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B I S F Decision tree to identify if the shelf life is validated, under which category, which studies to
perform and which limit to apply

1. Is PRODUCT 7. Based on the studies is ~ Cat.1.2.a
CHARACTERIZATION Ky Lm unable to reach 100 |_YES | - shelflife validated
(pH, aw) available? ' CFU/g at end of SL? = chitena: 100 CELYg. Gend Bt
pH, - Perform FP monitoring, EMP
: oring - Perform DS, increased frequency
- Define precise OOS Lm procedure
NO - High risk product for Lm, consider TNO Cat. 1.3.
reformulation if possible to ensure 100 — YES - Shelf life validated
CFU/g not exceeded at end of SL. 6. Based on the studies is sy - Criteria: 100 CFU/g @end SL
Lm unable to grow? - Perform FP monitoring, EMP
YES Unable to validate s T H ;obws fo,,r,)dﬁj |I192e A unable— 1
Lm shelf-life ) * f AL
Get product PREDICTIVE MICROBIOLOGY M DURABILITY STUDY I CHALLENGE TEST !
characterized (PM) (DS) (cMn I
Growth probability Simulation Fitting - I Growth Growth I
module module module 5. Which studies? kinetic potential
2. Based on product Ve ‘ /Y ' I
characterization is Lm YES e
unable to grow? 3. Has the FBO consulted 4. Has the FBO Lm SL not validated
Use Footnote 8, Reg. 2073/2005 | SCIENTIFIC LITERATURE? |===p> implemented | > Perform add. studies
YES NO (similar product and process) ) NO, /. ADDITIONAL STUDIES? NO -> Temporarily apply the
insufficient (Annex Il, Reg. 2073/2005) criteria not detected in
YES information K/ 25¢g
Cat. 1.3.
- Shelf life validated (CT not needed)
- gri:;eria: 1F?:0 CFU/g @eng EL - Evidence that Lm is
- Perform FP monitorin M e E—
- DS for due diligence (?m unable to YES unable to grow? NO / NO Evidence
grow).
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BTSF What is predictive microbiology ?

4" (K)PW Pk 'u

w; 2 4g. wa n Uy Using mathematical models to describe the effect of

2 @m(a -0
IROE J.‘(u)} (e-u)du > L‘fa‘— 3

ogf({) iye- clél‘[d A-‘qu.] fuwn» lva.w) 3
._L 4 du - ch){ﬁ) [y s Is,e d;(,l Se " 4F o) -
Y I .

¥l e
14Uy 5”‘,‘( ““x A () - e
-

qd? oot E % foat 75 > Pt tog, *
181«» t'eay = - Cog (.ﬁ_iT___ ( s
- &
R

time and environmental factors on microbial behavior

(growth / inactivation / survival).
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BTSF Predictive Microbiology is one of the tools
to validate shelf life studies (EC) 2073/2005

ANNEX 1f

The studies referred to in Article 3(2) shall include:

— specifications for physico-chemical characteristics of the product, such as pH,
a,. salt content, concentration of preservatives and the type of packaging
system, taking into account the storage and processing conditions, the possi-
bilities for contamination and the foreseen shelf-life, and

— consultation of available scientific literature and research data regarding the
growth and survival characteristics of the micro-organisms of concern.

When necessary on the basis of the abovementioned studies, the food business
operator shall conduct additional studies, which may include:

— predictive mathematical modelling established for the food in question, using — Well established science
critical growth or survival factors for the micro-organisms of concern in the

product,

— tests to investigate the ability of the appropriately inoculated micro-organism
of concern to grow or survive in the product under different reasonably
foreseeable storage conditions,

— studies to evaluate the growth or survival of the micro-organisms of concern
that may be present in the product during the shelf-life under reasonably
foreseeable conditions of distribution, storage and use.

European

The above mentioned studies shall take into account the inherent variability -
Commission

linked to the product, the micro-organisms in question and the processing and
storage conditions.



Number of publications with key word "predictive microbiology"
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BTS F History of PM : From research to Application
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BTSF How does it work?

* There is no magic !

* Predictability is the key

« The behaviour of micro-organisms is predictable: they behave the
same under the same conditions.
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1. Pre-digital:
Results on paper

BTSF

" “2'.'Reactive mode:

Collect or find data when there
is a need (e.g. change in
regulation), structure each time
and redo

Digital transformation

3. Pro-active:
Data collected pro-actively and structured
in databases, ready to be modeled or re-
used when needed, data flows created for
future continuous and automated updates

4. Fully predictive
Integrate more complex models
and artifical intelligence
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BTSF Data, Models, Tools

X

Data

—> Microbiological counts and
meta data (pH, aw...) from

Challenge tests

o
E International Organization for Standardization
When the world

\d agrees

150 20976-1:2019 =~

1S0 23691:2026(en) Microbiology of the food chain — Determination and use of cardinal values

e

& £
. ComBase -
PTG Gy e

Models

| - Calibrate the equations to the - Use the validated models in a

user friendly IT platform to predict

| food and validate that it works well

h_________

Microbial behavior
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Microbiologie de la chaine alimentaire — Détermination et utilisation des valeurs cardinales
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Factor 2
bactera

\ag exponentiol  stotionary

— Twme
tme” Factor 1

Growth kinetic Growth / no growth Inactivation kinetic
models (G / NG) models models

Kinteic models use mathematical models considering the time and the environmental factors

Growth / No Growth (G /NG) models use other mathematical models not considering the time

. - - Eur
> We will focus on kinetic models for growth |
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BTSF Predictive models for growth

Objective: Predict microbial growth using mathematical models taking into
account the and the environmental factors

| 5 MR =2

Secondary models

describe the changes in the number describe the effects of environmental
of organisms over during growth factors on the parameters of the
using specific parameters (e.qg. primary models like the speed of
speed of growth called Maximum growth.

specific growth rate). T



BTSF Primary models

N K-

nodelsf Secondary models

—> Describe the changes in the number of organisms over during growth
using specific parameters.

bacteria

N -~
WOO0O0! ‘ « Lag (h) time before growth starts
to
crowded * .. (h1) maximum specific growth rate
‘ ‘ - Rate / speed at which L. monocytogenes will multiply

where / ‘

am I¥ / % - From challenge tests data, literature, specific databases

‘ ‘ ‘ using plate-counts or OD- binary dilution methods
) % ) . N, (CFU/g or /ml) initial population density
\og exponentiol  stationary > N.... (CFU/g or /ml) maximum population density

-
% we
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BTS F Secondary models

- Describe the effects of environmental factors

- Temperature, pH, aw

- Organic acids and preservatives

- Other environmental factors : CO,

on the primary parameters (... 1ag. N, .,) Gougouli et al, 2008

0.4+ o
In(cful) < z
16° C =
.5 | % Mmax1 c - "'2_/7
| /
10 O I"r:\acx3 013 5 10 15 20

Temperature, °C

Figure 2. Square root model for the effect of chilling temperature

-I-- h on the maximum specific growth rate (jipay) of Listeria monocytogenes

|me( ) in 2 ice cream products (C1: product A; O: product B). Each point
represents the mean of 2 replications from one experiment.

16 0
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Based on broth models
Polynomial modeling approach
for the rate

No variability: One input at a
time, possible to run different
simulations

BTSF Examples of Predictive Microbiology tools

— SYM'PREVIUS

Based on models in pre-defined
food

Modeling approach is based on
Square root and gamma for the
rate

No variability, one input at a time,
poossible to run 2 products in
parallel for static scenarios

Based on models in pre-defined
foods and also specific CT
Modeling approach is based on
cardinal and gamma for the rate
Possible to include variability

European |
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. use the website

https://combase.errc.ars.usda.gov/ —

Or just type Combase in your search engine
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BTSF How to use ComBase wmcomase. Coma ase
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ComBase Chose the Broth models / Growth revised

Browser

(Disclaimer)

Choose the target moo as L. monocytogenes / innocua

Broth Models

& the Revised Models section of th Models help page for information on the

evised four factor models.

Growth (revised) [ Static | Dynamic |

Tharma nactivation .
hermal Inactivatio: lonocytogenes/inne W

Non-thermal Survival s 0 Chart Data points

Parameter ranges reflect data used to fit the models and not the complete range of
potential growth or inactivation.

The default physiological state is set to 1, meaning already adapted cells, i.e. no lag
time. The blue arrow sets it to a value typical for the experiments used to develop 8 /—"’/_

e mode ‘J Indicate initial contamination in log: eg 10 CFU/g =1 Iog CFU/g

Food Models

Init. level

I—Iq Indicate physiological state if known, or keep worst case scenario to 1

20

- Indicate product pH F =
urs) 1.37

Indicate
temperature only
for static here

“lEI.'I?3-'I

Max.rate ( Indlcate prOdUCt aw
MPD (log CFU/g)  8.52 Lag time (Hours) o

10 15 20 5

Choose Dynamic for time temperature Tme() | - R
scenario or static for fixed temperature et e | Commission



http://www.combase.cc/

Installed on your computers

FSSP

Food Spoilage and Safety Predictor (FSSP) v. 4.0

Food Spoilage and Safety Predictor

N
The FSSP software predicts growth of spoilage and pathogenic microorganisms in food. A
major objective has been to develop a user-friendly software to predict the effect of

constant or fluctuating temperature storage conditions on product shelf-life. The software
includes:

« Four product-specific relative rate of spoilage (RRS) models

* Three generic RRS models

« Four product-specific microbial spoilage models

+ A generic model to predict microbial growth and shelf-life

* Modules to compare predictions from FSSP with users own data of
shelf-life or growth of bacteria

» Model to predict growth of psychrotolerant Lactobacillis spp. in

chilled seafood and meat products

* Models to predict growth and histamine formation by Morganella
psychrotolerans and Morganella morganii.

» Model to predict growth and growth boundary model for Listeria
monocytogenes

* Models to predict the simultaneous growth of Listeria monocytogenes
and lactic acid bacteria in chilled seafood, meat products and cottage cheese.
« An extensive and generic model to predict growth in various foods for
different microorganisms on the basis of their cardinal parameter values.

Exit to change PC settings [ Continue | (&
Language selector N
Language Translator Place of work
Englsh Paw Dalgaard and Brian J. Cowan  Technical Universty of Denmark, DTU Food, Lyngby. Den.

W Food Spoilage and Safety Predictor
File Options Help

Time-Temperature Integration Software

Food Spoilage and Safety Predictor (FSSP) v. 4.0

The FSSP software is distributed free of charge from http://fssp.food.dtu.dk
By clicking on the ‘Accept’ button you agree with the following:

« Not to reproduce or further distribute the FSSP software

« Not to incorporate FSSP in any other program

« Not to alter or modify FSSP

« In no event shall the author or the National Food Institute

(DTU Food) or anyone else who have been involved in creation, production
or delivery of FSSP be held liable for any direct, indirect, consequential or
incidental damages arising out of the use or inability to use this software

« The Copyright and other Intellectual Property Rights in FSSP belong to the
National Food Institute (DTU Food) at the Technical University

of Denmark.
Language selector
Language Translator Place of work
English Paw Dalgaard and Brian J. Cowan  Technical University of Denmark, DTU Food. Lyngby. Den...

Relative rate of spoilage (RRS) models
Microbial spoilage models (MSM)
Psychrotolerant Lactobacillus spp. (LAB)

Histamine formation models

Listeria monocytogenes in chilled seafood and meat products
[=J- Growth of L. monocytogenes

o-E-E-E-E

‘.- Effect of temp., atmosphere. salt, smoke, pH, nitrte and organic acids (acetic/diacetate, benzoic, citric, lactic and sorb|

[#- Growth boundary of L. monocytogenes

Listeria monocytogenes and lactic acid bacteria (LAB)

Listeria monocytogenes and lactic acid bacteria (LAB) in cottage cheese
Generic growth models

®-E-3
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Product characteristics

Product 1 Product 2
L. monocytogenes initial cell level (cfu/g) 1 1
Temperature (C) 50 50
MaCl in water phase % 4.0 4.0
pH 6.2 6.2
Smolke components - phenol{ppm) 10 10
% C0O2in headspace gas at equilibrium
Mitrite, ma. kg

Storage period (d)

40

Include lag time for L. monocytogenes []

 Temperature (2-25°C),

» NaCl in water phase (0.7-9.0 %),

. pH(5.6-7.7),

« Smoke components/phenol (0-20 ppm),

« CO, (0-100 %),
* Nitrite (0-150 ppm in product),

BTSF FSSP Inputs and ranges

Organic acids in water phase of product

Product 1

Acetic acid {ppm) 0
Benzoic acid (ppm) 0
Citric acid (ppm) 0
Diacetate (ppm) 0
Lactic acid {ppm) 0
Sorbic acid {ppm) 0

Apply

« Acetic acid (0-11000 ppm in water phase),

Product 2

Q|| 2|22 | =2 | =

aNlE

Clear

Hsh

« Benzoic acid (0-1800 ppm in water phase),
« Citric acid (0-6500 ppm in water phase),
« Diacetate (0-3800 ppm in water phase),
» Lactic acid (0-60000 ppm in water phase)

« Sorbic acid (0-1300 in water phaﬁ.

European
Commission




Sym’Previus

S¥M'PREVIUS Software ~ Food industry Subscription Help ~ The Sym'Previus network ~ New features

N

ol ) 71IS s

TY 1440/ RS
Sym'Previus is a comprehensive tool for predicting microbiological data. Recognised by the scientific community, it enables manufacturers to guarantee food safety and
quality.
Sym'Previus includes a database of simulation models for bacterial growth, growth limits, thermal inactivation and identification of microbiological hazards.

Sym'Previus is used by manufacturers, both international groups and SMES, in the development of their products. Thanks to the expertise provided by its partners and its
ease of use, Sym'Previus provides its users with personalised answers.

Why use SymPrevius

SYMPREVIUS : a complete tool for microbiologic:

ADRIA Designed to support shelf-life determination, product formulation and process

optimisation to reduce costs and time to market

An extensive repositary of predictive models that use recognized scientific
approaches and were validated in food

A user-friendly interface and dynamic plots and charts make the analysis quick and
| s——— 25y,

Referenced in the educational kit “Control of microbiological shelf life” developed by E
the French General Directorate for Food (DGAL) and the CTN QUALIMA uropean

Regarder sur {03 Youlube Commission

Big names in the Agro-food sector, as well as SMES, have already put their trust in us!


http://www.symprevius.eu/

1.

3.
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‘'PREVIUS

BTSF

Microorganism

Micro-organism

Syrm'Previus Lactobacilius casei
Sym'Previus Levconostoc mesenteraides
Syrm'Previus Listeria maonocytogenes
Sym'Previus Listeria monocyrogenes MEAN

{no variabilicy)
Sym'Previus Pseudomanas fluorescens

Sym'Previus Pseudomanas putida

Population

® Initial contamination level (log CFU/g)

Mean 0

Monitoring data (positive/negative)

Monitoring data (bacterial counts)

Spoilage
Spoilage
Pathogen

Pathogen

Spoilage

Spoilage

LSrandard
deviation

Steps for using Sym’Previous

2. Food

1 Qi Laboratory medium or specific information in food product

a
D
Inll'\l

Culture medium

i
= Qf ﬁ ® Growth curve (challenge-test)
0 4
g Q.
1 Q fg— . .
- 4. Simulation
Critical threshold level (log CFU/E) Storage time (d)
~ Walue 2 Value 16
( ® Switch on this widget to perform the simulation without |ag (worst-case scenario)
v Temperature (°C)
e Static
® Dynamic



‘'PREVIUS

BT teps for using Sym’Previous

Microorganism
pH

e Static ~

4. Simulation

5.66 Standard 0.07
deviation
Temperature (°C)
Monitoring data v
Static W
Dynamic v
® Dynamic Cnd Optimum level for growth
Time (h) Temperature (*C) Aw
10 0 4 - ® Static A
t 25 4
= E[ Mean 0.954 Standard 0.01
0 178 4 E[ deviation
13 128.1 ] T
Monitoring data v
7! 256 ] Ty
Dynamic v
15 384 B T -
Optimum level for growth
MWumber of lines : & Add a line Reset
Lactic acid
® Static -~
Mean 0 Standard o} Unit mMolaire r
deviation
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BTSF Conclusions

* Predictive Microbiology is a mature science and can be reliably used

« Good quality data is required to build the models

 Available Predictive Microbiology software can be used to evaluate if
Lm will grow to levels >100 CFU/g at end of shelf life

No need to be a modeler to use these software but it is
important to get familiar with their specificities.
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