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Food Sofety & Quoality

Research & Innovation

0 codex alimentarius is a collection of international standards,
guidelines and codes of practices to ensure food quality & safety,
protect consumer health and promote fair trade

® 3 microbial risk assessment (MRA) is adopted by
regulators globally to assess risks posed by
pathogenic microorganisms in the food chain

d for ready-to-eat food which supports
microbial growth, various guidelines are
available to ensure microbiological quality &
safety for specified food, process, storage and
handling conditions
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v Regulation EC 2073/2005 - microbiological criteria in food -

'{4 Food business operators shall take measures to ensure that the food safety
criteria applicable throughout the shelf-life of the products, can be met under
reasonably foreseeable conditions of distribution, storage and use. »)

/ Annex Il regulation EC 2072 _,2@05/ :

'{4 F00d business operators shall conduct additional-studies WhICh may include:

- predictive mathematical modelling for given microorganism-in-food

- studies to investigate -the ability of the mi€ro-organism.of concern to
grow or survive in the product during sheli=life »
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rationale on challenge test
& predictive microbiology

ldentify bacterial haesards
& assist product formulation
e Validate food shelf-Life
e OQuantify process efficiencuy
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Chadallenge testing is one of the recognized approaches used to
validate control measures within the HACCP system, as well as to
assess microbiological safety and suitability

Available standards or guidance documents

O EC Regulation 2073/2005 on microbiological criteria for foodstuffs

d US NACMF Guidance for inoculated pack/challenge study protocols

O NF VO01-009 Standard Guidelines for the implementation of
microbiological challenge test for growth

O Document guide SANCO on L. monocytogenes shelf-life studies for RTE
O Health canada: L. monocytogenes challenge testing of refrigerated RTE

ISO/TC34/SCO/WG19

Project EN 1SO20976 guidelines for conducting challenge test
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Research & Innovation

Predictive mathematical modeling is one of the recognized
approaches used to assess microbiological safety and suitability

The basic idea underlying predictive microbiology is that the
behavior of microorganisms is deterministic and able to be
predicted from knowledge of :

d microorganism itself (strain)

d its immediate environment (food, process/storage)
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Predictive mathematical modeling is one of the recognized
approaches used to assess microbiological safety and suitability

what: Qualitative & quantitative estimation of microbial behaviour as a

function of environmental conditions (pH, a,,, tfemperature, [active
compound] ...)

how: Use of mathematical models to simulate growth, survival,
inactivation of micro-organisms taking into account specific
parameters with +/- biological significance

growth ___inactivation _heat destruction

Population (logCF g
Population (logCFU/g

Population (logCFU/g
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Predictive mathematical modeling describes & quantifies the
evolution of microbial population taking into account infrinsic (pH,
aw, organic acid ...) and extrinsic characteristics (MAP, storage ...)

Primary models
Evolution of microbial population as a

function of time for given conditions. Ex:
microbial growth (U, Kill curves or
inactivation kinetics (D, 9)

Ln UFC/mI
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Temps (h)

Population en log UFC/g

Populat
Population
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Growth rate: gy Pop reduction: 6 Pop reduction: D or &
Lag phase:  lag Shape : p Shape : p
Population:  log N, State: o Population:  log N,

Population:  logN,..,  Population:  log N,
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Predictive mathematical modeling describes & quantifies the
evolution of microbial population taking into account infrinsic (pH,
aw, organic acid ...) and extrinsic characteristics (MAP, storage ...)

Primary models
Evolution of microbial population as a

function of time for given conditions. Ex:
microbial growth (U, Kill curves or
inactivation kinetics (D, 9)

Ln UFC/mI

0 50 100 150
Temps (h)

Secondary models
Impact of environmental condifions on
primary models parameters (growth rate or .4+
population reduction) L R N 7

> Polynomial models and modular models
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Predictive mathematical modeling describes & quantifies the
evolution of microbial population taking into account infrinsic (pH,
aw, organic acid ...) and extrinsic characteristics (MAP, storage ...)

Tertiary models
Decision making tool to simulate microbial
behavious and test several scenarii of
industrial interest

microbiology mathatics statistics production/ process
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Predictive mathematical modeling describes & quantifies the
evolution of microbial population taking into account infrinsic (pH,
aw, organic acid ...) and extrinsic characteristics (MAP, storage ...)

Already available decision making tools
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Sym'Previus decision making tool

A generic & modular approach for
bacterial growth/ inactivation

modeling in food
2.
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A Modular Concept

Environmental factors

 cardinal values for each environmental factor (Rosso et al. 1995)
O y functions for separate effect and interactions (zwietering et al. 1996)

M deep strain characterization
M factors with biological significance

M uopt accounts for food matrix

M modular concept




- % - How to evaluate
food shelf-Life™?

How fto assess growth of a given micro-organism in a given food
for given conditions of storage?

Growth
e Strain selection : cardinal

values
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* impact of food matrix challenge
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o How to evaluate
food shelf-Life™?

W | Crowth cardinal values account for the impact
Lo ! of environmental conditions on growth of a
given strain ...

Growth cardinal values: minimal, optimal and maximal values of
environmental factors impacting microbial growth (Rosso et al. 1995)
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-] - How to evoluote

food shelf-Life™?
vﬁ'

Growth cardinal values: minimal, optimal and maximal values of
environmental factors impacting microbial growth (Rosso et al. 1995)

Growth cardinal values account for the impact
of environmental conditions on growth of a
given strain ...

v_concept: impact of environmental factors on microbial growth
(Zwietering et al. 1996)
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- % - How to evaluate
food shelf-Life™?

g2) Growth  kinetics  determined  affer artificial

Ll| inoculation of the strain of interest in food
(challenge test) account for the impact of food
on the contaminant growth

MMmax: growth rate calculated during the challenge test
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-y D R How to evaluate
food shelf-life?

o 22 Growth  kinetics  determined  affer  artificial
e | inoculation of the sfrain of interest in food
o n-;f (challenge test) account for the impact of food
on the contaminant growth

MMmax: growth rate calculated during the challenge test

gopt: growth rate estimated for optimal conditions. This is specific

on a couple contaminant/food and is used for mathematical
modeling

Mmax = Hopt ¥(T) v(@W) y(pH) y(AH) y(interaction)

Impact of food Impact of environmental factors on

mafrix bacterial growth



- % =0 How to evaluate
food shelf-Life™?

g2) Growth  kinetics  determined  affer artificial

Ll| inoculation of the strain of interest in food
(challenge test) account for the impact of food
on the contaminant growth

MMmax: growth rate calculated during the challenge test

gopt: growth rate estimated for optimal conditions. This is specific
on a couple contaminant/food and is used for mathematical
modeling

opt broth
poptfood 1

uopt food 2

2 food with similar characteristics (T¢,
pH, a,,, inhibitor), may not support

LM
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growth in a similar way.
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- % - How to evaluate
food shelf-Life™?

w4

Joo | For this given strain/food combination, growth

2z < |simulation along shelf-life are possible for various

2
%"‘ scenarii of inferest in a few clics

Scenario of industrial relevance: static or dynamic conditions
of storage to quantify the impact of a change in formulation,
batch variability, storage of the products.
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A Modular Concept

Environmental factors

 cardinal values for each environmental factor (Rosso et al. 1995)
O y functions for separate effect and interactions (zwietering et al. 1996)

M deep strain characterization
M factors with biological significance

M uopt accounts for food matrix

M modular concept
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A Modular Concept
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Environmental factors

treatment & recovery’

apparent — 1/8*
heat resistance iy

d bacterial population reduction (8) after heat exposure (Mafart et al. 2000)

P I\/Iafart. i J

A functions for separate effect inspired from yconcept (Mafart et al. 2002)

M deep strain characterization

Ja M factors with biological significance
CX/' M modular concept
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Sym'Previus is a decision making tools are only friendly user
interfaces using published and scientifically recognized
mathematical models to support FBO, technical institution, food

safety authorities and other stakeholders.
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{ A o workflow
Aesearch & Innovation A

Sym'Previus organisation & collaborative inputs

O GIS for industrial and policy orientation

Q CST for scientific and technical issues & GAT working groups

d Operational cell for computer encoding and developments
iIncrementation

Mathematical models,
Biological parameters ... Data available for
members
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Research & Innovation

Sym'Previus organisation & collaborative inputs

O GIS for industrial and policy orientation
Q CST for scientific and technical issues & GAT working groups

O Operational cell for computer encoding and developments

incrementation
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DEVELOPPEMENT

Operational cell
since 2000
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just try it'!

130€/year: individual membership needed to access Sym’'Previus and
ensure quality, system maintenance and support this collaborative

network

Within the frame of FOODSTA webinar series, just try Sym'Previus with @
one month free access

. W
D Log in: FOODSTA

Passworag: FOODSTH
valid from 14june-14july 2017
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Sym'Previus decision making tool

The toolbox
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I

the toolboX

A decision making tool for food quality& safety gathering several
modules for several applications, to support FBO, technical
institution, food safety authorities and other stakeholders.

O microbial food hazards identification & CCP determination
A food shelf-life validation for adjusted food quality & safety
d thermal process optimisation

A better outreach & quantification of microbial behavior

- OR, but Nnow™?




Vi the toolbox

A minimum of input data for a maximum of results!

Industrial inputs:

In silico predictions
on bacterial behavior
in food

Food properties

(PH, a,, ...)

Food process
(T, t, storage...)




i

5 Y:M'PR the toolboX

A minimum of input data for a maximum of results!

dTest in a few clics various relevant scenarios using Sym’'Previus
database (microbiological data and mathematical equations)

d Sym’'Previus database gathers both pathogenic & spoilage bacterial
species for growth simulation and inactivation

L. monocytogenes, 8. cereus, Salmonellsa, E coli, S. aureus,
C. botulinum, C. perfringens,

B amyuloliquefaciens, 8. licheniformis, C. freundii, E. Feaecium.
L. cosei L. saHlei Le Mesenteroides, P fluorescens., O
putids, 5. marescens...

Or sanyu customised strain of your interest !



~ the toolbox

I

d HACCP

Objectives: identifty CCP along food production process for given
spoilage or pathogenic bacteria.

Input data: temperature, a,,, pH process recordings

Output data: bacterial growth or destruction for each step of the
process, considered independently

Temperature monitaring = Impact on microorganism

BO
!

/ ' 3 [
| ¥ 0
| |I = I
B0 f {
| ., »
| |
1
1
- i it
\ EAN

40
|

Tempearature




d growth/no growth boundaries

the toolboX

Objectives: determine boundary where growth of a given
microorganism is possible based on food physico-chemical

features

Input data:

Bacterial cardinal values i.e.

minimal, optimal and maximal values
of pH, a,,, T° for growth

Output data: boundary for
bacterial growth/no growth

pH

% growth probability

growth

90 %
10 %~
no growth

T
0.90

T T T T
092 094 0.96 0.98 1.00

aw
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the toolboX

O growth fitting

Objectives: fit enumeration data & determine primary model
parameters

Input data: Bacterial kinetics

Output data: primary model parameters, i.e. umax, lag, No, Nmax

Population (log CFU/mI)

0 200 40 B0 80 100 120 140 160 180

Time (h)
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the toolboX

d growth simulation

Objectives: simulate in silico, growth for further conditions
(formulation, process, storage ...)

Input data: dynamic/static recordings of temperature; pH, q,, ...

Output data: growth simulation

st pH 6; d,, 0,975
251 pH 5,8; dyy 0,97

6H 5,6: a,, 0,965

Population {log UFC)

O e—

0 20 40 60 80 100 120 140 160 180 200




- & 48 | the toolbox

L heat destruction simulation

Objectives: validate heat treatment taking into account heat
penetration in food (f values), process parameters and targeted
population reductions

Input data: bacterial kineftics, strain heat resistance and
temperature profiles

= Hrtion de néductions
ddcmales visd

Output data: decimal reduction (D or §),

Proboabeit {+5: 0 3% que

surve shape (p), initial and final population R,

20%
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Sym'Previus decision making tool

Practical cases

7.

DEVELOPPEMENT




i

case studuy

Production process of arice pudding will be studied to

4 identify hazards
O quantify process efficiency

O validate food shelf-life
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: case studuy

. dentify bacterial heeards & CCP
T R T pem— m 1052 @ Gomee

_ S¥M'PREVIUS

# Home Microarganisms  Faod characteristics Resuits
# Microorganisms
Ezcilus cereus MEAN [novarisoiiyl | Clostridium botulinum gpe | Clastrigium bomlinum oype I
s Curve fizing e Clostidium perfringsns  Cromohamersskszaki | Escherichia coli MEAN (no varisbilin]
Listeris monoeytogenes MEAN (o varaibily) | Ssimonsiis MEAN (o varisbii
08 Smulstion v [ o ¢ ey}

Staphylococcus aureus MEAN (novariability) | Storage || Preparation | Packing | Cooking
> HACCP assistant

Factors
Growth/no growth int
simulation Impact of process step =
Growth simulation 2

Heat inactivation

£ Database

Version - 20.0

Log impact

Starags Fragaration Facking Cooking
Frocess step

b2 ] Mogule resst

Resuls
HACCPAssistant. 12062017 webinar

Microorganisms

Staphykicoccus sureus |

(] Food characteristics
pH: &
Aw: 098
° Steps
Storage
Praparation
Packing
Cooking

# Home

#F Microorganisms

rve fitiing

)
£ simulation
> HACCR assistant

Grawthing growth in
simulation

Growth simulation
Heat inactivation

il My resukes
£ Dawbase

Version - 20.0

b) Moculs raser

Microorganisms  Faod characteristics

Results

HACCERSsistant 12062017 webinar
Bacillus cereus MEAN (no variabiiity) | Clostrigium botulinum typel || Clostridium botuinum type I
Clostridium parfringens | Cromobactsrsskazskii  Escherichiz coli MEAN (no varisbiliny] (] Microorganisms

Listeria monocytogenes MEAN [no varaibility) | Saimoneliz MEAM (ne variabilicy)

Staphylococcus sureus MEAN (no varisbiity) | Storage | Preparation |  Packing

+ Cranobacter sakazati

+ Escherichia coll MEAN

+ Lisieria monocytogenes M.
Satmonells MEAN (e varis.

+ Staphylococsus aureus MEA

Factors

Impact on microorganism
o Faod characteristics

BH: &
w038

° Steps

0 —
s Storage
Praparation

12

5

Erape

-1z
Bacilluz Clostridium Staphylococcus Listaria Salmenalls Backing
caraus Gotulinum auraus M manocytagnes MEAN no
MEAN ymall (no variability} MEAN no variability) Cooking

o varaibilicy)
ariasility)
Clostridium Clostridium Cronabacter Excharichia
Eotulinum parfingars sakazakii cali MEAN
typal o
ariagility)

Microsrganisme

Export PDF

) Cooking step is a CCP to control bacterial
contaminants (vegetative cells)

<@ Destruction of sporeformers will not be ensured
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#F Microarganisms

i, Curve fiting v
£ simuistion v

HACCP assistant

3 Growthino grousth interface
simulation

Growith simulation

Heat inactivation
[l My resuilts

& Database

Version: 20.0

Microorganisms

i) € iz (Coming zoon) & eesaliec +
Factorssslection  Experimental data Resuits o Madule reset
Simple mode  ©
Bacilluz Bacillu: B —

Bacillus amyloligusfaciens

Clostridium botulinum type |

Cronobacter sakazakii Escherichia coli
Staphylococeus sureus Probability of growth
Probability of growth
7
E— .
I
.
2
s 0 1

— Probability of growth at 10%
— Probability of growth at 90% @ #1

Clostridium botulinum type I

Listaria monagytogenas

Clestridium perfringens GrethNOGwHINErTaCeS mula

saimonelia ©
Bacillus anyiolquetaciens

« Bacillus cereus

+ Bacillus fehenitormis

+ Bacillus welhenstephanensis

« Clostatium Dotulinum pe |

Microorganisms

+ Listeria monogygenes
- Sainanedls
+ Suphploroecus aurews

Q Organic acid
MNo data
(] Facrors selection

Variable factors
Temperature El
Temperature max: 40

pHmin: 3
pHmar: 7

Temperature

Controlled factors.
Probability of growth at 50% A 098
. #2

Export PDF

case studuy

Factors selection Experimental data Results

Microorganisms

Bacillus cersus Bacilu p

Bacillus amyloliguefaciens

Clostridium betulinum typel | Clostridium botulinum type ll | Clostricium perfringens

Cronobacter sakazakii Escherichia coli Listeria menogytogenes Salmonella
Staphylococcus aureus Probability of growth
Probability of growth =
7
5\ o
s
4
:
s 10 s 20 25 0 as 20
Temperature
— Probability of growth at 10% — Probability of growth at 50%

— Probability of growth at 90%  © #1 @ #2

Export PDF

Microorganisms

bacterial heeards & CCP

Factors selection Experimental data Results

Bacilusamyloliquefaciens | Badlluscereus | Bacilus licheniformis | Bacillus weihenstephanensis

Clostridium botulinum type | || Clostridium botulinum type l | Clostridium perfringens

Cronobacter sekazakii | Escherichia coli Saimonella
Staphylococcus aureus | Probability of growth
Probability of growth
7
& \® .
:E. ’ K—‘
4
:
s 10 15 20 25 0 2 0
Temperature
— Probability of growth at 105 Probability of growth at 50%
— Probability of growth at 90% & #1 @ #2

Export POF

<@ Ensure no contamination is possible after CCP

<@ Food formulation is supporting growth of some
sporeformers, in particular B. cereus
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What mpact of 8 formulation change ?

Growth probability = Growth probability =
7
. ® 6
o Q)
s

Temperature

9 strains, a, =0.98 © #1:4°C, pHO 9 strains, a, =097 © #1:4°C, pH5.5
® #2:8°C, pH6 ® #2:8°C, pH5.5

< Unless strictly stored at 4°C, food formulation
supports growth of B. cereus
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case studuy

i

iency

C

Quantify process eff

2°C / 4 days

8°C/ 1 hour

90°C / 45 min

Raw material

Mixing

Packing

Heat treatment
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End product
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case studuy

2. Simulation of population destruction

Density

90°C-45min
Targeted reduction:5
B. cereus strain A

0.75

Density (%)

0.25

0

<& Destruction of B. cereus strain A is ensured by this
given heat treatment, but wide diversity is observed
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2. Simulation of population destruction

Density

Mumber of targeted reductions

7 1 30%
0.4 !

90°C-45min
Targeted reduction:5

B. cereus strain A
—> decimal reduction ~2

0.2

Density (%)

0.z

0.l

B. cereus strain C
s 7 s s —> decimal reduction <5

Mumber of dacimal reduction

L]
]
L]
W
L]
]
L]
]
L]
]
L]
]
5

=) Depending of contaminating strain, targeted
population reduction is not achieved !
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i

Life

validate food shelf

2°C / 4 days

8°C/ 1 hour

90°C / 45 min

Raw material

Mixing

Packing

Heat treatment

6, a,=0.98

pH =

0
>
o
2 o
N
g 3
a 5
3 =
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c | |
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3. growth simulation during shelf-Life

Growth kinetic (Challenge-test) =

a Based on 1 challenge test,
g growth rate is determined

: for a given combination

f contaminant/foodstuff

Estimatez :?r::: :.;fnm;ter; Sr——— Tem—

tg {h) 1581 0.143
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3. growth simulation during shelf-Life

Contamination density at the end of storage time

Contamination density

oz temperature storage scenario:
113 @4°C, 2/3 @8°C

g ||‘ during 20 days
¢ | S

2 4 -]

Contamination (leg CFU/g)

& If refrigerated storage condition is ensured,
food shelf-life of 20days is validated
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3. growth simulation during shelf-Life

Contamination density

Contamination density to 15.6 days

oo For less stringent refrigeration

conditions or the contamination
of psychrotolerant strain,

| | B. cereus population will develop

0 __-II Il-_l_

Density (%)

during shelf-life

6
Contamination (leg CFU/g)
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3. growth simulation during shelf-Life

Contamination density at the end of storage time

o For less stringent refrigeration
i conditions or the contamination
l of psychrotolerant strain,
II I B. cereus population will develop
: during shelf-life
__.I | Il-_ J

ntamination {leg CFU/g)

< In a few clic, evolution of targeted population may
be predicted for relevant industrial scenarii
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take home message

Mathematical predictive models are available &
recognized by scientific community

Sym’Previus complies with regulation and offers a
quality of input and output data via a web-based
plateform and network of expertise

Available & generic approach to assess bacterial
growth, survival, inactivation in food to ensure food
safety & quality




want to support & jon the network™??
Sym'Previus® operational unit | symprevius@adria.tm.fr | +33 2 98 10 18 76
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Microbial Spoilers in Food symposium is back - Get ready !

{

SPOILERS 2o, .- gyt
VFOOD ¢® -°- ' QUINPER

contact@spoilers2017.com | www.spoilers2017.com

The scientific
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