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Foreword

This document is the third version of thechnicalGuidanceDocumenfor conducting shelfife studies

on Listeria monocytogeneis) readyto-eat foodsof the European Union Reference Laboratory for
Listeria monocytogend&URL Lm). It replaces th@"™ versionof November 2008.

This documents complementaryotheEC/ DG S ANCO document , entitled
Listeria monocytogenesheltlife studies for readyo-eat foods, under Regulation (EC) No. 2073/2005

of 15 November 2005 on microbilg i cal cri teria for foodstuffso.

This document has been approved by 8tanding Committee of the Food Chain & Animal
Heal t h/ Sect sahefiBi of o pahite mdetmgad 16 Jumea2014.0

An amendment tahis third versiorhas beemreparecby EURL Lm and a working group of 8 NRLs

Lm. It has beerapproved by theStanding Committee of the Food Chain & Animal Health/Section
iAiBi ol ogi cal s af e dtits medting bfHl2 Febbruary @013 Tha than@es concern the
storage temperature of the test units at retail level to conduct a challenge test assessing the growth

potential ofListeria monocytogeneseeclause 3.2.2.e, p 1819.

References are given in clausand annexes in clause 7.

1 Introduction

1.1 Listeria monocytogenes

The genud.isteriacontaingenspecies includinghonocytogengsvhichmay bepathogenic for humans
and animalsListeria monocytogenaray cause a disease called listeriosis thay affect humans and
animals

Listeriais a small (0.8 em x 0.5em), Grampositive bacillus, isolated arranged in small chains,
motile at 2025°C and nossporeforming. It is aerobic andacultatively anaerobic, catalageositive
except for a fewrare strains, oxidase negative and hydrolyses escuitsteria ferments many
carbohydrates without producing gas. Strain&.afmonocytogeneare always Exylose negative and
produce lecithinase. They are gmlly b-haemolytic and krhamnose positive. The species
monocytogeness divided into 13 serovars based on somatic and flagellar antigens.2Bi08gethese
serovars have been replaced bygehserogroups determined by PCR: lla (serovars 1/2a and 3a), IIb
(serovarsl/2b and 3b), lic (serovars 1/2c and 3c), Vb (serovars 4b, 4d and 4e)atter serovars).
Of these, IVb followed by Ila and Ilb are thenserogroupsnost frequently implicated in human cases.

Table 1 describes songeowth and inactivatiogharacteristics df. monocytogenes
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Tablel: Some growth and inactivation characteristics bbf monocytogeneg¢variable depending on
the strains and the food matrix)

Growth
Min. Optimum Max.
(lower growth limit) (fastest growth)  (upper growth limit)
Temperature (°C) -1.5 30.0-37.0 45.0
pH 4.2-4.3 7.0 94-9.5
0.93(0.90 with
aw 0.99 > 0.99
glycerol)
Salt concentration (%) <05 0.7 12-16
Facultativeanaerobe (it can grow in the presence or absence of ox'
Atmosphere _ a
e.g. in a vacuum or modified atmosphere package)
Thermal inactivation
Des-c 0.2 to 2 min
z 7.5°C (4 to 11°C)

High pressure inactivation

400 MPa for 10 min at 20°(C 2 logic reductions in phosphate buffer (pH 7)
400 MPa for 10 min at 20°C 8 logio reductions in citrate buffer (pH 5.6)
400 to 500 MPa for 5 to 10 min at 20fC3 to 5 loge reductions in meat products.

350 MPa for 5 to 10 min at 20%C 3 to 5 logo reductionsm acidic productge.g. fruit juices, jams)

SourcessAnses datasheet o lnisteria imorocytgger®ds, | 2D dGuidardes dociiment ohisteria
monocytogenesheltlife studies for ready to eat foods, under Regulation (EC) No 2073/2005 of 15 November 2005 on
microbiological criteria for foodstuffs

1 The growth and inactivatiodatafrom L. monocytogengsresented in this table are based on research cartigaimarily
in lab media under optimum conditions and may vary depending on the strain and food matrix

2: Based on percent sodium chloride, water phase

L. monocytogeneds a psychrotrophic bactenwhichis able to grow atl.5°C, and thus magrowwell
atrefrigeration temperature§he microorganisrhas the ability to persist in fogutocessin@reas and
equipment.

Listeriosis occurs in two formgvasive or nornvasive.Fortheentire population, listeriosis can cause
bacteremia,septicemia, meningitis, meningoencephalitispmbencephalitis brain abscess, local
infections In addition,for pregnant women, listeriosis can provokelike symptoms (fever, chills,
back pain), spontaneous abortion, death in utero, prematurity amdtak infection.Susceptible

population groups arpeople most likely to develop severe form of listeriosisThese groups are
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composed opregnant women, people aged oéé&ryearsor those with cancer or blood disorders,
dialysis patientsptherimmunocompromised diseases (¢, .é&\prrinvasive forms are rare: they
are essentially febrile gastroenteritisy which some outbreaks have been recorddthough rare,
listeriosis is a foodborne infection with extremely high lethality (230&60) andhospitalisatiorrates
(>92%).

1.2 Ready-to-eat foods
Thedefinition of readyto-eat food igjiven inthe glossarydlause $andis taken fromRegulation (EC)

2073/200%0f 15 November 2006nodified)on microbiological criteria for foodstuflndDG SANCO
iGui dance dLsteria momotytogenesheltlife studies for readyo-eat foods, under
Regulation (EC) No. 2073/2005 of 15 November 2005 on microlgol c al cri teri a f or

1.3 Legislative background

The first version of tls technical guidance document (2008) was prepared at the request of
Directorate General Health & Consumelbs3( SANCO of European Commission (E@) response to

the needs expressed by EU Member States. EC/DG SANCO acknowledged that a document was
required, providingooth detailed and practical information on how to condihlflife studieson

Listeria monocytogeneél.. monocytogen@sin readyto-eat foods to ensure conformance to the
microbiological criteria set out iArticle 3.2 ofRegulation (EC) No. 2073/2005.

Annex | of Regulation (EC) No. 2073/2088&ts outhemicrobiological criteria for foodstuff$ncluding

the criteria folL.. monocytogenda RTE foodg(criteria 1.1 to 1.3)Annex Il of ths regulationspecifies

that food business operators (F8Gshall onduct, as necessary, studies to evaluate the growth of
L. monocytogenethat may be present in the product during the dlielfinder reasonably foreseeable
storage conditions. Annex Il does not describedliohnicalprocedure to conduct sustudies

1.4 EU guidancedocument dedicated to food business operators

The EC/DG SANCOdocument , enti tl ed ListeBalmodaytogemeshdlfdife u me n t
studies for readyo-eat foods, under Regulation (EC) No. 2073/2005 of 15 November 2005 on
microbiologicalc r i t er i a f or foodstuff so, -towatfdddslreteis ed at

document, a@ecision tree shows a schematic approach for the agtepslflife studies, giving the FBO
an indication of when additional specific studies are needed in order to investigate the grbwth of

monocytogeneis the product.
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2 Scope

This EURL Lmtechnical guidance document is basically intended for laboratories condtleitenge
testsand durability studieson L. monocytogenen RTE foods,on behalf ofthe FBOs.These
laboratories should have the required expertise for such studiedeamshstrat good laboratory
practices.

This document describdaboratory studigschallenge tests and durability studiekated to the growth
of L. monocytogenda RTE foods

It is mainly dedicated tpackaged productsFor unpackaged producttheradditionalfactors such as
hygrometry have to be considered fothe storagef the productnder reasonably foreseeable storage
conditions it is thusnecessary to adafttereview of data andhe experimentaprotocol to this type of
products.

The shellife is determined for the product as markelbgdthe producerOncethe producis opened
and storedby aretailer,restaurat owneré , a new shefife has to be assessed

This document detailshe relevant informatiomequiredbefore implementing a challenge testd
recommendations on how to implement and perform dha@llengetests requiredchallenge test
assessing growth potenti@ challenge tesissessing maximum growth rate

This documenalso providesecommendationsn how to implement and perfordurability studies

The choice of the test to be implemented should be done by thaff@Cgssarwvith the collaboration
of the laboratory wich will conductit. The choice should deased ornhe information to be obtained,

as illustrated in Figuré.

1 Challenge tests for packaged products shoulcbibeucted using the product in its final packaged format
including gas atmosphere if present. For products which are intended to be displayed in bulk (i.e. large
blocks of cheese, pieces of ham or tubs of-siliads), the tests should be conducted udiegtpical
packaging which is expected to be supplied to consumers (e.g ham may be overwrapped with packaging
film, salads may be filled into plastic pots). The aim of a challenge test is to simulate as closely as possible
the likely storage conditions dfie product. The challenge test report should record what packaging and
storage conditions were used as the results are not applicable to different storage conditions.
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Figure 1 describes microbiological procedures for determining the growthrbnocytogenegsing

challenge tests argturability studies.

Challenge-tests Challenge-tests
«d» « Miax » OF « ratemax »
(artificial contamination)

(artificial contamination)

/ \ « Miax » OF « ratemax »

(maximum arowth rate)
RTE not able to support RTE able to support the |

the growth of L. m growth of L. m

Growth of L. m during

\4
the shelf-life
« d »

(growth potential)

Initial concentration Initial
of L. m concentration
I of L. m

Concentration of
L. m at a given
day

Final concentration
of L. m

Figurel. Data obtained from shelfife studies

Challenge tests aim to provide information on lt@daviourof L. monocytogenewhich have been
artificially inoculatedinto a food, under given @tage conditions. They may take into account the
variability of the batchesof the food samples and of strainhe level of contamination, the
heterogeneity of the contamination ahdphysiological state of the bacteria are difficult to mimic in a
challenge test stugljthe contamination methodannotalways enable to fullyimitate the natural
contamination

Durability studiesallow an assessmertf the sheltlife of the food regardind.. monocytogeneis a
naturally contaminatedood during its storage according to reasonably foreseeable conditions.
Durability studies may be considered more realistic than a challenge test, as the contamination is
naturally occurringBut the implementatiorof durability studiess limited in caseof low prevalence

andlow level of contamination
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3 (hallenge test

If the challenge tesis related to a range of products, only the proaudth is expected to give the
worsecase scenario foL. monocytogenegrowth is testedThis productis selectedby the FBQ

possiblywith the help of the laboratory.

A flow diagram describing schematically tlulfferent steps from review of data tolaboratory

procelure is givenin clauser.l.

3.1 Review of data
Primarily, the FBO is responsible for setting the shi&dfunder defined conditions, which should take

into account reasonably foreseeable conditions during transpoftatirage at retail and at consumer

levels

The FBO should be abte providethe laboratorywith the following relevant producinformationin

orderto define the experimental challenge testing procedtien a challenge test is needed

- Description of the pduct

- Composition of the RTE food

- Product characteristic#t is important tonote if the values otertaincharacteristicehang
during the shefife.

- Packaging condition of the efmtoduct

- The main steps of theroductionprocess

- Characterisationf the cold chain

2 From manufacturer to retail, including storage in the warehouses
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3.2 Protocols for ¢ hallenge test

A challenge test should be performed using the conditidmish would be the mostavourablefor

growth ofL. monocytogenesithin thepossiblerange of each parameter

Two types of challenge test can be distinguishetiallenge test assessing growth poteri@al.1) and
a challenge tesissessing maximum grdiwrate (3.2.2).

3.2.1 Challenge test assessing growth potential

3.2.1.1 General aspects

A microbiological challenge test assessing a growth poterdjais(a laboratorbased study that
measures the growth &f monocytogeneis artificially contaminated food stored under foreseeable
conditions of transportation, storageretail and at consumbgvels A microbiological challenge test
has toreflect the foreseeableconditions that might be expected to occur throughout the cold chain,
including storage conditionlsetweenproductionand consumption.The test periodtarts the day of
contamination and finishes the end of the shelife®.
Thegrowth potentia(d) is the difference between the legfu/g at the end of the test and theilagju/g
at the beginning of the test.
d depends on many factors, the most important being:

- the inoculated strain(s),

- theinoculation level,

- the physiological state of the inoculaiesll(s),

- intrinsic properties of the food (e.g. pH, NaCl content.agsociated microflora, antimicrobial

constituents),

- extrinsic properties (e.g. tiriemperature profile, gas atmosphemnmisture.

In the frame of th@mplementatiorof the Regulation (EC) No. 2073/20@bcan be used:
- to classify a food:
0 whend>05logocf u/ g, the food itoseatfobdaasbei fi ed
to support the growth df. monocytogenesther than those intendedrfinfants
and for speci alategogytd),c al purposeso (
U whend¢0.5logoc f U/ g, t he food -towatfoddsusable f i ed |
to support the growth df. monocytogenegther than those intended for infants

and for speci alategoeydd),c al purposeso (

3 The contaminatioshould be performed withia daysafterthe production day.
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- to quantify the behaviour df. monocytogenei a food of category 1.2 according to

defined reasonably foreseeable conditionsvbet production and consumption

The main advantage afchallenge tesassessingrowth potentials thatthe lag phaseelated to the
temperatures taken into accountn this test, stresses or adaptation could be applied teettsand
impact the lag phase.

Thedrawbackof this testis the lack of flexibility in the interpretation: the results are only valid for the
product testednder specificonditions, so that new experiments have to be performed each time there
is a change (e.gise ofdifferenttimet e mper at ur e profiles, ¢é).

3.2.1.2 Protocol of a challenge test to assess growth potential

a. Number and choice of batches

o0 Number of batches

The number of batches to be tested caddterminedising a growth/no growth boundary moduleaof
predictive microbiologysoftwareandor usng a calculabr to determingheinter-batchvariability (see
below)

Batcheshave tobethe batches that are the miastourableto Lm growth

0 Use ofa growth/no growth boundary module ofa predictive microbiology
software
Predictive microbiological modelsave tobe used with caution and only useddgff with expertise
andan understanding of thidimitations and conditions of use.
Using a growth/no growth boundary modeeFigure 2) it is possible to get the growth probability
of Listeria monocytognesaccording to pH, @and temperature. lilme case oho growthor low growth
probability( O 1 i0igfossible to limit thetudyto one batch.

Predictive microbiology
Growth/no growth boundary

N

Growth probability > 10 % No growth or growth probability < 10%
At least 3 batches 1 batch

Figure2: Decisiontree for the number of batchesin the implementation of a challenge test bysing
predictive microbiology
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U Use ofacalculator to determine the inter-batch variability

The ¢ a | c u Intarbaich varfiabilitpy developed by EURLLmM and available at https://eurl-
listeria.anses.fr/en/minisite/listeria/european-union-reference-laboratory-listeria-monocytogenes-0

(seeFigure3) enablesoneto test the intebatch variability of the physiechemical characteristics of

the productelated td.. monocytogees It is based on:

- physicochemical characteristi¢pH, a,) of at least 3 batches;

- storagdemperaturs
- cardinal values of thatrains Tmin (Minimum growth temperature),f (optimum growth

temperature), phi (Mminimum growth pH), pkh: (optimum growth pH), & . (minimum

growth &), aw

opt

(optimum growth @).

Note that thiscalculator takes into account ontwo physicechemical parameters (pH and).a
However, if other characteristics may have an impact on the growthmadnocytogenesheyhave to

bealsotaken into consideration.

This calculator enables to test if the inter-batch variability of the physico-chemical characteristics of the product regarding the growth of L. monocytogenes is
significant. Blue zones have to be filled in: physico-chemical characteristics of at least 3 batches, temperatures of the test and. possibly, cardinal values for L.
monocyfogenes . even if default values are provided. Green zones (formulae) are protected. Answers appear in red bold text.

Your product data (fill in the blue zone)

L. monocytogenes data

either; or:
Batch pH NaCl Moisture aw aw
mean per | % (g/100g) % mean calculated
batch at | mean per mean per (measured per| per batch at
Do batch at D0| batch at D0 | batch at DO Do

1 6.91 0959 [

‘ 2 6.73 ‘ If (measurement) aw-values are 59 :
3 6.62 available, it is not necessary to ﬁll[62 L
4 6.61 in the NaCl and moisture columns 52
5 5.85 0961 [
5 643 ngss [
7 6 68 0.961 i
B 6.4 52 75 [ 0958
9 6.69 51 81 [ 0962
10 6.87 5 79 [ 0962
"
12
13
14
15
16
17
18
19
20
21

2%

Kmin Hopt
default values:
Tain = -1.5°C, Toge = 37°C
Cardinal temperatures -1.60  37.00
Cardinal pH 420 700 o=t pHe=7
Cardinal a,, 093 099 AW = 0,92, 3wy, = 0.99

Minimal storage temperature of the test (°C) 8

Conclusion The inter-batch variability of pH and aw can be
considered negligible regarding the growth of Lm in the
tested conditions.

Figure3: Example of thause of thecalculatorto determinethe inter-batch variability of thephysicachemical
characteristicdExcel file)
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Example

Note that if aw values are not available, they can be replaced by estimated values, calculated by the
calculator on the basis of tieater phase salt conte"tPS (in g/100mt)

e [ OG6E 0 EN Qp mA .
Y e WP TI TT
€ Q awEic® W& anQip m'a
with the following equation:
W p TITTULC WRP'Y TBTTTP CEDPY
This formula is based on the salt conteutother componentgan modify the values ofia

- If theinter-batchvariability of pH and & can be considered negligitiegarding the growth df.
monocytogenem the tested conditionshenit is possible to limit thestudy to 1 batch.lIt is
sufficient touse 1 single batckexcept if the variability ofhe characteristics othehan pH and
ay may have an impact on the growthLofmonocytogenes

- If the inter-batchvariability of pH and a has a significantimpactregarding the growth df.

monocytogeneis the tested conditionshen at least 3 batches mustidsted

Is the inter-batch variability significant?

Significant — T Negligible

1) R 3

At least 3 batches 1 batch

Figure4: Decision tree of the number of batchés the implementation of a challenge test by using
the calculator

0 Choice of batches

Whenat least 3 batchdsave tobe tested,hte batches with the physiohemical paramete(pH, av)
mostfavourableto growth produced in normal conditions of the manufacturing process and not at the

same timewill be analysed
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b. Choice of strains

To account for variation in growth and survival among strains. ehonocytogenes challenge test
should generally be conducted with a pool of strains. Usingaculum of multiple strains of a given
pathogen is preferreds it will help to encompass the variability amdragteria

o Number and choice of strains

Challenge testassessing growth potéaitare performedwith a mixture of at leas? strains to account
for variations in growth among the strair@ne of them has tobe a strainwith known growth
characteristicsThe other strair(s) is (are freely chosen(for example: fromfoods environment,
outbreak collectiors); knowledge of thgrowth characteristics is not mandatory for this (these) strain(s)
Growth of L. monocytogenestrains varies depending on the food atatageconditions studied. To
help the laboratory to chootemonocytogenestrains, EURLLmM has constituted setof strains ofL.
monocytogenessolated from different origins (meat, fish, milk products and other origins). These
strains have beasharacterisetbr their growth abilities (axhave been determinéad harsh pH, @and
temperature conditions (seluse?.2)). Examples of how to select an EURIn strain are also given
in clauser.2. The EURLLm set of strains is made available to the NRLs.
Note: If it is necessary to conduct a challenge test at a pilot secafepathogeic surrogate
organismshave tobe used. The surrogate being used should demonstrate growth characteristics
equal to that of.. monocytogenesor examplel.isteria innocuacan be ged as a surrogate for
monocytogenes

o0 Strain storage and characteristics

L. monocytogeneshould be stored in the laboratory by a metkddch minimisesor eliminates
mutatiors which may affect their grath or survival characteristics.

Growth, biochemical and serogenotypic characteristicsildbe checked occasionally.
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c. Preparation of the inoculum

Each strains ubculturel twice:

Firstly, in a medium (e.g. Tryptone Soy Broth (TSB) or Brain Heart Infusion (BHI)) and at a
temperature (30 or 37°C) favourable to optimal growthlListeria monocytogenegor a
sufficient time for the organisto reach thearlystationary phasg@or strainsof EURL Lm set
during 1518h) (seeFigure9 in clause7.3.1). This first subculture is mainly aimed at getting
the cells in the same physiological state.

Secondy, at a temperature close to thragetemperature of the produfor example 7C,
10°C), in order to adapt the strain to the storage condition of the probhist.culture is
incubate for a sufficient timenecessaryo reach thesarly stationary phasdo shorten the lag
phaseonce inoculated in the produgor example for strainef EURL Lmset during 7 days at
7°Cor 3 days at 10°C)

Then, each second subculturecambined in equal quantityfseeFigure10in clause7.3.2). From the

mixed culture, sccessive dilutions arggparel in physiological wateat the temperature of the second

subculturgfor example 7°C10°C)to obtain & inoculum at the expectedncentratiorfan example of

calculation is explained idause7.3.4). The inoculum has to be used immediately.

Thetargetednoculum levelis checledby enumeratioton a selective agar.

Stresses and adaptation of process are not taken into account in this document himEersdsitothe

processand thefood concernedExtra stressemaybe added if required.

d. Preparation and inoculation of the tes t units

Table2 showsthe minimumnumber of test unit® be peparel per batch

The whole experiment requires destructive sampling for microbiological procedures.

Table2: Minimum number of test units to be prepared per batch

iday|liday?

Enumeationof L. monocytogends inoculated test units 3 3

Detectionof L. monocytogendsa nortinoculated test units 3 3

Measuremenof physicachemical characteristies noninoculated test unit

Measurement of gamospheref¢r product under gas atmospherenon

_ . 1 1
inoculated test units
Enumeratiorof theassociatednicroflorain nonrinoculated test units
a) A d a ygay6fidaculatiom e
b) fiday endo: -ifthe end of the shelf
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In Table2, only "day 0" andday end" are considered, but it is highly recommended to add intermediate
analysis pointso considet the variability of the matrixan examplef the number of units requiresl

given inclause? .4).

For measurementf physicechemical characteristicggas atmospherand determination of the
concentration of thassociatednicroflora, the same test units may be used

o Preparation and inoculation of test unitswith L. monocytogenes

Inoculation procedure
The inoculation step is a critical step in the performaneecbgllenge test.

The inoculationhas tobe as effective as possible maintaining the intrinsic properties of the food. In
order tominimisechangesn the physicechemical properties, the inoculwnlumeshould not exceed

1% of themass (owolumeé of the test unit, otherwise it can seriously affect the intrinsic properties of
the product and thus the growth characteristics of the inoc(demclause7.3.4). The inoculation
mimics realistic conditionbutthe inoculum is homogeneously distributed in the fes@n if in reality

thismaynot bethe case.

It is recommended tmoculat as follows:
V Either he food isremoved from its packagingnoculatedand then repackaghder similar gas
conditions as an unopened pack (consumer pableRTE food can be inoculated:
- in depth: for food considered to be homogeneous (e.g. grfoeal or food prepared
by mixing several materials (e.g. mixed salad),
- at surhce: to mimic contamination of a specific part during process (e.g. products
contaminated during slicing).
For products having multiple components or layer®e or few relevant components
regardingL. monocytogenesontamination and/ahe interfaces between components
shouldbe inoculatedfor example: sandwich)
V Either he food ismaintained in its packagingnd so the contamination is possible only at
surface by inoculating through a septum whishimmediatelyrecovered by a secorsgptum
to maintainexactgas conditioa
Some examples of different contamination techniques are detadtise/.5 It is desirable to test the
contamination technique with a diluted dye before the inoculation hdteria monocytogene®
visualisethe dispersion of the volume inoculaté@dher techniques can be used if it can be demongtrate

that the moisture content is not changed and will not affect intfnsperties of the food (for example:

dipping).

41t is also suggested to perform analyses to take into account possibl@peakwnocytogengs fast increase
of L. monocytogendn the product followed shortly by a fast decreaske. ofionocytogeng$rom production until
consumption (knowing that these possible peaks are close hedgiing of the shelife).
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Care should be taken to ensure tieddspace volume and gas composition of the challenge test samples

mimic the commercial food product as closely as possible.

Contamination level
The contamination levelk targeed at around 10 cfu/g This reduces the effect aineasurement

uncertainty.

o Preparation of noninoculated test units

Detection ofL.. monocytogenesat day 0
No physiological wateis added todst unitsused to detedt. monocytogene#f L. monocytogeneis

present in thee test unitsthe result of the challenge test is not valid.

Physicaechemical characteristics and associated microflora
In the test units used tetermire the physicachemical characteristics and the concentration of the

associatednicroflora, it is necessary to iagt a volume obterile physiological watddentical to the

volume of thel. monocytogenesoculum

The determination of thphysicechemical characteristics and associated microfien@ecessary to
compare the products submitted to challenge testing to the products routinely produced by the factory
(see data required inlause 3.1). Moreover pH measurementmay explainthe behaviourof L.
monocytogene®etermination of the concentration of the associated microfloraroaide additional
information about possible interactions betwéemmonocytogeneand associated microflora. Such

interactions may influence the growthlofmonocytogenes

o0 A challengestrain control

To demonstrate whether storage conditions are restricting the growthL.oitlomocytogenestrains or
whether it is the food matrix itself, the growth of thesenonocytogenestrains is checked individually

by an inoculation of &h stran into a nonselective broth incubated under the same storage conditions
as the samples in the challenge t&tbwth of the strains is checked by turbidity measurement or by

enumeration.
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e. Storage conditions

0 Introduction

The storage (incubation) conditions applied during challenge tdstiregtocomply with the conditions

at which the product is most likely to be subjected in normal use, until its final consumption. This should
include the typical temperature ranglengthe cold chain: from the manufacturertdail, storage at
retailand storage at consumer

Temperatureduring shelflife is a critical part of this challenge tesisee clause7.6). It is the
responsibility of the FBO to ensure that the storage conditions used are reakistacinto accounthat
storage temperaturdabelled on the packagingpuld not alwaysbe maintained throughout the cold
chain from production to consumption)f an inappropriate storage temperature (lower temperature
than the usually encountered) is wused, there may be an underestimation of
L. monocytogenegrowth and an overestimation of the safe shifflength. It is the reason why

challenge testsave toconsiderthe use of abuse temperature(s)

0 Storage temperature and duration

The temperature(s) used to determine dlifelfof the product has (have) to be properly justified and
documented by the FBO.

U For the first stage of the cold chain (from manufacture dinélarrival to the display

cabinet), when the FBO has its own data, the use of this information is preferred. In this case,

usethe 9Bpercentile of the FBOOGs data odefauir vati o

temperature of Table 3.

U For thesecond stage (at retail: display cabinet) and the third stage (consumer storage) of

the cold chain when information is available, the use of national data, where the stage of the

cold chain is located, is preferred. In this case the 98 percentile othe data observation. If

no data is available, use the default temperature of Table 3.
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_Table3: Flow diagram of storage conditiorthroughout the cold chain

Storagg(incubation) duration
Stage of cold chaif  Storage (incubation) temperature Shelf life¢ 21 Shelf life > 21
days days
Erom the Temperature Duration One third of
manufacture until| justified by r . justified by o jf not the total shelf
: . not 87°C detailed life of th 7 days
the arrival to the detailed Known €talle known ite of the
display cabinet | information* information product
Temperature orif Duration One third of
Retail: Display | justifiedby . | Justifiedby o e, the total shelf 1 (self ife
cabinet detailed | % _ detailed o lifeofthe 7 days)
information* information product
T ‘ Duration One third of
emperature . .
=N Or if justified by . the total shelf L
Consumer storagq 1USUfi€d by "o 12°C detailed OkLI(f)Vr\],gt life of the 72 (Shelf lifei
. detailed - information product 7 days)
information*

* Temperature justifie by detailed information: thés™ percentile of thé-BO's databservation

** Temperature justified by detailedfiormation: the 99 percentile of the observations for the

country where the stage of the cold chain is located.

f. Measurement of physico -chemical characteristics

The physicechemical characteristics (at least pHNaCl content,moisturg or a,) are neasurd
according to standard method3ther factors such as organic acids, nitritéat, can influence the
behaviour of pathogens anduldbe measuredt leastt the beginning and at the end of the challenge

test.

g. Gas atmosphere

For test units conditioned under modified atmosphere or vacuum pacisedesirable tpay attention

to:
- the gaseous compositioat i d a0p and at 0 d aepd (as for the physicahemical
characteristicsdr
- the performance of thegackagingmachine in case of repacked products in the laboraiody
the gas permeability of the packaging
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h. Microbiological analyses

The laboratory conducting challenge testtsuld preferentiallybe accreditedo EN ISO 17025 for the
detection and enumeration lof monocytogends food. For other microbiological parameters, such as
other microorganisms useful to better interpret the results of the challengessesisment ofalidity

of analyses through regular participation gooficiency testingtrials for other bacteria thah.
monocytogeneis sufficient.

0 Lmdetection methods

According to Annex | of Regulation No. 2073/2005, the reference methodddtection of

L. monocytogeneis the Standard method EN ISO 11290 amended. According to Article 5 of the

same regulation, the use of alternative analytical methods is acceptable when the methods are validated
against the reference method and if a proprietary method, certified by a thyréhpaccordance with

the protocol set out in EN/IS&andard 16140 or other internationally accepted similar protocols, is
used. Other methods shall be validated according to internationally accepted protocols and their use

authorised by th€ompetentAuthority.

0 Enumeration methods

According to Annex | of Regulation No. 2073/2005, the reference metho@dromerationof
L. monocytogeneis the Standard method EN ISO 11220 amended. According to Article 5 of the
same regulation, the use of alternative analytical methods is acceptable when the methods are validated
against the reference method and if a proprietary method, certified by a tiyréhpaccordance with
the protocol set out in EN/ISStandard 16140 or other internationally accepted similar protocols, is
used. Other methods shall be validated according to internationally accepted protocols and their use
authorised by th€ompetentAuthority.
The initial suspensions are prepared, when possible, by using the entire contaminate(ssathplse
7.7).
Since the targeted contamination level @ cfu/g, it is recommended to lowéhne limit of enumeration
at 10 cfu/g,by according to EN 1ISO 11292

- using 1 ml of the initial suspension spread onto 3 platds 8 mm, or spread onto 1 large

plate ofA 140 mm,
- or, for validatedalternativemethod, pourplated into 1 plate ok 90 mm

Note: For a liquid matrix thdimit of enumeratiorof the Standard methaslat 10 cfu/g

The associated microflothat may beaken into accounhcludea mesophilic aerobic count or a specific

microflora of the food (e.g. lactic acid bacterRseudomonasyeasts, moulds Methods used to
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enumerateghese associated microflosiiould follow relevant CEN, ISO or national standards for the

organism and food type concerned.

i. Calculation of growth potential

The growth potentiallogiocfu/g) is estimated in the frame of this documentlas difference between
the median ofresultsat the end of thehallengetestand themedian ofresultsat the beginning of the
challengeest

Once each batchnit has been inoculated and enumerated at "dait &'recommended to calculate
immediately the standard deviation between theplmpsults at "day 0". If this standard deviatiolug
to measurement uncertainty and contamination heterogeiseitigher tharhe limit of 0.5 logio cfu/g,
then the challenge test is not acceptable.

For each batchlihegrowth potentiad is calculatel andthe highest value obtaineds retainedamongst

all tested batches

A first example of results is shown in Taldle

Table4. First example of results obtained from a growth potential test.
CONVERSION in logio

L7 x>

Concentratior Hi g hdé s
logio cfu/ N among the 3
Batcheg Day |Concentration (cfu/g (109 9 Gerr bgtzvl(tloh Cfﬁo)t batghes
Inbold: | P D 1ogyo cfurg)
median
140 215
iday 150 2.18
1 120 2.08 2.11-2.15=-0.04
140 215
iday 120 208
130 2.11
150 2.18
Aday 130 2.11
2 130 2.11 2.11-2.11=0.00
130 211 0.10
iday 140 215
110 2.04
110 2.04
iday 130 211
3 120 2.08 2.182.08=0.10
150 2.18
iday 140 215
180 2.26
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In this first example, the st arnsdanodycll/gforibaachi on be
1, 0.04 logso cfu/g for batch 2, and 04 logio cfu/g for batch 3. Then, all results can be used.
In this exampleth e hi dph eesatl ufe a mo n g0.1Qldyecfu®. bat ches i s

A second example of resulssshown in Tablé.

Table5. Second example of results obtained from a growth potential test.
CONVERSION in logio

Concentration Hi g hdé s {
Concentratior (°%0CWA) 15 ot h pdot g amond the 3
Batches| Day (cfulg) batch(logo cfu/g) batches
9 In bold: Go ClU’g (logio cfu/g)
median
120 2.08
fiday 110 2.04
1 160 2.20 257-208=049
250 240
iday 370 257
380 258
160 2.20
fiday 110 204
2 100 2.00 2.742.04=070
350 254 0.70
fiday 550 274
620 2.79
120 2.08
fiday 130 211
3 120 2.08 2.482.08=040
290 246
Aiday 300 2.48
330 252

The standard devi at i on i9068logiecfufy fot bateh 1B11 lbgepsfuigd t s a't
for batch 2, and 02log;o cfu/g for batch 3. Then, all results can be used.

In thisseconcexample, thdd i ghddstwvafiue among the 3 batd=l086 is r €
loguo cfu/g.
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j-  Exploitation of the results

TheFBO isresponsible fortte useof the results ofthe challenge test.

o Ability to support growth of L. monocytogenes

The first question to sort out is whether the food is abfetto support the growth @f. monocytogenes.
1 If d is loweror equal tathe limit of 0.5 loge, then it is assumed that the food is not able to
support the growth df. monocytogenes.
1 If dis higher tharthe limit of 0.5 logo, then it is assumed that the food is able to support the

growth ofL. monocytogenes.

0 Use of thegrowth potential value

In the cases in which it is assumed that the food is able to support the grawtharfocytogeneshe
d value may be used for predictions of growth (see example), such as:

final concentration = initial concentrationct+
In practie, the final concentration obtained from the calculation may be used to determine for a given
product, with a known concentration at fAday 00
the limit of 100 cfu/g or not.

o Examples

QUESTION 1:Doesthe food support the growth bf monocytogenesccording to the value?
EXAMPLE 1
In the first example

d=0.10logio cfu/g

dis below 0.5, then it is assumed that the food does not support grolwtmofhocytogenes
EXAMPLE 2
In thesecondexample

d=0.70logo cfu/g

dis higher than 0.5, then it is assumed that the food supports grolvtmohocytogeneghis

d-value can be used for further calculations.

QUESTION 2:Whatis the concentratioof L. monocytogeneat the end of théest knowingthat the
initial concentrations 1 logio cfu/g?
The predicted concentration bf monocytogenest the end of theestis:
final concentration = initial concentrationd+
1+ 070=1.70logo cfu/g
(below the legal limit of 20g:0 cfu/g)
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k. Test report
Include in the test report at least the following information:

3 Report number,

3  Purpose othestudy

3 Type of challenge test

3 Information concerning full identification of the food:

- Name of the product,

- The characteristics of the RTE food (pH,a associ ated microf]
- Theintendedsheltlife of the product
- Identification of the batcheand dats of the beginning of the shelife.
3 Data relating to the challenge test:
- Number of batches testadd justification
- Number of test units used peatchand per day of analysis
- Mass or volume of the test units inoculated,
- Strains usegdstrains characteristics (if possib&d justification of the choige
- Preparatiorof the noculum
- Inoculum concentration,
- Volumeof the noculumintroduced petest unit,
- Contamination method,
- Date of inoculation,
- Duration ofthe testand sampling intervals
- Storage temperaturend pstification
- Storageduration andystification,
- Enumeration and detection methadsed
- Limit of the enumeration,
- Physicechemicalvaluesat the beginning anatthe end of the test,
- Gas atmosphere,
- Concentratiorof associated microflora at the beginning and at the end of the test,
- Concentration oE. monocytogeneat the beginning and at the end of the test,
- Growthpotential per batch,
- Conclusion
The results othe challenge tesapply only to the product tested. Any changéheproduct recipethe
process, € woul d i nv a Hife dtadyaad wollderequire is to betcenductéd t h e
again
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3.2.2 Challenge test assessing maximum growth rate

3.2.2.1 General aspects
A microbiological challenge test assessing maximum growth rate is a labdrag®eg studyvhich
measures the rate tie growth ofL. monocytogenes an artificially contaminated food stored at
fixed temperature.
Once the test has been performed, the maximum growth rate igunatural logarithm of the
L. monocytogenesirain at theselectedemperature is calculated from the growth cuome per strain
and per batchin the exponential gwth phase, plotting the natural logarithm of cell number against
time produces a straight line. The slope of this line is thg Tihe maximum growth rate is an important
parameter of the growth curve which depends on:

- the inoculated strain(s),

- intrinsic properties of the food (e.g. pH, NaCl content, associated microflora,

antimicrobial constituents),

- extrinsic properties (e.g. temperature, gas atmospimaisturg.
Such microbiological challenge tests allawestimation of the concentrati of L. monocytogenest a
given day of the shelffe (especially at the end)the initial concentration is known
The advantage dhe challenge test assessing maximum growth rate is the flexibility possible to
extrapolate a phxat a temperature to predict othergvalues at other temperatur@sss thar5°C)in
the same food. fledisadvantagés that lag time and stationary phase are not taken into account

3.2.2.2 Protocol of a challenge test to assess maximum growth rate
The paragraphgsiNumber ¢ batches, fiMeasuement of physicechemical characteristios fiGas

atmospher&and fiMicrobiological analysesare the samasfor challenge testassessing the growth

potential(see 3.2.2).

a. Choice of strains

At least 2 strainsra tesedseparately foeachbatch.One of themhas tobe a strain witlkknown growth
characteristicgfor example EURLLm set of strains)The other strair(s) is (are freely chosen (for
example: from foodsenvironmentputbreak collectiors); knowledge ofthe growth characteristics is

not mandatory for this (these) strain(s)

b. Preparation of the inoculum

Conditions for preparation of the inoculum are identical to those described for the challenge test
assessing the growth potential except thatstrains from the second subculture are not combined in
equal quantities but each strégrused individually(Figure 11 inclause7.3.3).
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c. Preparation and inoculation of the test units

Table6 shows the minimumumber of test unit® be peparel perbatch
The whole experiment requires destructive sampling for microbiological procedures.

Table6. Minimum number of test units to be prepared pdpatch

Test units

Enumeration of.. monocytogends inoculated test units 10 to15(with 5 to 7in
exponential phage

Detection ofL. monocytogends the foodin noninoculated test units fiday fiday

Measuremenof physicatchemical characteristiéa hornrinoculated test units

Measurement ofjas atmospherdaf product under gas atmospheienon | id ay| fiday
inoculated test units 1 1

Enumeration of associated microfloranoninoculated test units

a) Aday 00: the day of inoculation
fi

b) day endo: -ifehe end of the shelf

An example of théotal number of test units is given alause’.8.

For measurementf physicechemical characteristicggas atmospherand determination of the
concentration of thassociatednicroflora, the same test units may be used

0 Preparation and inoculation of test unitswith L. monocytogenes

Conditions for preparation and inoculation of the test units are identical to those described for the
challenge test assessing the growth potential except that in the present case the inoqéatiomed

with one strain (not a mixture) for each growtirve.

d. Storage conditions for the inoculated food

The challenge test i®nducedat a fixed temperature.

e. Calculation of the maximum growth rate

Different tools may be used for estimatitigg maximum growth rateOne of them,freely available
DMFit, is described below.

5 The result qimax» is expressed in natural logarithm and the resuéiteo is expressed in decimal
logarithm.pmax (in natural logarithm) = In 10 x ta (in decimal logarithm)
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The results of the enumeratiare @lculatel according to the Standard EN I1ISO 7218 argdressedh
decimallogarithmcfu/g (logo cfu/g).

Foreach curve (i.e. all the experimental points from one b#behyrowth ratean be easilgstimated
by nonlinear regressidh A software as DMFit can be used for that purpose. TBMFit software
(Figure5) choosesbetween differeninodek, the one with the best fitting

™ | & = Bookl - Microsoft Excel = 2 =R
o 1o oo " £ " e o o e Qe.:.@sg
B Fit curve at current row ?/" %gpo\ynom\a\ (linear regression) @ @ ode Bounded data @ x
& Fit all curves from currentrow | — & Gamma concept (nonlinear regression) DModel - | Lower O
Parameter -, Insert/Control Clear View curve
[ Fit curve defined by Selection  estimation =~ |4 Interpolation region (MCP} Plotsheet  previous fits of active cell Upper 9399
Primary modelliing Secondary modelling Ulwes Options Help | Close
v
A B c D 3 F G H 1 J K L M N o P a R s T u ViEE
i -
2
3
4
5
6
7
8
Home Insert Page Layout Formulas Data Review View Add-Ins DMFit
B4 Fit curve at current row g/; % Palynomial {linear regression) §r§ éi @ ?—lj Bounded
= i i
é Fit all curves from current row = % Gamma concept (nonlinear regression} S DModel = | Lower 0
. . . Parameter | _, . ) Insert/Control Clear View curve
B Fit curve defined by Selection  actimation TEJInterpolatlon region (MCP) Plotsheet  previous fits of active cell Upper 9939
Primary madelliing Secondary modelling Utilities Options
19
20
21
2
23
24
25
2
27
2
29
20
31 7l
22 -
4 4+ ¥ Sheetl Sheet? ~Sheet3 . ¢ kNl M [
Ready | |[E@m 160w =) 7 (+)

Figure5. DMFt software to fit a growthcurve

The DMFit software provides a chart (FiguBewith the experimental points and the curve fitted by
regression, using the most adapted model. It also extracts the growth parameters of thia curve
particularthe growth ratmmamedfirated (expressedn decimal logarithry) in the sheet CurveITrhe
parameter Al ago i s al s olagpkasedswilyaépendentontemperaturehsot hi s

this data igakenwith caution.

6 A linear regression can also be used to estimate the growth rate: at least 5 days of analysis in exponential
phase are planned, with 3 test units per day of analysis
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nData yDatMin tintval yDatMax model mCurv nCury rate ag y0 yEnd
15 2.16 14 9.01 2 10 i, 1.0043873,/0.7444977 2.1346342 8.8476815

time yVval Weight Fitl time Fit1
0 2.16 1 2.1346342 0 2.1346342
1 2.71 1 2.6722106 0.7 2.4772451 10 7 CURVE1
2 3.37 1 3.4812519 1.4 2.9708952 9
3 4.42 1 4.4230335 2.1 3.5715598 8 -
4 5.41 1  5.406907 2.8 4.2294585 7
5 6.43 1 6.3930071 3.5 4.9127873 6
6 7.45 1 7.3387425 42 56049127 5 5|
7 8.12 1 8.1335476 49 6.2952199 e * yval
8 8.41 1 8.6099057 5.6 6.9700098 —Fit1
9 8.7 1 8.7866312 6.3 7.6009141 3
10 8.83 1 8.8335164 7 8.1335476 2
11 8.84 1 8.8444826 7.7 85051056 1
12 8.85 1 8.8469637 8.4 87067343 0 ‘ .
13 9.01 1 8.8475207 9.1 8.7947899 0 5 10 15
14 8.89 1 8.8476455 9.8 88286447 time

10.5 8.8409403
11.2 8.8453084
11.9 8.8468479
12.6 8.8473889
13.3 8.8475788

14 B.8476455

ams vVaIndexU Feul2 . Feuid ¥ [ il

Figure6. An example ofitting

Estimated standard deviatiomse calculatedin particular forrate (Figure 7), in the sheet Index0
Estimatedstandarddeviation for rateg) is used to calculate the highest limit of the confidence interval
(+2s ata=95%) for the rate.

“ [ =) [ = L A=) mn 1 4 ™~ [ i L r L ™
mCurv nCurv rate lag yO yEnd gear |errCode mCurv nCurv rate(pot) se(rate) \ag se(lag) rate(num) rl=rate*lag
0 10 1 1.00%_0.03785/0.7445 0.1992 0.9888 0.7478

M [ params “yVal . CURVEL eu|I2 Feuld ~#1 []4 1l

Figure7. An example of estimated standard deviation for a fitting by DMFit

For more informatiomelated to the use of DMFi&a manual is availableghen downloadinghe software.
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For each growth curve rateis calculatedlf using 1 batch and 2 strains, thieterpret2 growth curves.
If using 3 batches and 2 strains, theterpreté growth curves.

Thenretainthe growth curve with the highest growth rate value for the exploitation of results

f. Exploitation of the results

TheFBO is responsible fohe implementation of the resultstbe challenge test.

o Growth rate
Knowing thegrowth ratevalue at a temperature £, it is possible to calculate anothgrowth rateat
another temperature (T). Thus, from a growth curvEatthe estimatedate usingDMFit is denoted
rateer. Then, the calculation oétein the same food (with the same phgsahemical characteristics) at
another temperature T will be obtained using the sgqueresecondary model. If T andefare both
inferior to 25°C, the following simplified formula is suggested:

2
rate= ratees Q-——"— (- Ton)

2
(Tref - Trrin)
(with Tmin = minimal growth temperature far monocytogenes-1.5°C)

rateer andratemay be expressed in lggfu/g pertime unit
Othersecondary models may be used.

o0 Growth determination

Assuming a very simple primary model (without lag phase nor stationary phase, which may lead to fail
saferesuld:

Growth (logo) obtained at & during a storagéme d; (in days)= rataer (logio cfu/g per day) x d

Growth (logo) obtained at T during a storatime d; (in days)= rate(logio cfu/g per day) x gl

Other primary models may be used.

The prediction can then be applied to any tiemaperature profile, and in particular to twnditions at

which the product is most likely to be subjected in normal use, until its final consumption
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o Example
u Data:

- Shelflife: 9daysiday 00 i s the day of producti on
- Storage conditionst°C for 3 days (d) and8°C for 6 days (d)

Thechallenge test was performed a%¥ 8°C.

- rateer= 1.00 logo cfu/g (Figure 6)

Themaximal rates could be obtainedate. . = 1.00+ (2 x 004) = 1.08logo cfu/g perday
(Figure 7)

The secondary model enables to prediteat T =4°C

2
ratenax = ratger  G——"7 (T~ T

2
e (Tref - Tmin)
The pointestimate is:

rat@nax = [1_ogw

(8- (-15))°
= 0.% logiocful/g per day
Then, the maximum growth rate predicted at &#@36 logiocfu/g per day

0 Questionl: what is the growth df. monocytogengsredicted during the shelife?
Growth during the shelffe =
[(rate in logio cfu/g per day) x g + [(rate in logio cfu/g per day) x g where:
Growthmnax= (036 x 3) + (108 x 6)
= 756logio cfulg

This calculation does not include the lag pharsthe stationary phase (i.e. assumes the whole
simulated behaviour is exponential growth), and consequently, the results may be (very) fall

safe.

0 Question2: what is the concentration &f monocytogeneat the end of the shelife if

the level forL. monocytogenest day 7 is equal to 1.65 legfu/g?

The maximum level of.. monocytogeneat fiday el6s ©108xi2 E 8.81 logo
cfu/qg).

The limit of 100 cfu/g is exceeded for this product.
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g. Testreport

Include in the test report at least tloldwing information:

R

R
3
3

Report number,

Purpose othestudy

Type of challenge test

Information concerning full identification of the food:

Name of the product,

The characteristics of the RTE food (pH,a associ ated microfl

Theintendedshelflife of the product
Identification of the batcheand date of the beginning of the shelife.

Data relating to the challenge test:

Number of batches testadd justification

Number of test units used per batsid per day of analysis

Mass or véume of the test units inoculated,

Strains usedstrains characteristics (if possib&)d justification of the choige
Preparatiorof the noculum

Inoculum concentration,

Volumeof the hoculumintroduced per test unit,

Contamination method,

Date of inoculation,

Duration of study and sampling intervals

Storage temperature

Enumeration and detection methadsed

Limit of the enumeration,

Physicachemicalvaluesat the beginning anatthe end of the test,

Gas atmosphere,

Concentratiorof associated microflora at the beginning and at the end of the test,
Concentration oE. monocytogenesong the test

Fitting curve with experimental points

Maximum gowth rateper batch,

Conclusion.

The results of thchallenge teshpply only to the produdéested. Any change tbe product recipethe

process,

conductedagain

€ woul d i nv alifeistidyane wouldrequire this studyttebeo f t
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4 Durability stud y

To conducta durability stug, the following points have to be considered: the sampgiiogedurethe

storage conditions and the enumeration method.foronocytogenes

4.1 Food sampling procedure

4.1.1 Introduction
The sampling proceduleas totake into account thieeterogeneitpf the production

For this purpose SO Standards and Codex Alimentari@eneral Guidelines onagpling(CAC/GL
50-2004) shall be used as reference methaslsndicated inChapter 3 clause3.1 of Annex | to
Regulation (EC) No. 2073/2005.

When no information on the structure of thegchis available, the most objective way to driastunits
is to give all theestunits of theproductionthe same chance to deawn The simple random sampling
is recommended to estimate the proportiotestunits above the limit of 100 cfu/g.

4.1.2 Smple random sampling
4121 Description
This sampling method is based on the equiprobability principle. This principle guarantees each unit of
the batchto have an equal chance of being selected. To satisfy this principle, the size of the batch (N)
has tobe large enough in comparison to thenber(n) of test unitsn / N < 10%.
One way of achieving simple random sampling is to nureehunit of the bath or inamore practical
way the fiproduction timé and then to use random numbers to select the requiraber oftest units
For example, random numbers can be obtaimiéd an Excel sheet with the formula =RAND(9ee

Figure8), or from random numbeables.

4.1.2.2 Example of a method used to selectrandomly 10 test units from a batch
Giventhat the time foproducingl batch is 6 h, these 6 h could be divid®d periods oflt5 min.Enter

this sequence dif5 in an Excel sheet ansklectthe random function tgive a random numbdp each
sequence. These random numbers are ¢tasifiedby increasing numbers and the first ten ones are
selected. Then, a person in charge of sampling will draw at the end of the production line the ten units

at the selected times.
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Home | Inset  Pagelayout  Formulas  Data  Review  View  Addlns o @«

:E:;y ) Arial S0 - A AT S Wrap Text General - E]éjl 5 B o= e ﬂ_l ;] ;:‘(jsu"' N %__r" }3
" Fromtruera B 4 BB G- A Beosscowr-| 8- o 5 ) St i, | e e fore | o JUA [
Clipboard Font Alignment Number Styles Cells Editing
4 - Je | t=360 min
A B o] D E F G H | J K
1 Sequence (min) Random number Sequence (min) Random number
2 0 0.113907236 360 0.008288119
& 15 0.80795429 240 0.024013244 Jthe first ten units will be picked out at :
4 30 0.71092848 45 0.032814408 |t =360 min _|
5] 45 0.032814408 90 0.033295109 t =240 min
6 60 0.14898208 225 0.053738265 t=45 min
7 75 0.755967766 180 0.067550931 t=90 min
8 90 0.033295109 210 0.073529892 t=225 min
& 105 0.29198599 0 0.113907236 t=180 min
10 120 0.273082187 sort by 165 0.126254559 t=210 min
11 135 0.216391255 60 0.14898206 n=10 t=0min
12 150 0.516335751 increasing random numbei 270 0.150485492 t=165 min
13 165 0.126254559 255 0.150878353 t=60 min
14 180 0.067550931 195 0.196984094
15 195  0.196984094 285 0.209547739
16 210 0.073529892 135 0.216391255
17 225 0.053738265 120 0.273082187
18 240 0.024013244 105 0.29198599
19 255 0.150878353 330 0.413613239
20 270 0.150485492 300 0.498294842
21 285 0.209547739 150  0.516335751 n=20
22 300 0.498294842 315 0.579404265
23 315 0.579404265 30 0.71092848
24 330 0.413613239 75 0.755967768
25 345 0.927097729 15 0.90795429
26 360 0.008288119 345 0.927097729
27

Figure8: Example of a random samplirsgheme withan Excekheet

This sampling method should be repeated for different batches (same product, produced under similar
conditions) to obtain representatidata.

4.2 Storage conditions
Seethe partfiStorage conditiorisinthec | a u s e CRalleAge test &sesising growth poteatial

4.3 Microbiological analyses
At the end of the storage peri@dl, the unitsareanalyse with the enumeration methaad order toassess

whetherthe level of 10Qisteria monocytogenésis exceeded or not.

According to Annex | of Regulation No. 2073/2005, the reference enumeration method for

L. monocytogeneis the Standard method EN ISO 11220 amended. According to Article 5 tife

same regulation, the use of alternative analytical methods is acceptable when the methods are validated
against the reference method and if a proprietary method, certified by a third party in accordance with
the protocol set out in EN/ISStandard 161@ or other internationally accepted similar protocols, is

used. Other methods shall be validated according to internationally accepted protocols and their use
authorised by th€ompetentAuthority.

The enumeratiorimit should be 10 cfu/g, in order to be able to precisely quantify the contamination

level of L. monocytogenest the end of the storage peri@ae3.2.1.2.h)
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4.4 Calculation
In the case of batch testinthe criterion defined by Regulation No. 2073/2@0%5=5, c=0, m=M=100

cfu/g at the time of consumptiontWhenthe limit defined by the criterion isxceedd, the products
considered not to be safe and cannot be put on the maekgtion and improvement of the production
process ishus required

However, sucltbatch conformitycontrols are not in thecopeof the present document.

The interpretation of durability studies, which consistsenfying that the limit of 100 cfu/g is not
exceeded at the time of consumptisna different case. As described below, this interpretation can be
facilitated by the assessment thle proportion of units exceeding 100 cfufgith its associated
confidence intervalat the end of shelffe, after a storage period reflecting the fegeable conditions

of distribution and storage.

From thenumber ) of test unitgaken randomly from a batch (of six, the estimated proportidp)

of units exceeding 100 cfu/g at the end of shifidfis derivedsimply as the observed proportipr=r /

n (wherer is the number afestunits above 100 cfu/g).

To calculate the confidence interval associated to the estimated progp)tiamcalculatocan beuseal.
Numerous  calculators are freely available on the internet, for example:
http://www.causscientia.org/math_stat/ProportionCl.htnlhis calculator proposegwo methods of
calculation, the central confidence interval or the shortest confidence interval. Confidence intervals
given by each method may be slightly different but are in the satee ofmagnitude.

On theteskdunits after the storage periotlable7 gives estimated proportiong) with theirassociated
confidence intervals for three valuefs(r) (number of units > 100. monocytogendsgy).

Table7 pointsout the real importance of drawing frame batcta sufficient number of units, and/or to
gather results previously obtainedgtet a correcestimaton of the proportion ofestunits greater than
100 cfu/g with a reduced confidence interval.

Table7: Example of estimated proportion diest units > 100L. monocytogeneg after storage

period

n r p Cl

number ofanalysed  number oftestunits  estimated proportior  Confidence Interval at
testunits > 100 cfu/g 95%

20 0% [0%i 16%)]

100 0 0% [0%7 4%]

20 5% [1%7 24%

100 ! 1% [0.2%7 5%)]

20 10% [3%i 3094

100 g 2% [0.6% 7%]
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The more units are analysed, the narrower the confidence interizal example, it can be concluded
fromTable7t hat the upper | i mit testunits exeeeding 10D cfudgeout ofe i nt
100testuni t s0 i s | ower testumnits exceeding 100 ¢fu/gaoit of @stu f iotr s @1.0

To get a large number of analysed units, it is possibigtioer results of repeated tests, performed on

one RTE food obtained from the same proc&ss example, it can be seen in Table 8 that the upper
l'imit of the confidence interval for A0 test uni

that obt aitreesd fuon ti0 exceeding.100 cfu/g out of 30

Table8: Example of confidence interval at 95% with regard to the numberanélysedtest units

n r P [CI]
number ofanalysedest number oftestunits estimated proportiofConfidence Interval at 95p4
units > 100cfulg
5 0 0%[0% 1 46%]
10 0 0%[0% 1 28%
15 0 0% [0%1 21%)]
20 0 0% [0% 1 16%)]
25 0 0%[0% 1 13%
30 0 0% [0%71 11%)]
é 0 é
95 0 0% [0%1 3.8%)]
100 0 0% [0%1 2.9%]
e 0 é
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6 Glossary

Abuse temperatureéemperaturdigher than the prescribed temperature of processing andstetaitje

according to national legislated temperature rules or European food regulations, incadiogably
foreseeable domestic storage conditions. The abuse temperature covers theld/bbégrgdaking into

account in particular the temperature deviation of retail refrigerators as wlelrestic storage.

Batch group or set of identifiable products obtained from a given process under practically identical
circumstances and producedargiven place within one defined production period. (Regulation (EC)
No. 2073/2005).

Challenge teststudy of the evolution of microorganisms populatiartfficially inoculated in a food

Cold chain the continuous system that provides chilled stoodigeerishable foods, fromroduction to

consumption.

Durability study study of the evolution of microorganisms populatinaturallypresenin a food

Exponential phasaegrowth phase when the bacterial population gratva constant maximum specific

rate.

Growth potential difference between the decimal logarithm of the final concentration of a microbial

population and the decimal logarithm of the initial concentration of this microbial population.

Hygrometry:measurement of the moistureair and gases.

Lag phasephase when the bacterial populatisiin an adaptation period to the growth environment,

without visible growth, before bacteria arrive at the exponential phase.

Percentilethe %" percentile of a set of values divides¢bevalueso that x% of the values lie below
and (100x)% of the values lie abovExamples: Ninety percent of the values lie at or below the ninetieth
percentile, ten percent aboveTihe median of the values cesponds to the 8(ercentile, that is fifty

percent of the values below the median and fifty percent above the median

pH: ameasure of the acidity or alkalinity of a food. The pH 7 is defined as neutral. Values of a pH less

than seven are considered acidic and those with greater than seven are considered basic (alkaline).
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ratenax slope of the curve showing the evolution lo¢ tdecimal logarithm of the population according

to the time during the exponential phase.

Readyto-eat (RTE) food food intended by the producer or the manufacturer for direct human
consumption without the need for cooking or other processing effectigéntinate or reduce to an
acceptable level microorganisms of concern.

Sampling procedure used to draw or selection of one or more unit(s).

Sheltlife: eitherperiodcorresponding to the period precedihg 'use by' othe minimum durability
date, as defined respectively in artickeand 10 of Directive 2000/13/Encerning, among others, the

labelling of foodstuffs

Stationary phasephase when the bacterial population reaches the maximum carrying capacity of the

environment, after the pwnential phase.

Surrogateorganism alternativeorganism

Test unit aliquot of a commercial unit, designed toaralysed

Umax Slope of the curve showing the evolution of the natural logarithm of the population according to
the time during thexponential phase.

Water activity (&): the term refers to the unbound and available water in a food and is not the same as

the water content of the food/ater in food which is not bound to other molecules can support the
growth of microbes. The water activity scale extends from 0 to 1.0 (pure water) but most foods have a
water activity level in the range of 0.2 for very dry foods to 0.99 for moist foestsf
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7 Annexes

7.1 Flow diagram describing schematically the steps from

test in the laboratory

e

Process

Product characteristics
Packaging condition

I}

review o f data to

Select products/test units most favourable for L. monocytogenes growth

Number of batches
(inter-batches variability)

Number of test units per batch
{intermediate days)

Storage conditions for the test
(temperatures & time)

Number of batches

(inter-batches variability)

Number of test units per batch

Fixing a storage temperature for
the test

"

Strains selection E:J Subcultures preparation

o)

Calculation of inoculum required

Day 0: Inoculum preparation - Inoculation of test units -

Enumeration of L. monocytogenes in inoculated Intermediate days:
test units Enumeration of L.

Detection of L. monocytogenes, enumeration of manocytogenes Day end: Same
associated microflora, measurament of physico- analyses as Day 0
chemical parameters, gas atmosphere in non g
inoculated test units

Calculation of the growth potential or the maximal growth rate :
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7.2 EURLLmM set of L. monocytogenesstrains with their growth
characteristics

The strains set of EURLmM was classifiedccording to their growth rates related to origins, conditions
of temperature, pH andyaand genoserotypesMore details are described in the report dedicated to

strains set for challenge tegtsvailableat https://eurl-listeria.anses.fr/en/minisite/listeria/european-
union-reference-laboratory-listeria-monocytogenes-0

Table 9. Choice of strains according to growth abilities related to origins, conditions and genoserotypes

Origin Meat products

Genoserotype Low aw (aw = 0.95) Low pH (pH = 5) Low temperature (T = 8°C)

Il 12MOB045LM 12MOB045LM 12MOB045LM
12MOB046LM 12MOB046LM 12MOB046LM

v 12MOB085LM 12MOB112LM 12MOB085LM
12MOB089LM 12MOB089LM 12MOB089LM

Origin Fish products

Genoserotype Low aw(aw = 0.95) Low pH (pH = 5) Low temperature (T = 8°C)

Il 12MOB101LM 12MOB101LM 12MOB099LM
12MOB100LM 12MOB100LM 12MOB101LM

v 12MOB103LM 12MOB103LM 12MOB102LM
12MOB102LM 12MOB102LM 12MOB107LM

Origin Dairy products

Genoserotype Low aw (aw = 0.95) Low pH (pH = 5) Low temperature (T = 8°C)

Il 12MOB098LM 12MOB118LM 12MOB098LM
12MOB118LM 12MOB098LM 12MOB079LM

v 12MOBO053LM 12MOBO053LM 12MOB096LM
12MOB106LM 12MOB096LM 12MOB105LM

Origin Other products

Genoserotype Low aw (aw = 0.95) Low pH (pH =5) Low temperature (T = 8°C)

Il 12MOB048LM 12MOBO51LM 12MOB049LM
12MOB047LM 12MOB047LM 12MOB047LM/

12MOBO51LM

\ 12MOBO50LM 12MOBO50LM 12MOB052LM

12MOBO052LM 12MOB052LM 12MOBO50LM

How to usethis table?

Example 1if the product to be tested comes from dairy products, is rathef grith , thenBhg
chosen strain could HE2MOB118LM or 12MOB098LM 0112MOB053LM or 12MOB096LM

if the genoserotype is unknown

Example 21f the product to be tested comes from meat products, is neithgpaici5) neither
with a low & (av > 0.95) then the chosen strain could be 12MOB045aML.2MOB046LMor
12MOB085LMor 12MOBO089LMif the genoserotype is unknown.
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7.3 Example of preparation of the inoculum for the challenge test

7.3.1 Preparation of subcultures for strain 1

Cryobeads containing
one strain of L.

monocytogenes

o

—_

Cryobeads irdml
of TSB or BHI

30 or 37°
for 15-18h

o

—_

0.1ml

Subculture 1 in early

9.20 log, cfu/ml)

-

9ml of TSB or BHI +
stationary phase (at about 0.1ml of subculture 1

7°C for 7 days or
10°C for 3 days

—

Subculture 2 in early
stationary phasgat

about 9.20 log cfu/ml)

Figure9: Preparation of the 2 subcultures for each strain

Process is repeated for strain 2 and other strains if Usdukes given are for ERL Lm strains.

7.3.2 Preparation of the inoculum for

Subculture 2 of
the strain 1

Subculture 2 of
the strain 2

Subculture 2 of

the strain X

ual quantity of each

subculture 2 to obtain#le

-

Mixed culture

challenge test assessing growth potential

Contamination

S Used

for

of test units

Determination of

Successive dilutions of the

mixed culture in physiological Inoculum
water to obtain the inoculum a

the wanted concentration

FigurelQ: Preparation of the inoculum from the subcultures 2

the inoculum level

7.3.3 Preparation of the inoculum for challenge test assessing maximum growth rate

Subculture 2 of the strain

-

wanted concentration

e Used

Successive dilutions of the mixed culture i
physiological wateto obtain the inoculum at the

for

Contamination
of test units

Inoculum

Figurell: Preparation of the inoculunirom the subculture 2 of one strain
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7.3.4 Method to obtain the targeted concentration of the inoculum with a numerical
example:
The mixed culturdor challenge test assessing growth potet# an estimated concentration of 9.2

logho cfu/ml, that is 1.58.10cfu/ml.

The targeted concentratiomthe whole matrixs 100 cfu/g.

The massof the whole matrix is 650d.he volume of the inoculunshould not exceed 1% of the mass

of the whole matrixthe maximum volume of the inoculum is 6.5ml.

It is necessary to ite four times by decimal dilutions the mixed culture to come close t@tjuired

concentration of the inoculum in the whole mat@¥sixed culturediiuted = 1.58.16 cfu/ml.

It is necessary to prepare a larger quantity of the inocttuoontaminate the matrie 6.5 m)). For

example 10 ml, so the concentration of the inoculum is 1.58f@0nl.

The next step is to determine the required volume of the inoculum in order to contaminate the 650 g of

the matrix.It is known that:

In summary:

-

—>

\

—

CinocuILm X Vinoculum = thole matrixX Mmatrix
Vinoculum= (thole matrixX Mmatrix) /Cinoculum

Vinocuum= (100 cfu/g x 650 g) 1.58.10

Vinocuum=4.11 ml

—

—

— J

The mixed culture

[1.58.10 cfu/ml]

4 decimal dilutions in physiological water [1.5818u/ml]

1ml

9 ml of

The inoculum

(1.58.10 cfu/ml)

4.11 ml

physiological water

Figurel2: Fromthe mixed culture to the inoculation of thevhole matrix

The whole

matrix

contaminated at 100 cfu/g

The method to obtain the targeted concentration of the inoculum is the same for challenge test assessing

the maximum growth ratexcept that the targeted inoculuras tobe prepared for each tfe strains

(strains

1,
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7.4 Examples of total number of test units required per batch in the frame
of a challenge test to assess a growth potential

Table10. Total number of test units to l2 preparedper batch depending on the number of days of analysighe frame of a
challenge tests to assess a growth potential

fi d a y| Optional intermediate day{ i d a y
Enumeation ofL. monocytogends inoculated test units 3 3 3 3 3
Detection ofL. monocytogenedsa nortinoculated test units 3 0 0 0 3
Measuremendf physicechemical characteristics
- - - 1 0 0 0 1
Enumeratiorof theassociatednicroflora
Total number anday 00 and ndas 14
: withiday 00, 1dayntaenwrdne 17
required per ——= 5 -
batch W!thnday 0o, 2 !nterme 20
withiiday 00, 3 inter me 23

7.5 Some examples of contamination techniques
Test units can be contaminated in depth or on surface.

This paragraph gives soragamples of a couple of matrix and inoculation technique.

- In depth: a serdiquid product in small quantity20 g) in a sterile bag
for example20 g of custarccontaminated

by a pipetted volume

in X sample®f x g

for example custard in large quantitgntaminated
by a pipetted volume
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- At the surfaceaslicedproduct
for example alice of smoked salnm
contaminateavith 5 spots of 20 pbn half of
the diskbés surface
over. A spreader is used to improve the

distribution of the inoculum

- At the surfacea solid producbf small pieces
for exampleshredded ham

contaminatedat the surface of piecesith a graduatedsyringe through a
septum This septum is immediately recovered by a second sdptarder not
to break packaging atmosphemed maintaining the exact gas conditions
Note: It is possible to divid¢he inoculum into 2 parts and dispatched through
2 septumsThe inoculum could be divided into more parts and dispatch through
more septumm After inoculation, test units are shaken a lot in order to distribute

homogeneously the inoculum.

DOUBLE SEPTUN

7.6 Example of the impact of storage temperature on the shelf -life
Temperature during the shdifie is a critical part of the challenge test assessing the growth potential.

This is illustratecbelowon ameatproduct stored at different temperatire
- Scenario #1: a constant temperature at 4°C;
- Scenario #2includes 3 stgs (one third of the shelife for each step)(i) 4°C to mimic
transportation from plant to retail, (i§°C to mimic storage at retail and (iii) 8°© mimic
storage at consumer
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- Scenario 8: includes 3 stepgone third of the shelife for each step)(i) 8°C to mimic
transportation from plant to retail, (2°Cto mimic storage at retail and (ii))2°C to mimic
storage at consumer

Sheltlife of the product: 31 days.
Physicochemical characteristicd the product:
- pH=6.1and
- av=0.978.
Packaging of the product: 50% &(50% N.
Contaminated portiarii00g.
Mean initial contamination level dfisteria monocytogenan this product:-2 logio cfu/g.

The shelife of theproductis estimatedor each scenario (Figure 13).

35 -

30 DAYS
30 -

N
(O}

21 DAYS

=N
«nn o
1 1

10 DAYS

#1 # #3
Scenatrii

Figurel3: Shelf-life of a meat productrelated to the different scenarii

Shelflife (days)

=
o
I

o v
|

The sheliife of theproductis 30 daysn the scenario #IThe sheHife obtained for scenar#2 and

#3 are respectivelyl.4 aritimes shorter

7.7 Example of preparation of the initial suspension
Thetotal quantity of theest unithas to benalysed after artificial inoculation.

In case of a large quantity of the test unit, the initial suspegsiofeprepared by

- portioning te test units and analysing all the portions, or;

- analysing the entire portion armteparing the initial suspension in 2 stepsrforming 2
successive dilutions, for examptee 15t dilution in half and themhe 2" dilution at 1/5.For an
example: thdirst dilution is made by taking 50 g of the matrix with 50 ml of the diluent. They
are mixed and then for the second dilutiong2éf the first dilution in half are diluted with 80

ml of the diluent
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7.8 Example s of the total number of test units to be prep ared in the frame
of a challenge test to assess a maximum growth rate, per strain, per
batch

Tablell. Totalnumber of test units to be prepared in the frame of a challenge tests to assessa@mumgrowth rate,
per strain,per batch

TGD Lm shelf-life studies
EURL Listeria monocytogenes

1 batch 2 batches 3 batches X batches
1 strain | 18 to 21 test units | 36 to 42 test units | 54 to 63 test units 18X to 21X test units
2 36 to 42 test units | 72 to 84 test units | 108 to 126 test 36X to 42X test units
strains units
Y 18Y to 21Y test 36Y to 42Y test 54Y to 63Y test 18XY to 21XY test
strains units units units units
47/47

21/02/2019




