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Abstract

The goal of this study was to identify at the spees level a large collection of Gram-
negative dairy bacteria isolated from milks or semihard and soft, smear-ripened
cheeses (cheese core or surface samples) from dédfe regions of France. The isolates
were then assessed for two risk factors, antibioticesistance and volatile and non-
volatile biogenic amine productionin vitro. In total, 173 Gram-negative isolates were
identified by rrs and/or rpoB gene sequencing. A large biodiversity was obsevavith
nearly half of all Gram-negative isolates belongingo the Enterobacteriaceae family.
Overall, 26 different genera represented by 69 spis including potential new species
were identified among the studied Gram-negative idates for both surface and milk or
cheese core samples. The most frequently isolateeingra corresponded tdPseudomonas,
Proteus, Psychrobacter, Halomonas and Serratia and represented almost 54% of the
dairy collection. After Pseudomonas, Chryseobacterium, Enterobacter and
Stenotrophomonas were the most frequently isolated genera found icheese core and
milk samples while Proteus, Psychrobacter, Halomonas and Serratia were the most
frequently isolated genera among surface samples. nfibiotic resistance profiles
indicated that resistances to the aminoside, imipeem and quinolon were relatively low
while over 50% of all tested isolates were resistarto antibiotics belonging to the
monobactam, cepheme, fosfomycin, colistin, phenigotulfamide and some from the
penam families. Thirty-six % of isolates were negate for in vitro biogenic amine
production. Among biogenic amine-producers, cadavéme was the most frequently
produced followed by isoamylamine, histamine and pwvescine. Only low levels

(<75mg/l) of tyramine were detectedn vitro.
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1. Introduction

Cheese production is based on the use of bothegk§tarter cultures and the presence
of undefined indigenous microbial populations (utkhg diverse yeasts and moulds, Gram-
positive and Gram-negative bacteria). In France atfnual production of cheese is estimated
at 1.8 million tons of which close to 11% are proeld from raw milk. Understanding the
complex microbial communities and their dynamicsirty cheese production (from the raw
milk or milk, milking environment, during fermeniain and to the ripening) are key factors to
ensure food safety and control the sensorial ptgseof the final products. In the cheese
core, the dominant microflora usually corresporadkattic acid bacteria (LAB) species while
Gram-positive catalase-positive bacteria, yeastyylds and diverse Gram-negative bacteria
(Citrobacter spp., Enterobacter spp., Pseudomonas spp.) constitute the subdominant
microflora (Abriouel et al., 2008; Duthoit et aRP03; Ercolini et al., 2001) or even co-
dominant microflora (Larpin et al., 2011). On theface of cheeses, high genus and species
diversity is observed and the main microbial grouwgmsrespond to coagulase-negative
staphylococciActinobacteria members Nlicrococcus, Corynebacterium,...) (Brennan et al.,
2002; Mounier et al., 2005; Rea et al., 2007; Vai8euber et al., 1997) while subdominant
microflora correspond to Gram-negative groupPseudomonas spp., Pseudoalteromonas
spp., Halomonas spp.,Psychrobacter spp. and species belonging to thaterobacteriaceae
family such aHafnia alvei (Chaves-Lopez et al., 2006; Morales et al., 2008unier et al.,
2005; Mounier et al., 2009; Rea et al., 2007; Saghand Stepaniak, 1997). Gram-negative
bacteria are frequently isolated from both theaefof cheeses (Larpin et al., 2011; Maoz et
al., 2003; Mounier et al., 2005; Mounier et al.02Pand the cheese core (Chaves-Lopez et
al., 2006; Delbes et al., 2007; Tornadijo et QP and, in particulaf:nterobacteriaceae
counts can reach 1@ 10 CFU/g in the cheese core during the first daysigening and

then slowly decrease (Tornadijo et al., 20@nterobacteriaceae distribution in the cheese
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core and on the surface is likely influenced by phgsico-chemical conditions encountered
during cheese production including pH increase ttugeast growth, oxygen availability,
water activity (A,) and salt content due to washing procedures fagothe growth of
halophilic species such as those belongingH&bomonas. Furthermore, bacteria from the
ripening facility environment may also contamingte product.

On one hand, the presence of some Gram-negativterizais often used as a marker
for hygiene conditions, as coliforms are indicatofefecal contamination, and they are also
considered as undesirable cheese contaminants €Baain et al., 2005; Prado et al., 2001;
Tornadijo et al., 2001). Morales et al. (2005) shdwhatPseudomonas spp. were able to
produce a wide range of volatile compounds whicly megatively contribute to the sensory
quality of cheese. In addition, defects in cheesgute and flavour or early blowing were
attributed to the Gram-negative bactdfigerobacter aerogenes andEscherichia coli (Luck
and Dunkeld, 1981) while othémterobacteriaceae family members such a&erratia spp.
and Kluyvera spp. may affect cheese sensory quality via lipolghd proteolytic activities
(Chaves-Lopez et al., 2006; Morales et al., 2008R)reover, some Gram-negative bacteria
have been reported to produce volatile and nontiielaiogenic amines (BA) in foods, in
particular in fish (Allen et al., 2005; BjornsdotButler et al., 2010; Kanki et al., 2004; Kim
et al., 2001; Lehane and Olley, 2000), but alswagetables (Lavizzari et al., 2010) and
cheese (Marino et al., 2000) which can be a concemfood context due to their potential
physiological impact (mainly for histamine and tyiae). BA are produced and can
accumulate in foods containing free amino acidsnigcellular bacterial catabolic pathways
involving at least a decarboxylase or deiminaseatrdnsporter responsible for the uptake of
the amino acid and secretion of the amine. BA epwad to low molecular weight basic
nitrogenous compounds and are formed at low lewélsn living cells. A few studies have

also reported antibiotic resistance in Gram-negabwacteria isolated from foods such as
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vegetables (Osterblad et al., 1999), minced meatefBlad et al., 1999) and Portuguese
cheeses (Amador et al., 2009). Many natural resisgto antibiotics are already present in
some Gram-negative bacteria. Moreover, membershefEnhterobacteriaceae family are
among the emerging antibiotic resistant bacteaagmitted to humans mainly via meat and
other food of animal origin (Johnson et al., 200Bhe wide use of antibiotics for the
treatment of humans as well as the heavy use am@nbbial agents in agriculture and
animal/fish farming can lead to increased antibiatissemination in natural environments
and enhanced resistances in environmental micromga such as Gram-negative bacteria
and eventually in human pathogens (Cabello 2006toCat al., 2008; Hammerum 2009;
Smith et al., 2005).

On the other hand, presence of some Gram-negadiserir in cheese may play an
important role in regards to cheese ripening arad groduction of aroma compounds and
thereby the overall sensory qualities of the chg@sahl et al., 2000; Deetae et al., 2009;
Morales et al., 2004; Morales et al., 2005). Amahg Gram-negative bacteria previously
isolated from cheese®roteus vulgaris has been shown to produce high concentrations of
flavour compounds, in particular volatile sulphunmpounds and branched-chain alcohols,
during the ripening process in a model cheese @eesttal., 2009; Deetae et al., 2009).

The diversity and safety of the Gram-negative floadurally present in milk and in
cheese during processing is poorly documented.alo knowledge on this microbial group,
this study focused on characterizing Gram-negdiagteria most commonly found in dairy
sources. A collection of 173 Gram-negative bactés@ated from diverse French dairy
sources was created in order to assess their leiily using molecular methods and
characterize them in regards to the productiomatesirable molecules (biogenic amines) and

antibiotic resistances.
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2. Materials and Methods

2.1 Bacteria and culture media

A working collection of 173 Gram-negative bacteriablates isolated from milk
(diverse sources) as well as soft, smear-ripenatl sami-hard cheeses made from raw
thermally treated or pasteurized milk (includingdéfterent ripening stages for some) from
either the cheese surface or cheese core fromrathif€&rench regions was created. Fifty seven
isolates originated from Munster cheese, 53 froratat cheese, 29 from milk or raw milk
samples, 13 from St. Nectaire, 12 from Epoissesesde?2 from Pont 'Evéque, 2 from
Camembert, 2 from Langres, 1 from Salers, 1 fromaldNand 1 from goat cheese. These
isolates were provided by 4 different French latmtas: INRA Aurillac (URF 545), INRA
Grignon (UMR 782 GMPA), University of Caen - Baddermandie (E.A. 3213 MILA) and
Aérial in lllkirch. They were isolated either fromselective (Pseudomonas agar base
supplemented with cetrimide, fusidin and cephalaspCFC), Violet Red Bile Glucose
Agar (VRBG), Plate Count Agar (PCA) supplementedhwi% crystal violet and 0.5%
vancomycin to inhibit Gram-positive bacteria PCAle(bes et al., 2007)) or non-selective
(PCA + 3% NacCl) culture media. They were initialigsigned to Gram-negative bacteria
genera or species by phenotypic or molecular (F8$Ar gene partial sequencing) methods
(data not shown). At least one representative iesa&each different genera or species found
in each culture collection was selected to cortstitie working collection.

Isolates were cultivated either in Tryptic Soy Br¢tSB, AES, France) supplemented
with 2.5¢g/l Yeast Extract (TSBYE) and 30 g/l Na@labogros, France), in Brain Heart
Infusion broth (BHI, AES, France) or on Tryptic SAgar (TSA, AES, France) supplemented

with 2.5g/l Yeast Extract (TSAYE) and 30 g/l NaClultures were incubated under aerobic
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conditions at 25°C for 24h. Isolates were theneston cryotubes with 30% v/v glycerol at -

80°C until use.

2.2 ldentification of Gram negative isolates by rrs and rpoB genes sequencing

Total DNA was prepared from bacterial cultures bing the Promega Genomic DNA
purification kit (Promega, Madison, WI, USA). Pued DNA samples were stored at -20°C.
Therrs gene (encoding the 16S rRNA) was amplified witimgrs A and rJ (Harf-Monteil et
al., 2004). Since thers gene is not always sufficient to distinguish clgsedlated species,
especiallyEnterobacteriaceae, the housekeeping genpoB (coding for the3 subunit of the
RNA polymerase) that has been shown to resolveogeyletic relationships in various
bacterial groups (Adékambi et al., 2009) was alsedu PCR amplification ofpoB was

performed with primers VIC4 and VIC6 (Tayeb et 2aD08).

2.3 Sequencing and data analysis

PCR products were analysed by the Platform 8 oPtmeur Institute Genome Center
for sequencing (Paris, France). Sequencing prifieengoB were the same as those used in
the PCR experiments. Additional sequencing prinfersrs fragments were E, RE and D
(Harf-Monteil et al., 2004).

Concerning data analysis, parti@oB and completers gene sequences were edited
using the Lasergene package (DNASTAR, Madison, WBA). Phylogenetic analysis was
based on thers or rpoB sequence of the reference type strains. Genbagkesee
comparisons were performed using BLAST (Altschulaét 1990). The sequences were

aligned using CLUSTAL V.
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2.4 Antibiotic susceptibility testing

Antimicrobial susceptibility of the 173 Gram-negatiisolates used in this study was
assessed for 24 antibiotics using the disk difiusimethod on Mueller-Hinton agar (AES,
France) selected according to guidelines for Gragative bacteria given by the Antibiogram
Committee of the French Microbiology Society (CAMsH-rench equivalent to the Clinical
and Laboratory Standards Institute —CLSI-) in 2@®8l 2009. The following antimicrobial
susceptibility test disks (BioRad, France) weredusamikacin 30ug (AN), gentamicin
15pug/10Ul (GM), tobramycin 10pg (TM), imipenem 10(&@M), cefalotin 30ug (CF),
cefotaxime 30ug (CTX), ceftazidime 30ug (CAZ), aptiam 30ug (ATM), amoxicillin 25ug
(AMX), amoxicillin/clavulanic acid 20+10ug (AMC),napicillin 10pg (AM), mecillinam
10pg (MEC), piperacillin 75ug (PIP75), piperacittazobactam 75+10ug (TZP85), ticarcillin
75ug (TIC), ticarcillin/clavulanic acid 75+10ug (Tf; colistin 50ug (CS50), ciprofloxacin
5ug (CIP), fosfomycin 50ug (FOS), chloramphenicou@ (C), nalidixic acid 30ug (NA),
rifampicin 30pg (RA30), sulfamid 200ug (SSS200) aewlacycline 30ug (TE). Briefly, to
determine antibiotic susceptibility, isolates wérst cultivated in BHI broth for 24h under
aerobic conditions (cultures agitated at 160 rpng mcubated at 25°C. Cultures were then
diluted in Tryptone-Salt (TS; AES, France) to obtan optical density equivalent to 0.5 on
the Mac Farland scale. For each isolate, 2 ml hitefi culture was used to fully immerse
Mueller-Hinton agar plate. Excess culture was tteenoved and Petri dishes were incubated
at 25°C for 15 min to dry the surface of the agafolke applying the antibiotic discs. The
inhibition zone surrounding the antibiotic disk wagasured in millimeters and compared to
the critical diameters (mm) values as defined ley@A-SFM. Interpretation for susceptibility

status was based on the most recent criteria adibgtehe CA-SFM (2008 and 2009 data).
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2.5 In vitro detection of volatile and non-volatile biogenic amine production

All Gram-negative isolates were first tested foeithpotential to produce biogenic
amines (BA)in vitro using a rapid screening method based on the “hiogg@mine test”
medium described by Bover-Cid & Holzapfel (BovedCand Holzapfel, 1999). Briefly,
experiments were carried out on 96 well microplates225 pl final volumes. Before
inoculation into the “BA test” medium, three sucsige precultures for each isolate were
carried out in BHI broth containing 4 amino aciéqursors (L-lysine monohydrochloride, L-
histidine monochloride monohydrate, L-ornithine mbydrochloride (Sigma, France) and L-
tyrosine disodium salt (BioWest, France) at a catre¢ion of 2.5 g/l each and adjusted to pH
5.3. Cultures were incubated at 25°C with agitatmm24h. Five ul of each isolate was then
inoculated into the “BA test” medium containing cer@ino acid precursor (2.5 g/l) at a time
or without the target amino acid precursor to festfalse-positives. Microplates were then
incubated at 25°C under aerobic conditions for & ttays. BA production was characterized
by a color change in the medium (from yellow topley. Plate readings were carried out
daily by visual observation to ensure proper groetheach isolate and to check for BA
production.

Potential BA-producing isolates, as determined drgening isolates in the “BA test”
medium, were further analyzed to determine actuél [@oduction levels using high
performance liquid chromatography (HPLC). Briefisplates were grown in 10 ml of “BA
test” medium supplemented with each of the aminid @cecursor and BA content was
determined by HPLC using the dansyl chloride deisation of amines as previously
described by Duflos et al. (Duflos et al., 1999}hwa LUNA 5y C18(2) 100A, 250mm X

4,0mm column (Phenomenex, France).
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2.6 Satistical analysis of biogenic amine production by the Gram-negative isolates

Volatile and non-volatile BA profiles from the déffent isolates were analysed by an
ascending hierarchical classification (AHC) anay$tatistica software version 6; Statsoft,
Maisons-Alfort, France). The dendrogram obtainedienia possible to significantly display 3
groups of isolates at a threshold aggregation misteof 5000; the use of the K-means
clustering allowed us to establish the amine peodif each group. The Chi-square test was

performed to assess the differences between thespsy

3. Results

3.1 Identification of Gram-negative isolates and biodiversity at the genus and species

levels

In this study, the collection of Gram-negative gdiacteria was created by isolating bacteria
from milk and from diverse cheese types, in sonsesat different ripening stages, using the
described plating methods. The isolate collecti@s wot exhaustive and cheese types were
represented according to availability and the niliora present. Dairy isolate identifications
at the species level were carried out based ornrsrend/orrpoB gene sequences obtained for
all 173 Gram-negative bacteria isolated from theous French dairy sources (all sequences
were uploaded into NCBI in alphabetical order byuygeand species and accession humbers
are as follows: JF710846 to JF710953 correspongdB gene sequences and JF710954 a
JF711018 correspond tos gene sequnces). To do so, the gene was first used to identify

all bacterial isolates at either the genus or gsetevel. TherpoB gene was also used to
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identify isolates to a given species as this geoeiges a higher level of discrimination. All
sequences were compared with publically availabtalthses (using the Blast resource at the
National Center for Biotechnology Information, NCBInd the Ribosomal Database Project,
RDP). In total, 63 isolates were identified at Hpecies level based on thre gene sequence
and 110 based on the partipbB gene sequence. In the case of no more than 1%gdivee
in nucleotide sequences between a Gram-negativg dalate and the sequence of a valid
species, they were considered as the same spéciesquence presenting more than 2%
divergence with the most closely related and védidaequence was considered as a potential
new species.

Overall, after molecular identification, the Gramgative isolates were classified into
13 different families within the Proteobacteria pimg (mainly from the gamma-
proteobacteria group and to a lesser extenfitrenda-proteobacteria groups) and 1 family
within the Cytophaga-Flavobacterium-Bacteroides BLCFcomplex (Table 1). Among
proteobacteria, nearly half of all isolates (47.43¢)onged to th&nterobacteriaceae family
(represented by 12 genera) followed by Bseudomonadaceae (14.4%; represented by 1
genus)Moraxellaceae (11 %; represented by 2 genetdyl omonadaceae (9.2%; represented
by 1 genus) andlcaligenaceae (6.4%; represented by 2 genera). Isolates belgnigirthe
Xanthomonadaceae (2.9% of all isolates),Oceanospirillaceae (1.2% of all isolates),
Brucellaceae, Caulobacteraceae, Pseudoalteromonadaceae, Sphingomonadaceae and
Vibrionaceae families were more seldomly found (for each famsily2o of all isolates).
In spite of a limited number of cheeses analyzagh biodiversity at the genus and species
levels was observed for both surface flora and sheere and milk samples, with a total of
26 different genera and 69 different species idiedti(Table 1). Approximately 47% of all
the identified species were only represented bgglesisolate while approximately 12% were

represented by 5 or more isolates. Several isol@gme-Bailey et al., 2009) potentially
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corresponded to novel species within tAseudomonas, Halomonas, Marinomonas and
Providencia genera. However, further work would be requiredd&iermine whether the
isolates belonging to these groups do corresponmewo species. It is important to note that
the distribution of cheese types as well as thantéwn in numbers of surface, core and milk
isolates is variable depending on cheese avatighitiicroflora present in the tested samples,
and plating methods used.

Overall, 7 genera were described in all sample syfleseudomonas, Serratia,
Enterobacter, Citrobacter, Klebsiella, Raoultella andAcinetobacter). Among surface isolates,
at least 49 different species out of 134 surfackiss were identified, of which 42 were only
found in cheese surface samples (Table 1). Be$tdaglomonas and Serratia, the 3 other
most frequently isolated geneRxoteus, Psychrobacter andHalomonas, were only identified
for surface flora. The most dominant species idiedtiwereP. vulgaris, H. alvei/H. paralvei,

A. faecalis, Halomonas spp. andPsychrobacter spp.. Less frequently isolated surface isolates
belonged to the genel@itrobacter, Providencia and Morganella and really low levels of
surface isolates belonged to 8 other geneRaoytella, Klebsiella, Escherichia,
Marinomonas, Tetrathiobacter, Brevundimonas, Kluyvera andAcinetobacter).

For milk and cheese core isolates, 26 differentiggewere identified for 39 isolates.
Noteworthy, although a limited number of isolatesr&from cheese core samples (Ten Brink
et al., 1990) in comparison to milk (Duflos et dl999), biodiversity in these core samples
was surprisingly high as they were represented by g@era RPseudomonas,
Chryseobacterium, Enterobacter, Stenotrophomonas, Citrobacter, Klebsiella, Raoultella and
Serratia) and 11 specie€hryseobacterium spp. andenotrophomonas spp. were only found

among cheese core and milk samples.

3.2 Antibiotic resistances
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Although antibiotic resistances of non-pathogeniar®-negatives may not have direct
public health consequences, world safety autherdie concerned about their dissemination.
In this context, the antibiotic resistance profdé all 173 Gram-negative isolates was
determined for 24 antibiotics belonging to 10 aiotib families by the disk diffusion method.
The spectrum of action of all 24 antibiotics agaihig3 Gram-negative dairy isolates was first
evaluated and showed that over 50% of all testeltss were resistant to the following 6
antibiotics all belonging to the beta-lactam fanfyMX, AM, MEC, ATM, CF, CTX) and to
fosfomycin, colistin, phenicol and sulfamid (Tal¢ The dominant antibiotic resistance
targeted mecillinam (a penam) with almost 87% dfistant isolates and aztreonam (a
monobactam) with almost 73% of resistant isola@s.the contrary, only a low number of
antibiotics resistances for all Gram-negative iwsawere observed for 7 antibiotics
belonging to the3-lactam family, mostly penams (TCC, PIP75, TZP8M@& TIC, IPM) as
well as one cephem (CAZ), and for all 3 tested asioles (AN, GM, TM), both quinolons
(NA, CIP), rifamycin (RA30) and tetracycline (TE)gble 1). In particular, a limited number
of resistances (only 15 to 35%) for all Gram-negaisolates were found against the three
aminosides, the 2 quinolons and the34actams (ticarcillin/clavulanic acid, piperacillin
piperacillin/tazobactam and imipenem).

The antibiotic resistance profile for each genuss Vilarther evaluated (Figure 1).
Profiles for low numbers of resistances were olefer two of the most frequently isolated
surface flora identified in this studgsychrobacter (18 isolates and <12% overall antibiotic
resistances) andalomonas (14 isolates, <23% overall antibiotic resistanced)jsolates of
both genera were clearly susceptible to most temtédiotics (Figure 2A). Fewer numbers of
antibiotic resistances ranging from 15% to 50% wealso observed for 10 other genera
(Enterobacter, Raoultella, Acinetobacter, Alcaligenes, Escherchia, Hafnia, Marinomonas,

Brevundimonas, Kluyvera andPantoea) (Figure 2A).



331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

16

On the contrary, high resistance profiles (>50% apdto 75% of all species and
isolates within a given genus) were observed famersd of the most frequently isolated
genera found for both surface and cheese core/saithples:Pseudomonas (24 isolates),
Proteus (22 isolates),Chryseobacterium (8 isolates) andtenotrophomonas (5 isolates)
(Figure 2B). High resistance profiles were alsafor Serratia , Citrobacter , Morganella ,
Providencia , Klebsiella, Ochrobactrum , Sphingobacterium, Tetrathiobacter and Vibrio
genera but the number of isolates for some genwsliwated, only 1 isolate (Figure 2B).

Overall, the level of antibiotic resistance vdristra-genus and intra-species

3.3 Volatile and non-volatile biogenic amine production in vitro

Characterizing food-related microorganisms for rthmtential to produce biogenic
amines potentially having a toxicological impact thre consumer is of interest. In this
context, the potential to produce the two main B#wn to have detrimental physiological
effects in humans (histamine and tyramine) as a&ltwo possible potentiators (putrescine
and cadaverine (Taylor, 1986), was evaluated inl## Gram-negative bacterial isolates of
dairy origin. It was first carried out using theesfic “BA-test” detection medium. Secondly,
representative isolates of positive isolates on -tB#&t” medium were further analyzed for
actual BA production by HPLC which allowed for tdetection and quantification of 11
volatile or non-volatile BAs (volatile : methylan@n ethylamine, isoamylamine and non-
volatile : spermine, spermidine, tryptamine, phetiylamine, putrescine, cadaverine,
histamine and tyramine).

Overall, potential decarboxylase activities (histedl decarboxylase; tyrosine
decarboxylase; ornithine decarboxylase and lysieeaboxylase involved in histamine-,
tyramine-, putrescine- and cadaverine-productiespectively) implicated in the production

of at least one BA were found in 64% of isolatekl(isolates) after pre-screening isolates on
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specific “BA-test” medium. More precisely, potent@utrescine- and cadaverine-producers
were the most frequently encountered with the “BAtt medium in 69 and 67 isolates,
respectively. Potential tyramine-producers (42astes) and histamine-producers (15 isolates)
were observed to a lesser extent. Using the BArtestium, no BA were produced among
isolates belonging t&Chryseobacterium spp. andC. freundii and only a relatively small
number of isolates were positive (~35%) among Rheteus spp. andPsychrobacter spp.
isolates.

In vitro BA-production for 57 representative isolates (pesiisolates as well as a few
“BA-test” non-producer isolates) was analyzed byLBPusing the same culture medium
(Table 3). Overall, cadaverine concentration rangresn undetected to 1559 mg/l. Its
production was often associated with isoamylaminadypction (from undetected to 1458
mg/l), in particular for isolates belonging to tepeciesk. hormaechei, M. morganii and
Serratia spp. while this was not observed f& oxytoca and S. maltophilia isolates.
Histamine levels varied from undetected to 1706l mgh highest levels produced vitro by
M. morganii, P. heimbachae and Serratia spp. Only 7 putrescine-producers were detected
vitro, with detected concentration ranging from 100 5& ing/l except for on@roteus sp.
nov. isolate that produced 1083 mg/l. Tyramine posals were detected at levels less than 74
mg/Il. Finally, 7 isolates were found to produce mphethylamine (154 to 261 mg/l detected)
and 4 were tryptamine-producers (108 to 425 mgkated). The other BAs analyzed were
detected at levels below 100 mg/l and did not doute to the classification. The 57 Gram-
negative isolates clustered in three classes ast#nding hierarchical classification based on
their amine content profiles (Classes given in &)l Class 1 was comprised of the lowest
number of isolates (12 isolates), which producedaup amines simultaneously and were
characterized by the highest cadaverine (averalye \od 1327 mg/l), histamine (944 mgl/l),

iIsoamylamine (827 mg/l) and phenylethylamine (138§/Improduction capacities. It was
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comprised of all the three tested isolatesvbfmorganii, as well as several isolates of the
generaHalomonas andSerratia. Class 2 counted 19 isolates, characterized by dagaverine
(1224 mg/l) and isoamylamine (626 mg/l) productaapacities It comprised all the tested
isolates ofE. hormaechel (4 isolates) an& maltophilia (2 isolates), as well as several isolates
of the generdseudomonas andSerratia. Class 3 counted the highest number of isolatés (2
isolates), characterized by low or sporadic BA-picichn. It comprised all the tested isolates
of the genusProteus (10 isolates), as well as several isolates ofgéeeraPseudomonas,

Providencia andHalomonas.

Discussion

In this study, the biodiversity as well as the tise of potential risk factors vitro
was evaluated for 173 Gram-negative isolates aatgig from milk and cheese core or cheese
surface from various French cheese-producing region

Concerning the biodiversity aspects, for the 17an®negative isolates identified in
this study, 26 genera and 68 species were idenhidfinel classified among 14 families clearly
highlighting the wide diversity and the potentiagortance of the presence of Gram-negative
bacteria in complex cheese microbial ecosystemisiglproduction. Although all the isolates
were not typed, the diversity of their origins Egards to geography, cheese technological
practices and cheese factories argue in favouhaf potential genetic diversity. The most
frequently isolated genera identified in the seldatheeses includdeseudomonas, Proteus,
Psychrobacter, Halomonas and Serratia as well asChryseobacterium for cheese core.
Although a variety of selective and non-selectiveda were used for Gram-negative bacteria
isolation, this study is obviously not exhaustiMareover, in most cases, the concentration of
the Gram-negative isolates identified in the mikgese core or on the cheese surface was

not determined and dairy sample types and numlsmisd; therefore, it is not possible to



406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

19

provide information on their dominance or sub-dasmice in the complex cheese microbial
ecosystems studied. However, for Livarot chees&ats® used in this study, the Gram-
negative flora (isolated in PCA + 3% NaCl) weretpdrthe dominant flora (data not shown)
and reached levels equivalent to Gram-positive doact(data not shown). Finally, some
genera (i.eHalomonas) have already been identified at high levels ift, ssmear-ripened
cheeses (Mounier et al., 2009).

Pseudomonas strains have been previously shown to be partwfrmalk (Ercolini et
al., 2009; Giannino et al., 2009) and cheese etasgs(Leriche et al., 2004) and to play a
role in cheese alteration (yellow or brown colarati flavor and texture defects due to
proteolysis and lipolysis) (Leriche et al., 2004ick and Dunkeld, 1981), yet it is important
to note thaPseudomonas spp. are frequently encountered in foodstuffs amedwidespread in
the environment. A predominance of tEmterobacteriaceae family (12 genera and 28
species representing 47% of all Gram-negative tiep)avas observedEnterobacteriaceae
have been frequently encountered during cheeseugtiod (Chaves-Lopez et al., 2006;
Morales et al., 2003; Mounier et al., 2005; Sorhand Stepaniak, 1997), although they have
been considered as a negative flora (ex. markehygiene, cheese texture defects, blowing
and off-flavours) and can be associated with raWik samples from mastitic animals (Nam et
al., 2010). AmongEnterobacteriaceae, Serratia strains have been described in milk
(Tornadijo et al., 1993) and cheese (Martin-Platdral., 2009) and have been shown to affect
cheese sensory quality due to high proteolyticvdigts and dimethyl sulfide production
(Chaves-Lopez et al., 2006; Morales et al., 200BijJleAProteus strains have been shown to
positively impact cheese flavour by the productadnaromatic compounds (Deetae et al.,
2009; Deetae et al., 2009). On the other hantk lgtknown about the impact bfalomonas
spp. andChryseobacterium spp. strains during cheese productidalomonas spp. have been

reported in milk (Fricker et al., 2010) and che@ackelmann et al., 2003; Maoz et al., 2003;
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Mounier et al., 2005; Mounier et al., 2009; Ogieak, 2004), whileChryseobacterium spp.
have been frequently described in raw milk (Frasicet al., 2010; Giannino et al., 2009;
Hantsis-Zacharov and Halpern, 2007) and seldomghaese (Delbes et al., 2007). The origin
of the Gram-negative isolates in raw milk couldrespond to bovine teats and possibly from
faeces (Kagkli et al., 2007) but the environmendtes, and the cheesemaking processing
steps can certainly contribute to the contaminatibthe product and may even be a major
source. The presence ldafnia alvei may be associated to use of strains as a stahat.of
Halomonas spp. might correspond to the use of salt (brinamyr salt) during the cheese
process, while the origin d¥sychrobacter spp. strains were probably already present in raw
milk as they are frequently isolated from this prodjust like Stenotrophomonas spp.
(whereadHalomonas is almost always undetected).

Concerning potential risk factors, antibiotic résnce and ability to form biogenic
aminesin vitro were considered. The antibiotic resistance of the Gram-negative isolates
was first evaluated. Although the ability of nortfpagenic bacteria to resist to an antibiotic
does not constitute a direct risk for human heafpon consumption, world public health
authorities are more and more concerned by themisstion of antibiotic resistances from
environmental microorganisms to human pathogenatebia (Cabello 2006; Cattoir et al.,
2008; Hammerum 2009; Smith et al., 2005). Many nmahtvesistances to antibiotics are
already present in some Gram-negative bacteria. elkample, manyEnterobacteriaceae
members are naturally resistant to aminopenicillamsl first and/or second generation
cephalosporines. On the other hand, the majorityardfbiotic resistance genes acquired
through horizontal gene transfer (HGT) in humanhpgéns are now considered to have
originated in environmental microorganisms (Marzin2008). In this context, food-related
Gram-negative strains could constitute a potengéisérvoir for antibiotic resistance genes. In

this study, antibiotic-resistance was widespreaGiam-negative dairy-related isolates. This
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finding, in and of itself, is not surprising sinttee intrinsic resistance of many organisms to
antibiotics is well documente@uintiliani et al., 1999). The obtained resultdigated that
some of the species presenting the highest nunfb@ntibiotic resistances belonged to the
Chryseobacterium genus (from 13 to 22 antibiotic resistances) ekdep C. jguense (5
resistances). In this genus, the only reportecbemit resistances in strains associated with
food corresponded to the presenceChfyseobacterium meningosepticum (species not found

in this study) in beverages obtained from soda tmanmachines (White et al., 2010);
however, the existence of metallo-beta-lactamass wiaserved in clinical isolates of
Chryseobacterium indologenes (Lin et al., 2008). For the other dominating baelespecies,
the strains exhibiting the highest number of antibiresistances generally belonged to the
Enterobacteriacae family especially within theProteus (13 to 16 antibiotic resistances
according to the considered speci€gratia (7 to 15 according to the considered species),
Morganella (11 to 17 according to the considered specieskKaeusiella (10 to 19 according
to the considered species). Heroteus spp., the existence of multiresistant strainsPof
mirabilis in meat retail products has been described (Kiral.e2005), while multiresistant
Klebsiella spp. (mainlyK. pneumoniae, species not isolated during this study) &edatia
spp. strains were observed in mastitic raw milk [gas (Bengtsson et al., 2009; Nam et al.,
2010). Within each species, the results were cafrpatwith the intrinsic antibiotic
resistances described by the CA-SFM (French ecpnvailo the CLSI). Concerning the
Pseudomonas genera, a certain variability was observed, withthe most dominant species
Pseudomonas sp. close tdP. putida, seven antibiotic resistances that suggest that ¢beid
correspond to natural resistances as 100% of thiesidd strains are presenting resistances to
MEC, AM, CF, CTX, NA, CS50 and C, while the testedaeruginosa strain presented 20
antibiotic resistances. Moreover, according to @&-SFM, P. aeruginosa is known to

possess natural resistances to aminopenicillifietaoeme and chlroamphenicol as well as at
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481 least 8 others. Strains belonging to this speamesassociated with cow mastitis (Swartz et
482 al., 1984) or retail meat products and food praogssnvironments (Kim and Wei, 2007)
483 have been shown to be extremely resistant to afitibj Tetrathiobacter kashmirensis
484 presented 13 antibiotic resistances. Interestiniglylates belonging to thialomonas and
485 especially thd’sychrobacter genus presented only few antibiotic resistances Habomonas
486  spp., the observed antibiotic resistances ranged # forHalomonas sp. to 7 foH. venusta.

487 Resistance to MEC seemed to be common to moshstkeElonging to this genus (86 %).
488 Little information is available in the literaturéowever, Fernandez-Castillo et al. (1992)
489 showed that isolates dfl. elongata and H. halmophila (species not found in this study)
490 harboured a plasmid carrying genetic determinamés mediate resistance to kanamycin,
491 tetracycline, and neomycin. Fdtsychrobacter spp., the number of antibiotic resistances
492 ranged from 0, forPsychrobacter sp. nov., to 3, forPsychrobacter faecalis. The most
493 encountered antibiotic resistances correspondesiSts200, FOS 50 and MEC, (67%, 67%
494 and 50% oPsychrobacter spp. isolates, respectively). To date, only swdforde resistance in
495 bacterial isolates from manured agricultural sai pig slurry has been reported (Byrne-
496 Baliley et al., 2009).

497 Finally, the second studied risk factor corresponde the potential to produce
498 biogenic aminesin vitro as these molecules are known to have physiologioglact
499  especially for people deficient in the detoxificatisystems (Caston et al., 2002; Lehane and
500 Olley, 2000). No clear toxicity threshold for bioge amines has been defined in foods, in
501 general, except for histamine content of fish geassociated with a high amount of
502 histamine (100 mg/kg, EU regulation 2073/2005) aadhe data for histamine and tyramine
503 toxicity levels in cheese (histamine toxicity lewsinsidered as 8-1000 mg (Adékambi et al.,
504 2009) and tyramine as 10-80 mg (Blackwell and Mgkt®65)). Moreover, it depends on

505 multiple factors including individual acceptabilignd the presence of other components as
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toxicity potentiators (Halasz et al., 1994; Lehamel Olley, 2000; Silla Santos, 1996; Ten
Brink et al., 1990). In regards to sensory imp#u, relation between the presence of 564.02
mg/kg cheese of cadaverine in Camembert cheese bétet taste was not clearly
demonstrated (Kubichova and Grosch, 1998).

The ability to form biogenic amines was widely smteamong the collection isolates
as 64% of strains were able to produce at leastB#emainly putrescine and cadaverine,
after pre-screening strains on specific “BA-testédium. When considering the two main
amines implicated in health problems, namely higtenand tyramine, the number of BA-
producing strains was much lower. Presence of tisi producers belonging to the genera
or speciedM. morganii, H. alvel, Klebsiella spp., Enterobacter spp. andR. planticola was
consistent with previous results as these spec@e® Ibeen reported to be the dominant
species involved in histamine fish poisoning assted to fish consumption (Gingerich et al.,
1999; Kim et al., 2001; Lehane and Olley, 2000; 2kui et al., 1982). Tyramine producers
belonged to theenterobacter, Proteus and Pseudomonas genera.Enterobacteriaceae and
Pseudomonadaceae isolated from spinach have also been shown to uymedn vitro
histamine, cadaverine, and putrescine (Lavizzaal.e2010). It is important to note that the
ability to form biogenic aminem vitro does not reflect the actual production in cheese a
environmental (temperature, water activity, pH, cprsor availability) as well as
microbiological factors (flora competition) can ludnce BA-production; therefore situ
confirmation of production is necessary (Bunkovaakt 2010). In conclusion, this work
highlighted the high biodiversity of Gram-negathacteria associated with cheese production
in France. The characterization of the collectisnlates for the presence of various risk
factors may indicate the existence of differentug potentially presenting more or less
potential risks. Strains with potential risks inddal M. morganii, C. freundii, E. hormaechei,

S maltophilia as well as allSerratia spp. isolates. They were multi-resistant to theetes
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antibiotics, were strong BA-producers, producingltiple BAs simultaneouslyin vitro.
Moreover, all these species have also been reportedmerous human clinical cases (Choi
et al., 2007; Falagas et al., 2009) but are noessarily associated to food intoxications.
However,M. morganii has been implicated in food intoxication cases wukigh levels of
histamine production in particular in fish (Lehaaed Olley, 2000). On the contrary, a low
number of risk factors was identified in numeropsaes including those belonging to the
two dominant surface florBsychrobacter andHalomonas. Indeed, allPsychrobacter species
isolates identified were only resistant to a maximmof eight antibiotics, potentially produced
a relatively low number of BA and to date, spedetonging to this genus have never been
documented in human clinical cases. For Haomonas species isolates, except for those
belonging to theHalomonas venusta/alkaliphila/hydrothermalis group, a maximum of only
11 antibiotic resistances were observed, somenst@bduced BAn vitro (0-3 BA detected)
and no human clinical cases related to isolatesnigaig to this genus have been reported to
date.

In conclusion, concerning the Gram-negative isslal@at exhibited potential risks in
this study, further investigation (i.e. strain sSual during gastric and gastrointestinal
simulation, microbial adhesion to human cell lingathogenicity in adapted model, biogenic
amine production during cheese making) should Ibeechout. Moreover, based on the tests
performed in this study vitro, we were able to show that for the large bioditeisf Gram-
negative dairy isolates identified, some isolatesenree of all tested risk factors. Clearly,
these isolates should be further studied for tteeinnological potential during cheese making.
For some isolates, certain risk factors were detkect

In either case, am situ approach would allow to confirm their risk-free motential
risk status. Indeed, risk-free or low risk Gram-aage strains will be further investigated in

terms of impact during cheese making and in chéese the microbiological (i.e. barrier
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effect against pathogens) and sensorial point@isi(impact on cheese texture and aroma).
Moreover, for Gram-negative strains showing tecbgial traits of interest (organoleptic
characteristics, barrier effect against pathogemg) provided that a safety evaluation has
been performed, they could be considered for usgotential adjuncts for cheese making.
This is already the case with alvei strains on the market for use as starter cult{pessonal

communication).
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759 Table 1.
Phylum Family Genus — Species Dairy sources #S?:Jgsge # ?t'rl:ﬁ(s)re
alpha-P Brucellaceae Ochrobactrum sp. Salers milk 0 1
alpha-P Caulobacteriaceae | Brevundimonas diminuta Munster 1 0
alpha-P | Sphingomonadaceae | Sphingobacterium sp. close t@&. faecium Salers milk 0 1
beta-P Alcaligenaceae Alcaligenes faecalis Livarot, Munster 8 0
beta-P Alcaligenaceae Alcaligenes grp A. faecalis/aquatilis Livarot 1 0
beta-P Alcaligenaceae Tetrathiobacter kashmirensis Munster 2 0
C-F-B Flavobacteriaceae | Chryseobacterium jejuense Milk 2.1 0 2
C-F-B Flavobacteriaceae | Chryseobacterium joostei Salers milk 0 1
C-F-B Flavobacteriaceae | Chryseobacterium shigense Salers milk 0 2
C-F-B Flavobacteriaceae | Chryseobacterium sp. close teC. bovis Saint Nectaire 0 1
C-F-B Flavobacteriaceae ﬁzgizogﬁte” umsp. close te. Salers milk 0 1
C-F-B Flavobacteriaceae \i@gﬁgﬁim umsp. close te. Salers milk 0 1
gamma-P Enterobacteriaceae | Citrobacter braakii Munster 1 0
gamma-P Enterobacteriaceae | Citrobacter freundii Livarot, Munster 4 1
gamma-P  Enterobacteriaceae | Enterobacter amnigenus Salerszmlilk, milk 0 5
gamma-P  Enterobacteriaceae | Enterobacter hormaeche Munster 3 1
gamma-P Enterobacteriaceae | Escherichia coli Livarot 2 0
gamma-P Enterobacteriaceae | Hafnia alvei Livarot, Munster 5 0
gamma-P  Enterobacteriaceae | Hafnia paralvei Livarot, Munster 4 0
gamma-P Enterobacteriaceae | Klebsiella oxytoca Munster 2 1
gamma-P Enterobacteriaceae | Klebsiella terrigena Saint Nectaire 0 1
gamma-P Enterobacteriaceae | Kluyvera intermedia Munster 1 0
gamma-P Enterobacteriaceae | Morganella morganii Munster 5 0
gamma-P  Enterobacteriaceae | Morganella sp. close tdM. psychrotolerans Munster 1 0
gamma-P Enterobacteriaceae | Pantoea agglomerans Salers milk 0 1
gamma-P Enterobacteriaceae | Proteus close tohauseri Livarot 4 0
gamma-P Enterobacteriaceae | Proteus heimbachae Munster 3 0
gamma-P Enterobacteriaceae | Proteusrettgeri Munster 1 0
gamma-P  Enterobacteriaceae | Proteussp. close tavulgaris Saint Nectaire 1 0
gamma-P Enterobacteriaceae | Proteussp. Nov. Munster 1 0
gamma-P  Enterobacteriaceae | Proteuswvulgaris Lg:irr?tt ’N'\(/Iegtnasi:zr’ 12 0
gamma-P Enterobacteriaceae | Providencia heimbachae Livarot, Epoisses 3 0
gamma-P Enterobacteriaceae | Providencia sp. nov. Epoisses 2 0
gamma-P Enterobacteriaceae | Raoultella planticola Livarot, Munster 3 1
gamma-P Enterobacteriaceae | Serratia grimesii Livarot 1 0
gamma-P Enterobacteriaceae | Serratia liquefaciens Livarot, Munster 2 0
gamma-P  Enterobacteriaceae | Serratia marcescens Munster 1 0
gamma-P Enterobacteriaceae | Serratia proteomaculans Mu:lzt:tgi rSealnt 3 0
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gamma-P Enterobacteriaceae | Serratia rubideae Munster 1 2
gamma-P  Enterobacteriaceae | Serratia sp. close t&. grimesii Epoisses 3 0
gamma-PB  Halomonadaceae Halomonas alkaliphila Munster 2 0
gamma-PB  Halomonadaceae Halomonas sp. close tdd. alkaliphila Livarot 1 0
gamma-PB  Halomonadaceae Halomonas sp. nov. Livarot 5 0
gamma-PB  Halomonadaceae Halomonas venusta Munster 1 0
gamma-PB  Halomonadaceae \Teﬁggg/;alf aliphila/hydrothermalis Livarot, Munster 7 0
gamma-P Moraxellaceae Acinetobacter close to genospecies 3 Salers milk 0 1
gamma-P Moraxellaceae Acinetobacter johnsonii Livarot 1 0
gamma-P Moraxellaceae Psychrobacter celer legfrﬁéxen:t' Ik 4 0
gamma-P Moraxellaceae Psychrobacter cibariug/ immobilis Epoisses 2 0
gamma-P Moraxellaceae Psychrobacter faecalis Livarot 1 0
Langres,
gamma-P Moraxellaceae Psychrobacter namhaensis Camembert raw 2 0
milk
gamma-P Moraxellaceae Psychrobacter sp. Livarot, Niollo 4 0
gamma-P Moraxellaceae Psychrobacter sp. grpP.celer/pacifisensis Ep?ésvsézsdePont 4 0
gamma-P  Oceanospirillaceae | Marinomonas sp. nov Livarot 2 0
gamma-P Pseudoalteromonadace Rseqdoglteronnnas haloplanktis/ Epoisses 1 0
ae nigrifaciens
gamma-PB  Pseudomonaceae ;ﬁﬁ%ﬁnas sp- grpp.alcaligenes/ Saint Nectaire 1 0
gamma-P Pseudomonadaceae | Pseudomonas aeruginosa Salers milk 0 1
gamma-PB  Pseudomonadaceae | Pseudomonas fragi Livarot 2 0
gamma-P Pseudomonadaceae | Pseudomonasgrp.P. florescens Salers milk 0 2
gamma-PB Pseudomonadaceae | Pseudomonas grp. P. putida Livarot, Munster 6 1
gamma-P Pseudomonadaceae | Pseudomonas lundensis Salers milk 0 1
gamma-PB Pseudomonadaceae | Pseudomonas putida Milk 2.1 0 3
gamma-P  Pseudomonadaceae Em%?g';ﬁsn close t@. taetrolens grp Munster 1 0
gamma-P Pseudomonadaceae | Pseudomonas sp. nov. Livarot, Munster 4 2
gamma-P Pseudomonadaceae | Pseudomonas stutzeri Livarot 1 0
gamma-P Vibrionaceae Vibrio sp. Livarot 1 0
gamma-P Xanthomonadaceae | Stenotrophomonas maltophilia Salerszmlilk, milk 0 3
gamma-P  Xanthomonadaceae | Senotrophomonas rhizophila Saint Nectaire 0 1
gamma-P  Xanthomonadaceae | Stenotrophomonas sp. close tanaltophilia Saint Nectaire 0 1
Total 134 39
760

761




762

763

764

765

Table 2
Family Antibiotic % resistant strains
AN 15
aminosids GM 20
™ 32
TCC 25
PIP 75 29
TZP 85 31
penams AMC 41
TIC 47
AMX 51
AM 65
MEC 87
imipenems IPM 23
monobactams| ATM 73
CAZ 48
cephems CF 67
CTX 67
fosfomycins FOS 50 65
quinolons NA 21
CIP 30
colistin CS 50 62
phenicols C 56
tetracyclins TE 46
rifamycins RA 30 34
sulfamids SSS 200 56

31
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766  Table 3.
Species Dairy source Strain# | Class | Tryptamine | Phenylethylamine | Putrescine | Isoamylamine | Cadaverine | Histamine | Tyramine
Citrobacter freundii Livarot ljg':/l?A 1 32 154 52 780 1539 640 15
Hafnia alvei 1 Livarot B16 1 52 179 60 734 1490 671 14
Halomonas sp. nov. Livarot B39 1 65 210 75 786 1559 729 14
Halomonas venusta Munster 3D7M 1 N.D. 24 4 715 827 735 6
Halomonas venusta/alkaliphila/hydrothermalis Munster 4C1A 1 96 199 100 593 1242 826 12
Lb. saerimneri (ODC+, HDC+, LDC+) control strain L30a 1 N.D. 13 N.D. 833 994 905 3
Morganella morganii Munster 3A2A 1 108 261 124 753 1470 983 13
Morganella morganii Munster 3A5A 1 N.D. 43 66 1137 1304 1202 8
Morganella morganii Munster 3D4A 1 N.D. 59 155 1279 1529 1706 20
Providencia heimbachae Epoisses GR4 1 50 159 85 699 1419 945 47
Serratia liquefaciens Munster 1B4F 1 112 260 119 727 1462 936 11
Serratia sp. (close S. grimesii) Epoisses GB3 1 N.D. 41 66 895 1094 1057 7
Chryseobacterium shigense cow milk Salers | PCAi B2.3 2 50 N.D. N.D. 673 1424 44 16
Enterobacter hormaechei Munster 271 2 N.D. N.D. 22 859 1442 N.D. 6
Enterobacter hormaechei Munster 380 2 N.D. N.D. N.D. 1402 1158 12 3
Enterobacter hormaechei Munster 272 2 N.D. N.D. N.D. 1458 1253 6 2
Enterobacter hormaechei Salers m@ 2 N.D. 3 N.D. 895 450 8 9
Hafnia paralvei Munster 920 2 N.D. N.D. N.D. 582 1319 41 16
Klebsiella oxytoca Munster 927 2 N.D. 17 N.D. 35 1236 N.D. 11
Pseudomonas grp putida milk CV306 2 N.D. N.D. 19 674 1221 33 27
Pseudomonas grp putida milk VISBSG 2 61 10 55 627 1240 18 22
Pseudomonas grp putida milk CFC 25.5 N.D. N.D. N.D. 28 2 N.D. N.D.
Pseudomonas lundensis cow milk Salers | PCAi D2.2 2 N.D. N.D. 7 42 1368 476 14
Pseudomonas stutzeri Livarot LSJE%\gA 2 N.D. N.D. N.D. 648 1042 25 22
Camembert raw
Psychrobacter celer milk 91 N.D. N.D. 21 591 1315 26 9
Raoultella planticola Munster 924 2 N.D. N.D. N.D. 82 946 533 1
UCMA
Serratia grimesii Livarot 3895 2 N.D. N.D. N.D. 1396 1416 13 N.D.
Serratia marescens Munster 448 2 N.D. 6 1 1305 1491 25 N.D.
Serratia proteomaculans Munster 1C2F 2 N.D. 3 N.D. 607 753 336 N.D.
Sphingobacterium sp. (close S. faecium) cow milk Salers | PCAi F2.5 2 N.D. N.D. 23 21 1287 8 14
Stenotrophomonas maltophilia cow milk Salers PCAi 12.2 2 425 N.D. N.D. N.D. 1494 N.D. 20
Stenotrophomonas maltophilia/rhizophila cow milk Salers | PCAi D6.5 2 N.D. N.D. 3 7 1417 N.D. 23
Acinetobacter sp. (close genospecies 3) cow milk Salers I§6C1A0 3 35 N.D. 31 N.D. N.D. 1 50
Alcaligenes faecalis Livarot Lﬁgﬂf 3 N.D. N.D. N.D. 3 N.D. N.D. 10
Alcaligenes faecalis 1 Munster 904 3 N.D. N.D. N.D. 867 73 12 27
Chryseobacterium sp. (close C. bovis) St. Nectaire Pi 18 3 N.D. 10 46 17 1 3 74
Halomonas alkaliphila Munster 2B8N 3 N.D. N.D. 1 N.D. 1 N.D. N.D.
Halomonas venusta/alkaliphila/hydrothermalis Livarot B19b 3 N.D. N.D. N.D. N.D. 1 N.D. 13
Lb. brevis (TyrDC+, Agdi+) control strain I0EB9809 3 N.D. 9 N.D. 1 1 1 664
Lb. buchneri (HDC+) control strain DSM5987 3 N.D. N.D. 1 19 1 570 7
Ochrobactrum sp. cow milk Salers Ti2.7 3 N.D. N.D. 4 4 1 N.D. N.D.
Pantoea agglomerans cow milk Salers | PCA Q6.3 3 N.D. N.D. N.D. 14 194 N.D. 31
Proteus grp. vulgaris Munster 929 3 N.D. 4 111 N.D. 1 N.D. 13
Proteus grp. vulgaris Munster 932 3 N.D. N.D. N.D. N.D. 1 N.D. 14
Proteus grp. vulgaris Munster 941 3 N.D. 6 59 N.D. 1 N.D. N.D.
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778

Proteus grp. vulgaris Munster 942 3 N.D. 3 88 3 1 N.D. 11
Proteus heimbachae Munster 943 3 N.D. 10 N.D. 1 2 N.D. 28
Proteus heimbachae Munster 945 3 N.D. 6 9 1 1 3 16
Proteus rettgeri Munster 947 3 N.D. 9 13 N.D. 1 N.D. 18
UCMA
Proteus sp. (close P. hauseri) Livarot 3779 3 112 17 111 8 N.D. N.D. 27
UCMA
Proteus sp. (close P. hauseri) Livarot 3780 3 110 12 92 44 8 9 21
Proteus sp. nov. Munster 944 3 N.D. 2 1083 N.D. 12 N.D. 20
Providencia sp. nov. Epoisses GM2 3 N.D. 5 71 N.D. 3 N.D. 28
Providencia sp. nov. Epoisses GB1 3 N.D. 9 33 N.D. 2 5 37
Pseudoalteromonas haloplanktis/nigrifaciens Epoisses Pr1 3 N.D. 26 N.D. 0 N.D. N.D. 13
Pseudomonas grp fluorescens St. Nectaire PCA38 3 N.D. N.D. N.D. 7 N.D. N.D. 1
UCMA
Pseudomonas grp putida Livarot 3896 3 N.D. N.D. 28 N.D. N.D. N.D. 6
Pseudomonas grp putida milk CFC254 N.D. N.D. N.D. 18 2 1 1
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815 Figure 1. Spectrum of action of 24 antibiotics against agbaf 173 Gram-negative dairy
816 isolates. Results are presented as the numberatrissper genus (indicated in brackets) that
817 were resistant to the tested antibiotics. Antilb®tused : amikacin, AN; gentamicin, GM;
818 tobramycin, TM; imipenemn IPM; cefalotin, CF; cefwime, CTX; ceftazidime, CAZ
819 aztreonam, ATM; amoxicillin, AMX; amoxicillin/clavanic acid, AMC; ampicillin, AM;
820 mecillinam, MEC; piperacillin, PIP75; piperacilltazobactam, TZP85; ticarcillin, TIC;
821 ticarcillin/clavulanic acid, TCC; colistin, CS50;ipcofloxacin, CIP; fosfomycin, FOS;
822 chloramphenicol, C; nalidixic acid, NA; rifampiciiRA30; sulfamid, SSS200; tetracycline,
823 TE.

824

825 Figure 2A. Incidence of antibiotic resistance (% of strainsig&@ntm, intermediates and
826  sensitiven) with an overall resistance below 50% of straingai@s 24 antibiotics in Gram-
827 negative dairy strains. Analysis at the speciesllev

828

829 Figure 2B. .Incidence of antibiotic resistance (% of strainsig@antm, intermediates and
830 sensitiven) with an overall resistance above 50% of straingatds 24 antibiotics in Gram-

831 negative dairy strains. Analysis at the speciesllev
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Table 1. Overall repartition of surface and cheese milk/ceates according to phylum,

family, genus and species level identification. IBhy designations : gamma-P, gamma-
Proteobacteria; alpha-P, alpha-Proteobacteria: Beeta-Proteobacteria; C-F-B, Cytophaga-
Flavobacterium-Bacteriodes of the superfamily VtHa case of more than 1% divergence in
nucleotide sequences between a Gram-negative idaigte with known species sequences,
Gram-negative isolates were identified as beingtrotmssely related to one of the already
described and valid species names within a genusecuence presenting more than 2%

divergence with validated sequences are consider@dtential new species.

Table 2 Spectrum of action of 24 antibiotics against agbaof 173 Gram-negative dairy
isolates. Numbers in bold signify that >50% straiwere resistant. Antibiotics used :
amikacin, AN; gentamicin, GM; tobramycin, TM; imipemn IPM; cefalotin, CF;
cefotaxime, CTX; ceftazidime, CAZ; aztreonam, ATM;amoxicillin, AMX;

amoxicillin/clavulanic acid, AMC; ampicillin, AM; rmcillinam, MEC; piperacillin, PIP75;
piperacillin/tazobactam, TZP85; ticarcillin, TICicarcillin/clavulanic acid, TCC; colistin,
CS50; ciprofloxacin, CIP; fosfomycin, FOS; chlordmepicol, C; nalidixic acid, NA;

rifampicin, RA30; sulfamid, SSS200; tetracycling.T

Table 3. In vitro production of biogenic amines by food-related Graggative strains as
determined by HPLC. Only trace amounts of methyf@niethylamine, spermidine and
spermine were detected for all strains, therefoesults are not presented in this table.
Standard deviations were <1.5 mg/| for all samp¥eh BA productions up to 500mg/l and

were <13.8 mg/| for all samples above 500mg/I BAdurced.



