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1. INTRODUCTION

The consumption of red meat represents a subdtgatiaof human diet since the days of hunting
and gathering. The domestication of animals (egfigthe sheep) which started at the dawn of the
Neolitic revolution around 8500BC also contributedthis habit. The red meat contains different
proteins, essential amino acids and trace elentleaitss necessary for the human health.

These characteristics and the high water activityneat also ensure a perfect medium for the
growth of microorganisms. The meat is contaminat@&ter slaughtering with different
psychrotrophic, psychrophilic and mesophilic mi@sldrom the environment. On the surface of
chilled, aerobically stored meat differdPdeudomonas species play an important role and become
dominant during storage. Their metabolic activisgfecially proteolysis and lipolysis) contributes
to the spoilage accompanied with off-odour and slformation.

The characterization oPseudomonas genus faces with difficulties based on their genet
heterogeneity. Reclassification of certain speorgginally belonging to théseudomonas genus is

a continuous process based on the 16S rRNA stuliesever, it is important to know the
molecular diversity and characterization Rdeudomonas species to better understand the role of
this type of bacteria in spoilage. In this workifelient molecular methods were used to study the
biodiversity ofPseudomonas species derived from pork meat which was storetlatd 8°C under
aerobic conditions. These methods include RAPD, RRDrpoB-RFLP, sequencing of 16S rDNA
and rpoB genes and application of species-specific PCR.eAug-specific primer pair was also
tested in parallel with the applicability of difeart media developed for detectionRseudomonas
species originated from various sources. To charaet the proteolytic and lipolytic activities of
the isolates at different temperatures a semi-giaéine method was used.

Flavobacteria also play an important role in fogaikge by composing the initial part of the
microbiota. The characterization of these micratesved from meat is rare because the emending
of the Flavobacteriaceae family started in the middle of ‘90s when the gefinryseobacterium
was also established and became the member ofattmsgy. There is only limited information
regarding theChryseobacterium isolates derived from spoilage. Characterizatibthe growth of a
Chryseobacterium isolate in parallel with a type strain and cultiga in liquid cultures were
performed at different temperatures during this kwoiCompetition behaviour of the
Chryseobacterium isolates was also tested with dRefragi isolate combined in different ratios of
inoculated cells.

Food safety is an essential issue for the foodstitguConsumers demand continuously fresh food
during the whole year containing less and less epvasives. The global distribution and
consumption of fresh food emphasize the importasfceod safety. Contamination of food with
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pathogens presents greater economic and socialeprslihan in the earlier years. The palette of
food-borne infections changes continuously. Whilewnpathogens appear, already existed
pathogens may acquire new characteristics and decumexpected food matrices. The last
outbreak that called the consumers’ attention &itmportance of food safety and prevention was
detected in 2011 May in Germany and then at theoéddne in France belonged to Shiga toxin 2a-
producingE. coli serotype 0104:H4.

Saphylococcus aureus is one of the most frequent pathogen that causa$-lhorne outbreaks. It is
responsible for staphylococcal food poisoning (SBy)producing heat-stable toxin. SFP was the
fourth most common causative agent in food-borimesk within the EU in 200&taphyl ococcus
aureus cells could be eliminated from the food but theinaremains stable under rigorous heating.
Contamination is mainly associated with improped &xtensive manual handling of cooked or
post-processed food rich in protein, that are coedbiwith inadequate heating and/or improper
storage temperature of the food. At present, 2@hstacoccal enterotoxins (SES) or enterotoxin-
like proteins were found. The two most often repdrénterotoxins are, however, the SEA and SED
which are encoded by genetically different genoaunstituents. SEA (staphylococcal enterotoxin
A) is encoded by theea genethe expression of which is linked to the life cyoleSEA-encoded
prophage. SED (staphylococcal enterotoxin D) isaamid-encoded protein that is connected to the
sed gene and up-regulated by the accessory gene tegikgr) system via RNA lll-mediated
reduction of Rot (repressor of toxin) activity. Thehaviour of pure bacterial cultures and the
expression of their toxin genes in liquid culturedia may be very different from those in food
matrices where interaction of other bacteria throwgolecular signalling is current. To better
understand the effects of these circumstances énalE SED formation, gene expression studies
of sea andsed were performed on four processed pork productghvhossessed different intrinsic
factors. As a control, th&aphylococcus aureus SA45 strain was cultivated under optimal growth
conditions in pH controlled batch cultures. Theatigk expression afea andsed as well as the
extracellular SEA and SED production were deterohibg the application of quantitative reverse
transcription polymerase chain reaction (QRT-PCRY @&nzyme-linked immunosorbent assay
(ELISA).

2. OBJECTIVES

The overall objective of this work was to study ttmminant meat-associated bacteria (especially
Pseudomonas species) involved in meat spoilage and the enteioforoduction of the important
food poisoningStaphylococcus aureus. In the case oPseudomonas species, the main objectives

were (i) to work out a comprehensive methodologynimlecular typing and identification and (ii)



to determine and characterise the diversity ofghe@ilage-causing microbiota on pork meat using
conventional and molecular methods.

RegardingSaphylococcus aureus, the objectives were (i) to monitor the relativgeession of
enterotoxin genes (i) to determine the productmh enterotoxins and (iii) to compare the
enterotoxin formation in food with batch culturdsadaphyl ococcus aureus strain using molecular

and immunological methods.

The following steps were determined for reachingcives:
1. Evaluation of differenPseudomonas selective media for detection of pseudomonads
2. Molecular identification and assessment of gergitiersity ofPseudomonas spp. based on
different PCR-methods

a) evaluation of @seudomonas genus-specific primer pair published by Purohitlet
(2003)

b) molecular typing and comparison of the isolatéh RAPD analysis

C) identification of thePseudomonas isolates with species-specific PCR primers

d) analysis of the 16DNA andrpoB genes by using PCR-RFLP and DNA sequencing

3. Determination of the proteolytic and lipolytic adties of the bacterial isolates to assess their
spoiling potential

4. Study of the spoiling potential and competitivenetaChryseobacterium antarcticum
isolate

5. Study of the growth behaviour 8faphyl ococcus aureus SA45 strain

a) on different meat products
b) in pH controlled batch fermentations
C) as well as studying the expression of the entemoterxcoding genesea andsed in

S aureus by using gRT-PCR (referring to the circumstances.a-b)
d) and determine the extracellular SEA and SED produaetith ELISA (referring to

the circumstances in 5.a-b)
3. MATERIALS AND METHODS

The Pseudomonas strains analysed in this work were derived from $poiling microbiota of pork
chops during 6 or 8 days of chilled storage at 4t@d 8°C. These strains were isolated at the
Department of Microbiology, Central Food Reseancktitute, Budapest. Several other reference
and type strains from different culture collectiware also applied in these studies.

For the evaluation of selective and elective meilaing to detect differerfPseudomonas species

Cetrimide, GSP Pseudomonas Agar F and P were applied and fluorescence abagywell as
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pigment production was also tested at 20 and 36UC.preliminary screening dPseudomonas
isolates in further studies connected to food,raugespecific primer pair published by Purohit et al
(2003) was tested using the isolates, type stasnsell as nomseudomonas strains. For typing of
the Pseudomonas isolates RAPD-PCR was applied using four randommgns with different
sequences. ldentification dPseudomonas isolates was performed by the following methods:
ARDRA, Pseudomonas fragi andP. lundensis species-specific primer pairs (Ercolini et al.02p

as well as sequencing of the 16S rDNA apoB genes andpoB-RFLP. Four restriction enzymes
were applied for the restriction of the amplicons1i6S rDNA-RFLP andpoB-RFLP analysis.
Based on the RAPD restriction patterns as wellhasl6S rDNA-RFLP andpoB-RFLP patterns
different dendograms were constructed by the Gelézoenll software and then evaluated. In case
of 16S rDNA andrpoB sequence analysis the sequences were alignecetpuiblic sequence
databases of GenBank to identify the isolates.

For testing the proteolytic and lipolytic activiief the isolates a semi-quantitative method was
used by measuring the halo or the clearing zonesndrthe macrocolonies on SM (Skim Milk
agar), SMC (Standard Methods Caseinate Agar), PA\{#8veend™ 80 Hydrolysis Medium) and
PCATB (Tributyrin PCA) plates. The temperaturesnmubation were 15, 20, 25 and 30°C and the
clearing zones were checked after 24, 72 and 166t incubation.

Characterization of th€hryseobacterium antarcticum F1445/3 isolate was also performed after the
16S rDNA sequence alignment to the database onxenTaerver 2.1. Cultivation at different
temperatures (from 5°C to 30°C) as well as lipalyind proteolytic activities were also analysed in
case of that isolate together williryseobacterium antarcticum JCM 12381. The competitiveness
betweenP. fragi and C. antarcticum isolates was also tested with different cell tio liquid
cultures.

In case ofSaphylococcus aureus enterotoxin studies, SA45 strain derived from deldoham in a
food-poisoning outbreak was applied. Four diffeqemicessed meat products (smoked, cooked and
Serrano ham, black pepper salami) were used fongethe behaviour 0. aureus SA45 focusing

on the growth, thesea and sed gene expression as well as SEA and SED produc@ane
expression studies were performed by qRT-PCR applyybridization probes. The amounts of the
produced SEA and SED toxins were detected sepgaiayesandwich ELISA in which polyclonal
antibodies were used. Fermentations in pH conttdbatch cultures at pH7 were also performed
with SA45 strain to follow the same parameters.



4. RESULTS
4.1. Characterization of thePseudomonas isolates

Morphological, physiological and biochemical prdps of representative bacterial strains isolated
from pork meat stored at 4 and 8°C were determined which altogether 34
psychrotrophic/psychrophilic bacterial isolates @veharacterised. All isolates were Gram negative,
catalase and oxidase positive, non-spore forming. détermine the selectivity of different
Pseudomonas media, GSP, Cetrimidd?seudomomas Agar P and F were tested for growth and
fluorescence of the isolates at 20 and 30°C foh.7&s control PCA plates were also used. All the
isolates had good growth on the different medidGaand 30°C except F1445/3 that showed weak
growth at 30°C. NorPseudomonas species had weak growth on all media at both temtpes.
Although growth of thePseudomonas isolates was quite uniform there was differencetha
fluorescence ability and pigment production at 2@ 80°C. Five isolates (F1443/4c, F1443/5,
F1443/6, F1443/7, F1443/11) had greenish-yellowowobn Cetrimide an@®seudomonas Agar F.
These isolates showed fluorescence more intenswredgr UV light at 366 nm on these media as
well as on GSP agar than other isolates. Majofity@ isolates did not show fluorescence at 20 and
30°C onPseudomonas Agar P and PCAT and almost one third of them ditlshmw fluorescence
on GSP, Cetrimide anéseudomonas Agar F. Four isolates (F1443/12b, F1443/13a artlB45/4)
had dark brown pigment production Beeudomonas Agar F while the same colour changing was
observed on BHI agar after 3 days of incubatio2Cabr 30°C.

All the selective and elective media were suitdblegrowth of Pseudomonas strains isolated from
meat and distinction from other n®&seudomonas species at 30°C as well as detection of their
pigment production and fluorescence ability. Actogdto the data, the majority of the isolates
produced pyoverdine which is a potent siderophoreife fluorescent pseudomonads. It was found

that pyoverine was less stable at 30°C than at 20°C

4.2. Molecular characterization of thePseudomonas isolates

For screening the food spoilage-caudisgudomonas strains, a genus-specific primer pair (Psf-Psr)
was tested which was published by Purohit et @082. Altogether 14Pseudomonas type and
reference strains gave positive reactions withReePsr primer pair. Tw&seudomonas reference
strains were negative in the test and six Residomonas species were positive in the PCR
reaction. The sensitivity was calculated as 87.5%lenthe specificity was only 66.6%. The
analysis of the specificity was also calculatederafthe exact identification of the putative
Pseudomonas isolates had been done, which showed that theitisggsdecreased to 82,5%.

Because of the low specificity of the PCR reactioafurther use of this primer pair was abolished.
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Pseudomonas isolates derived from meat spoilage were fingetpd by RAPD-PCR analysis to
characterize their diversity. The dendogram showesg divergent RAPD patterns. All the isolates
had distinct position in the dendogram and showdd 80-70% similarity regardless being isolated
from the same or different sampld2seudomonas type and reference strains showed very low
degree of similarity and they generally formed weiglusters below 50% similarity.

According to the cluster analysis in case of 16NAERFLP four different groups could be
distinguished from each other at the level of 60ftilarity. All the type and reference strains that
belonged tdP. fragi, P. lundensis andP. fluorescens separated into the first two clusters;.oRly
putida ATCC 12633 belonged to cluster 4 but showed less than 70%asityi

For identification ofP. fragi andP. lundensis speciesamong theéPseudomonas isolates a multiplex
PCR assay was used which was developed forcéh& gene by Ercolini et al. (2003). The
multiplex PCR had been optimized but the speciesifip primer pairs were used in separate PCR
reactions. From the 34 isolates altogether 25 videatified asP. fragi. None of the isolates
generated amplicon with th®. lundensis-specific primer pair. For identification of nine
Pseudomonas isolates which were negative in the species-spePi€R reaction, direct sequencing
of therpoB and 16S rDNA genes were used. Eight other isblatere also tested that originally
gave positive results with thHe fragi specific primer pair but generated extra amplicdmsng that
reaction. Based on thi@oB and 16S rDNA sequence analysis these eight isole¢ee identified as

P. fragi. From the nine isolates which were negative m $pecies-specific PCR reaction eight
were identified asP. fluorescens. One isolate namely the F1445/3 was previously fotmdbe
different from thePseudomonas isolates (e.g. production of orange pigment, sloowgh) not only

in phenotypic characteristics but also in the asedlyl6S rDNA sequence. Based on the database of
the EzTaxon server 2.1. the F1445/3 isolate wattiftkrl asChryseobacterium antar cticum.

In parallel therpoB-RFLP was also tested as a cost-effective soldtomolecular identification.

In this analysis five clusters were formed where shmilarity was higher than 60% but some solo
strains have not been clustered. All thdluorescens andP. fragi type and reference strains were
clustered into the same group similarly as it wastl previously in the 16S rDNA-RFLP analysis.

4.3. Lipolytic and proteolytic activities of thePseudomonasisolates

Proteolytic activites oP. fluorescens isolates on SM and SMC plates at 12, 20, 25, 3082 more
intense that of th®. fragi isolates in almost all cases. The proteolytic #@gtion SM plates was
more intense than on the SMC plates. It was fohatR fluorescensisolates also possessed higher
proteolytic and esterase activities thanfragi isolates. However, the lipase activity Bf fragi

isolates at 15 and 20°C was higher.



4.4.Chryseobacterium antarcticum and its potential role in meet spoilage

The optimal temperature of growth of tliryseobacterium antarticum F1445/3 isolate that was
derived from the initial population from meat swrat 8°C was between 15 and 25°C and
possessed higher proteolytic activity at 15, 20a88 30°C than the type straiinryseobacterium
antarcticum JCM 12381. This difference could be due to its origin fromeat while the type strain
was derived from the Antarctic habitat. Both the4#3/3 isolate and the type strain had lipase
activity. The competition betwee. fragi F1445/1b andChryseobacterium antarticum F1445/3
strains inoculated in different cell ratio intodid culture medium showed that if the cell ratioswa
equal orP. fragi had higher cell concentration tkdryseobacterium antarticum F1445/3 had been
overgrown. However, when the&Chryseobacterium antarcticum F1445/3 had higher cell

concentration it was able to compete with Bhéragi F1445/1b strain.

4.5. Expression of theS. aureus sea and sed genes and enterotoxin formation

Four processed pork products were studied thatepsed different intrinsic factors to see h8w
aureus is able to grow and produce heat stable entemtAxand D which are encoded by thea

and sed genes, respectively, carried on different genetements. Gene expression and the
production of SEA and SED were also followed inui@jculture. The Agr-regulatestd expression
showed a similar expression behaviour as the pregdatedsea expression in the pork products.
The sea expression peaked in the transition from the egptal to the stationary growth phase in
both meat products and broth cultures indicatirag iis expression is linked to the bacterial grawth
However, the time scale differed significantly beem the two matrices. In broth medium tea
expression peaked after 3—4 h of growth, while he boiled and smoked ham products the
expression peak was found after 1-2 days of inaunalhe amount of SEA and SED toxins was
much higher in the boiled and smoked ham slicesadly after one day of incubation. Smoked ham
was found to contain much lower amounts of SED @QEU of S aureus than boiled ham. In
Serrano ham, growth d& aureus was restrained and SED was not detected until diags of
incubation. However, the amount of SEA and SEDrexhat was detected on these products could
also be potentially enough to cause SFP in seasitidividuals. The difference between the
produced SEA and SED amounts could be attributedhéo fact that thesea and sed gene
expressions belong to different regulationsSimaureus. The growth ofSaphylococcus aureus was
supported on the three ham products while no gromak detected on black pepper salami as a

possible consequence of lactic acid bacteria,awepH and the spices.



5. NEW SCIENTIFIC RESULTS

1. Evaluation of selective and elective media fdPseudomonas isolates:

It has been proved that the combination®sgudomonas Agar F,Pseudomonas Agar P, GSP agar
and Cetrimide agar were applicable for the detactiod characterization éfseudomonas species
derived from meat spoilage when the incubation tmampre was 30°CChryseobacterium
antarcticum, however, could also grow on these media at 201@oréscence of the isolates at
30°C was less intensive than at 20°C that coulddrenected to the faster growth at 30°C and

instability of pyoverdine in the stationary growthase.

2. Molecular identification and typing Pseudomonasisolates:

The Pseudomonas genus-specific primer pair published by Purohiale(2003) had low specificity
(66.6% ) and sensitivity (82.5%) as calculatedhmydpplication oPseudomonas isolates, type and
reference strains, therefore it could be conclutietl these primers are not suitable for preliminary
screening oPseudomonas species belonging to this genus.

It has been concluded that the RAPD analysis wasapplicable for the determination of high
similarity clusters ofPseudomonas isolates as the consequence of high level of tmalecular
diversity. However it could be applied for typin§ Bseudomonas isolates. The 16S rDNA-RFLP
method was not suitable either for identificationtgping of Pseudomonas species. ThepoB-
RFLP was not useful for identification purposeseit

From the end of storage of pork meat at #£.@luorescens andP. fragi species were identified by
sequencing of 16S rDNA anghoB gene and using species-specific primer pair wiige initial
microbiota of pork meat stored at 8°C contained ordy these species but tkhryseobacterium

antarcticum (F1445/3) as well. At the end of storage at 8Afy &. fragi became dominant.

3. Proteolytic and lipolytic activites of thePseudomonas isolates:

The Pseudomonas fluorescens isolates showed quite intense proteolytic actietySMC plates in
15, 20, 25 and 30°C except F1443/2a and F1443/¢hambihowed activity only at 15 and 20°C.
However the proteolytic activity of alP. fluorescens isolates on SM plates was higher than on
SMC agar. The esterase activity of thBs#uoresens isolates was also intense and higher than that
of theP. fragi isolates in all incubation temperatures. Howetle, lipase activity oP. fluoresens
isolates was lower compared Rofragi isolates at 15 and 20°C. The majorityPoffragi isolates

had both proteolytic and lipolytic activities.



4. Spoilage potential of theChryseobacterium antarcticum F1445/3 strain

It was the first case th&thryseobacterium antarcticum was isolated from surface of chilled pork
meat. The optimal growth range Ghryseobacterium antarcticum F1445/3 was between 15 and
25°C. This isolate had proteolytic activity at 28, 25 and even at 30°C. It also produced lipase bu
esterase production was not detected. Measurerhéme proteolytic and lipolytic activities of this
strain showed that this bacterium could also cbuatd to the initial spoilage process.

The competition betweefhryseobacterium antarticum F1445/3 andP. fragi F1445/1b strains
showed that wherChryseobacterium antarcticum was in higher cell ratio than the. fragi
F1445/1b it was able to grow and compete even #itelP. fragi reached its maximal growth rate
and started to decline. Whé&hryseobacterium antarcticum F1445/3 was in equal cell ratio with
the P. fragi F1445/1b oP. fragi F1445/1b had higher cell ratio this competitiotzen the two

strains could not be demonstrated.

5. Growth of Staphylococcus aureus and its enterotoxin expression and formation:

It was the first time that thgea andsed enterotoxin gene expression &faureus was detected in
combination with enterotoxin production in foodpesially on cooked ham, smoked ham, Serrano
ham and black pepper salami. Extendeal andsed expression were observed in ham products as
well as during fermentations, the pattern of thgeae expressions and enterotoxin formations,
however, were different. Theea expression was continuous under pH controlledunistances,
while thesed expression had second peak during the expresiemmdadays. The amount of SEA
toxin was higher than the SED during fermentatiod &oth of them proved to be stable in the
liquid culture medium. The ratio and the amountS&A and SED also altered in different ham
products but could be enough to potentially caus®.3n smoked ham the amount of toxins
remained stable while in cooked ham it decreaskd afdays. In black pepper salami there was no

growth and enterotoxin production at all.

6. CONCLUSIONS AND FUTURE PERSPECTIVES

Based on the cultivation results on selective dedtiee media (Cetrimide, GSHPseudomonas
agar F and P) all of them were suitable for sedacéind pre-characterization of tReeudomonas
isolates from meat but cultivation at 30°C is madwisable than at 20°C. To receive broader view
from pigment production of the isolates derivedrirmeatPseudomonas Agar F and P is advised.
Further studies on pigment production and analgkiss function in the life cycle of the spoilage
causing pseudomonads could also contribute to &speat characterization of the isolates. The
results of investigations at the beginning of ttestury already indicated that (Meyer, 2000). The
fluorescent pigment pyoverdine might be consideasdpotent and easy-to handle taxonomic
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marker for the fluorescent species of the gePsesidomonas (Meyer, 2000). It was also found in
another investigation that different pigments hav&nction as signalling molecules controlling
gene expression inside the bacterial cells (Lanaot Martin, 2003) as well as that in casePof
aeruginosa the pyocyanin production has potential virulenogction (Liu and Nizet, 2009).

The RAPD analysis could be applied for pre-selecfiorposes of the isolates from large number of
candidates. It was demonstrated that sequencirgsigitable tool for identification purposes. It
provides more precise identification because itymes the series of nucleotides in the DNA while
the PCR-RFLP method focuses only few restrictioessin the DNA. Nevertheless, for establishing
an in-house bacterial databank the PCR-RFLP asgbysvided a more cost effective solution until
now. As a promising method the MLSA (multi-lociegaencing analysis) technique seems more
reliable for detection ofPseudomonas species in the future based on the combination and
application ofrpoB, gyrB or rpoD genes at the same time. The application of Rep-R&petitive
extragenic palindromic-PCR) is also an alternathathod that focuses on repetitive chromosomal
elements, which are randomly distributed in baategenomes and are the target of the PCR
amplification. Designing further species-specifienger pairs e.g for P. fluorescens could be a
future perspective based on genes that belondgeetmetabolic pathway e.g. enzyme production or
pigment production. However this perspective bringsre difficulties in case oP. fluorescens
because it has 5 biovars as it was found in vanatf ribotyping patterns iR. fluorescens.

According to the data regarding the lipolytic andtpolytic activities and physiological properties
of Chryseobacterium antarcticum this bacterium could be the member of the spoitagesing biota
however it has only role at the beginning. Molecuharacterization o$pecies belonging to the
young genus o€Chryseobacterium could be a novel field in the identification antacacterization

of them. Some information is available frgyrB gene that encodes the subunit B protein of DNA
gyrase in molecular database but only for a @hnyseobacterium species.

The extendedea andsed expression observed in ham products has providednfermation about
SEA and SED production in food products wh&eaureus is immobilized in multi-cellular
communities. Furthermore, tleed geneexpression pattern in ham products indicates a mp
behavior of the regulatory network controllirsgd expression. These results may be used to
enhance the assessment of SFP (staphylococcaptsoning). However, more data is required on
staphylococcal enterotoxin regulation and signangduction to ensure the production of
microbiologically safe food with high quality. Fber investigations should therefore be carried out
to study the effects of other intrinsic and exticrfactors that influence the enterotoxin expreassio
and then toxin production i6. aureus and growth in various food matrices. Microarraydses

could be a help to understand the mechanism aflti®l gene regulation between these toxins and
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how the quorum sensing influences the toxin pradaocon these products when other microbial

community also contribute to the deteriorationha food.
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