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1. Introduction

Salmonellosis is a zoonotic disease and one ofnthst distributed food-borne illnesses
worldwide causing tens of millions of human casasheyear (Radhika et al., 2014). In the
European Union an estimated number of 100,000 caseseported annually. It cannot be
eradicated completely but a continuous effort tduce its occurrence in all steps of the
production chain, from farm to fork is necessary fioe reduction in animals, food and
humans (SVA, 2014). The EU has implemented an giratied approach to food safety” that
involves risk assessment, risk management and dhancnication between EU member
states, European Commission, European ParliamamppBan Food Safety Association
(EFSA) and the European Centre for Disease Preareatid Control (ECDC). Between 2004
and 2009 the integrated approach managed to dedfemsumber of human salmonellosis by
almost 50%. One of the main targets has been teceethe incidence galmonella in poultry
(broilers, breeding/laying hens and turkey). Restm of trade of infected poultry flocks
between countries and providing scientific advicarf the European Food Safety Association
are some of the methods used to set this goahttton.

In regulation EC 2073/2005 the food safety critestates thaSalmonella Enteritidis and
Typhimurium have to be completely absent in 25 §r@gh poultry meat placed on the market
during their shelf-life to ensure public health (@cil Regulation 2073/2005). There are
various detection methods used in food microbiolfogyestablishing the safety of foodstuffs.
The combination of non-selective pre-enrichmenthvahrichment and plating on selective
and differential agars is traditionally used folleavby serological and biochemical techniques
for verification. These procedures have shown tovalkeiable due to accuracy of results,
however, a downfall being time-consuming takingtageven days for results to be obtained
(Patel et al., 2006). The delayed diagnosis tima disadvantage for patients waiting for
results, postponing their treatment and being lafos infecting others (Cunningham et al.,
2011).

An enrichment step is required for the modern mdbectechniques. These methods are
sensitive and there is a risk of detecting deadk debhding to false positive results. The
enrichment ensures there are adequate viable pmathagumbers by resuscitating

physiologically stressed and injured cells (Omitcat al., 2009). To avoid false negative



results, a selective enrichment is prepared to bihhthe growth of non-desirable
microorganisms and to enhance the efficiency oférda@hation of the investigated pathogens
(Garrido et al., 2013; Kawasaki et al., 2010). Bwe rapid detection of contamination of
foodstuffs molecular methods such as polymerasa aleaction (PCR) can be used for the
identification (Riipens & Herman, 2002). For theabysis of contaminated samples real-time
PCR has demonstrated to be a reliable tool althaliggdvantages such as cost and sample
quantity can limit its use (Malorney et al., 2004).

In this study, a redox potential method was comdiwith real-time PCR to reduce costs and
time needed for detection. The possibility of idigimg Salmonella throughout the
enrichment phase makes the reduction in cost and achievable. The redox potential
method was initially developed for the determinatiof microorganisms in water, milk,
hygienic samples and foodstuffs (Reichart et ad&2E&rdosi et al., 2014).

The objective of the study is develop the comboratof the redox potential method as
enrichment phase and the real-time PCR method a$fective and profitable technique for

the detection oBalmonella Enteritidis and Typhimurium in fresh poultry meat.

2. Survey of literature

2.1 Salmonella

Salmonella is a gram-negative, facultative anaerobic rod-sHapacterium belonging to the
family Enterobacteriacea@hose optimum temperature is 36*37(survives between 7,0-
49,5C). The optimum pH is between 7,0-7,5 and wateiviagt0.94-0,99. Survival in dry
environments is characteristic for tBalmonella species whildreezing does not ensure the
inactivation ofSalmonella species and heat treatment of foods is requirédfat for at least

2 minutes or at AT for 1 minute or less (Jozwiak, A., 2013).

The nomenclature @almonella is complex causing several nomenclatural systerbg tused

by scientists (Brenner et al., 2000). Unfortunatélis may cause confusion due to the
inconsistent classification of the genus into specsubspecies, subgenera, groups, subgroups

and serotypes (serovars). Kauffman-White instituteel one-serotype one-species concept



based upon the serologic identification of O (socpatnd H (flagellar) antigens. Further
methods to categorize species are based on theatliole of a strain, the biochemical
characteristics and on the genomic relatedness\(Breet al., 2000). Nomenclature schemes
used by CDC (Centers for Disease Control and Ptergnand WHO (World Health
Organization) recognize only two species in theug&almonella; S. enterica andS. bongori
(The center for food security and public healthyacstate university, 2005).

The role of WHOCC-Salm (World Health Organizatioan@e for reference and research of
Salmonella) is to update tH&almonella serotyping scheme. The Kauffman-White scheme
was first published in 1934 and listed 44 serovBetween 1965-1989 Le Minor published
annual supplements. In 1964 the scheme consist@8i8o$erovars. Today we know of at least
2579 serovars and the scheme is now known as tHatéWauffman-Le Minor scheme”
(World Health Organization, 2007).

Salmonella is divided into two speciegalmonella enterica and Salmonella bongori (lwen,
2014). The majority of th&lmonella bacteriae belongs to the former and can be sudstivi
further into six subspecieS: enterica, S. salamae, S. arizonae, S. diarizonae, S. houtenae and
S.indica, or 1, I, llla, Ilib, IV and VI respectively. Subsggies | is associated with disease in
warm-blooded animals (Porwollik et al., 2004). Tubspecies are further divided into over
50 serogroups based on the somatic (O) antigerseqrteThere are over 2500 serovars
(serotypes) based on the flagellar (H) antigensravBerovaiSalmonella Typhimurium and
Salmonella Enteritidis can be divided into different phagpdy (Lin-Hui Su et al., 2007).
Serotyping is important for the epidemiologicalnt&cation of bacteria that is performed by
detecting surface antigens (LPS and O-antigens) flagdllar antigens (proteins and H-

antigens).

The affirmation of new serovars occurs when the V@i@c5alm (Institut Pasteur, Paris),
Institut fir Hygiene und Umwelt (laboratory in Haarg) and Centers for Disease Control

(Atlanta) are in agreement of the validation of tiesv serovar.



Present number of serovars in each species angdesties:

S. enterica: 2 557

S enterica subsp. enterica: 1 531

S enterica subsp. salamae: 505

S enterica subsp. arizonae: 99

S enterica subsp. diarizonae: 336

S enterica subsp. houtenae: 73

S enterica subsp. indica: 13

S. bongori: 22

Total: 2579

The somatic O-antigens where previously categoripedetters but considering there were
not enough letters it became necessary to contimtiihenumbers 51 to 67. Today the somatic
antigens are labeled with O and the number of tieacteristic O-factor and occasionally
with the letter in brackets. Underlined factors eeetified by phage conversion “which are
present only if the culture is lysogenized by tbeesponding converting phage” (Grimont &
Weill, 2007).

O-antigens expressed in brackets [ ] indicate i oramay not be present without any relation

to phage conversion. The brackets in H-antigensodstrate that they are particularly found

in wild strains.



Salmonella Typhimurium
Somatic (0): 1,4, [5], 12
Flagellar (H): i (phase 1) and 1,2 (phase 2)

Salmonella Enteritidis
Somatic (0O): 1, 9, 12
Flagellar (H): g,m (phase 1) antigens and no pRaaaigens.

2.2. Salmonellosis

In 2009 the European Food Safety Authority was estpd to provide an estimate of different
flock prevalence values of different serovar growfsSalmonella (S Typhimurium, S
Enteritidis vs. allSalmonella serovars with public health significance). The moeiblogy was
followed according to Regulation (EC) number 21602 During this year there were 324
Salmonella outbreaks; mainly in France, Poland and Spaine lgkevious yearSalmonella
Enteritidis accounted for the most number of ouwhkse (59,6%) while Salmonella

Typhimurium accounted for 15,7% of total outbreaks.

Undercooked and raw eggs and poultry meat is otleedhighest risk factors of salmonellosis
in humans. According to the European Food Safetthévty in 2006, 20,3% of large-scale
flocks were positive folS. Enteritidis in the EU and in some countries thevplence was
higher than 80% (Malorney et al., 2007).

The infection in humans, animals and foodstuffiaifiable in the European Union and
routes of infection occurs mainly in a fecal-oralite via meat, egg, vegetables, contaminated
environment as well as transmission via contactvéeh humans or animals. “In animals
Salmonella spp. are carried asymptomatically in the intestines afl ¢gpladder and are
continuously or intermittently shed in the fece¥hé center for food security and public
health, lowa state university, 2005) and therefosy not be detected by mere clinical signs.
The disease can also be carried latently in lympdhes and tonsils and cause outbreak when
the animal is immunosuppressed or in stress (SVA4R In some caseSalmonella can

cause acute gastrointestinal illness ranging froild to severe symptoms. Fowl can be



infected with several different types 8&lmonella; Salmonella enterica serovar Gallinarum
biovar Pullorum and Gallinarum causes pullorum asgeand fowl typhoid respectively.
These are avian specific and lack motility due he @bsence of flagells&Salmonella
Typhimurium and Enteritidis are not avian spechiit may cause persisting infections that
may or may not show clinical signs. In the poulingustry the control ofSalmonella is
essential for the health of animals, humans andtHer final poultry product. Vertical
transmission can occur, causing infection in egggernally and internally. Horizontal
transmission takes place via bird-to-bird contaophtaminated water, faeces, and litter or by
workers and equipment (Soria et al., 2012). Inx@eament performed by Garcia et al., 2011
it was shown that contamination via faeces was roostmon (92%) compared to eggshells
(34%) and cloacal swabs.

Human salmonellosis causes symptoms of diarrhoedomainal cramps and fever. The
incubation time is usually between 1-3 days but learn a range between 6 hours and 10
days. Most recover spontaneously while in 1-15%hef affected, prolonged infections can
occur, causing septicaemia and reactive arthritccording to SVA (Statens
Veterinarmedicinska Anstalt, 2014), “prolonged syompless excretion of the pathogen is
common”. The infective dose is relatively high;ealthy grown-up with a normal functioning
immune system needs approximately’-10° cells to get infected (Jozwiak, 2013). The
infection is usually self-limiting whereby fluid ¢éhapy may be required in some patients.
Antibiotic treatment is not recommended due to olest ineffective results and prolonged
faecal shedding. Most serovars can infect both Imsmand animals whereby some
Salmonella types are more specific towards certain animalcisge S Derby and S.
Choleraesuis in swines. Dublin in cattle andS. Typhi in humans (SVA, 2014). Human
Salmonellosis is mostly associated wamonella Typhimurium andSalmonella Enteritidis
due to consumption of contaminated eggs and braileat. The European regulation
2160/2003 is a directive to control that approgriateasures are taken for the detection and
control of Salmonella species. Consumers have a responsibility of sepgréresh and
prepared meat, washing utensils, washings hansisfefition of areas used and ensuring the

meat is not undercooked.

The EU directive 2003/99/EC provides the legal lgaoknd and controlling of zoonosis and
zoonotic agents in the EU. Its purpose is to meridod-borne outbreaks and ensure proper

epidemiological investigations accordingBalmonella monitoring is referred to Regulation



(EC) 2160/2003 in which all food producers haveawwee on having samples taken for
testing. In case of broilers, analysis is basedlbi®almonella strains that may be a health
concern for the public and shall cover specific&ymonella Typhimurium andSalmonella
Enteritidis.

In 2005 a baseline study was put into action incwhall member states of the EU
participated. In holdings of 5000 birds or moreg ftocks were tested three weeks before
slaughter forSalmonella. Five pairs of boot swabs in each flock were saah@nd collected
for testing. After evaluation of the results, agetrwas set to decrease the positive percentage
of flocks to less than 1% by December 31, 2011. figieforcement of National Control
Programs (NCP) was set in place in which all brdilecks of each country must be included.
A requirement was set that samples had to be tidker weeks before slaughter and that an

official control of sampling at least one flock bifoilers on 10% of the holdings with more

than 5000 birds.
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Figure 1. Prevalence 0% Typhimurium ands Enteritidis in poultry flocks of different
member states reported in 2009. Black line reptegarget for 2010 (+ meaning target
already met (EFSA)



The results showed that 18 member states of thep€an Union were able to set the target of
1% or less in which seven of those states repareithdings ofSalmonella at all.

In 2008 a baseline study was carried out for thealien of Campylobacter and Salmonella

in broiler carcasses. The sampling was based alonatesting of broilers in slaughterhouses,
the sampling days in each month and the batchés sampled. The results concluded that
there were some variations betwesaimonella contamination between broiler flocks and

broiler meat in which some member states had pesiésults in both while in other member

states serovars were isolated from broiler careassenot from the flock population.

Table 1.Reported cases & Enteritidis ands Typhimurium causing human Salmonellosis
in the EU (Based on EFSA and ECDC 2011, 2010 ad®Y0

Serovar 2006 2006 2007 2007 2008 2008 2009 2009
(N) (%) (N) (%) (N) (%) (N) (%)

S. Enteritidis | 90,362 71 81,472 64,5 70,091 58 &3,3| 52,3

S. 18,685 14,7 20,781 | 16,5 26,423 219 23,759 23,3

Typhimurium

The trend ofS. Enteritidis infections have decreased since 200e S. Typhimurium cases
have increased. An improved control &f Enteritidis in breeding and laying hens is the
presumed cause for the decreasing trend sinceaetansmission is decreased. Monophasic
S Typhimurium-like strains have recently becomegdater importance, especially in eggs,
pig meat, beef or milk products and are becomitigeat for broiler production as well.

2.3 Legislation

In regulation EC 2073/2005 the microbiological regoments of poultry meat and products
are described. It provides the basics of food la B important for ensuring the public
health using two types of criteria, which includdoad safety criterion, and technological

hygiene criterion. It is stated that foodstuffs @donot contain microorganisms in quantities
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that may cause a risk of health and not be markédtethsafe. The importance of good
hygienic measures is based on the Hazard AnalysisGiitical Control Points (HACCP)

principles.

The food safety criterion states that a food proeiach is not satisfactory must either not be
marketed or be withdrawn. The supply, handling gmdcessing of raw materials and
foodstuffs have to meet the hygienic criteria; fagzerators at all stages must ensure this is
met. The regulation stated that the limit was tlhseace ofSalmonella Enteritidis and
Typhimurium in 25 g of fresh poultry meat; out ofsamples 0 could be positive. The
analytical reference method for this criterion tB&/ISO 6579 (for detection) White-
Kaufmann-Le Minor scheme (for serotyping) shouldibed.

2.4 Salmonella detection methods

2.4.1 Conventional (or Standard method)

Due to its selectivity and sensitivity, the cultureethod remains the gold standard for the
detection ofSalmonella. The culture method takes on average 5 days ier dod the bacteria
to proliferate and to form visible colonies thanhdarther be analysed by biochemical and

serological tests. Biochemical tests &tmonella include:

* Glucose fermentation: positive

* Lactose fermentation: usually negative
* Sucrose fermentation: negative

» Urease reaction: negative

» Lysine decarboxylase: positive

e Indole test: negative

e HS production: usually positive

* Methyl red test: positive

* ONPG test: usually negative

11



There are four phases needed for the tradition@ireumethod to be carried out. The first
phase is the pre-enrichment phase, which enabllesaxgth low viability to be restored and to
establish multiplication of the target microbesisThccurs in a non-selective medium. The
second phase take place in s selective medium emitithment for growth and survival of
Salmonella species while inhibiting the growth of other miges in the media. In the third
phase a selective agar media is used for the isolaf Salmonella species and inhibiting the
growth of other bacteria on the plate. Lastly, nmmipgical, biochemical and serological tests

are performed for confirmation (H. Van der Zee, 200

There are various types of media used such astiselenrichment broths and selective agar
plates for the determination silmonella contamination of food and food ingredients. The
media may contain certain inhibitors to block thevgh of other bacteria or consist of

substrates that are only degradable by the taaggeba. Selective enrichment broths include
Selenite Cystine broth (SC), Rappaport-Vassiligsiisy broth (RVS), Tetrathionate broth

(TT) or Muller-Kauffman Tetrathionate Novobiocindbh (MKTTn) that need to be incubated

at 37 or 42 C for 18-24 hours. Selective agar plate includéoXe Lysine Deoxycholate agar

(XLD agar), Bismuth Sulphite agar (BIS), Brilliadreen agar (BG) with or without the

addition of sulfadiazine or sulfapyridine (BGS), difeed semisolid Rappaport Vassiliadis

(MSRYV), Salmonella Shigella agar, or Hektoen Extagar (Odumeru et al., 2012).

On selective agar plateSalmonella colonies can be detected after 24 hours as wigtisih

medium sized colonies of approximately 2-4 mm.

For serological examinations polyvalent antiserasfamatic and flagellar antigens are used.
Agglutination of isolates with both somatic andg##lar antisera is classified &lmonella

species. Isolates that are positive can be furtleeotyped into serovars by using specific
antisera using the Kauffman-White typing schemee filme requirement of the method is 2-7

days.

12



2. 4.2 Immunological methods

Examples of immunological methods &almonella detection in food include rapid
agglutination assays, enzyme-linked immunosorbesdayn (ELISA) and lateral flow

immunoassays.

The rapid latex agglutination assays are mainlyduse the confirmation after presumed
Salmonella colonies growth on selective agar plates. Whenrdigen binds to an antibody,

these form immunocomplexes that cause agglutinaforcolour agglutination against an

altered background implies a positive result wherneaa negative result there is no colour
change and “the latex remains in a smooth susp@haicording to Odumeru. J.A., Leon-

Velarde, C.G., (2012).

ELISA is based on the detection of an antigen §ample. By immobilization of the antigen

on a polystyrene microtitre plate and then addiggdetection antibody, this forms a complex
that can be detected. Dilutions of sera are testecklls of the microtitre plates coated with

the antibody of interest. The sample suspectedoataining the antigen is added and if
antigens specific to the antibodies are presenthen serum, these will bind and form

complexes. The wells are then washed to removeitbeund antigens. An enzyme-linked

antibody is added which binds to the antigen ancktigined. A colourless substrate for the
enzyme is added and if there is a colour changs,inidicates the presence of an antigen
(direct ELISA). In indirect ELISA the presence af antibody is tested.

Lateral flow immunoassays use a polyclonal antib@dy a “capture antibody” and a
monoclonal antibody as a “detection antibody” whath based on a series of capillary beds.
Each of these has the capability to transport fhretipitately. Results can be obtained in 24

hours, however, false positive results may occtin #iis method.
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2.4.3. Rapid microbial methods

2.4.3.1. Impedimetric method

The impedimetric method of measuring the presehcei@obial contamination has been the
preferred technique that emerged in the beginninth® 1970s. It has been valuable for
obtaining quantitative and qualitative results @tettion of bacteria, yeasts and moulds.

The impedimetric method is based on the theory tiiate is a change in impedance when
microbes in the media start to proliferate (Hay®s,1992). This will cause a change in the
ionic character of the medium due to the productbhighly charged metabolic molecules

such as organic acids, fatty acids and amino a@dsorim et al., 2009). The result is a

change in the curve that is known as the time tedafien (TTD). The change is inversely

proportional to the initial number of microbes. Ttenperature and media have to remain

constant in order for a calibration curve to belkelshed.

The selective media used for impedimetric systemmallys contains high salt levels (e.qg.
Lithium Chloride or Magnesium Chloride) due to ligh conductance readings. Since these
work outside of the normal working range of the @dpnetric system, an indirect technique
has to be used. The production of G®the microbes can be monitored by the absorbahce
the CQ molecules using a potassium hydroxide agar britlggt will decrease the

conductance (Reichart et al., 2006).

There are however several disadvantages with thgedimetric method. Given low
concentrations of initial cell count, the lineatate®nship between the time to detection and
the initial number of living cells is not able te kdetermined. If the initial living cell count is
1CPcells/ml or less, the impedimetric system is nolealb produce accurate result.
Interference by competitor organisms that can caursss-reactions may produce false
positive results or “mask” target organisms (Amoetral, 2009). In case of media with high
salt concentrations the indirect method of monigrthe CQ production has to be used.
However, all bacteria do no produce £that makes the detection faulty, unreliable and
difficult to use. The impedimetric system requistisct temperature control as the impedance
is highly influenced by variations in temperatufée fluctuation may not exceed 0,002
(Reichart et al, 2006).

14



2.4.3.2. Redox potential

The oxidation-reduction reaction performed by theraorganisms is the basis of the fast
microbiological method. There is a reduction of thedium when the microorganisms use the
oxidation as an energy source. The electric effeahge can be expressed by the Nernst

equation:

Eh = E° + RT/nF InQ

Eh : Redox potential (V)

E° : Normal redox potential of the system (V)

R: Gas constant (8.314 J/mol K)

T: Temperature (K)

F: Faraday constant (9.648*XYmol)

n: Number of electrons in the redox system

InQ: the natural log of the reaction quotient & thoment in time ([oxidant]- [f¥/[reductant])

The shape of the redox potential curve is charistieof the type of microorganism and the
rate of change is proportional to the living celhcentration. The time to detection (TTD) is
the time required to reach a considerable changediox potential and is “proportional to the
logarithm of the initial microbial population size(Reichart, et al., 2006). Between
concentrations of P10’ cells/ml the correlation between the time to dédecand the initial

number of living cells is linear.
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Fig. 2 Test cell for redox potential measurement (Retcbial., 2006)

The MicroTester has been developed by the stafSz#nt Istvan University, Faculty of
Veterinary Science, Department of Food hygiene tiedstaff from Corvinus University,

Faculty of Food Science, Department of Physics Aamwmation. The MicroTester uses the
principle of redox potential to detect quantitaljvand qualitatively microbes in a sample.

The MicroTester system is different from impedinesystems in the way that there is no
limit of sample size since the redox potentialas dependent on the shape and volume of the
test cell. It is useful in the use of commerciakrimnt media, when membrane filtration
methods are applied and when surface hygienic ®mmple measured. With classic
microbiological methods the minimum time needed detection time is at least 24 hours,
reaching up to 72 hours in many cases and to makedHazard Analysis Critical Control
Points Systems more effective there has been afoeetktection methods to become more
rapid and cost as little as possible. The precisibhemperature does not have to be as
accurate as in the impedimetric system. A changerimperature of °C causes a change in
the redox potential between 0,5-1,5 mV that is igdgke. A precision of +0,%C is accepted,
compared to 0,002 in conductivity methods. The redox potential noetlloes not require

the strict temperature control; most nutrient bsathn be used and is cheap in comparison to

16



the impedimetric/conductance methods. The redoeneil and impedimetric methods are
similar in mode of action but the impedimetric gysthas shown a paucity of advantages and

accuracy in comparison to the redox potential systesthod.

2.4.3.3. Polymerase Chain Reaction (PCR)

Polymerase chain reaction or, PCR, is an effedtie¢ used to copy a specific segment of
DNA and may be used to diagnose diseases causkdchsria or viruses. To complete PCR
reactions primers, DNA polymerase and nucleotidesng@eded. Primers are custom made
pieces of DNA which has the sequence of nucleotiesied to match the segment of DNA
to be copied. Two primers are needed, one whicttlats to the top strand of the segment and
the other on the bottom strand at the other enceNAIINA polymerase bumps into a primer it
starts to add nucleotides to the segment to beedopi

Cells are used to extract the DNA, which is mowea@ PCR tube that is designated for even
heat distribution. Primers are added which attathdise site of the DNA strand to be copied.
Nucleotides (A, T, G and C) are added to the PO tihat makes up the genetic code.
Finally DNA Polymerase enzyme is added to the thlbéread the DNA code of the strand to
be copied and attach the matching nucleotides daterthe DNA copies. The PCR tube is
placed into a DNA thermal cycler, which precisebBats and cools the tube at specific time
intervals crucial for the reaction to work.

During cycle one the heater heats up t8that causes the DNA double helix to separate,
forming two single-stranded DNA molecules. The thak cycler then cools down to %D
causing the single-stranded DNA molecules attempgtr up. Before this occurs, the primers
attaches to their target sites before the straadsejoin.

In the third phase of the thermal cycler, the tisbkeated again to 72, activation the DNA
polymerase enzyme occurs. When the enzyme locatesner, it adds complementary
nucleotides to the specific site and continuesl uetiching the end of the strand and this
completes a single cycle. Reaching cycle threeathmeed products appear; two strands that
begins with primer 1 and end with primer 2. These thhe DNA copies of the targeted
segment. Repeating the cycles over and over wilbe€dhe solution to contain mainly of the
target sequence.
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A PCR reaction consists of three phases; an expiahem linear and a plateau phase as seen
in figure 3.

In traditional PCR results are obtained at the @hithe reaction, meaning it may take days to
collect the results, which makes this method venetconsuming. Other disadvantages of

end-time PCR are poor precision and low sensitivity

/— Plateau phase

Linear phase

Log [DNA]

Exponential phase

Cycle number

Figure 3. The three phases of PCR

2.4.3.4 Real-time PCR

In normal PCR reactions, results are obtained fgeinelectrophoresis that is stained with a
dye. Bands are formed with varying brightness atiogrto the number of copies made. With
real-time PCR, a detector records the reactionschwican be seen in real-time. The
generation of fluorescent light increases as mopees of the DNA are produced during the
cycles.

The advantages of real-time PCR are that the effiazan be precisely calculated, the
automation of the melt curve analysis and there ifue quantitative analysis of gene

expression.
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Compared to conventional PCR, real-time PCR is lesge consuming, less cross-
contamination occurs and automation is possibletrdditional serotyping methods it is
possible to determine the subspecieSabionella but the serovar cannot be classified. In the
study performed by Malorney et al., 2007, detecth§. Enteritidis in pooled eggs, real-time
PCR was employed using sefA target gene (encodifigilarial antigen).S enterica ssp.
enterica strains in group D also possess this géngh could mean false positive resultsSof
Enteritidis (Seo et al., 2004). Therefore in th@eriment performed by Malorney et al., the
Prot6e gene was set by the primer whicl.i&nteritidis specific located on 60-kb virulence
plasmid which encodes a particular surface fimbicharacteristic forS. Enteritidis. To
control false negative results of the experimamtgrnal amplification control was used. A
pre-enrichment stage for 18-20 hours, a DNA exwacstep followed by the real-time PCR
step took approximately 24 hours that can be coetpdo the traditional culture and
serotyping methods that take at least 5-6 days.iddmification ofSalmonella Enteritidis in
whole chicken carcasses by real-time PCR showeéolfruracy of the 25 samples tested.
Even though traditional serotyping methods aretikedly accurate they are not able to
identify specific serovars ofalmonella. For the identification of the serovars, molecular
methods such as pulsed-field gel electrophoresig be used. However, this is time-
consuming and laborious and therefore not optimalkise of rapid results. Real-time PCR in

the study performed by Malorny et al., 2007 showgth selectivity and maximum accuracy.

Salmonella serotype Typhimurium and Enteritidis are able &i$olated from both living
chickens and in humans consuming infected meattr&emeritis caused by non-typhoidal
salmonellosis is a problem worldwide and therefibve detection of microbial infection is
important for identifying a deficiency in the hamgj of chicken meat. Critical stages where
microbial growth occurs include evisceration, cogli packaging and transport stages

according tdRasschaert et al., 2008.

Multiplex real-time PCR was used in the experimagformed byde Freitas et al., 2010, for
the rapid detection oSalmonella species in chicken meat to reduce diagnosis tiaye.
avoiding the conventional methods there is no rMeediable number of cells for detection
since PCR can generate enough DNA copies. It mmosever be noted that PCR cannot
differentiate between viable and dead cells simaanly uses the DNA as a template. The
differences between conventional methods and PQRIdberefore be due to injured cells

that cannot be cultured but detected by PCR. O@0D6fsamples (127 poultry carcasses and
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73 poultry viscera) the mPCR (multiplex real-timelymerase chain reaction) was able to
detect species of thiealmonella genus in 2,74% of the samples in the study andvstidhe
same accuracy as in the traditional methods. Horyelie traditional methods of detection
were not able to differentiate the serotype. I'W%3f the sampleS. Enteritidis was detected
by mPCR. All positive control samples could be #tifesd and the molecular and
conventional methods yielded the same results Herpositive and negative samples. The
results showed that the PCR reactions were 98%fieptar each serotype. Kumar et al. in
2006 obtained similar results from chicken meattbs well as Lee et al. in 2009 where
multiplex real-time PCR detect&l Typhimurium and Enteritidis serotypes in pork dosef.
The detection oSalmonella in the carcass and viscera of chicken meat wittventional and
multiplex real-time PCR methods yielded similarules but the experiment indicated that the
quality of the diagnostic methods of PCR and mPGR high and would yield industries and
producers due to the rapid detection. This wouldbénthem to take the measures needed

quicker to avoid further contamination.

Real-time PCR was applied for the detectiorSalimonella species in food products in the
experiment performed by Su Hwa Lee et al., 2003, @128 pork meat samples, 110 were
inoculated withSalmonella isolates. The results showed that all Salimonella species could
be detected but not the 18 non-salmonella speties. specificity was 100%, 100% and
99,1% respectively faBalmonella spp.,S. Typhimurium ands. Enteritidis and the sensitivity
showed 100%, 100% and 91,7% respectively. Cona@lsithe study showed that the
multiplex real-time PCR method was able to serslyivdetect Salmonella spp. and
differentiate betweef. Typhimurium ands Enteritidis in meats. The real-time PCR method
was limited to detect a single strain $dlmonella species whereas the multiplex real-time
PCR was able to “apply the assay to a diagnostipgse compared to the real-time PCR
assays” (Su Hwa Lee et al., 2009).

Akiba et al., 2011 performed a similar experimesing 118 serovars d&amonella species
and 12 non-Salmonella serovars using $abmonella specific invA gene for confirmation.
Serovar-specific genomic regions (SSGRs) were ugach are highly prevalent among wild
type strains of the target serovars. These weeetsel using comparative genomics approach
Even though a small number of false positives valagerved with mPCR, no false negatives
could be observed.
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In 2011, Zhang et al. compared a traditional metloth three molecular methods of
detectingSalmonella in vegetables. Different vegetables were inocdlatgth Salmonella
serovars at different levels. The results revedhed the molecular methods were equally
successful with the traditional method in detecting Salmonella species. Their conclusion
declared that quantitative real-time PCR has themi@l to be used as initial screening step
whereas quantitative reverse transcriptase rea@-fiCR has the potential to detect only
viable Salmonella cells because after the enrichment step only ipessamples are obtained

(indicative of viable cells).

3. Materials and methods

3.1 Bacterial strains and samples

3.1.1 Bacterial strains

The bacterial strains used in this study Saémonella Enteritidis (NCAIM B.01908) and
Salmonella Typhimurium (ATCC13311). The origin of ti&almonella serotypes& Cerro,
S Infantis,S Newport,S. Tennessees Abony) was obtained from the Institute of Natibna
Food Chain Safety Office, the Food and Feed Sdbetgctorate and Food Microbiology

Reference Laboratory in Budapest, Hungary.

3.1.2 Samples

The samples tested (raw broiler meat samples) jexhased from the local market in

Budapest.

3.2. Enrichment broth

Rappaport-Vassiliadis enrichment broth was usedh®enrichment and selective isolation of
Salmonella species in this study. Rappaport et al. was tts¢ fo formulate the enrichment

that was later modified by Vassiliadis et al byrgasing the incubation temperature fronf37

21



C to 43C. It was later found by Peterz that incubatiod B8C for 24 hours improved the
obtainment of Salmonella.

The enrichment broth consists of soy peptone (cardod nitrogen source for growth),
magnesium chloride that raises the osmotic presautee medium and potassium phosphate
that acts like a buffer. Malachite green in RV hrathibits growth of other organisms apart
from Salmonella.

The RVS (Rappaport-Vassiliadis Soy) broth is a ricalion of the Rappaport-Vassiliadis
broth for increasing the reliability of the broth. earlier studies, it has been shown that RVS
broth yields more positivesalmonella samples when investigating chicken carcasses
compared to other enrichment broths (Muller-Kauffimztrathionate with novobiocin —

MKTTn) indicating higher sensitivity and specifigcifHyeon et al., 2012)

3.3 Examination of broiler meat samples with redoyotential method

To investigate the sensitivity of the examinatieohinique 25 g of broiler meat sample was
artificially inoculated withSalmonella Enteritidis andSalmonella Typhimurium and added to
225 ml RVS broth and the mixture was homogenizatiinoubated at #Z. For the testing,
the MicroTester was used which is a 32-channelxgatential measuring equipment using a
water bath thermostat with 0@ accuracy, test cells (250 ml measuring cells mapd by
Schott Blue Line 31 RX redox-electrodes), PC d(Mé&ndows XP using a special software),
data collection/evaluating unit and a monitor.

In the measuring cell the redox potential is detgets the proliferation of microbes increases
(1CP-107 cfu/ml) until a critical cell concentration (Nc§ reached. When the rate of change
(dE/dt) in absolute value overcomes a definite ct&te criterion (DC) the time to detection
(TTD) can be determined. There is a linear relatgm between the time to detection and the
logarithm of the initial viable cell count (log NiA calibration curve can be made which
makes it possible to estimate the initial viablé ceunt as a function of the TTD (Eisi et

al. 2014).
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3.4 Examination of broiler meat samples with Realtine PCR

3.4.1 DNA isolation

Genomic DNA was extracted from 1 ml of enrichedd@ample that was positive according
to the result of the redox potential measurementtiie isolationMericon DNA Bacteria kit

(Qiagen) was used; the procedure was as following:

1. 1 ml of the incubated enrichment culture was pagkthto a 2 ml microcentifuge
screw-cap tube and centrifuged at 13,000 x g foirtutes.

2. The supernatant was discarded using a pipet.

3. 200 ul Fast Lysis Buffer was added to the bactged#let and resuspended by
vigorous vortexing.

4. The microcentifuge tube was put into a heatinglbket to 100 C and was heated for
10 minutes.

5. The sample was removed and set to cool off forrubes until reaching room
temperature.

6. The tube was centrifuged at 13,000 x g for 5 miswte

7. 100 pul of the supernatant was pipetted into a 1,Bierocentrifuge tube. A part of

the collected supernatant was directly used in B R&ction.

3.4.2 Real-time PCR assay

The Real-time PCR amplification was performed oMS® Real-Time PCR System

(Hongshi) and was performed in 20 ul reaction vaum

2 ul DNS template

10 pl 2x thermo scientific Luminaris Color ProbegghliRox gPCR Master mix
0,6 ul reverse primer

0,6 pl forward primer

0,4 pl Probe

Nuclease free water added to total 20 pl

The primers and probes were synthesized batea-Aldrich company.
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1. 10 pl of the Luminaris Color Probe High Rox gPCRsi4s mix was mixed with 0,6
ul reverse primer, 0,6 pl forward primer, 0,4 polB and 6,4 ul Nuclease free water
in a tube and put in room temperature.

After mixing thoroughly the mixture was dispensetbiPCR tubes.

2 1l DNA template was added to the PCR tubes.

The reactions were mixed gently to not cause buogbli

o & 0N

The samples were placed in the PCR cycler andrtigrgam was started.

A two-step protocol was used which included a UD&fpeatment at SC for
2 minutes, an initial PCR activation step, activatof HotStarTaglus DNA Polymerase for
10 minutes in 9%, a 40 —step denaturation and annealing/exterfigid®0 seconds at 60

°C. Fluorescence detection was performed at thektige annealing stage of each cycle.

Table 2. Salmonella spp. serotypes, the target genes (the fliC andl gehes were used as

primers in the following sequences), the name efgénes and the sequences to be amplified.

Species Gene Name Sequenceé {3')

S16R-F aggccttcgggttgtaaagt

Salr:onella 16s rRNA| S16R-R gttagccggtgcttcttctg

PP Scom-FAM [6FAM]-aaccgcagcaattgacgttaccc-[BHQ1]
SfC-F tgcagaaaattgatgctgct
Tsalrm nuerliljlm fliC SfC-R ttgcccaggttggtaatagc

yp ST-JOE [JOE]acctgggtgcggtacagaaccgt{BHQ2]
SsA-F ggtaaaggggcttcggtatc

?}gﬂ%ﬂg sefA SSA-R tattggctccctgaatacgc
SE-Cy5 [Cy5]-tggtggtgtagccactgtceegt-[BHQ?2]

The fliC flagellin gene encodes specific componemtthe flagellum ofS. Typhimurium and
the sefA gene specifically encodegmonella Enteritidis fimbrial protein.

The amplified target sequences were detected ulilogescent probes specific for each
target. When the amplified products are detectecetis an increase in the fluorescent signal
from the bound probes. The detection in real-tinas wossible by monitoring the increase in

fluorescence during the PCR cycles.
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4. Results and discussion

4.1.Redox potential measurement

The time for detecting one target microorganism INin the measuring cell can be
determined from the intercept of the calibratiomveu(logN=0). It can be assumed that the
cell is free of microorganisms if no TTD can beateed. Previous studies have demonstrated
that the calibration curves for sevefmonella serotypes show different detection times
whereS. Newport in RVS broth had the longest detectiometi(23,5 hours in broth without
added food).

The calibration curve ddalmonella Newport is shown in Figure 4.

TTD (h)

o5 S. Newport
20 +
15 +

10 +

0 . : . : . |
0 2 4 6
IgN (cfu/cell)

Figure 4. Calibration curve ofalmonella Newport.

Equation of calibration curve &lmonella Newport:

TTD=-2.6857-logN + 23.332

R2=0.9976

The measuring cell can be considered pathogenifrethe detection time cannot be
determined, based on the slowest proliferating tgpeo of Salmonella. The examination
duration can therefore be determined accordingeadetection of a single cell of the slowest

growing serotype (Erdosi et al, 2014).

The calibration curves @almonella Enteritidis and Typhimurium are shown in figure 5.
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Salmonella spp. RVS

20
15
_ y =-2,762x + 20,269
£ 1 R2=0,9888
=
-
5
y =-3,082x + 19,192
R2=0,9979
0
0 1 2 3 4 5 6 7

logN (cfu/cell)

@ S.Enteritidis A S.Typhimurium

Figure 5. Calibration curves o8 Typhimurium ands. Enteritidis obtained from redox

potential measurement (T=42 °C)

The equation fof. Typhimurium:
TTD=-3.082:logN+19.192
R2=0.99795

The equation fo& Enteritidis:
TTD=-2.762-l1ogN+20.269
R2=0.9888

The proliferation ofS. Typhimurium ands. Enteritidis were examined in broiler meat samples
in RVS broth.

In the redox potential measuring, the time to deiaq TTD) varied for the different samples.
The time requirement of initial single cell detectiby the redox potential measurement in
maximum 24 h, but in highly contaminated samplas time significantly decreased. The
identification from the enriched suspension by #teak PCR required further 3 h until
detection. Only the positive samples need the P@Ritification The results (positive or
negative) and time requirement of the redox poaémieasurements and real-time PCR are

summarized in Table 3.
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Table 3. Detection of S Typhimurium and Enteritidis in fresh broiler me@ean of 3

parallels)
TTD Real-time PCR Detection timge
h
(h) Salmonella | S Typhimurium S ")
spp Enteritidis
Chicken meat 78 ¥ - - 11
Chicken meat 15,5 + - - 18,5
Chicken meat &
ey 313 + - + 6,5
Enteritidis
Chicken meat &
, , 10,0 + + - 13
Typhimurium
Chicken meat &
3,1 + - - 6,5
Newport
Chicken meat & Infantis| 3,3 + - - 6,5
Chicken meat &
Newport,S. Infantis,S.
3,5 + - - 6,5
Cerro,S. Tenesseé&s
Abony
Chicken meat &
Newport,S Infantis, S.
3,17 + - + 6,5
Cerro,S. Tenesse&s
Abony, S Enteritidis
Chicken meat &
Newport, S. InfantisS.
3,17 + + - 6,5
Cerro, S. Tenessee, S.
Abony, S. Typhimurium
Chicken meat &
Newport,S. Infantis,S.
Cerro,S Tenessee&s 3,17 + + + 6,5
Abony, S Enteritidis,S.
Typhimurium
Sterile RVS - 24

According to several earlier studies, real-time R@R shown efficient for the determinative
serotyping ofSalmonella species. The results have shown high accuracyseledtivity and
the use of multiplex real-time PCR has become feahu
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The analytical reference method for this criterienthe EN/ISO 6579 (for detection) and
White- Kaufmann-Le Minor scheme (for serotyping)The time requirement of the

conventional method and the combined method is shnwable 4.

Table 4. Time requirement of the reference method and tmbimation of the redox
potential measurement and real-time PCR method

Time requirement (h)
positive samples negative samples
EN/ISO 6579 + White-
Kaufmann-Le Minor scheme 162-282 66
redox + real-time PCR 27 24

6. Conclusion

In this study the possibility of rapid and reliabtetection of S Enteritidis and S
Typhimurium was demonstrated by combination ofréaox potential measurement and real-
time PCR methods. In order to detect low numbedramfteria and resuscitate physiologically
stressed and injured ones, the enrichment phaseaveagcial step. During the enrichment
phase th&almonella positive samples could be screened by the redtenpal measurement
technique. Instead of biochemical and serologicadfionation, further identification was
carried out by applying real-time PCR technique.

In case of negative samples, the results couldlteired in 24 h by the redox potential
measurement. Only the positive samples need thensie PCR identification. The primers
used were effective in the amplification of theCfland sefA genes fd@almonella serotypes
Typhimurium and Enteritidis respectively.

It is conclusive that it would be beneficial forofb manufacturers to use this method for
detection ofS. Enteritidis and Typhimurium in fresh poultry meAtcomparison can be made
of the detection times; maximum 24 hours for thenkimation of the redox potential
measurement and real-time PCR methods whereas8®b2durs is needed for detection in

conventional methods which confirms that the methoebented in the study would aid the
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producers by effectively determining the absencgabhonella Enteritidis and Typhimurium

in 25 g sample of fresh poultry meat. The high hamof Salmonella outbreaks across the
world is in need of fast microbiological methodsiahe combination of the redox-potential
method and the real-time PCR presents rapid amablelresults that can be useful for testing
products at a low cost and time to detection.

In the experiment performed by de Freitas et @102 the molecular and conventional
methods were compared using a positive control20@ samples of meat and viscera. The
results showed that the two different methods hadsame accuracy in detectifg monella
species in the samples although the traditionahatetvas not able to specify the serovar
compared to the molecular. Most studies performmeticate that molecular methods are
equivalent to traditional methods regarding accyaesults.

The drawback of the quantitative real-time PCRhesdetection of microbial DNA that can be
found after the target cells are dead whereasréititibpnal methods only detects viable cells
present.

The combination of the redox potential and PCR washs labour-saving and significantly

decreases the cost and time of detectioBabhonella Typhimurium and Enteritidis.
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7. Summary

Salmonellosis is one of the major foodborne diseasesing hundreds of thousands of cases
each year in the EU and therefore rapid detectiethats are important for determination in
foodstuffs. The EU has implemented an integratqutageh to reduce its occurrence. Since
then, Salmonellosis has decreased by 50%.

Salmonella (S.) Typhimurium and. Enteritidis are two causative agents respons$idrlsome

of the major foodborne diseases occurring worldwitlee necessity of fast and reliable
detection methods of low cost has become of utimmgbrtance in order to rapidly identify
incidences of Salmonella contaminations of foodstuffsSalmonella Enteritidis and
Typhimurium must be absent in 25 g fresh poultratreample placed on the market during
their shelf-life; out of 5 samples 0 may be positiaccording to the 2073/2005 legislation to
ensure public health.

The detection in foods is possible by conventiofteditional) and rapid microbiological
methods. Conventional methods include pre-enrichpsatective enrichment, selective agar
media and biochemical and serological tests. Alghoaccurate, this is laborious and takes
several days to perform and obtain results (162982

Molecular methods have shown to be rapid and m®diccurate results and could be the
future for fast investigations of contaminated fsiuodfs.

In this study the combination of redox potentialasigrement based method and real-time
PCR method was used for the detectiors@monella Enteritidis and Typhimurium. During
the enrichment phase thaalmonella positive samples could be screened by the redox
potential measurement technique. Instead of biocda&nmand serological confirmation,
applying real-time PCR technique carried out thehfer identification. The combination of
redox potential and real-time PCR can accomplishlte in maximum 27 hours compared to
conventional methods that can take up to 162-18&shwhich indicates that the combined
method may be favourable for the effective anddagentification ofSalmonella Enteritidis

and Typhimurium in poultry meat samples.
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