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DeliverableD 3.3.4

An improved version of the risk profiling for tradi tional smoked, fermented

meat product

Andras SEBOK, Szilard PERCSI, Marios MATARAGAS,
Efstathios PANAGOU & George-John NYCHAS

Summary

A risk profiling for smoked fermented sausages wlaseloped for the following pathogenic
bacteria: Salmonellaspp., pathogenid&scherichia coli,and Listeria monocytogeneslhe risk
profile was developed with the use of Risk Rangespreadsheet software format that embodies
established principles of food safety risk assessmiee., the combination of probability of
exposure to a food-borne hazard, the magnitudeaafird in a food when present, and the
probability and severity of outcomes that mighsarfrom the level and frequency of exposure.
Risk Ranger scores &almonellaspp.,L. monocytogeneandE. coli EHEC were low for low risk
population while moderate risk scores were obtafoediigh risk population. This may explain the
fact that smoked fermented sausages are considsrgénerally safe products. Only in case of use
of cross-contaminated ingredients and applicatibmadequate fermentation proceSalmonella
spp., L. monocytogenesnd E. coli EHEC may survive posing a health risk for consuemer
(moderate risk ratings). Previously (in D3.3.2) isk rprofile was implemented based on the
information collected so far in TRUEFOOD projechypico-chemical, microbiological data and
consumer survey) for traditional Hungarian meadpats. An expert estimate was developed with
the risk profile techniques, which structured thaikable data and highlighted which product
characteristics and process parameters had théegréapact on the level of risks based on the
flow chart of the HACCP plan, which determined #tructure of MRA. The estimation produced
in D3.3.2 was developed further by the use of podiséic approach to get a more precise
estimation of Exposure Assessment and Risk Chaizatien.



An improved version of the risk profiling for tradi tional smoked, fermented

meat product

1 Risk profiling for traditional smoked fermentedahproducts

Background and rationale

Meat and meat products support the growth of séwpailage and pathogenic bacteria. Intrinsic
factors such as pH and water activity do not pretes growth of these microorganisms because of
their initial values. The presence of pathogensasnmeat is the result of their contamination from
the live animal, equipment, employees and enviraringalmonellaspp.,Listeria monocytogenes
and pathogeni&scherichia colihave been implicated in food-borne outbreaks aatsatwith the
consumption of meaBalmonellaconstitutes the most common agent involved in humabreaks.

In 2005, Salmonellawas accounted for 64% (3406 out of 5355 outbreakshe reported food-
borne outbreaks. Pathogeiiic coli (60 outbreaks) and. monocytogene® outbreaks) were other
important causes of the recorded outbreaks in Eapnion (EU). However, the importance of a
human illness is not dependant only on the incidenche population because other factors such as
severity of illness and mortality rate are also ami@nt. For example, while verotoxin producigg
coli (VTEC) andL. monocytogenesause a relatively low number of cases (3314 &89 Tases,
respectively) compared to salmonellosis (176395es)asnevertheless these infections are
considered important because of their severitythea higher mortality rate. Listeriosis accounted
for the highest number of reported fatalities (1072004 (EFSA 2007).

Smoked fermented sausages are shelf stable medagmsowith extended shelf life. They are
considered as safe products because the procegsnufieeir production are inhibitory to many
pathogenic microorganisms. Thus, traditional ferreénsausages are characterized by both
improved quality and reduced risk of causing illedowever, when fermentation process is not
adequate then there is a potential health risk usscasome pathogens may survive during
fermentation (Adams and Mitchell 2002).

Risk analysis is a valuable tool in the manageroénticrobial food safety issues and can provide a
systematic approach for the regulatory authoraied the food industry to control the risk posed by
a pathogen in a particular food commodity. Risk Igsia consists of three elements: risk
assessment, risk management and risk communic&isk.assessment is the scientific part of the
process in which the hazards are identified andritle posed by that particular hazard (i.e.

pathogen) is calculated. The principle of risk ass®nt includes four stages, namely hazard



identification, exposure assessment, hazard cleairzation and risk characterization. In the case of
fermented sausages each of the stages is presaited

Hazard ldentification

Smoked fermented sausages are made from raw natetiah as meat which as previously
mentioned can be contaminated from many sourceshanefore several pathogens may be present.
This may lead in a large list of pathogens potdgtassociated with fermented sausages. However,
the number of pathogens present in fermented sassagy be limited after examination of various
epidemiological data where fermented sausages lheete implicated in food-borne outbreaks. The
most common pathogens present in fermented sauaadeberefore pose a greater health risk are
Salmonella E. coli (VTEC) andStaphylococcus aureugs shown in a studyl,. monocytogenes
may also survive fermentation if the process isatt#quate (Drosinast al. 2006). Therefore, from
the above pathogens only these considered in thiegbrSalmonella pathogenide. coli andL.

monocytogengswvill be examined.

Salmonella spp.

Salmonellaspp. is accounted for the most reported food-bawurereaks. Eggs-egg products and
meat are the main sources of outbre&®nteritidis and S. typhimuriumare the most frequently
reported serovarsS. enteritidis is mainly associated with eggs and broiler medigasS.
typhimuriumis most often associated with pig, poultry andibevmeat. Positive t&almonella
spp., up to 3-5%, ready to eat (RTE) meat produat® occasionally been found which constitute a
risk for human health (EFSA 2007). Temperature gnoange is ranged between 7 an&0ut it
survives for long periods under refrigeration®@% Salmonella spp. is a heat-sensitive
microorganism (68 for 1-2 min) but it can survive in dry environmer{growth range 0.94 to
0.99) for long time. pH growth range is between & 9.5. Slow acidification (e.g. fermented
sausages) may increase tolerance of the micro@mafacid adapted) to low pHs. Growth under
aerobic conditions is faster in comparison witheanhic conditions. Nitrites-nitrates at the usual
concentrations allowed by the legislation do nbibit growth (NZFSA 2007).

Pathogenic Escherichia coli

PathogenicE. coli include the following sub-categories: entero-pgdmicE. coli (EPEC), entero-
invasiveE. coli (EIEC), entero-toxigeni&. coli (ETEC), entero-aggregatie. coli (EAEC) and
entero-haemorrhagi€. coli (EHEC). The latter belongs to verotoxigehiccoli (VTEC) producing

vero-toxins or shiga-toxins (STEC). VTHE coli are of great concern because includeEheoli



0157:H7 which is the most common serotype isol&t@a the reported cases (EFSA 20()coli
0157:H7 has been frequently isolated from beef Wwisdelieved to be the main vehicle. However,
other meats (e.g. pork) have also been implicatexlitbreaks withe. coli O157:H7 orE. colinon-
0157 STEC (EFSA 2007). Heat treatment and/or fetatiem process are usually sufficient for
producing a safe finished product. However, if ¢hggsocesses are not adequate tBercoli
0O157:H7 orE. colinon-0157 STEC may survive during manufacturinthé microorganisms are
initially present in the raw material (Adams andtdfell 2002).E. coli O157:H7 orE. coli non-
0157 STEC grow within the temperature range of @ 46°C, and survive at chilled or frozen
temperatures. They can also survive at low pH wlgech as 3.6; growth range 4.4 to 9.0) and
water activity (minimum for growth 0.95) (NZFSA 200

Listeria monocytogenes

L. monocytogeness widely distributed in the environment and inche found in many food
commodities (NACMCF 1991). Post-processing contatmm from the plant environment
(equipment, personnel, floors, etc) is the mogfuemtly reason for its presence on meat surface
(Gudbjornsdottiret al. 2004). Various foods have been associated withmonocytogenes
outbreaks. Sliced raw meat products required capkior their consumption or sliced processed
meat products are at greater risk for cross-comamnon withL. monocytogenethan non sliced
raw meat products (EFSA 2007). The pathogen isliyskiled during pasteurization (]8°c= 10 to

15 sec) but it is capable to grow in foods storekfigeration temperatures (temperature range for
growth -1.5 to 4%C). High salt concentrations (up to 10-11.5%), acidditions (as low as 4.4) and
water activity (0.92) do not allow. monocytogenegrowth but it may survive even under these
stressful environmental conditions (ICMSF 1996).rnk@ntation process usually destrois
monocytogenedHowever, under inadequate fermentation condit{@ng. inadequate pH reduction

owned to low content of sugais) monocytogenes capable of surviving (Drosines al. 2006).

Hazard Characterization

Hazard characterisation is deal with the effectidfiazard that will have on humans. It gives a
description of the frequency, nature, severity dachtion of illness caused by the hazard. However,
there is considerable variability in virulence beém pathogenic strains of the same organism.
Human infection can differ between high (young tleakhdults, the very young, the very old, the
sick, pregnant women and the immuno-compromised) kmv risk subpopulations (healthy
people). The food vehicle can also play a significeole by protecting the pathogen from the

effects of the stomach’s acidity. In some outbreadsociated with fermented foods such as salami,



the level of pathogen present in the implicateddfbas been very low and this may be due to the
protective effects of fat (Adams and Mitchell 2002)

Salmonella spp.

Salmonellosis is characterized by diarrhea, fevemiting and nausea. Long-term effects (e.qg.
reactive arthritis) can also be observed afterrgedestinal symptoms. Salmonellosis is usually
shelf-limiting and mortality rate is very low (0.§%Young € 14 years), elderly>( 60-65 years)
and immuno-compromised people are usually at highkrthan general population. Although high
doses (1B10° cfu/g) are required to cause disease to the aaragsumer, low doses (5-50 cells)
have been implicated in human outbreaks (highpagbulation) (NZFSA 2007).

Pathogenic Escherichia coli

The microorganisms cause illness due to toxin o after their invasion through the gut. Three
severe forms of the disease are observed: haemarrbalitis (HC) (bloody diarrhea, abdominal
pain, and vomiting), haemolytic uraemic syndromeJ@) (kidney is the primary target of the
toxins produced causing renal insufficiency) whide more often in children, and
thrombocytopaenic purpura, a version of HUS maoibgerved in elderly (HUS symptoms, skin
coloration, nervous system disorders and fever)talioy rate is relatively low (<1-5%). All group
ages can be infected with children 4 years) and elderly people 60-65 years) to be more
susceptible. Dose required to cause illness isivelg high (6 x 16 cfu/g), but for sensitive people
the dose is below 100 cfu/g (NZFSA 2007).

Listeria monocytogenes

Two types of illness are associated withmonocytogenesnvasive (fever, diarrhea, vomiting,
headache, abortion and meningitis) and non-invaderxer, diarrhea, headache, muscle pain and
sometimes vomiting). Invasive type is more sevhentnon-invasive having a high mortality rate
(ca. 30%). High risk population to invasive typecludes elderly X 60-65 years), immuno-
compromised people, infants and pregnant women. lemgls of L. monocytogenesan cause
listeriosis. In general,.. monocytogenepopulation of 18-10° cfu/g can cause listeriosis to high
risk people. On the contrary, non-invasive typéife gastroenteritis) can occur in anyone, but a
high number (>1810° cfu/g) ofL. monocytogeneis needed. (ILSI 2005; NZFSA 2007).



Exposure Assessment
Exposure assessment assesses the likely intake pafritgular pathogen. To achieve this, the
estimation of the level of pathogen or toxin in thed at the time of consumption and details of its

consumption pattern are required (Adams and Mit@@f2).

Pathogens prevalence and concentration

Prevalence and concentration (at the processirg))le¥ pathogens taken into account during the
preparation of the smoked fermented sausages nasikepwere: Salmonellaspp., 1.6%; pathogenic
E. coli, 1.2%; andL. monocytogenesl2.3% (EFSA 2007; NZFSA 2007). Initial load wakedn
into consideration per pathogen, in order to evaltlae increase needed to cause infection. Initial
microbial load was considered after processi@glrionellaspp., 1-10 cfu/g; pathogente. coli,
0.04-0.4 cfu/gL. monocytogene®.04-0.1 cfu/g).

Food consumption patterns

Food consumption patterns were determined basetileo@005 FAOSTAT (2007) statistical data
for the European population. Apart from EU populat{466,085,066 people), meat consumption
(1.85 kg per day per capita), production, importd exports were also taken into consideration. It
was also assumed that 25% of meat is convertede@t products (NZFSA 2007) in order to
estimate the amount of available meat productsdasumption. It was found that half (50%) of the
population consumes meat products on a monthlysbeisgh risk population (infants, very young,
elderly and immuno-compromised) was assumed tcesept the 25% of the general population
(Buchanaret al. 1997).

Risk factors, sources and places of infection

According to EFSA (2007) 2004 and 2005 reportseroag) services, restaurants and institutions
such as schools and aged care facilities werefgigni places of exposure to pathogens. Major
reasons were bad food handling and/or preparationeal by infected personnel. Meat and meat
products were responsible for the 17-25% of thelfoorne outbreaks in Europe and US during the
period 1993-1998. Bovine, pork and poultry wereoacted for the 7-10%, 5-7% and 3-5%,
respectively (Olsemt al. 2000; Schmidt and Tirado 2001). For the smokeohésted sausages, it
was assumed that 27%, from the 11% of smoked faedesausages manufactured with

contaminated ingredients, receive an inadequanecietation or cooking process (Schmidt 1996).



Risk Characterization

The last step in the risk profile is the evaluatodrthe information derived in the previous stages
order to produce an estimate of the probabilitiloéss and its severity in a given population.sThi
can be quantitative, qualitative or semi-quantrain the case of absence of quantitative data. In
this work semi-quantitative estimation of the rislas performed by the mean of Risk Ranger
software (Ross and Sumner 2002). It is an Excetdbaoftware program which can be used in
ranking the risk of various product/pathogen corabons answering a series of questions in
relation to food safety and factors contributingféod safety risk such as susceptibility of the
population of interest, severity of the hazard unoencern, probability of exposure to the hazard
under concern and probability of food containingirafectious dose (Table 1). The answers to the
guestions were relied on the data presented iprédous sections. In addition, the initial page of
the Risk Ranger software with the relevant questitm be answered during the risk profiling

process is presented in Figure 1.

Semi-quantitative estimation of risk in smoked &rted sausages

Total population considered was 466,085,066 peoiie. risk was estimated separately for high
(25%) and low (75%) risk population because thealds influence differently the population.
Answers to questions 1 (hazard severity) and 2 (bwsceptible is the population of interest) were
based on the data of the Hazard Identification Hiadard Characterization for each pathogen.
Questions 3 (frequency of consumption) and 4 (pritogo of population consuming the product)
were answered based on the food consumption paittlata. The size of consuming population in
the question 5 was calculated according to totgufagion considered, food consumption patterns
and data from risk factors related to smoked fetewrsausages. For example, the size of
population consuming smoked fermented sausagesdet@smined as follows: total population,
466,085,066 people; consumption frequency, 50% ontinty basis (233,042,533 people); products
manufactured from contaminated ingredients, 11%6@5679 people); inadequate fermentation
process, 27% (6,921,364 people). Thus, the populatnsidered in the question 5 for the smoked
fermented sausages were 6,921,364 people. Quediqpsobability of contamination of raw
product per serving) and 10 (increase needed irpdise-processing contamination level to cause
infection or intoxication) were answered accordingthe prevalence-concentration and Hazard
Characterization data, respectively. The effegirotessing (question 7) was answered as “process
usually eliminates the hazard (99% in case of igadi process)” and for the potential for
recontamination after processing (question 8) the”“option was selected because contamination

after processing is unlikely for fermented sausagés answer in the question 9 (how effective is



the post-processing control system) was “not rel€vhecause fermented sausages are stored at
ambient temperatures. Finally, question 11 was aresivbased on food preparation before eating.
Usually no preparation is made before consumptitmwever, growth of pathogen during storage is
unlikely whereas further inactivation may occur enthe conditions prevail in fermented sausages.
Therefore, the option “preparation slightly redubegard” was selected. Risk was characterized as
low (Risk Ranger ratings lower than 32), mediunskRRanger ratings from 32 to 48) or high (Risk
Ranger ratings higher than 48) according to SurandrRoss (2002).

Risk Ranger risk estimations

The results of risk estimation made by the Riskdearnool per pathogen for the smoked fermented
sausages are shown in Table 1. Risk categorizateaanperformed according to Sumner and Ross
(2002) as described previously. Risk Ranger scofézalmonellaspp.,L. monocytogeneandE.

coli EHEC were low (lower than 32) for low risk popudet while moderate risk scores (32 to 48)
were obtained for high risk population. This maylei the fact that smoked fermented sausages

are considered as generally safe products. Ordgse of use of cross-contaminated ingredients and

application of inadequate fermentation procelalmonellaspp., L. monocytogeneand E. coli

EHEC may survive posing a health risk for consunf@sderate risk ratings).

Table 1. Risk estimation for high and low risk populationedto consumption of contaminated
smoked fermented sausages.

Salmonellaspp.

Pathogenic Escherichia cc

Listeria monocytogenes

Risk Ranger

High Low High Low High Low
Question 1 Mild Mild Moderate Moderate Moderate Mild
Question 2 Slight General Slight General Slight General
Question 3 Monthly Monthly Monthly Monthly Monthly Monthly
Question 4 Some (25%) Most (75%) Some (25%) Most (75%) Some (25%) Most (75%)
Question 5 Other: Other: Other: Other: Other: 6921364 Other: 6921364
Question 6 6927364 6921364 6921364 6921364 Other: 12.3%  Other: 12.3%
Question 7 Other: 1.6%  Other: 1.6%  Other: 1.2% Other: 1.2% Usually Usually
Question § Usually Usually Usually Usually eliminates eliminates
Question 9 eliminates eliminates eliminates  eliminates No No
Question 10 No No No No Not relevant Not relevant
Question 11 Not relevant Notrelevant Not relevant Not relevant Other:; 2.5x16  Other: 2.5x160
Probability of Other: 5x16  Other: 16 Other: Other: Slightly reduces Slightly reduces
illnes$ Slightly Slightly 2.5x10 1.5x1d 4.04x10° 8.09x10™
Total predicted reduces reduces Slightly Slightly 0.511 0.00153
illnesse8 2.63x10’ 2.63x10" reduces reduces 33 13
Risk ranking 33.2 0.00498 3.95x10° 1.32x10"

38 16 0.498 0.000249

33 15

@ Per day per consumer of interest

® Per annum in population of interest
“Contamination after processing is unlikely for femed sausages
4 Because growth during storage is unlikely whereathér inactivation may occur under the conditigmevail in
fermented sausages



Figure 1. Initial page of the risk profiling softwar®isk Rangérwith the 11 questions used for the estimationsk.

A. SUSCEPTIBILITY AND SEVERITY

C. PROBABILITY OF FOOD CONTAINING AN INFECTIOUS DOSE

1 Hazard Severity
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GEMERAL - all members of the population

FLIGHT - e.g., infants, aged
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B. PROBABILITY OF EXPOSURE TO FOOD
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significant [10,000-Fald increase)
OTHER
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¥ "OTHER" enter @ parcentage IF "other”, what is the increase [multiplic-ative] needed
value betwean O (none) and 100 0.0001% toreach an infectious dose 2 1.E+02
7 Effect of Processing 11 Effect of preparation before eating
The pracess RELIABLY ELIMINATES hazards Pleal Preparation RELIABLY ELIMINATES hazards ]

The process USUALLY [33% of cazes] ELIMINATES hazards
The process SLIGHTLY [50% of cases) REDUCES hazards
The pracess has MO EFFECT on the hazards

The process INCREAZES {10 ] the hazards

The process GREATLY INCREAZES (1000 x ] the hazards

indicates the extant of risk

incraase

1.00E-03

& Is there potential for recontamination afte

processing 7

1
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TES - major. [50% frequency]
OTHER
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value batweon 0 (rone) and 700

9.00%

systemn?

How effective is the post-processing condrol

FMarthern Territary
Clueenzland 1 9.500.000

South Australia
Tasmania

[F*"OTHER" please specify:

6,500,000

Wictoria

‘whestern Australia
OTHER

I4

WELL CONTROLLED - reliable, effective, syskems in placé [noing

CONTROLLED - moastly reliable custems in place {3-Fold increase]
MOT COMTROLLED - na systems, untrained staff (10 -Fald increase]
GROZE ABUSE OCCURS - [t.g.0000-Fald increase]

MOT RELEWANT - level of ris tdoes not changs

reace in pakho

Pzal Preparation UEUALLY ELIMIMNATES (33%) hazardz
ezl Preparation” ELIGHTLY RECOUCES [50X] hazards
PAcal Preparation haz MO EFFECT on the hazards

If “mther, enter a walue that indicates the sutent of.
riskincrease

1.00E-03

RISK ESTIMATES

probability of iliness per day per

consumer of interest (Pinf x 1.42E-0F
Pexqp}
total predicted illnesses:annum in 2. 52E+02

population of imerest

RISK RANKING

( O to 100)



2. An improved version of risk profile for tradmial Hungarian meat products

The estimation provided in D3.3.2 for traditionaligarian meat products was improved by the
probabilistic approach through the applicationtaf $ym’Previussoftware (Leporet al. 2005) that

is also under continuous development in the cordeXYP3 to get more precise estimations. At this
stage the ‘Hazard identification’ and the ‘Hazaltmacterization’ steps are not detailed as these
have been reported previously in D3.3.Zherefore ‘Exposure assessment’ and ‘Risk
Characterization’ were further developed for tratidl meat products with th&ym’Previus
platform that was used for simulations in order determine the behaviour of a given

microorganism in the food matrix.

Exposure assessment:

At first challenge tests were carried out, wheeergsults of Risk Profiling technique indicatedttha
additional analyses would be need8&gm’Previuswvas chosen for the Exposure Assessment step
because bacterial growth in a given food matrix lsardetermined by just only one challenge test
reducing thus the required number of expensiveahiotogical experiments. Based on the results
of this fitting, further growth simulations can learried out to have a realistic estimation of the

possible level of pathogens at the end of shef lif

Challenge tests

Challenge tests of traditional meat products wareed out based on an agreed procedure that was
thoroughly discussed in WP3. We were surprised thahy of the traditional Hungarian meat
products (flamed sausages, dried and fermente@dges)sdid not support the growth of pathogens
under consideratiorS{ aureus, L. monocytogehae® no simulation on these products was feasible.
A high water activity ¢a. 0.95) traditionally fermented sausage was spediicaanufactured for

the purpose to recordlisteria monocytogenegrowth, but probably due to the competitive
microflora sharp reduction in the numbers of ththpgen occurredlhe detailed procedure of the
testing and the results of challenge tests fordedilng the existing predictive models will be
discussed in D3.3.6 “Report on the assessment aftative predictive models and validation

under dynamic temperature profiles” (due to M36).

Pig cheese
There was only one product where growthLofmonocytogenewas experienced and this was

vacuum-packed pig-cheese (‘Diszndsajt’ in Hungagriarich is actually not a cheese but a meat



product. Small pieces of meat are mixed (especiadiy the head of the pig) with bacon pieces and
stuffed inside the pig's stomach, then cooked icyspater. There are many spices used, but mainly

red paprika. Finally it is smoked like sausages lzend.

Challenge test procedure of pig cheese
This vacuum-packed, sliced product has 21 daydelf-ife as determined by the manufacturer.
Prior to inoculation and during the challenge tés¢, physico-chemical properties of the product
were measured, but hardly any change was evident:

» Salt content: 1.98 - 2.07%

e pH:6.3-6.5

* a, 0.968 - 0.969
The products were inoculated with monocytogenega. 10° cfu/g) isolated previously from meat
products, and stored under controlled (5°C) andadya (fluctuating) temperature conditions. The
dynamic conditions were simulated in a ventilateflligerator according to a temperature program
that was based on a real temperature fluctuaticdherHungarian cold chain (results presented in
D3.1.5). Enumeration df. monocytogeneand total viable counts was carried out in dupdica
samples of pig cheese at 8 sampling times for anatiperiod of 28 days.
The results of the challenge tests are presentédgome 2. It can be concluded from the graph that
a rapid growth starts at day 7 and hardly any diffiee is evident between storage under dynamic

and static (5°C) conditions.

10,0
—e— Listeria (5TC)

9,0 || e
’ —m=— Listeria (dynamic T) /
8,0 - N

7:0 7 / \\

S 60
(®] _
2 2o /
— ’ »—C.t;'\/
3,0
2,0
1,0
0,0 T T T T T T T T T T T T T T

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (days)

Figure 2. Results ofL. monocytogeneshallenge test in pig cheese stored at 5°C anckrund
dynamic temperature conditions.

12



Growth curve fitting and simulation

The data points of the challenge test at 5°C wigelfwith Sym’Previusand the kinetic values
were determined. The results are presented in &gur

OO HNAGILkeR =3 -

Kinetics values Values in optimum conditions
Mean

Mean

Population (log CFU)

Time (jours) 20 to the simulation

Figure 3. Results of fitting withlSym’Previuon the data points of pig cheese challenge test.

For the simulation, the probabilistic module $ym’Previuswas used where the kinetic values
determined with the primary fitting were used tamsiate accurately the growth df.
monocytogenes pig cheeseA great advantage @ym’Previugplatform is that simulation can be
carried out based on fragmented data. So a siranlaén be carried out having only the results of
one challenge test and the additional informatibroatine laboratory tests (e.g. presence/absence
of a given microorganismfor the so called ‘Autocontrol data’ (presence/absg option of the
platform, the 2006 Monitoring Data on Traditionaé8t Products of the authority database (Central
Agricultural Office Food and Feed Safety Directejatvas usedAccording to this databasel8
monocytogene$l.5%) positive samples were found out of 539 syed cooked and smoked
products like pig cheese.

Based on the food safety criteria of 2073/2005/EQulation, the maximum contamination lof
monocytogeneat the end of shelf life cannot exceed 2 log ¢fafyd this value was taken as the
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end point of the simulatiorhe weight of the final product was taken as 158 g and dynamic
temperature profile was based on the real temperdtuctuation in the Hungarian cold chain
(Taverage 5.8°C, Thin: 4.5°C, Tnax 7°C).

The result of the probabilistic simulation with 9@nfidence interval and the criterion limit set to
2 log cfu/g is presented in Figure 4.

Popuiation evolution, with 90% confidence band

i e

population in loglg

g T T i e

20
time in days

Figure 4. Result ofL. monocytogenegrowth simulation in pig cheese.

It is obvious based on the available 1) prevalafata ofL. monocytogenes cooked, smoked meat
products in Hungary, 2) time-temperature distrimitof the Hungarian cold chain, 3) the food
safety criteria ol.. monocytogeneset in 2073/2005/EC regulation, and 4) fittingutes of a pig
cheese challenge test willym’Previughat the manufacturer’s shelf-life estimation ¢@&lys) is not

realistic and should be changed according to theltref the simulation.
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Risk characterization

Based on Figure 5, which shows the evolution ofcivamination distribution in terms of time, at
9.3 days and under dynamic (periodically fluctugtitemperature profile, 98.6%4 the products on
the market are over the safety limit set by the ®hich obviously poses a high risk for consumers.
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Figure 5. Evolution ofL. monocytogenesontamination distribution over time in pig cheeseler
dynamic temperature condition

It is difficult to estimate the actual risk poseglthe consumption of this product as: (1) tradiéion
pig cheese is also prepared during pig killingsoatiog to several ‘in-house’ recipes, (2) no
consumption data are available on a national lared, (3) the number of human listeriosis from the

consumption of pig cheese is not registefeégrthermore it should be noted that the simulation
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results of one challenge test based on the predictiodel of Sym’Previusdoes not take into
account the following factors: (1) human suscefptybi (2) strain variability, (3) competitive
microflora and other ingredients, and (4) the Maliiy in manufacturing processes. Despite the
many uncertainties in the estimation, it is alagnihow favorable conditions are fdr.

monocytogene® grow in the pig cheese supply chain.

The microbiological safety of this product is basmd the right sequence of hurdles. Hurdle
technology is the application of many controllingctors to product in order to inhibit

microbiological growth. Each of the hurdles is rethal on their own, but collectively they exert
inhibitory power to prevent microbiological growtHurdle technology usually means inhibition of

growth but not complete destruction of organisms.

The cooking step may inactivate ahigteria cells that are present (6D reduction), and angroth
vegetative form of microorganisms including theumak competitive microflora of the sausage,

which represents a hurdle against growthieferia in the case of a potential cross contamination.

The next step in the production is to slice thedpmt. It is well established that slicing and other
handling operations associated with cooked and akem meats, can cross-contaminate with
Listeria and other microorganisms at any opera#iod in any factories. Generally the risks are
evaluated higher if the product has been heatedebefore slicing (i.e. the natural competitive

microflora has been inactivated) and if the produit not be heat-treated before consumption.
Most frequently cross contamination of the sliceglaimproducts is caused by the slicing machine
and the attached steps. Potential cross contammaannot be fully avoided at slicing of any

cooked/deli meat product at any operation, onlylikelihood can be minimized to an acceptable

level by maintaining high standards of hygiene -etimg requirements in high risk operations.

3 Concluding Remarks

The results of risk estimation made by the Riskdearnool per pathogen for the smoked fermented
sausages showed that scoreSalimonellaspp.,L. monocytogeneandE. coli EHEC were low for
low risk population, whereas moderate risk scoresevobtained for high risk population. Only in
case of use of cross-contaminated ingredients pplication of inadequate fermentation process,
Salmonellaspp., L. monocytogenesind E. coli EHEC may survive posing a health risk for
consumers. In addition, the results of the improypobbabilistic) version of risk profile for
traditional Hungarian meat products suggestedriust of the traditional meat products that were

surveyed are safe due to the processing technalpglyed and the intrinsic inhibitory factors. The

16



method of the probabilistic assessment of tradatiddungarian meat products can be limitedly
used, as the available modelling tools can't tate account many growth factors e.g.: competitive
microflora. For the probabilistic assessment mamallenge tests were carried out and surprisingly
only one of the tested products (sliced, vacuunk@aqig cheese) supported the growth of the
relevant pathogens.icteria monocytogendsr this product). Even a high water activity, (20.95)
traditionally fermented sausage was specificallyhafactured for the purpose to recdribteria
monocytogenegrowth, but probably due to the competitive mitod sharp reduction in the
numbers of the pathogen occurred. The probabilesgessment for sliced, vacuum-packed pig
cheese, which can be cross contaminated duringpglishowed thak. monocytogenesan grow
above the safety limit set be the EU within haltteé shelf-life time declared by the manufacturer.
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