

Before installation in the CSS processing plant, the SS coupons were degreased and sterilized with a mixture of ethanol at 95% and acetone (3v/v) [START_REF] Overney | Impact of environmental factors on the culturability and viability of Listeria monocytogenes under conditions encountered in food processing plants[END_REF]. The TPU coupons were cleaned and sterilized with ethanol (70% v/v). The sterilized SS and TPU coupons were transferred into the food processing plant (FPP) in the same area where filleting and salting steps are performed before the smoking step. Coupons were placed near food contact surfaces, under a conveyor between the salting step and the filleting machine. Before surface samples were collected, the SS and TPU coupons were kept in the FPP for four weeks and were exposed to the routine daily cleaning and disinfection (C&D) program used by the processing plant. The C&D program consisted of applying 5% of ARVO CLM300 (Quaron, Rennes, France) during 5 to 15 min. This detergent is composed of sodium hypochlorite (with 5% of active Cl). After rinsing, the sanitizer ARVO 21 SR (Quaron, Rennes, France) was used. This sanitizer is composed by Ethanol 60%, sprayed pure on surfaces and not rinsed.

Sampling devices and surface sampling procedure

Surface bacterial communities were collected by swabbing or sponging, both procedures performed according to the ISO 18593:2018[START_REF] Iso | Microbiology of the food chain -Horizontal methods for sampling techniques from surfaces using contact plates and swabs[END_REF]. Swabs (Copan SRK Letheen Broth, Brescia, Italy) and sponges soaked with 10 mL Letheen Broth (3MTM Hydrated Sponge HS10LET, Cergy, France) were used. The SS and TPU coupons, which had been kept in the FPP for four weeks, were sampled before and after C&D at the end of a production run. These samples were used to compare the different DNA extraction methods and the efficiency of swabbing and sponging.

To compare DNA extraction methods, samples from SS swabbing were used. Fifteen different 50 cm² areas of one SS coupon were swabbed using a new swab for each. The 15 swabbing Letheen Broth samples then were pooled, resulting in a 60 mL sample from a 750 cm² SS surface sampling. The two samples from SS surface swabbed before and after C&D were used for the comparison of the DNA extraction methods.

To compare swabbing and sponging methods, five different areas of 100 cm² of SS or TPU coupons were sampled using a new swab or sponge for each, before and after C&D during five consecutive days. The five swabbed Letheen Broth samples were pooled resulting in a 20 mL sample from a 500 cm² SS or TPU surface. The sponge samples were supplemented with 20 mL of buffered peptone water (25.5 g/L) (Biokar Diagnostics, Allonne, France), homogenized 2 min with a stomacher 400 (Intersciences, Saint-Nom-la-Bretèche, France), and then the five samples were pooled. This resulted in 150 mL of sponged samples from a 500 cm² SS or TPU surface. The eight samples from the SS or TPU 500 cm² surfaces that were swabbed or sponged before and after C&D were used for the comparison of the sampling methods and were extracted using a single DNA extraction method.

Colony counts

The smoked salmon tissue homogenate and the sponged and swabbed samples prepared as described above were used to enumerate the total viable counts. Colony-forming units (CFU) were counted on Plate Count Agar (PCA, Oxoid, Thermo Fisher Diagnostics, Dardilly, France), supplemented with 1% NaCl (Sigma-Aldrich, Merck, Saint Quentin Fallavier, France), with 100 μL of appropriate dilution in buffered peptone water spread over the agar. CFU counts were performed in triplicate after the incubation of PCA plates in aerobic conditions at 25 °C for five days and the results were expressed as CFU/g or CFU/cm 2 .

DNA extraction

DNA was extracted by using four commercial DNA extraction kits. The first was the Maxwell® 16 FFS DNA Purification kit referenced as Maxwell (Promega, Charbonnière-les-Bains, France). This method required the Maxwell® 16 Instruments. This automat purifies samples using paramagnetic particles providing a mobile solid phase that optimizes DNA capture, washing and elution through purification reagents in prefilled cartridges. This purification system allows an automatic, standardized and simultaneous extraction of 16 samples at the same time. To our knowledge, no metabarcoding studies focused on FPP surface bacteria have been performed using this DNA Maxwell® 16 system extraction method. Two kits were purchased from Qiagen company (Qiagen, Courtaboeuf, France):

Qiagen DNeasy PowerFood Microbial (formerly known as Mobio Powerfood Microbial) and Qiagen QIAamp BiOstic Bacteremia, referenced as QPFM and Q2B2, respectively. The fourth kit used, Zymo Quick-DNA Fecal/Soil Microbe Miniprep Kit referenced as ZFS, was purchased from Zymo (Ozyme, Saint-Cyr-l'Ecole, France). Qiagen and Zymo kits have already been used in previous surface and food microbial ecology studies [START_REF] Bokulich | Mapping microbial ecosystems and spoilage-gene flow in breweries highlights patterns of contamination and resistance[END_REF][START_REF] Stellato | Overlap of Spoilage-Associated Microbiota between Meat and the Meat Processing Environment in Small-Scale and Large-Scale Retail Distributions[END_REF]. The DNA purification technology is based on DNA selective binding to a spin column containing silica-based membrane, followed by several washing steps and a DNA elution. Both Qiagen kits use the MoBio PCR inhibitors removal technology. A first step of mechanical cell lysis using glass beads was achieved using a FastPrep (MPbiomedicals, Illkirch, France) for 30 s at a frequency of 6 m/s. When the Qiagen kits were used, the mechanical lysis was performed using glass beads provided by the kits.

For the other DNA extraction methods, Maxwell and Zymo, 0.3 g of zirconium beads (100 μm diameter) were used (Scientific Industries, New-York, USA). DNA was extracted from three biological replicates from each batch. A Qubit® 2.0 fluorometer using the Qubit® dsDNA BR Assay Kit (Life technologies, Thermo Fisher Scientific, Villebon-sur-Yvette, France) was used to quantify DNA. Additional blank negative controls with no sample were used to exclude DNA contamination during extraction and from reagent DNA traces.

The 16S rRNA gene sequencing

Library preparation and sequencing via an Illumina MiSeq platform

Extracted DNA was amplified by PCR to construct a sequencing library targeting the V3-V4 region of the bacterial 16S rRNA gene. PCR reactions were performed using 5 µL of DNA template, 12.5 µL of 2X Kapa HiFi Hotstart ready mix (Roche, Boulogne-Billancourt, France), 5 µL of 1 µM primers 341F (5'-CCTACGGGNGGCWGCAG-3') and 785R (5'-GACTACHVGGGTATCTAATCC-3') [START_REF] Klindworth | Evaluation of general 16S ribosomal RNA gene PCR primers for classical and next-generation sequencing-based diversity studies[END_REF]. PCR grade water was added to reach a final volume of 25 µL. The amplification was performed with first a denaturation step at 95°C for 5 min followed by 30 cycles of [denaturation (98°C, 30 sec) annealing (57°C, 30 sec) extension (72°C, 30 sec)] and a final extension step (72°C, 5 min) then held at 4°C. The resulting PCR products were purified using the Agencourt AMPure kit (Beckman Coulter, Villepinte, France). Concentration and size were checked on a 2100 Bioanalyzer platform, using the DNA 7500 kit (Agilent Technologies, Les Ulis, France), and indexing was performed using the Nextera XT DNA Library Prep kit (Illumina, Paris, France) following Illumina recommendations. Samples were then purified with the Agencourt AMPure kit and checked on the 2100 Bioanalyzer platform, then quantified on the Qubit® 2.0 fluorometer using the Qubit® dsDNA BR Assay Kit. Samples were then pooled in equimolar concentration (4 nM). As described by the Illumina protocol, the pool library was denatured with 0.2N NaOH, diluted to 6 pM and mixed with 20% of 6 pM denatured phiX DNA, then sequenced on the Illumina MiSeq (Illumina, Paris, France) using reagent kit v2 500 cycles.

Sequencing data processing and analysis

Both demultiplexed sequencing reads (approximately 250 bp in length) files were acquired under FASTQ format. The data processing was performed using the FROGS bioinformatic pipeline [START_REF] Escudié | FROGS: Find, Rapidly, OTUs with Galaxy Solution[END_REF]. Paired-end raw reads were contiged using FLASh 1.2.11 [START_REF] Magoč | FLASH: fast length adjustment of short reads to improve genome assemblies[END_REF] with a maximum of 10% mismatch in the overlapped region and then filtered on their lengths (between 410 bp and 485 bp) with nonambiguous nucleotides. Primers were removed using Cutadapt 1.18. Denoising and clustering of reads into Operational Taxonomic Units (OTU) (97% identity) were performed using Swarm 2.2.2 [START_REF] Mahé | Swarm v2: highly-scalable and high-resolution amplicon clustering[END_REF]. Chimera detection and removing was then conducted using VSearch 1.3.0 [START_REF] Rognes | VSEARCH: a versatile open source tool for metagenomics[END_REF]. OTUs with less than 5/100.000 of the total number of sequences in the entire dataset were removed [START_REF] Bokulich | Quality-filtering vastly improves diversity estimates from Illumina amplicon sequencing[END_REF]. Taxonomy assignments were performed using RDP classifier 2.11 [START_REF] Wang | Naïve Bayesian Classifier for Rapid Assignment of rRNA Sequences into the New Bacterial Taxonomy[END_REF][START_REF] Cole | The Ribosomal Database Project: improved alignments and new tools for rRNA analysis[END_REF] and the Silva 16S rRNA gene database (SSURef_128_SILVA), [START_REF] Quast | The SILVA ribosomal RNA gene database project: improved data processing and web-based tools[END_REF]. OTUs with a genus affiliation bootstrap threshold <0.8 were removed.

Statistical analysis

Statistical analyses and plots were performed in the R environment (R Core Team, 2018). Means were compared using t-test for paired observations to compare CFU numbers.

ANOVA was used to assess each condition effect on CFU and cells counts. The Tukey test was also used as an ANOVA post-hoc test.

For metabarcoding, alpha-diversity indices (number of OTUs, Chao1 and Shannon indices) were calculated in the R environment by using the Phyloseq 1.30.0 package and its dependencies [START_REF] Mcmurdie | phyloseq: an R package for reproducible interactive analysis and graphics of microbiome census data[END_REF]. For the three different experiments, OTU tables were rarefied to an even depth (smallest number of reads per sample) to be normalized.

Permutational multivariate analysis of variances (PERMANOVA) based on Jaccard and Bray-Curtis distance matrices were carried out by using 9999 permutations to detect significant effects in the bacterial community analyzed.

For DNA extraction efficacy estimation, a ratio was calculated.

Results

Comparison of DNA extraction methods used to characterize CSS bacterial communities

Bacteria counts and quantification of DNA extracted

Bacterial communities were collected from a vacuum-packed CSS sample stored at 4°C. Total DNA was extracted in triplicate from 5 mL of smoked salmon tissue homogenate (SSTH), corresponding to 0.5 g CSS (1/10 dilution). The total viable count of the CSS sample was 5.36 ± 0.08 log CFU/g. DNA concentrations ranged between 7.3 ± 1.4 ng/µL to 129.5 ± 21.9 ng/µL (Table1) depending on the DNA extraction method. The higher DNA concentrations were observed using the Maxwell method. Significant differences in DNA recovery were observed (P = 0.004). This observation was mostly explained by differences between the ZFS and Maxwell kits and the QPMF and Maxwell kits.

Effect of DNA extraction methods on CSS bacterial diversity

DNA extracted by the four methods were used as the template for the V3-V4 regions of the 16S rRNA gene sequencing. A total of 544921 reads passed filters applied through the FROGS pipeline workflow with an average of 45411 reads per sample ± 19869 reads.

Samples were rarefied to an even depth of 10521 reads.

Observed richness (number of OTUs observed), estimated richness (Chao1) and evenness diversity index (Shannon) were calculated for each DNA extraction method (Table 1). The DNA extraction methods had a significant effect on observed OTUs richness (P = 0.02). The main difference was due to the ZFS and QPMF methods with 45.7 ± 10.5 observed OTUs for ZFS and 26 ± 2.6 for QPMF. There was no impact on the Chao1 index (P = 0.07).

DNA extraction influenced the community evenness (P<0.0001). Based on the Shannon index, the ZFS method provided the most diverse bacterial community. Based on the observed OTUs/Chao1 ratio, the Maxwell, QPMF and ZFS methods showed a high OTUs recovery rate.

To evaluate richness and diversity differences, metabarcoding data of each sample were examined at the genus level (Figure 1). A total of 90 OTUs, which were agglomerated in 61 genera, were identified. Dominant genera were Firmicutes Staphylococcus (28.45% ± 18.5), Brochothrix (24.73% ± 9.68), Carnobacterium (0.54% ± 0.51), β-Proteobacteria Photobacterium (21.28% ± 29.88), Vibrio (10.02% ± 6.18), Serratia (3.15% ± 2.79), γ-Proteobacteria Psychrobacter (1.66% ± 1.07) and α-Proteobacteria Sphingomonas (0.37% ± 0.69). However, in samples extracted using ZFS, other dominant bacteria were observed, such as α-Proteobacteria Rhizobium (3.16% ± 5.8), β-Proteobacteria Delftia (2.02% ± 4.44) and

Firmicutes Anaerobacillus (1.57% ± 2.84).

The Bray-Curtis (Figure 2) and Jaccard PCoA (Supplementary Figure S1) highlighted a potential effect of DNA extraction methods on both richness and evenness. These observations were confirmed by PERMANOVA analysis on both Jaccard (P < 0.0001) and Bray-Curtis distance matrices (P < 0.0001) explaining respectively 62.6% and 88.7% of the microbiota differences. The ZFS method was removed from our comparison and the three other methods were kept to evaluate their impact on surface bacterial communities.

Comparison of DNA extraction methods used to characterize surface bacterial communities

Bacteria counts and quantification of DNA extracted

Surface bacterial communities were collected by swabbing SS coupons after or before C&D. Fifteen swabbing samples were pooled, resulting in a 60 mL surface sample corresponding to a 750 cm² SS surface. Total DNA was extracted in triplicate from 2 mL of SS surface samples using the different DNA extraction methods (18 DNA extracted samples).

Total CFU counts varied from 3.29 log CFU/cm² to 4.39 log CFU/cm² ± 0.04 after and before C&D respectively. C&D had a significant effect on total viable bacteria counts (P < 0.0001).

DNA concentrations ranged between 0.354 ± 0.04 ng/µL to 1.06 ± 0.617 ng/µL before C&D and between 0.054± 0.02 ng/µL to 0.15 ± 0.003 ng/µL after C&D (Table 2). The results

showed that the range of DNA concentrations before C&D were ten times higher than after C&D. This highlighted a significant effect of C&D on DNA concentrations (P = 0.0004). No differences in the DNA concentration extracted using the three extraction methods were observed (P = 0.059). Samples were rarefied to an even depth of 34345 reads.

Effect

Observed OTUs, Shannon and Chao1 alpha-diversity indices were calculated for each DNA extraction method and cleaning conditions (Table 2).

DNA extraction methods had no effect on the population richness: observed OTUs (P = 0.15) and Chao1 index (P = 0.84) and no influence on Shannon diversity (P = 0.2). These methods had a high observed OTUs/Chao1 ratio and seemed to share a high OTUs recovery rate. Indeed, no differences on richness and evenness were observed between the methods.

Among the different methods, C&D had an effect on both observed OTUs richness and evenness (P = 0.0001 and P = 0.002 respectively) but no effect on the Chao1 index (P = 0.11).

Overall, samples after C&D appeared to be richer (with an average of 154 observed OTUs ± 3.63) and more diverse (Shannon index average of 3.14 ± 0.06) than before C&D.

Interestingly, no cleaning-linked differences on observed OTUs were identified on samples extracted by Maxwell (148 OTUs ± 3.61 before C&D and 154 OTUs ± 1.53 after C&D, P = 0.85) and Q2B2 (143 OTUs ± 8.5 before C&D and 155 OTUs ± 2.52 after C&D, P = 0.22).

Furthermore, no cleaning-linked differences on the Shannon index were observed on samples extracted by Maxwell (2.99 ± 0.02 before C&D and 3.08 ± 0.03 after C&D, P = 0.40) and QPMF (3.07 ± 0.11 before C&D and 3.12 ± 0.036 after C&D, P = 0.94).

To evaluate differences in the bacterial communities, the metabarcoding data of each sample were examined at the genus level (Figure 3). A total of 167 OTUs, which were agglomerated into 49 genera, were identified. The most abundant genera were Flavobacteriaceae Chryseobacterium (37.02% ± 5.8), Flavobacterium (2.72% ± 1.23), γ-Proteobacteria Acinetobacter (40.77% ± 3.82) and Pseudomonas (9.2% ± 4.1). All of these genera were found before and after sanitization procedures. Both Bray-Curtis (Figure 4) and Jaccard (Supplementary Figure S2) Principal Coordinates Analysis showed a clear separation between samples according to the C&D.

PERMANOVA analysis based on Bray-Curtis and Jaccard dissimilarity index showed that cleaning procedures influenced the bacterial community (P < 0.0001) and explained 75.9% and 33.5% of the microbiota differences. No effect from DNA extraction methods was observed based on Bray-Curtis (P = 0.76) and Jaccard dissimilarity index (P = 0.16). DNA extraction methods explained only respectively 5.9% and 15.7% of the microbiota differences.

Effect of surface bacterial sampling method on 16S rDNA metabarcoding alpha-diversity data analysis

SS and TPU coupons (30 x 25cm, 750 cm 2 ) were installed in the FPP near food contact surfaces and under a conveyor between the salting step and the filleting machine for four weeks before surface sampling. The SS and TPU coupons then were sampled by swabbing and sponging each day before and after C&D over five different consecutive days.

This generated 40 samples which were analyzed for total viable count and 16S rDNA metabarcoding. Enumerations were variable among the sampling days and methods. (Table 3). The sampling methods (swabbing or sponging), the surface (SS or TPU) and the C&D step (before, after) had a significant effect on the viable counts with no interaction effect (P < 0.0001, P = 0.04, P = 0.04 respectively). Indeed, on both SS and TPU, before C&D, sponging showed a higher CFU count (4.68 ± 0.836 log CFU/cm² on SS and 5.58 ± 0.716 log CFU/cm² on TPU) than swabbing (2.52 ± 0.851 log CFU/cm² on SS and 3.07 ± 0.494 log CFU/cm² on TPU).

The same trend was observed after C&D: 3.45 ± 1.7 log CFU/cm² on SS and 4.84 ± 0.545 log CFU/cm² on TPU for sponging and 1.68 ± 2.06 log CFU/cm² on SS and 2.36 ± 1.79 log CFU/cm² on TPU for swabbing. Whatever the conditions, swabbing provided a lower colony recovery.

In addition, whatever the sampling method or the cleaning step, more CFU were enumerated on TPU samples (P = 0.04), with an average of 3.96 ± 1.64 log CFU/cm², than on SS samples, whose average was of 3.08 ± 1.76 Log CFU/cm².

To avoid a DNA extraction bias, the extraction was performed with a single method.

Extraction using QPFM were performed in triplicate. One hundred and twenty samples were sequenced. A total of 5483544 reads passed filters applied through the FROGS pipeline workflow with an average of 35648 reads/sample ± 20209 reads. Due to a low number of reads, five samples were removed. The relative abundance at the genus level was represented (Figure 5). The other 115 samples were rarefied to an even depth of 8455 reads. For each sample, richness and evenness represented by observed OTUs, Chao1 and Shannon indexes were evaluated (Table 3). Richness was impacted significantly by the sampling method and interactions between C&D procedures/surfaces and sampling methods/surfaces (P < 0.0001, P = 0.011, P = 0.007 respectively for observed OTUs and P < 0.0001, P = 0.003, P = 0.007 respectively for Chao1). C&D have an effect on Chao1 richness (P = 0.04) but not on observed OTUs index (P = 0.06). The surface material type (SS or TPU) did not modify the richness (P = 0.17 and P = 0.52 respectively for observed OTUs and Chao1 index). The Chao1 richness was higher within the population recovered before C&D (and using the sponge as the sampling method). The Shannon index (Table 3) showed that diversity was dependent on the sampling method and C&D (P < 0.0001 and P = 0.04 respectively).

Bacterial communities appeared to be richer and more diverse when sampled by sponging.

Interestingly, no differences on richness and evenness were observed on swab samples (P > 0.05).

A total of 279 OTUs, which were agglomerated into 101 genera, were identified. The dominant populations in each condition of the study were γ-Proteobacteria Acinetobacter (55.23% ± 18.71), Pseudomonas (13.63% ± 8.61), Aeromonas (5.56% ± 3.73), Shewanella (4.52% ± 5.46) and β-Proteobacteria Comamonas (4.09% ± 4.41). PERMANOVA analysis based on Bray-Curtis and Jaccard dissimilarity index showed that the cleaning procedures, surface and sampling method influenced the bacterial community (P < 0.0001). Based on the Bray-Curtis dissimilarity index, cleaning procedures, sampling surfaces and sampling devices explained respectively 6.13%, 9.85% and 10.51% of microbiota differences. Based on the Jaccard dissimilarity index, cleaning procedures, sampling surfaces and sampling devices explained respectively 5.65%, 3.36% and 8.9% of microbiota differences.

Discussion

This study sought to evaluate the impact of DNA extraction and surface sampling methods on 16S rDNA metabarcoding analysis results. The efficiency of four available commercial kits with different lytic and purification technologies were compared to extract bacterial DNA from cold smoked salmon and SS or TPU coupons installed in a CSS processing plant.

β-Proteobacteria Photobacterium and Serratia and the Firmicutes Brochothrix, Carnobacterium, and Staphylococcus were identified in this study as the dominant genera in the CSS bacterial community. With the exception of Staphylococcus, these genera are known as CSS spoilers. Staphylococcus is more rarely described as a CSS dominant bacterium. This result confirms already published data on CSS microbiota studied by viable and cultivable methods [START_REF] Leroi | Study of the microbial ecology of coldsmoked salmon during storage at 8°C[END_REF]Olofsson et al., 2007;[START_REF] Løvdal | The microbiology of cold smoked salmon[END_REF]. Because of its halophilic property, the salt additive used in the CSS process could be a source and a root cause for Staphylococcus predominance (Martino et al., 2013;Marino et al., 2017). The Psychrobacter genus is widely represented in our study. Psychrobacter are psychrothrophic and halotolerant bacteria which already have been isolated from fresh salmon fillets and the processing plant involved [START_REF] Møretrø | Contamination of salmon fillets and processing plants with spoilage bacteria[END_REF]. Raw salmon might be a source for Psychrobacter residence in FFPs [START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF]. Sphingomonas was identified as a low abundant bacterium. This genus was previously identified as a fish pathogen and could be part of the aquacultured rainbow trout intestinal microbiota (Pękala-Safińska, 2018;White et al., 1996;Wong et al., 2013).

The dominant surface microbiota identified was mainly composed by Flavobacteriacae Flavobacterium, Chryseobacterium, γ-Proteobacteria Acinetobacter, Pseudomonas, Aeromonas, Shewanella and β-Proteobacteria Comamonas. Acinetobacter and Pseudomonas already have been described to dominate the bacterial population in processing plants of many foods such as vegetables, meat, poultry, dairy products, fish and seafood [START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF]. Both Acinetobacter and Pseudomonas can be responsible for CSS spoilage [START_REF] Møretrø | Contamination of salmon fillets and processing plants with spoilage bacteria[END_REF][START_REF] Møretrø | Contamination of salmon fillets and processing plants with spoilage bacteria[END_REF] and are able to persist in these environments due to their biofilm production and psychotropic properties [START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF]. Flavobacterium was described to promote Listeria monocytogenes growth, resident in biofilm (Bremer et al., 2001). Chryseobacterium have been highlighted in a previous study on Atlantic salmon fillet microbiota. This genus was found in the dominant population [START_REF] Wang | Decrease of microbial community diversity, biogenic amines formation, and lipid oxidation by phloretin in Atlantic salmon fillets[END_REF] and could be brought into the FPP by raw material. In addition, Chryseobacterium was also identified in the microbial composition of drain water and drain biofilms [START_REF] Dzieciol | Bacterial diversity of floor drain biofilms and drain waters in a Listeria monocytogenes contaminated food processing environment[END_REF]. Shewanella and Aeromonas have been described as fish and seafood product spoilers [START_REF] Gram | Fish spoilage bacteria -problems and solutions[END_REF][START_REF] Gram | Microbiological spoilage of fish and fish products[END_REF]. These genera have been characterized within the residential microbiota of fish and seafood FPP [START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF].

The first part of this work was dedicated to CSS samples. Significant differences were observed in the DNA concentrations obtained using four different DNA extraction methods.

The four methods were used on the same sample, highlighting the different efficiency of each method to extract DNA from CSS. Three of the four methods tested were spin column method-based. These methods shared the same lysis principle, unlike the Maxwell kit which These authors tested five different DNA extraction methods, including spin columns types such as the Mobio and Qiagen kits, as well as isopropanol precipitation, and found a statistically significant difference. These results showed that the Qiagen and Mobio methods lead to consistent DNA concentrations.

In this study, the DNA methods used to extract DNA from CSS samples had an effect on the alpha-diversity observed OTUs index but not on the Chao1 index. Chao1 is a species richness estimator (Kim et al., 2017). The difference between the observed OTUs and Chao1

indices, especially the Q2B2 method, could be explained by a lower DNA extraction quality or yield. The four methods tested also had an effect on the diversity and relative abundance of the CSS sample microbiota. [START_REF] Keisam | Quantifying the biases in metagenome mining for realistic assessment of microbial ecology of naturally fermented foods[END_REF] showed that different DNA extraction methods induce a variability in the diversity of fermented food microbiota. In addition, a high DNA concentration did not necessarily lead to the highest community diversity. In our study, we confirmed this observation as ZFS, which seemed to recover the lowest DNA yield, provided the highest bacterial diversity. Regarding our results, the following genera were found only on ZFS samples: Massilia, Pseudoxanthomonas and Deinococcus. It is likely that we were not able to optimize the ZFS method, most probably due to the low bacterial concentration in the CSS sample, leading to a weak amount of bacterial DNA extracted. Since the above-mentioned genera including Delftia, Anaerobacillus and Rhizobium were already described as present in molecular biology kits reagents [START_REF] Salter | Reagent and laboratory contamination can critically impact sequence-based microbiome analyses[END_REF], we assume that most probably the Taq DNA polymerase during the V3-V4 16S rDNA PCR also could have amplified DNA from reagents or exogenous contamination. This also could explain the high diversity within the ZFS samples. [START_REF] Keisam | Quantifying the biases in metagenome mining for realistic assessment of microbial ecology of naturally fermented foods[END_REF] suggested that weak diversity in the case of high DNA concentrations also may be explained by an easier access to dominant bacterial DNA, limiting the purification of low abundant taxa. Several studies have demonstrated strong differences in dominant bacteria of human feces microbial communities depending on the DNA extraction and purification methods used [START_REF] Kennedy | The Impact of Different DNA Extraction Kits and Laboratories upon the Assessment of Human Gut Microbiota Composition by 16S rRNA Gene Sequencing[END_REF][START_REF] Wesolowska-Andersen | Choice of bacterial DNA extraction method from fecal material influences community structure as evaluated by metagenomic analysis[END_REF]. Our data confirmed that DNA extraction methods could influence the analysis of bacterial community profiles.

To compare the three remaining DNA extraction methods on surface samples, bacterial communities were collected on SS coupons installed in the FPP by swabbing before and after C&D. As described with the CSS samples, the method used did not have an effect on the DNA concentration. However, a decrease in DNA concentrations and total viable counts was observed after C&D. Alpha-diversity metrics highlighted that contrary to CSS samples, the DNA extraction methods showed no effect on community richness or evenness.

These observations were also confirmed by PERMANOVA analysis. This suggests that the capacity of these methods to extract DNA from surface samples is similar in terms of quality and yield. Cleaning procedures strongly affect the microbiota and alpha-diversity indicators.

According to Bray-Curtis and Jaccard PCoA, the cleaning and disinfection procedures have a strong effect on bacterial community relative abundances, and a lighter effect on its richness. Attachment strength, exopolysaccharides, and biofilm production are key factors that should be considered carefully when recovering surface bacteria. A critical stage in the analysis of surface microbiota is the choice of the sampling method. In this study, we evaluated cell recovery by swabbing and sponging methods used to sample SS and TPU surfaces. Viable cell counts showed that sponging provided a better recovery strength on SS and TPU. These observations could be explained by the pressure variation on the device and its sampling surface [START_REF] Yamaguchi | Development of an adhesive sheet for direct counting of bacteria on solid surfaces[END_REF]. In addition, a swab tip would be saturated faster than a device such as a sponge and could lead to a reduced recovery capacity [START_REF] Pérez-Rodríguez | Understanding and modelling bacterial transfer to foods: a review[END_REF]. Friction and pressure on devices should enhance and facilitate the bacterial transfer from the surface to the sampling system. Even when the sampling is made by a single operator, sponges are clearly easier devices to press on surfaces and to facilitate the transfer of cells [START_REF] Knobben | Transfer of bacteria between biomaterials surfaces in the operating room-An experimental study[END_REF][START_REF] Pérez-Rodríguez | Understanding and modelling bacterial transfer to foods: a review[END_REF]. We observed that whatever the sampling device, more CFU could be recovered on TPU than SS coupon surfaces, suggesting a higher bacterial surface population on TPU. [START_REF] Firmesse | Monitoring of bacterial load in terms of culturable and non-culturable cells on new materials placed in a delicatessen serve over counter[END_REF], when studying bacterial detachment in a delicatessen environment, described no significant differences between cultivable and viable but non-cultivable cells recovered from PVC or SS.

Bacterial communities and biofilms should be more difficult to remove from polymer surfaces. However, a porous surface such as TPU could facilitate cell attachment and biofilm formation [START_REF] Midelet | Transfer of Microorganisms, Including Listeria monocytogenes, from Various Materials to Beef[END_REF]. This could explain the differential in bacterial surface populations from SS and TPU surfaces observed in this work.

16S rDNA metabarcoding data, and especially alpha-diversity evaluation of bacterial communities, gave another perspective on sampling method effects. The bacterial concentration on FPP surfaces, especially after C&D, is very low. In our study, total counts varied from 1.68 ± 2.06 to 5.58 ± 0.716 log CFU/cm 2 . According to several standards, C&D procedures can decrease the level of contamination to 2.5 CFU/cm 2 [START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF]. Coupons were placed under food contact surface samples but were easy to clean.

Surfaces were visually soiled before C&D and cleaned after procedures and mimicked well the FPP surfaces. A common challenge in the analysis of low bacterial numbers is to extract DNA and to dispose of enough material for sequencing purposes. Indeed, a maximum of 5.97 ± 7.7 ng/µL of DNA were extracted in total and a maximum of 0.4 ± 0.36 ng/µL were extracted after C&D. The limit for sequencing application on a low bacterial environment has been evaluated between 10 3 and 10 5 CFU/mL in drinking water samples [START_REF] Pinto | Bacterial Community Structure in the Drinking Water Microbiome Is Governed by Filtration Processes[END_REF].

However, in their study of detection limits and the influence of DNA extraction and primer choice on the observed microbial communities in drinking water samples using the 16S rRNA gene amplicon sequencing, [START_REF] Brandt | Investigation of Detection Limits and the Influence of DNA Extraction and Primer Choice on the Observed Microbial Communities in Drinking Water Samples Using 16S rRNA Gene Amplicon Sequencing[END_REF] were able to sequence samples at a limit of 10 1 CFU/mL. This was achieved by spiking samples with different concentrations of an E. coli culture. However, background noise OTUs were identified. Due to the limit of the method, we had to remove five samples from our study.

To our knowledge, no previous publications reporting a sampling effect on the alpha-diversity of bacterial surface communities evaluated from 16S rDNA metabarcoding data are available.

We observed that both richness and evenness were impacted by sampling devices and cleaning and disinfection. It is interesting, however, that the surface material (SS or TPU) had no influence on richness and evenness. The analysis of sponged samples showed a larger bacterial community richness and evenness, suggesting that this method was more efficient than swabbing in recovering surface bacteria. However, the microbiota composition was affected by cleaning and disinfection, surface material and sampling devices. The dominant populations were not affected; however, the subdominant population may have been sampled.

As for DNA extraction comparison on surface samples, we did not assess the viability of recovered cells. Indeed, using HTS after C&D cannot determine whether or not the bacteria are viable. 16S rDNA amplicons allow the targeting of one or more microorganisms within samples. However, the induced PCR reaction will target all free DNA in the reaction medium.

The DNA of dead cells is thus amplified and identified [START_REF] Klein | Molecular approaches for viable bacterial population and transcriptional analyses in a rodent model of dental caries[END_REF]. One way to counteract this bias is the use of a DNA intercalating molecule: propidium monoazide (PMA).

In their study to characterize the total and the viable bacterial and fungi populations in the international space station, (Checinska Sielaff et al., 2019) processed samples with PMA.

Their results highlighted no significant differences on microbiome richness and diversity, suggesting that the 16s rDNA amplified was extracted from a viable population. Moreover, an average of 45% of the microorganisms were cultured. The use of PMA in our study could be a future relevant approach to assess C&D surviving populations.

Conclusion

Due to their important effects on food product quality and safety, residential bacteria in food processing plants are an important concern. Thanks to high-throughput sequencing 

  of DNA extraction methods on the 16S rDNA analysis of surface bacterial communities DNA extracted by the three remaining methods were used as the template for the V3-V4 regions of the 16S rRNA gene sequencing. A total of 1495580 reads passed filters applied through the FROGS pipeline workflow with an average of 83088 reads/sample ± 33177 reads.

  is based on paramagnetic beads system technology. Moreover, the Maxwell kit recovered the highest DNA quantity. The lysis and purification principles of the different methods could explain the difference in the DNA extraction efficiency.[START_REF] Keisam | Quantifying the biases in metagenome mining for realistic assessment of microbial ecology of naturally fermented foods[END_REF] tested eight different DNA extraction methods with different lysis principles on several fermented products (milk, fish, bamboo shoot, soybean). In this study, the authors observed that the method used had a strong effect on the DNA concentration. Their observation was mostly explained by the different foods tested. Even when the bacteria concentration was homogenous (between 7.54 ± 0.23 and 10.79 ± 0.1 log of the 16S rRNA gene copies/g of food), strong differences were observed. Communities were different, dominated by Grampositive bacteria in bamboo shoot and fish samples and Gram-negative bacteria in milk and soybean. Gram-negative bacteria are easier to extract, which could explain this difference. In addition, the authors did not discuss sample chemical composition, which could lead to different DNA extraction yields or community assessments (Lipids, PCR inhibitors).[START_REF] Hart | Comparative Evaluation of DNA Extraction Methods from Feces of Multiple Host Species for Downstream Next-Generation Sequencing[END_REF] compared methods used to extract DNA from the feces of different animal species.

  technologies and the development of 16S rDNA metabarcoding approaches, it is now possible to estimate the taxonomic composition of bacteria communities without needing to use cell cultures. However, these techniques require strict standardization to avoid downstream analytical biases. Although similar comparative research on the impact of different DNA extraction methods has been performed on other ecological niches, this is the first investigation on smoked salmon product microbiota and the product's processing plants using Illumina MiSeq amplicon sequencing. The bias generated due to the differential recovery of OTUs by different DNA extraction methods is demonstrated here for CSS bacterial communities but not for surface microbiota. We report that both richness and evenness were impacted by sampling devices and cleaning and disinfection. Larger bacterial community richness and evenness were observed when sponging was used as the sampling method. The Maxwell and QPMF DNA extraction methods and the sponging device appeared to be efficient, reliable methods to study the CSS and surface microbiota. This study highlighted the importance of sample preparation and laboratory practices on the results of 16S rDNA metabarcoding studies. The sequencing platforms and bioinformatic pipelines also could be critical choices for these kinds of analyses. This study only represents a survey of one CSS processing plant and provides basic insights on the surface bacterial community profile.Future investigations would be necessary to investigate potential contamination/cross contamination to CSS products deriving from the processing plant environment. Surface bacterial community monitoring may become a valuable tool in food processing plants to identify critical control points, thereby allowing the improvement of process and sanitation management.

Figure 1 :

 1 Figure 1: Relative abundance of bacterial genera in cold smoked salmon sample extracted with four different DNA extraction methods. Taxa present on average in all samples at a threshold ≥ 0.5% or having a 90 th percentile ≥ 0.5% are individually represented. In other cases, taxa are grouped and labeled "Others".
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 23 Figure 2: Bray-Curtis PCoA plot of CSS samples extracted with four different DNA extraction methods
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 45 Figure 4: Bray-Curtis PCoA plot of environment samples according to cleaning and disinfection procedures and DNA extraction method

  Fungal DNA Mini Prep™) for DNA extraction from oral human samples. The authors also did not observe any differences on alpha-diversity data or observed microbiota. As previously suggest by[START_REF] Hart | Comparative Evaluation of DNA Extraction Methods from Feces of Multiple Host Species for Downstream Next-Generation Sequencing[END_REF], our results showed that DNA extraction and standardized experimental protocols in microbiome analysis are critical steps and should be subject to validation procedures. This work showed the clear importance to test the DNA extraction method before 16S rDNA metabarcoding studies to ensure that the method fits the intended purpose. By studying the impact of DNA extraction methods on fecal samples from five different species (zebrafish, mouse, cat, dog and horse),[START_REF] Hart | Comparative Evaluation of DNA Extraction Methods from Feces of Multiple Host Species for Downstream Next-Generation Sequencing[END_REF] highlighted host species differences on DNA yield and NGS output. As we could see, DNA extraction methods are matrix dependent. Most of the differences were observed on CSS samples and not on surface samples. Even if surface samples can contain disinfectant traces, food matrices are more complex to process. Indeed, QPMF and Maxwell used on product samples shared a high OTUs recovery rate and a high evenness. Based on this work and our observations, Maxwell and QPMF seemed to be the best DNA extraction methods in the context of our study. Because Maxwell is an automatic approach and is equipment dependent, QPMF was chosen for further analysis.

	Bacterial/In contrast, in a study comparing four DNA extraction methods on skin microbiota
	(Nucleospin® Soil (Macherey Nagel), Nucleospin® Tissue (Macherey Nagel), FastDNATM
	SPIN Kit for Soil (MP biomedicals) and DNeasy Blood & Tissue Kit (Qiagen)), Boulesnane
	et al. (2020) found that the richness identified by each method varied. The authors concluded
	that the differences mainly were due to the co-extraction of PCR inhibitors as well as the
	method's DNA binding system.
	DNA extraction protocols and lysis principles seem to be key factors in
	metabarcoding analysis.
	Interestingly, the observed OTUs richness and Shannon diversity are higher after cleaning and
	disinfection. Water flow and friction may have destabilized some biofilms structure and
	allowed us to capture more bacteria or different taxa. However, C&D had no impact on the
	number of OTUs of samples extracted by Q2B2 and Maxwell, nor on the microbiota evenness
	on Maxwell and QPMF samples. Total CFU counts varied from 3.29 log CFU/cm² to 4.39 log
	CFU/cm² ± 0.04 after and before C&D respectively. Bacterial concentration was impacted by
	sanitation but not OTUs number. 16S rDNA metabarcoding targets all bacterial DNA (living
	cells, dead cells, stressed cells). It is likely, even if water flow may have physically dispatched
	cells, that we also could have sampled dead or stressed bacteria. QMPF and Q2B2 share the
	same lytic and purification system; however, Maxwell uses paramagnetic particles system
	technology. Vesty et al. (2017) evaluated the efficiency of different commercial kits
	(including MoBio PowerSoil® DNA Isolation Kit, QIAamp® DNA Mini Kit, Zymo
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