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BTSF

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
CHARACTERIZATION
(pH, aw) available?

NO

YES Unable to validate

Lm shelf-life
Get product
characterized

2. Based on product
characterization is Lm

unable to grow?
Use Footnote 8, Reg. 2073/2005

YESl

eview FP monitoring & EMP

7. Based on the studies is
Lm unable to reach 100
CFU/g at end of SL?

- Define precise OOS Lm procedure
-> High risk product for Lm, consider

fro

reformulation if possible to ensure 100
CFU/g not exceeded at end of SL.

6. Based on the studies is
Lm unable to grow?

PREDICTIVE MICROBIOLOGY

-
L

DURABILITY STUDY
(DS)

Cat. 1.2.a
- Shelf life validated
- Criteria: 100 CFU/g @end SL
- Perform FP monitoring, EMP
- Perform DS, increased frequency

Cat ' 1°3.

- Shelf life validated

- Criteria: 100 CFU/g @end SL

- Perform FP monitoring, EMP

- DS for due diligence (Lm unable

YES

CHALLENGE TEST *
(cm

Growth

(PM)
" Growth probability Sirhulation ‘ Fitﬁng
module

module module

5. Whicﬁ studies?

Growth
kinetic

potential

4 YEs

3. Has the FBO consulted
SCIENTIFIC LITERATURE? |=lp>

4. Has the FBO
implemented

ADDITIONAL STUDIES?
(Annex Il, Reg. 2073/2005)

m not validatec

m—p-| > Perform add. studies

NO -> Temporarily apply the
criteria not detected in

Cat. 1.3.
- Shelf life validated (CT not needed)
- Criteria: 100 CFU/g @end SL
- Perform FP monitoring & EMP
- DS for due diligence (Lm unable to
grow).

NO (similar product and process) NO /
- insufficient
YES information
y ~ Evidence that Lm is
~ unable to grow?
YES NO / NO Evidence

.

25 g

»
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Explain the design of a growth potential and growth rate study
|dentify the steps in designing those studies
Know the advantages and disadvantages of both types of studies

Evaluation of a growth potential and growth rate study report




BTS F Challenge tests for shelf-life determination

« Challenge test: Laboratory study to « Two types of challenge tests (CT)

assess the growth, survival or can be used to study the growth of
inactivation of microorganism(s) Listeria monocytogenes (Lm) in an
artificially inoculated in a food artificially inoculated RTE food:

(1ISO 20976-1) _
1. CT assessing the growth

potential (A)

2: CT assessing the maximum
growth rate (J,.y)



BTS F Challenge test assessing the growth potential

* The growth potential is defined as: GROWTH POTENTIAL (A)

Growth potential (A) = (highest 4
observed Lm concentration) — (initial
L m concentration) @

* |nitial Lm concentration is the
concentration (cfu/g) added to the food

at time of inoculation < v

A =log,,.« — log; >
" Time (days)

log,, CFU/g

log,,.x = highest value observed
log; = level at t=0

Commission



BTS F Challenge test assessing the growth potential

* The determined growth potential (A)
IS used to classify the food
according to EC Reg. 2073/2005

* |s linked to whether the food can or
cannot support the growth of Lm.

« Category 1.2 foods are able to
support the growth of Lm

« Category 1.3 foods are not able to
support the growth of Lm

1.2 Ready-to-eat foods able to support the growth | Listeria monocytogenes 5 0
of L. monocytogenes. other than those intended
for infants and for special medical purposes

100 cfu/g (%)

EN/ISO 11290-2 (%)

Products placed on the market during
their shelf-life

5 0 Absence in 25 g () EN/ISO 11290-1 Before the food has left the immediate
control of the food business operator,
who has produced it

1.3 Ready-to-eat foods unable to support the growth | Listeria monocytogenes 5 0 100 cfu/g EN/ISO 11290-2 (%) | Products placed on the market during

of L. monocytogenes. other than those intended
for infants and for special medical

purposes (%) ()

their shelf-life

“ European
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BTS F Challenge test assessing the growth potential

* IfA> 0.5 log,, cfu/g: * If A< 0.5 log,, cfu/g:
mm)p the RTE food is able to mm)p the RTE food is not able to
support growth of Lm. support growth of Lm.
mmp RTE food classified in mmp RTE food classified in
category 1.2 category 1.3



BTS F Challenge test assessing the growth potential

Growth potential study is most 2. Determine whether the
appropriate to: microbiological criterion of 100
cfu/g is respected during the shelf
life of the product

(combination of growth potential
and initial level of contamination).

1. Determine, under the conditions
of the test, the extent of the growth
of L. monocytogenes
(for category 1.2 products)

logo(Ny) + A =100 cfulg



BTS F Link between the growth potential & initial level of contamination

100 cfu/g 1 2=Growth potential Legal limit
2.0Llogcfu/g | & A A A
Max A = Max A = Max A = Max A = 1005""—'/’8_
20L _ _ Log (100) = 2.0 Log cfu/g
.0 Log —(-1.4 log) = 2.0 Log—(-1.0 log) = 2.0 Log — (0.0 log) = 2.0Llog—(1.0log) =
3.4 Log cfu/g 3.0 Log cfu/g 2.0 Log cfu/g 1.0 Log cfu/g
Intermediate limit
10 cfu/g \J <10 cfu/g
1.0 Log cfu/g | 10 cfu -10
| lg
! Log (10) = 1.0 Log cfu/g
|
L J I
1.0 cfu/g | i}rffu/g
0.0 Log cfu/g I - =1
g
: Log (1) =0.0 Log cfu/g
s 1 :
0.1 cfu/g A " Not detected in 10 g
-1.0Log cfu/g I Lefu =0.1
10g
: Log (0.1) = -1.0 Log cfu/g
|
0.04cfu/g |-Y I Not detected in25¢g
-1.4 Log cfu/g | Lcfu =0.04
| 25¢g
H 'l Log (0.04) = -1.4 Log cfu/g
Intermediate limit low Intermediate limit high

Maximum growth potential (A) higher Maximum growth potential (A) lower - European
Commission



BTSF Protocol EN-ISO 20976-1 + EURL Lm TGD

INTERNATIONAL ISO
STANDARD 20976-1

First edition
2019-03

Microbiology of the food chain —
Requirements and guidelines for
conducting challenge tests of food and
feed products —

Part 1:

Challenge tests to study growth
potential, lag time and maximum
growth rate

&
Y 4

- EURL Lm
anses “

EURL Lm TECHNICAL GUIDANCE DOCUMENT

on challenge tests and durability studies for assessing shelf-life
of ready-to-eat foods related to Listeria monocytogenes

Version 4 of 1 July 2021 - Amendment 1 of 26 February 2026

Héléne Bergis, Ludivine Bonanno, Rubén Barcia Cruz, Adrien Asséré, Bertrand Lombard, EU
Reference Laboratory for Listeria monocyiogenes Anses -Food Safety Laboratory, Maisons-Alfort,

France

In collaboration with a working group of representatives of National Reference Laboratories (NELs) for
Listeria monoc and a Competent Authority (CA):

# Marie Polet, Sciensanc (NEL), Belgium;

* Jens Kirk Andersen, National Food Institute (NEL), Denmark;

+ Bernadette Hickey, Food Microbiology Division, Department of Agriculture, Food and Marine
(INRL), Republic of Ireland;

# Francesco Pomilio, Istituto Zooprofilattico Sperimentale dell’Abruzzo e del Molise (NEL).
Italy;

* Papl in't Veld, Charlotte Verbart, Netherlands Food and Consumer Product Safety Authority
(NVWA). (CA and c/o NL-NEL), The Netherlands;

# Taran Skjerdal, Norwegian Veterinary Institute (NEL), Norway:

#  Gail Betts, Campden BRI (c/o UK-NEL). United Kingdom.

+ Laboratory expertise
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BTSF Protocol EN-1ISO 20976-1 + EURL TGD

Steps to consider when designing « Storage conditions

a challenge test: _
« Measurement of the physico-

* Number and choice of batches chemical parameters
 Choice of strains » Microbiological analysis

* Preparation of the inoculum  Calculation of growth potential
* Inoculation of the test units  Application of results

N.B. These steps can be checked upon review of the challenge test report by an inspector

m European
Commission



BTS F Challenge test assessing the growth potential

* |[n addition national conditions can
be specified.

E.g. Netherlands and Belgium use:
7°C, 7°C and 9°C
(instead of 7°C, 7°C and 10°C)

» Applicable to foods sold in those
countries irrespective of where they
are produced.

European
Commission



BTS F Challenge test assessing the growth potential

Test report
» See also ISO 20976-1

* The results are specific for the food product tested (and strain used).

What can an inspector do?

« Check whether the challenge test has been
carried out according to the EURL Lm TGD
rules.

* Checklists available (EURL Lm CGD).




BTSF Limitations/benefits growth potential study

Benefits

* The calculation of the growth
potential is based on the use of a
simple formula

* The interpretation of the growth
potential for Lm is easy.
The limit of 0.5 log,, enables to
determine whether the studied
foodstuff supports or not Lm growth

« Experiments require less test units
than experiments for the maximum

growth rate

ommission



BTSF Limitations/benefits growth potential study

Limitations
- Not possible to extrapolate the * Need to have information on the
results obtained! time/temperature profile to simulate
the foreseeable storage conditions
 Results are limited to the conditions of the studied product

used in the challenge test _ _
experimental design. If any of these  ° Need to have incubator(s) with a

are changed, another challengetest temperature range allowing to
is required. reproduce with precision the defined

temperature profile



BTS F Challenge test assessing the growth rate

« Challenge test: Laboratory study to « Two types of challenge tests (CT)

assess the growth, survival or can be used to study the growth of
inactivation of microorganism(s) Listeria monocytogenes (Lm) in an
artificially inoculated in a food artificially inoculated RTE food:

(1ISO 20976-1) _
1. CT assessing the growth

potential (A)

2: CT assessing the maximum
growth rate (p,,.,)



BTS F Challenge test assessing the growth rate

* The growth rate is defined as: Y

Mmax = Lm growth rate in the
exponential phase (2)

» Expressed in natural logarithm (In) per
unit of time (day or hour), the growth rate is
noted Y., -

* oras V., Wwhen expressed in decimal
logarithm (log,,) per unit of time.

* To switch from one to another, the relation
IS ! Mnax = Vinax X IN(10) 0 5 10 15 20 25 30 35 40 45 X

- Vmax X 2,3 - European
Commission

pmax



BTS F Challenge test assessing the growth rate

10 Stationary phase  —

log,, CFU/g

N r 4 | T T T T
0.00 I 10.00 20.00 30.00 40.00 50.00
l
1



BTS F Challenge test assessing the growth rate

« Such a study should consider:

 Use of artificially contaminated food * Main result is estimation of p. ., or V.

products |
* Mmax OF Vax IS USed to calculate the growth

+ Use of one Lm strain at the time rate at other temperatures
» Using growth rates at different

temperatures the total growth during the
shelf life of a product can be calculated

 Food is stored at a constant
temperature
(usually between 6 and 10 °C)

. . _ (T°-T,_ )

« Minimum of eight experimental data growth rate r- = growth rate cr- 5

points distributed across all growth ( et L )
phases

- European
Commission




BTS F Challenge test assessing the growth rate

* The calculated growth is used to
assess the increase of Lm in the
food and to demonstrate that the
100 cfu/g limit will not be exceeded
during the shelf life.

* The growth rate study is only
relevant for foods belonging to the
category 1.2 (foods able to support
the growth of Lm).

1.2 Ready-to-eat foods able to support the growth | Listeria monocytogenes 5
of L. monocytogenes. other than those intended
for infants and for special medical purposes

100 cfu/g (%) EN/ISO 11290-2 (%) | Products placed on the market during
their shelf-life

Absence in 25 g () EN/ISO 11290-1 Before the food has left the immediate
control of the food business operator,
who has produced it

1.3 Ready-to-eat foods unable to support the growth | Listeria monocytogenes 5
of L. monocytogenes. other than those intended
for infants and for special medical

purposes (%) ()

100 cfu/g EN/ISO 11290-2 (%) | Products placed on the market during
their shelf-life

“ European
Commission



BTSF Protocol EN-ISO 20976-1 + EURL Lm TGD

DMFit

Calculation of the maximum growth rate

» For each growth curve (one growth curve
per batch and strain), the maximum growth o
rate (U, OF V,..,) is estimated by fitting a o
non-linear regression on all the o
experimental points of the growth curve.

L ek

DMFit from ComBase software (www.combase.cc) or Curve fitting from Sym’Previus
(Www.symprevius.eu).

- European
Commission


http://www.combase.cc/
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BTSF protocol EN-1SO 20976-1 + EURL TGD

Interpretation of results

« The maximum growth rate can be used to
assess the increase in Lm during the shelf-
life of the product under different storage
temperatures.

« Based on the maximum growth rate
determined in the study (M. OF Vinax) at @
defined temperature the growth rate can
be estimated at other temperature, using
the following formula:

(T°-T " )2
gl’O\Vth rate - = gl‘OWth rate cr- ;
(TCT _Tnin )
Where:
Growth rate.t = Y. OF V, . determined

experimentally in the Challenge Test
T.in = -2°C by default
T = temperature of the growth rate experiment

T° = temperature for which the growth rate is
calculated.

- European
Commission



BTS F Limitations/benefits growth rate study

Growth rate study is most

] 9 -
approprlate to " 8 Product characteristics and storage
¥is conditions determine if growth of L.
e monocytogenes can be prevented by
1 . TO assess the eﬁ:eCt Of .3? 5 - addition of (di)acetate or if both
. . = g (di)acetate and lactate are required
factors impacting Lm g ..
th _I_o H 5 Important to prevent growth in
grOW ( y p y aW, '] I e S M —— various lightly preserved seafoods
] [ * MAP + 0.15 % diacetate + 1.5 % lactate
organic acids, MAP, ...) e
0 5 10 15 20 25 30 35 40 45 g
Storage (days) at 8°C i
DTU Food Mejlholm and Dalgaard (2007) - J. Food Prot. 70, 70-84

- European
Commission



BTS F Limitations/benefits growth rate study

Growth rate study is most

appropriate to: Example for RTE foodstuff with a shelf-life of 20 days
Day1 . [Lm] =0.7log,q clulg
2. To calculate Lm concentration _c sy & ! —_— i
at any Stage Of the Shelf_llfe - [Lm] =0.7 + (4 days * 0.008 log,, cfu/g/day ) = 0.732 log,, cfu/g
! Day 10
under dynamic environmental _ c
d|t|ons (To pH aW ) + to é Day 15 V ax = 0.014 log,, cfu/g/day (at 7° C)
con , ,
CheCk Compliance W|th the Day 20 [Lm] =0.732 + (15 days * 0.014 log,, cfu/g/day ) = 0.94 log. cfulg

guantitative criterion at the end
of shelf-life

=9 ufe/g

- European
Commission
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Designing, conducting and interpretation of a challenge test is complex and
requires different (microbiological, analytical, processing,..) expertise.

Growth potential studies covers a specific storage condition (time and
temperature) of the food.

Growth rate studies are only relevant for foods belonging to category 1.2.

Knowlegde on challenge test is needed in order to check the (study) report
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