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Mejlholm et al. 2008; Mejlholm & Dalgaard, 2013



Praediktiv mikrobiologi og fgdevarekaeder
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contaminants FSO
A4 A4 A4 4 A4
. pﬂr::;zn -I processing |- manufacturing h}r.:nEE.:E%EZQ - | preparation |-
H, + ZI - ZR = FSO The ICMSF
Equation
®* H, = initial level of the hazard
= 21 =total increase (growth or recontamination)
* 2R =total reduction (inactivation or removal)
* FSO = food safety objective
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Praediktiv mikrobiologi og fegdevarekaeder =

Performance
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public health
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PO S FSO = zI(d\Stributionlccmsumer)+ ZR(distribulionh:onsurner)

DTU Fgdevareinstituttet Ross (2013)
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Listeria monocytogenes - lovgivning

Kommissionens Forordning (EF) Nr. 2073/2005 af 15. november 2005 om
mikrobiologiske kriterier for fadevarer — Kapitel 1. Fgdevaresikkerhedskriterier
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Spiseklare fadevarer ~ Granseverdi

Kommentar

Til spaedbgrn og syge Ingen i 10x25 g

Understatter veaekst Ingen i 5x25 g

Hos producent

Understatter veaekst 100 cfu/g - Det skal dokumenteres at

(Kat. 1.2) 100 cfu/g ikke overskrives
ved holdbarhedsperiodens
udlgb

Understatter ikke 100 cfu/g - Dokumentation

veekst (Kat. 1.3)

pH<4/4el. a, <0,92
pH<500ga, <0,94
Holdbarhed < 5 dage

DTU Food
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- Seafood Spoilage and Safety Predictor

%.. Seafood Spoilage and Safety Predictor

Fil Opszetninger Hjselp

Program til tiditemperatur integration

=) Seafood Spoilage and Safety Predictar [S55F)
todeler for relativ fordzervelzeshastighed (RFH)
Modeller for mikiobiologizk fordzzry [fF)
Modeller for hiztamindannelze
=

Listeria monocytogenes i kelede

YWaekat af L monocytogenes
Y aekstgreense for L. monocytogenes
[=)- Ligtena monocytogenes og maelkesyrebaktener [LAEB]

Produkt egenskaber Preediktiv model,

Lagringsbetingelser software

DTU Food http://sssp.dtuaqua.dk

Weekst af Listeria monocytogenes og LAE i letkonserverede fiskeprodukter
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Holdharhed/sikkerhed
Sikker recept/produkt



monocytogenes vekstmodel
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Frodukiegenskaber
Produkt 1 ProdukiZ  Drganiske syreri vandfase af produkt
Produkt 1

Startkonc. af L monacytogenss (cfufg)
Eddikesyre (ppm]
Temperatur ()
Benzoesyre (ppm)
NaCli vandfasen (%)

Citransyre (ppm]
pH

Discatat [ppm)
Fiagkomponenter - phenal (ppm)

Mezlkesyre [ppm)
% €02 gasfasen ved ligevazt ol

Surbinsyre [ppm]

[ d
L1
L1
L1
L4

Nitit, ma/ka

Lagiingsperiode (dage]

Inkluder nalefass for L. monosytogenes

Konstant temperatur | Serier of kanstante temperaturer | Temperaturproilfia dalalogger |

Forudsagt v&kst af L. monocytogenes
o

' ; “itkold=reget laks

S ,,,,,,,,,,,

(Bimia) o

EE] (5 o pik: T2 BE o
Lagringsperioce (cage)

= Produkt 1 - L. monocylogenes — Produid 2 - L. monocylogenes |
Tid (dage) | L.m. (Lod cfufg) - produkt 1: | L. (Log cfujg) - produkt 2:

steria monoc:

genes viekstmodel
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Froduktegenskaber

Produkt 1 ProdukiZ  Drganiske syreri vandfase af produkt
Startkonc. af L monacytogenss (cfufg)
Eddikesyre (ppm]
Temperatur ()
Benzoesyre (ppm)
NaCli vandfasen (%)

Citransyre (ppm]
pH

Discatat [ppm)
Fiagkomponenter - phenal (ppm)

Mezlkesyre [ppm)
% €02 gasfasen ved ligevazt ol

Surbinsyre [ppm]

Nitit, ma/ka

Lagingsperiode (dage]
Inkluder nalefass for L. monosytogenes

Konstant temperatur | Serier of kanstante temperaturer | Temperaturproilfia dalalogger |

Forudsagt vaekst af L. monocytogenes
]

BN
Tﬁsaetr‘nng af- eddrkesylrre"wer dracetat kan forhdee veekstraf L"n’lonocytogenes’

818

(Bimia) o

0.7 E3 T4 [I5H] (R (5 o pik: T2 BE o
Lagringsperioce (cage)
= Produkt 1 - L. monocylogenes — Produid 2 - L. monocylogenes |
Tid (dage) | L.m. (Lod cfufg) - produkt 1: | L. (Log cfujg) - produkt 2:




Listeria monocytogenes vakstmodel

(AHE 25

Froduktegenskaber

Produkt 1 Produkt 2 Oraariske swer i vandfase af produkt

Startkonc. af L monacytogenss (cfufg)
Temperatur ()
NaCli vandfasen (%)

pH

FRogkomponenter - phenol (ppm)

% 021 gasfasen ved ligevasgt

d[ 9
9

Nitit, ma/ka

Lagiingsperiode (dage]

Inkluder nalefass for L. monosytoganes

Kanstant temperafos_Setier af kanstante temperatuet LA emperaturprofi fra datalogger |

Eddikesyre (ppm]
Benzoesyre (ppm)
Citransyre (ppm)
Discatat [ppm)
Meslkesyre (ppm)

Surbinsyre [ppm]

I

Tid - Temperatur seier

Forudsagt v&kst af L. monocytogenes [temp. profil 1]

.00
Temperatur [°'C)

Lagringsperiode [timer]

Aktiv temperaturprafi

. BE5
@ Temperaturprofil 1 O Temper:

Tid - Temperatur serier Tid - Temp
Tid (timer)

(Brnga) Bo

foe 1272 1527 17er 2037

Lagringsperiode (dage)

22

= L. monocytogenes Tetnperaturprofil

2546

(D) Anpeiadua]

Forudsigelse af veekst i fiskeprodukter

o1y
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Software kan forudsige vaekstgraensen for Listeria monocytogenes
samt den afstand/sikkerhedsmargin der er fra veekstgreensen til et
givet produkts sammensaetning

MIC sorbic acid

% W ater phase sorbic acid

pioe 210ZUaq DA

% Water phase benzoic acid
Mejlholm & Dalgaard (2009) 12/28
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Listeria monocytogenes

Sadan vurderer du, om L. monocytogenes kan vokse i spiseklare og
etkonserverede fiskeprodukter — brug edb-modeller

y

— Tag 1filet fra 5 forskellige produktionsdage.

S

5 cm fra forreste ende af hver filet udtages 100 g fiskeked, som blendes.

—+ Brug det blendede fiskeked til at bestemme produktets egenskaber (pH, NaCl i vandfasen,
regkomponenter malt som phenol, terstof og organiske syrer).

—+ Brug Seafood Spoilage and Safety Predictor (SS5P) programmet til at bestemme vaskst af
L. monocytogenes ud fra produktegenskaberne for hver af de 5 datasaet.

—+ Find det datasat med mest vaekst. Dette datasaet afger, om produktet placeres | kategori 1.3
eller 1.2 | Mikrobiologiforordningen.

— Punkterne ber gentages mindst én gang om aret og ved hver @ndring i fremstillingsprocessen.

http://www.foedevarestyrelsen.dk/Nyheder/Nyheder/Arkiv 2013/Sider/Nye-redskaber-til-
virksomhedernes-kontrol-af-Listeria.aspx
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Intrisic
factors

Environmental
factors

-Exopolysaccharide
-Biofilm

-Clustering
-Extracelular structure

-Pressure
-Humidity
-Roughness
-Contact time

Donor surface

Bacterial adherence
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Estimation of Listeria monocytogenes transfer coefficients and efficacy of bacterial EI!

removal through cleaning and sanitation =
Karin Hoelzer **, Régis Pouillot *, Daniel Gallagher °, Meryl B. Silverman € Janell Kause ¢, Sherri Dennis *
spigot to hands
stainless steel to vegetables ———+——
stainless steel to meat”  —+—
stainless steel to meat —M——
meat 1o stainless steel —_—t
meat to plate ——
meat to knife —_—
meat to hand | —
mieat to cutting board
hands to vegetables
hands to meat —_—
cloth to hands
cutting board to meat”  ++
cutting board to meat ————
cutting board to vegetables —
o s 4 a5 2 25 3 a5 4 45 & 55 &
log10 (transfer coefficient)
DTU Fegdevareinstituttet Int. J. Food Microbiol. 157 (2012) 267-277 17/28
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Modelling transfer of Salmonella Typhimurium DT104 ==
—

during simulation of grinding of pork
C.O.A. Moller', M.J. Nauta', B.B. Christensen?, P. Dalgaard® and T.B. Hansen'

Salmonella counts
{log,, CFU per portion)

20 30 40 50 80 7O 80 90 100
Portion number

Salmonellgp,;

* a, - Transfer from meat slice to E1
¢, 44 Environment 1 (E1) a, a, - Transfer from meat slice to E2
b, - Transfer from E1 to ground meat
L m C,|b, - Transfer from E2 to ground meat
- Inactivation in E1

a.
€341 Environment 2 (£2) *f““———’béﬁ ¢, - Inactivation in maat
2

¢, - Inactivation in E2

Sa.fmoneﬂaompul

DTU Fgdevareinstituttet J. Appl. Microbiol. 112 (2012) 112, 90-98 18/28



Modelling transfer of Salmonella Typhimurium DT104

during simulation of grinding of pork
C.0.A. Meller', M.). Nauta', B.B. Christensen?, P. Dalgaard® and T.B. Hansen'
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Salmonella counts
(log,, CFU per portion)

Portion number

DTU Fgdevareinstituttet J. Appl. Microbiol. 112 (2012) 90-98
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Quantitative microbiological risk assessment(QMRA) 2

Product Storage Storage time
characteristics conditions (shelf-life)

( Predictive microbiology models }

Prevalence and
conc. of pathogen

&{g (Deterministic and stochastic)
ZE |
ow
&2
ke Output: Predicted concentrations / distributions
in food at the time of consumption
g Consumption patterns and
= dose-response models
o.N
= -
S¥ |
K
Tg
< [ Output: Cases per year ] FAO/WHO (2004)  21/28
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Kvantitativ mikrobiologisk risiko vurdering

s:'\

82 Gamma model:
Mmae = Y(PH)- Y(aw)- YD < A

5\ /  TEMPERATURE

i

W

O g )

Handling

Lag=C;+ C3z/ pmex

Pathogen Modeling Program

MODEL
OouTPUT

Pérez-Rodriguez
et al. (2006)

e
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% slices exceeding = SCENARIOS
the FSO RANKING

Comulative descending curve 22/28



Linking Quantitative Exposure Assessment and Risk
Management Using the Food Safety Objective Concept:
An Example with Listeria monocytogenes in Different

Cross-Contamination Scenarios

=
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M

F. PEREZ-RODRIGUEZ,! E. C. D. TODD,? A. VALERO,! E. CARRASCO,! R. M. GARCIA,! AND G. ZURERA'*

%o of slices with =2

Scenario log CFU/g (FSO) Risk rank
Contaminated meat-bare hands-slice 3.42 -+
Contaminated meat-bare hands—washing-slice 3.38 5
Contaminated meat-bare hands—-washing—gloved hands-slice 3.53 3
Contaminated meat-gloved hands-washing-bare hands-slice 0.10 7
Contaminated meat-gloved hands-bare hands-slice 0.11 6
Contaminated meat-gloved hands—gloved hands—slice® 0.09 8
Contaminated meat-gloved hands—-washing—gloved hands-slice 0.08 9
Contaminated meat-bare hands—gloved hands-slice 3.58 2
Contaminated meat—gloved hands—sliced 5.73 1

DTU Fgdevareinstituttet Pérez-Rodriguez et al (2006) 23/28

Risk-Based Approach for Microbiological Food Safety DTU

- - - - -

Management in the Dairy Industry: The Case of Listeria =

monocytogenes in Soft Cheese Made from Pasteurized Milk

Fanny Tenenhaus-Aziza,"* Jean-Jacques Daudin,” Alexandre Maffre,! and Moez Sanaa'

Batch transit
Cheese-making phase / Ripening phase

Recontamination

Ripening roam Products af
environment the baich

Smearing step

Cross-contamination

Smearig 0

emviromment

Froduch af
the haich
#| Smearing mackine

1

« SMEARING STEP / MATURATION STEP » CYCLE

om

|

Batch transit

Batch transit Maturation step / Smearing step
o Maturation step / Smearing step Transfert of colonies between
RIPENING the two environments
PHASE i .Mwuw.n inarion W,,g wom | qu.n-,‘g p—
Ripeningroam Products af enyiomment enviromment
enviomment | the batch o
Batch transit — Recontamination
. . pening room Products af
Ripening phase / Packaging phase environment the hatch
Prepackaging |, L Maturation step - ‘
step
Ratch transit }
Packaging phase /
Transport and retailing phase
DTU Fegdevareinstituttet Risk Analysis 34 (2014) 56-74 24/28



Risk-Based Approach for Microbiological Food Safety
Management in the Dairy Industry: The Case of Listeria
monocytogenes in Soft Cheese Made from Pasteurized Milk

Fanny Tenenhaus-Aziza,"* Jean-Jacques Daudin,” Alexandre Maffre,! and Moez Sanaa'
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Konklusioner og perspektiver

1. Veekst og overlevelse af mikroorganismer i fadevarer kan
idag forudsiges for mange typer af produkter
2. Preaediktive mikrobiologiske modeller anvendes i stigende
grad ved til:
- Produktudvikling
- Risikovurdering
- Dokumentation af fgdevareiskkerhed
3. Hygiejne, kryds- og re-kontaminering er inkluderet i flere
preediktive modeller for fadevarekaseder:
- Forudsigelser er forbundet med betydelig usikkerhed
- Behov for yderligere data/validering samt forskning
indenfor modellering og forudsigelse
DTU Food 27/28
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Pradiktiv mikrobiologi - et centralt redskab til produkt-
udvikling og dokumentation af fadevaresikkerhed

Temadag torsdag den 27. februar 2014 pa DTU Fgdevareinstituttet i Lyngby

Temadagen giver konktete eksempler pd, hvordan pradiktiv mikrobiologi kan anvendes til produktudvikling
og ved dokumentation af fodevaresikkerhed og holdbarhed.

Eftermiddagen indeholder en softwaresession, hvor deltagere kan afprave flere forskellige praediktive
modeller og softwareprogrammer. Yderligere vil nogle af de virksomheder, der anvender pradiktiv
mikrobiologi, forteelle om deres erfaringer og preesentere fodevarer, hvor preediktive modeller har vaeret
anvendt ved produktudvikling eller risikovurdering.

http://www.food.dtu.dk/nyheder/arrangementer
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