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2. Forord

Denne redeggrelse har til formal at kortleegge dekontamineringslgsninger, der er relevante for kadin-
dustrien, med henblik p& at fremstille patogenfrit kad. Fokus har veeret pa teknologier, hvor der har
veeret pavist effekt pa fersk kad overfor Listeria og Salmonella eller hvor der formodes at veere reelt
potentiale herfor. For hver teknologi er der en beskrivelse af den mikrobielle virkemade, hvordan inter-
ventionen kan pavirke ikke-mikrobielle kvalitetsparametre og eventuelle erfaringer fra industrielle appli-
kationer. Hvis der er saerligt interessante resultater fra litteraturen, er disse kort beskrevet. | det omfang
der foreligger oplysninger, medtages information om kommercielle udbydere af teknologien, vurdering
af krav til effekt samt lovgivningsmaessige perspektiver. Til sidst gives et overordnet overblik over hvor-
dan teknologien vurderes at pavirke baeredygtighed og miljg efterfulgt af en opsummering af fordele og
ulemper ved den specifikke lasning.

3. Projektets baggrund

De mikrobiologiske krav til fersk kad @ges konstant. Det betyder, at forespgrgsler pa fersk kad fri for
forskellige patogene bakterier stiger. "Fri for Salmonella, Campylobacter og VT E. coli" er kendte produkt-
krav, og kravet om "Listeria-frit" er i stigning. Det vurderes derfor, at patogenfrit kad vil vaere "licence to
sell” indenfor en horisont pa 10 ar. Dette krav er, med de nuvaerende slagte-, udbenings- og opskae-
ringsprocesser, ikke muligt at opfylde. Der er derfor behov for at se ind i, hvordan det i fremtiden kan
gores muligt at producere patogenfrit ked pa danske slagterier. Det skal bl.a. vurderes, hvor i produkti-
onskaden det vil veere mest hensigtsmaessigt at saette ind, samt hvilke tiltag der vil veere bedst egnede
i en produktion, hvor ogsa baeredygtighed er en vigtig parameter

4. Projektets formal og mal (iflg. projektansagning)

Formalet er et identificere, hvordan produktion af patogenfrit kad kan implementeres. Méalet nas ved
perspektivering af muligheder for produktion af patogenfrit ked.

5. Aktiviteter

Projektets aktiviteter skal understgtte udarbejdelse af en perspektiveret redeggrelse for, hvordan det
kan gares muligt at producere patogenfrit ked indenfor de naeste 10 dr. Projektaktiviteterne skal af-
daekke, om der mangler viden og teknologi for at nd malet om at producere patogenfrit kad. Aktivite-
terne skal koordineres teet med repraesentanter fra slagterierne for lgsbende at vurdere, hvad der vil give
veerdi, og hvad der vil kunne lykkes i produktionen; herunder en prioritering af, hvilke lasningsmulighe-
der der vil kunne lykkes indenfor en kort, mellemlang og langsigtet tidshorisont. Projektet vil blive indledt
med en workshop/brainstorm, hvor lgsningsrummet identificeres, og hvor der fx diskuteres krav til tek-
nologilgsninger, fordele og ulemper ved markedsfgring og salg af patogenfrit ked samt nedenstdende
eksempler pd emner:
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7

% Hvor i veerdikaeden vil tiltag veere perspektivrige, og hvor vil en indsats veere uden effekt?

e Findes der data og/eller erfaringer fra forseg med andre slagteteknikker fx afslagtning af hove-
der, og kan det give inspiration til nytaeenkning? Kan gode savel som darlige erfaringer eller for-
segsresultater give anledning til nyteenkning? Er det muligt at zendre pa slagtemetode bade i
forhold til nuveerende udstyr og kundernes krav?

e Erder udenlandske erfaringer, der kan bygges videre pa (fx Holland)?

o Erder erfaringer fra andre industrier, som danske slagterier kan traekke pa (fx fjerkrae)?

o | forhold til at drage erfaringer fra andre omrader (udland, industrier), hvori ligger de specifikke
udfordringer for (dansk) gris?

7

% Hvor effektive skal nye processer vaere i forhold til eliminering af patogener eller forebyggelse af krydskon-

taminering?

e Er der nogen specifikke mal for, hvad 'patogen-frit' betyder i andre lande/industrier? Pa bag-
grund af detektionsgraensen i de traditionelle mikrobiologiske metoder er ikke pdvist i 25 g ofte
= fraveer af mikroorganismen. Men hvad ma risikoen for en positiv preve veere?

o Hvilke krav stiller det til effekten af en dekontamineringsteknologi set i forhold til det nuvaerende
niveau af patogener? Er 2 log reduktion nok, eller kraeves der 5 log reduktion, for at sandsynlig-
heden for at pavise patogener er lav nok? Skal dekontamineringen bruges som en ekstra sikker-
hed ved procesfejl ved slagtningen, og skal der anvendes en eller flere teknologier?

e FEr der publikationer pd omradet, som beskriver frekvensen af krydskontaminering, basisni-
veauer i forskellige processer og maske effekten af forskellige tiltag?

7

% Bliver dekontamineringsteknologiers antimikrobielle effekt, CSR-aftryk (milja og beeredygtighed) samt om-

kostningerne til cendrede processer og investering i ny teknologi en show-stopper?

e Vurdering af forskellige dekontamineringsmetoder, som bruges i dag i andre lande (fx Austra-
lien, NZ og USA) eller andre industrier (fx fierkrae, lam, ko)

e Vurdering af up-coming teknologier fra litteraturen (fx bakteriofager, UV, m.m.)

e Vurdering af effekten af dekontaminering vs. rekontaminering via operatgrer, dvs. i hvor hgj
grad spiller traening af medarbejdere og Food Safety Culture en rolle?

o Diskussion af omkostninger vs. den forventede merindtaegt (for patogenfrit kad) - kan der be-
regnes et breaking-point, hvor merindteegten daekker meromkostningerne?

o Diskussion af mulighederne for, at der gives mulighed for dekontaminering af produkter (fra
myndighedernes side).

e Alle vurderinger indarbejdes i skema med kolonner for: metodebeskrivelse (kort), anvendelses-
omrade, forventet effekt (reduktion af patogener), forventet effekt (CSR-aftryk), forventede om-
kostninger (investering), forventede omkostninger (daglig drift).

% Hvor i processen vil en dekontaminering vaere mest hensigtsmeessig - fx produkt eller udstyr, slagtegang
eller opskaering? En anden mulighed er at bruge dekontaminering til renholdelse under produktion af fersk
ked som ved produktion af forarbejdede kedprodukter ved fx slicening af pdleg.
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e Vurdering af, om et RTE-approach for fersk kad er realistisk og effektivt nok til at na niveauet for
patogenfrit.

e Vurdering af, om alt fra en slagtegang (opskaering) skal veere patogenfrit, eller om der er stgrre
perspektiver i at udveelge saerlige udskaeringer til at veere patogenfrie, og om det rent praktisk
kan lade sig gare.

Den perspektiverede redegarelse udarbejdes pa baggrund af indsamling af viden fra bl.a. litteratur, tek-
nologileverandgrer, slagterier i andre lande samt erfaringer fra produktion af kad fra andre dyrearter
og fra produktion af foraedlede produkter. Hvis dekontaminering identificeres som en relevant lgsning,
igangsaettes test af de mest perspektivrige dekontamineringsmetoder under hensyntagen til kundekrav,
lovgivning og den grgnne omstilling. Hvis de indledende test giver lovende resultater, kan et nyt projekt
igangsaettes med opskalering og implementering af teknologien.

6. Kravspecifikation

Efter grundig litteratursegning og videnindsamling pa konferencer mv. blev der i Q3 2022, i teet samar-
bejde med dialoggruppen, via en dybdegdende SWOT-analyse, genereret en velafgraenset kravspecifi-
kation for resten af projektforlgbet.

Hvor udgangspunktet for projektet var relativt bredt formuleret, var det ngdvendigt for at sikre et brug-
bart resultat af projektet at f& konkretiseret mal, formal og succeskriterier. Kravspecifikationen preaecise-
rer hvad der fx menes med ‘patogen’ i denne sammenhang og fokuserer indsatsen omkring et produkt
som der er konkret viden om at der vil vaere afsaetning for. Den praeciserer desuden hvad dialoggrup-
pens kriterier for succes er, med en graduering af hvilket resultat der vil betragtes som ‘rigtig godt’,
forventet’ og ‘acceptabelt’.

6.1.  Mal - hvad skal vi opna?

At veere i stand til at producere brystfleesk, der er ‘fri for' Listeria og Salmonella, nar det forlader virksom-
heden. 'Fri for' defineres som ikke detektereti 25 g.

6.2.  Formal - hvorfor gar vi det?
Formalet er dels at undersgge om der findes en metode til at dekontaminere til det definerede ‘fri for’

niveau og dels hvad implementeringen af en sddan metode vil have af gkonomiske fordele, ulemper og
konsekvenser.
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6.3. Kommentarer og overvejelser vedrarende kravspecifikationen

Det er altsa besluttet at fokusere indsatsen pa at finde en made hvorpa man kan garantere, at der ikke
vil kunne detekteres Listeria og/eller Salmonella i en 25 grams prgve udtaget fra ‘patogenfrit’ brystflaesk.
Der blev valgt at fokusere pa brystfleesk ud fra en konkret viden om en bacon-producent i Holland, der
eftersparger en ‘patogenfri’ ravare.

De teknologier der vil blive gennemgaet i afsnit 7, vil alle sigte mod en afsluttende dekontaminering, der
sikrer at produktet nar det forlader virksomheden (slagteriet eller dekontamineringsfaciliteten) har faet
inaktiveret evt. forekommende celler af Listeria og/eller Salmonella til et ikke-detekterbart niveau.

Det er vigtigt for at opnd bade myndighedernes og B2B kundernes godkendelse, samt forbrugernes
accept, at det kan dokumenteres at dekontamineringen ikke sker for at daekke over en uhensigtsmaessig
behandling af produktet tidligere i processen. Det skal altsa kunne dokumenteres, at der bade pa lands-
plan og i den individuelle virksomhed gares en stor indsats for at undgd forurening med Listeria og
Salmonella i produktionsmiljget (fx via hyppige evalueringer med Listeria Action Card'et), at rengerings-
procedurerne er effektive og tilstraekkelige (fx ved rutinemaessig verifikation af effekten af den imple-
menterede renggring) og at de indgdende ravarer generelt har en lav forekomst af Listeria og Salmonella
(fx via salmonellaovervagningsdata og in-process rutineprever for Listeria pa produktniveau).
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7. Teknologier i alfabetisk orden

Anvendte forkortelser

LAB Lactic acid bacteria LINAC Linear accelerator

GRAS Generally recognized as safe DC Direct current

FDA Food and Drug Administration (i USA) cwW Cockcroft-Walton

EFSA European Food Safety Authorities FDA Food and Drug Administration (in USA)
GRAS Generally recognized as safe USDA United States Department of Agriculture
RTE Ready-to-eat FSIS Food Safety Inspection Services (under USDA)
HPP High pressure processing PAA Peracetic acid

uv Ultraviolet PEF Pulsed electric field

HPP High pressure processing WHC Water holding capacity

UHP Ultra high pressure (processing) SSO Specific spoilage organism

HHP High hydrostatic pressure (processing) NTAP Nonthermal atmospheric plasma
eBeam Electron beam CcP Cold plasma

7.1.  Bakteriofager

Dokumenteret ef- Listeria Salmonella Holdbarheds-
fekt pa fersk ked reduktion reduktion forleengelse
1-2,3 log 1-4 log 4 dage'
Kedtyper testet  Gris Okse Fjerkrae Andet
X X X RTE, fisk

(Se detaljer i tabellerne i bilag 1)

Virkemade

Bakteriofager er de mest talrige og udbredte biologiske enheder i biosfaeren, herunder fadevarer og
miljg, med en anslaet population pa 10°". Bakteriofagers virkemade er baseret pa en ‘seek-and-destroy’
taktik og er grundleeggende en virus for bakterier. Nar en bakteriofag binder sig til en bakteriecelle (veert),
treenger den gennem cellevaeggen og injicerer sit eget DNA i veertscellen, hvilket effektivt overtager
veertscellen og adelaegger dens evne til at fungere eller replicere (se figur 3A). Bakteriofager er meget
specifikke og bruges derfor ofte i 'cocktails' designet til den specifikke anvendelse og de organismer der

sigtes mod. Bakteriofager er ustabile og mister hurtigt deres styrke.

! Brochothrix-specifik bakteriofag anvendt pa fedtvaev fra gris. Holdbarhedsforlaengelse fra 4 til 8 dage (Kazi & Annapure 2016)
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Bakteriofagkodede enzymer (fx endolysin) er lige sa specifikke som den bakteriofag, de genereres af, og
har en virkningsmade svarende til bakteriociner, da de forstyrrer cellevaeggen og/eller membranen i
deres malorganisme (se figur 3B). Bakteriofagkodede enzymer er relativt stabile.

Bakteriofager og endolysiner kan med fordel anvendes i kombination med andre ikke-termiske proces-
ser, fx UV-C lys, HPP og/eller bakteriociner.

& N
(A) Bacteriophage (B) Endolysin
e N\
@ Host recognition Lps[ ¥ Goam (-), i & Fram{s)
Outer cell membrane[ i -} ?WHHH
S NN | i
Inner cell membrane [
Holin
Receptors & " Endolysin
7 Peptidoglycan degradation
. J

RAVAVAVAVAVAVAVAVAVAVAVA
e
@ DNA replication ¢

\, @®®1 T Holin '

® L'f f T ? ? Endolysin @

Synthesis of viral genomes
and proteins @
Assembly

Bacteria

S

Figur 3. Virkemade for bakteriofag (A) hhv. endolysin (B) (Lee et al 2022).

Indvirkning pa ikke-mikrobielle kvalitetsparametre

Bakteriofager og bakteriofagkodede enzymer forventes ikke at forarsage skadelige eller uhensigtsmaes-
sige virkninger pa ikke-mikrobielle kvalitetsparametre. Der kan forventes en statisk eller positiv effekt pa
den sensoriske evaluering, der kan tilskrives den antimikrobielle effekt og deraf folgende undertrykkelse
af evt. ubehagelig smag/lugt, der metaboliseres fra fordaerverorganismer.

Industrielt brug

Flere kommercielle produkter er markedsfert i USA (som fgdevaretilseetningsstoffer) og andre lande
(typisk som tekniske hjaelpestoffer), fx produkter mod Listeria monocytogenes (ListShield™ og Pha-
geGuard Listex), Salmonella (SalmoFresh™ og PhageGuard S) og Escherichia coli (EcoShield™). Flere af
produkterne kan ogsa bruges til dekontaminering af overflader.
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Kommercielle udbydere

Micreos Food Safety (Holland) (https://phageguard.com/).

Resultater af seerlig interesse

Kad

o En kombination af tre hurdles (bakteriofag, HPP og en bakteriocinproducerende
stamme) anvendt i en fermenteret palse model, opnaede en 5-log reduktion (Komora
etal. 2021)

o Enreduktion pa ca. 2,3 log blev vist i bakteriofag-behandlet oksekad i Igbet af en 15-
dages opbevaringsperiode (Ishaqg et al. 2020)

o En2-log reduktion af Salmonella Derby og Listeria monocytogenes pa fersk grisekad efter
behandling med en 1% fagsuspension (PhageGuard S hhv. PhageGuard Listex). S. Typhi-
murium var ikke falsom overfor fagsuspensionen (Jacobsen 2019)

Fisk

o Nedsankning af regnbuegrred i 30 sek. i en oplgsning af en bakteriofagcocktail (=8 log
PFU/mI), forsinkede bakterielt fordaerv med 3 dage (fra 10,5 dage til 13,5 dage), sam-
menlignet med kontrollen (Zulkarneev et al. 2019)

Lovgivning

Se afsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet.

EU: Anvendelsen af bakteriofager i animalske fadevarer blev evalueret af Det Europaeiske Fgde-
varesikkerhedsagentur (EFSA) i 2009 og brugen af PhageGuard Listex til fiernelse af L. monocy-
togenes fra ra fisk blev vurderet i 2012. | begge undersggelser konkluderede EFSA, at bakterio-
fager er harmlgse for forbrugerne, men at det er ikke klart, om de kan beskytte mod rekonta-
minering af fgdevarer.

USA: ListShield (Intralytix, Inc., Baltimore, MD, USA) var det farste bakteriofagbaserede produkt
der opndede godkendelse af FDA og USDA som et fgdevaretilsaetningsstof til kontrol af L. mo-
nocytogenes i spiseklare fadevarer (2006) og desuden tildelt GRAS-status af FDA i 2014. Siden da
er andre bakterofagbaserede produkter som EcoShield (Intralytix), SalmoFresh (Intralytix) og
Agriphage (OmniLytics Inc., Sandy, UT, USA) ogsa blevet godkendt til kommerciel brug i fedeva-
resikkerhed.

@vrige lande: Bakteriofager er godkendt som tekniske hjzelpestoffer i fadevareforarbejdning og
-handtering i flere lande, inkl. Canada (iLONO), Australien, New Zealand, Israel (Ref: 70275202)
og Schweiz.

Indvirkning pa baeredygtighed og miljg

Energi LAV
Vand LAV
Kemi INGEN
Arbejdsmilj@ INGEN
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Krav til effekt
e Tid: >0,5 log indenfor 1-2 minutter, max. effekt (1-2 log) efter 6-18 timer (PhageGuard S)
e Afstand: kontakt
e Dosis: 10°- 10" PFU/mI, 1-2 ml/250 cm? eller 1-4 ml/450 g (ListShield)

Omkostninger
e Anskaffelse: kommerciel sprayer
e Drift: forhandlet pris pa fager (brugsoplasning ca. 1%), energiforbrug sprayer

Fordele
o Lille kapitalinvestering, Kosher/Halal, OMRI (zkologisk), naturligt, non-GMO, effektivt i et bredt
temperaturinterval (2-42°C), eendrer ikke fgdevarens smag, aroma eller naeringsvaerdi

Ulemper
e Hgj mutationsrate (bakteriofager), skal fortyndes inden brug, skal opbevares kaligt (2-8°C), be-
greenset effekt ved brug alene
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7.2. Bestraling

De mest almindeligt anvendte bestralingsteknologier er gamma, X-ray (rgntgen) og elektronstraler
(eBeam) straling. Alle tre teknologier er kategoriseret som ioniserende stralingsteknologier, hvilket be-
tyder, at de kan 'sparke' elektroner ud af deres orbitalskaller omkring atomer og derved 'ionisere' ato-
merne. Hvor gammabestraling er afhaengig af radioaktive isotoper (f.eks. caesium-137 eller kobolt-60),
genereres rgntgen- og eBeam-bestraling fra kommerciel elektricitet gennem 'lineaere acceleratorer' (LI-
NAQ).
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Teknologierne

Elektronstrdler

Elektronstraler (eBeams) genereres med et udstyr (en accelerator), der omdanner kommerciel elektrici-
tet til en hgjenergistram af eBeam-partikler (se figur 4). Der er tre kommercielt tilgeengelige typer
eBeam-acceleratorer: DC (jaevnstrgm), CW (Cockcroft-Walton) og pulserende acceleratorer, som hver
har forskellige fordele og ulemper (se tabel 1).

Gammastrdler

Radioaktive kildematerialer sasom caesium-137 og kobolt-60 (produceret i atomreaktorer) er de vigtigste
kilder til gammabestraling. Gammabestraling bestar hovedsageligt af fotoner, som ikke har nogen
masse. Dette gar det muligt for gammabestralingen let at treenge gennem materialer med varierende
densitet, hvilket overgar hvad rgntgen og eBeam strdler kan praestere. Dosishastigheden for gammabe-
straling, dvs. den hastighed, hvormed energien afszettes i malmaterialet, er imidlertid betydeligt lavere
end rgntgen- eller eBeam-processer i kommerciel skala.

Rantgenstréler

Rentgenstraler fremstilles af LINAC- eller Rhodotron-stil acceleratorer. Rantgengenerering fra en elek-
tronstrale i en LINAC er baseret pa placeringen af et materiale med meget hgj atommasse (fx tantal eller
guld) direkte i strgmbanen af en hgjenergi elektronstrale (se figur 4). Kollisionen af hgjenergielektroner
resulterer i dannelsen af rgntgenfotoner. Rgntgenfotoners evne til at treenge gennem materialer svarer
naesten til gammabestralingens (dvs. bedre end eBeam), men bade fotonenergi og dosishastighed for
rentgenstraler er meget hgjere end for kobolt-60-baseret gammabestraling.

High voltage E-Beam

Electron Injector waveguide Magnetic
scanner E-beam particles

X-Ray
High voltage Tantallum shield

Electron Injector waveguide Magnetic

scanner

Figur 4. Skematisk repraesentation af principperne bag eBeam- og regntgenstraling ved brug af en accelerator af
LINAC-typen (Pillai & Shayanfar, 2017)
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Tabel 1. Sammenligning af kommercielt anvendte DC-, CW- og pulserende acceleratorer (Pillai & Shayanfar, 2017)

Parameter DC-accelerator CW-accelerator Pulserende accelerator
Type Dynamitron Rhodotron LINAC
Maks. anvendt energi 5 MeV 7.5 - 10 MeV 10 MeV
EffektV Hoj Hoj Begraenset

(op til 100 kW) (op til 800 kW) (op til 20 kw)
Effektivitet i brug af el Hoj Middel Lav
Fysisk stgrrelse Stor Middel Lille

D Oversaettes til mulige linjehastigheder (hej effekt = hej linjehastighed)

Tabel 2. Opsummering af gennemtraengningsdybde og effektivitet af de tre ioniserende

stralingsteknologier brugt til behandling af fadevarer (Aymerich et al. 2008).

Gamma ray

X-ray

Power source (kW) ~50
Source energy (MeV) 1.33
Processing speed” (tonnes/h) 12
Penetration depth (cm) 80-100
Dose uniformity ratio ~1.7
Dose rate (kGy/h) Low

25
5

10
80-100
~1.5
High

* Processing speed to deliver a dose rate of 4 kGy.

Virkemade

Bestrdling forarsager direkte og indirekte DNA-beskadigelse af de mikrobielle celler. Direkte skade op-
star, nar fotoner eller elektroner direkte stader pa DNA-molekylet og fordrsager enkelt- og dobbelt-
strengsbrud, nar elektroner fjernes. Indirekte DNA-skader sker, nar elektron, der udstgdes fra deres
orbitalskal, rammer elektroner i tilstedende atomer, hvilket skaber en raekke tilsvarende ioniseringshaen-
delser. Nar ioniserende straling mader vandmolekyler, ioniseres vandmolekylet med det resultat, at hy-
drolyse opstar, og der dannes steerkt reaktive (men ekstremt kortvarige) frie radikaler. De frie radikaler
foradrsager yderligere skade pa DNA-molekylerne (se figur 5).
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Figur 5. (a) direkte virkning (DNA/RNA skader); (b) indirekte virkning (frie radikaler angriber cellemembranen) (Lung

etal. 2015)

Effekten kan variere noget alt efter malorganisme, matrix og temperatur. Ahn et al. (2013) har samlet D-
veerdierne (i kGy) for forskellige patogener, kadprodukter og temperaturer (tabel 3). Det er veerd at no-
tere, at organismer der er seerligt miljgtilpassede samt endosporer af Clostridium og Bacillus udviser en
haj resistens overfor bestraling (se fx D-vaerdien for sporer af Clostridium sporogenes i tabel 3).

Tabel 3. D-veerdier for fadevarebarne patogener (Ahn et el. 2013)

Pathogen D10 (kGy) Medium Temperature (°C)
Listeria monocytogenes 0.42 to 0.44 Ground pork Otoh
Clostridium perfringens 0.826 Ground pork 10
Salmonella spp. 0.61 to 0.66 Ground beef 4
Escherichia coli O15THT 0.24 Beef 2 to 4
Campylobacter jejuni 0.11 to 0.19 Ground turkey Oto4
Staphylococeus aureus 0.40 to 0.66 Chicken 0
Vibrio parahemoliticus 0.053 to 0.357 Crab meat 24
Yersina enterocolitica 0.164 to 0.204 Ground pork 10
Clostridium sporogenes (spore) 6.3 Beef fat 4
Morazella phenylpyruvica 0.63 to 0.88 Chicken 4
Pseudomonas putida 0.08 to 0.11 Chicken 4
Streptococcus fecalis 0.65 to 0.7 Chicken 4
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Indvirkning pa ikke-mikrobielle kvalitetsparametre

Strukturelle proteiner, katalytiske proteiner (enzymer) og de fleste vitaminer beskadiges ikke ved de do-
ser, der almindeligvis anvendes til bestraling af fadevarer. Eksponering for meget hgje doser kan dog
forarsage skade pa makromolekyler sasom proteiner.

Industrielt brug i EU

| tabel 4 er listet de fadevarer, der blev kommercielt bestralet i EU i 2011. De fgdevarer, der oftest de-
kontamineres med bestraling er krydderier og urter, men i visse lande (Belgien, Frankrig og Nederlan-
dene) anvendes bestraling til et bredere udvalg af fadevarer.

Tabel 4. Fadevarer der bliver bestralet kommercielt i forskellige EU-lande (data fra 2011)
(Pillai & Shayanfar, 2017).

EU country Food and food ingredients irradiated

Belgium Dehydrated blood, egg white, fish, shellfish, shrimp, frog legs,
gum Arabic, herbs and spices, poultry, rice meal, vegetables

Czech Republic Herbs and spices

Germany Herbs and spices

Estonia Herbs and spices

Spain Herbs and spices

France Frog legs, gum Arabic, herbs and spices, poultry

Hungary Herbs and spices

The Netherlands Egg whites, fish, shellfish, shrimp, frog legs, herbs and spices,
poultry, dehydrated products

Poland Herbs and spices

Lovgivning

e Se afsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet.

e EU: Levnedsmiddelbestraling er lovlig (og endda anbefalet) i EU gennem direktiv 1999/2/EF og
direktiv 1999/3/EF, hvor fgdevarer og fedevareingredienser, der ma behandles med bestraling,
er listet. Syv medlemsstater har en udvidet liste over fadevarer og fadevareingredienser, der ma
bestrdles. | 2021 var der 24 godkendte bestralingsanleeg i 14 EU-lande. De mest bestralede
produkter er frglar, fierkrae og tarrede aromatiske urter, krydderier og grentsager krydderier.
De forordninger, der blev gennemfart i 2011, opnaede ikke en harmonisering af lovgivningen
om bestraling i hele EU idet nationale agenturer stadig kunne udstede tilladelser og forbud mod
andre bestralede fadevarer end urter og krydderier. Belgien, Tjekkiet, Frankrig, Italien, Neder-
landene og Polen har en national liste over tilladelser til behandling af levnedsmidler med ioni-
serende straling. Maerkning er pakraevet.

e USA:! | USA betragtes bestrdling af fadevarer som et tilsaetningsstof og er reguleret af 1958 Food
Additives Amendment of the Food, Drug and Cosmetics Act. Fgdevarer, der ma behandles med
bestraling, omfatter frisk frugt/grentsager, kad (fra ko, svin, fierkrze, far, ged), blade skaldyr, hele
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g, krydderier, frg, mel og forskellige emballagematerialer. Anvendelsen er begraenset af speci-
fikke formal med bestraling og maksimale doser. Maerkning pakreevet (radura logo).

e Kina: Blandt alle lande bestraler Kina den sterste maengde fgdevarer. Sandsynligvis mere end
250.000 tons kyllingefgdder, der seelges som snacks, bestréles arligt. Tilladte fedevarer og em-
ballagematerialer, maksimale doser og maerkningskrav er reguleret af nationale standarder.

e Indien: Reglerne om bestraling af fadevarer i Indien blev revideret i 2016. Forordningen inde-
holder en liste over tilladte levnedsmidler og emballagematerialer samt bestralingsformal og
minimums-/maksimumsdoser. Som i USA skal bestralede fadevarer maerkes med radura-lo-

goet.
7.2.1. eBeam
Dokumenteret effekt  Listeria Salmonella Holdbarheds-
pa fersk kad reduktion reduktion forleengelse
? log 2-5log 14 dage?
Kedtyper testet  Gris Okse Fjerkrae Andet
X X RTE, fisk, skaldyr

(Se detaljer i tabellerne i bilag 2)

Industrielt brug

eBeam teknologien bruges i USA til bestrdling af hakket oksekad (fas hos butikskeederne Schwan'’s og
Wegmans)

eBeam kan med fordel bruges i forbindelse med aseptisk pakning og der findes kommercielt tilgeenge-
ligt udstyr specielt til dette (figur 6).

Figur 6. Lavenergi eBeam kilde til brug ved lavenergi overfladesterilisation (Pillai & Bhatia, 2018).

2 Garcla-Marquez et al. 2012
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Kommercielle udbydere
eBeam tunnel (hyldevare) kommercielt tilgaengelig hos SKAN (SKAN_datablad_tunnel, 2022). Tunnelen
er udviklet til pharma-industrien til sterilisering af emballage (aseptisk pakning).

eBeam udstyr (specialfremstillet) kan rekvireres hos kommercielle udbydere, fx Wasik Associates, Inc.
(www.wasik.com) eller Global Beam Technologies AG (www.sst-ebeam.com). Andre udstyrsproducenter:
ScanTech Sciences Inc., Atlanta; GrayStar Inc., Mt. Arlington, N.J., IBA Industrial Inc., Edgewood, N.Y.,
Russia-based Tecleour; Ebeam Technologies, Switzerland; Mevex, Canada; lotron Industries, Canada.

Testfacilitet findes fx hos STFC Daresbury Laboratories (https://www.ukri.org/about-us/stfc/loca-
tions/daresbury-laboratory/) eller STERIS Applied Sterilization Technologies (https://www.steris-
ast.com/solutions/electron-beam-irradiation/).

Tabel 5. Klassificering af anvendelser af eBeam-teknologi i fadevareindustrien, som funktion af straleenergi malt i
MeV (Pillai & Shayanfar, 2017).

Energy Profile Food Industry Applications

(<1 MeV)

Low energy

Aseptic packaging, surface sterilization, printing ink curing, food packaging
modifications

Medium energy Surface sterilization, food pasteurization in customized packaging,
(1 MeV-5 MeV) packaging polymer modifications

High energy
(5 MeV-10 MeV) | food industry liquid and solid waste treatment

Food pasteurization, food sterilization phytosanitary treatment,

Resultater af saerlig interesse

e Kogd:
o

Bruges rutinemaessigt pa kyllingefgdder, frglar og forskellige andre kadprodukter (Pillai
& Shayanfar, 2017)

Eliminerede Salmonella positive (fra 40% positive) pa naturligt kontaminerede fileter af
kyllingebryst ved 1 kGy (Lewis et al. 2002)

Bestralingsdoser pa 2 og 3 kGy var effektive til at opna 4-5 logreduktioner i S. Typhi-
murium-populationer pa kyllingebryst (Sarjeant et al. 2005)

2-log reduktion af Salmonella ved eBeam bestraling (3 kGy) af oksekad og 4-log reduk-
tion ved kombination med maelkesyre (Li et al. 2015)

Kombinationer af organisk syre og bestraling var mere effektive til at reducere og bevare
lave APC og coliforme niveauer under lagring end hver af behandlingerne alene. Kom-
binerede behandlinger, der omfatter lavere bestralingsdoser end dem, der kraeves til
bestréling alene, kan anvendes til at forlaenge holdbarheden af svinekamme under op-
bevaring efter bestrdling uden at gge lipidoxidationen (Kim et al. 2004)
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e Fisk:
o 2,5logreduktion af Listeria i laks ved 1 kGy (Su et al. 2008)

Lovgivning
e EU/gvrigt udland: se afsnit 7.2 og afsnit 11.

Indvirkning pa baeredygtighed og milje

e Energ LAV/MIDDEL - kan veere meget energieffektiv (afhaengigt af specifik type)
e Vand INGEN - intet vandforbrug
o Kemi INGEN - intet kemikalieforbrug, ingen kemikalierester
e Arbejdsmiljg LAV - on/off teknologi
Krav til effekt

e Tid: fa sekunder til minutter
e Afstand: uvist
e Dosis: <5 kGy

Omkostninger
e Anskaffelse: anlaeg skal special-bygges i en separat bygning
o Drift: energieffektivt, udgifter til operatarer og transport til/fra produktionsomradet

Fordele
e Intet vandforbrug, ingen kemikaliebrug eller -rester, hurtigtvirkende, energieffektivt, kan anven-
des pa fuldt emballeret produkt, zegte on/off-effekt

Ulemper
e Tab af vitaminer, accelereret lipidoxidation, nedsat pH, aendringer i farve/smag/aroma, forbru-
geropfattelse, arbejdsmiljg udfordret, store kapitalinvesteringer

Kildehenvisninger
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7.2.2. Gammastraling

Dokumenteret effekt  Listeria Salmonella Holdbarheds-
pa fersk ked reduktion reduktion forleengelse
1,5-5 log ? log >20 dage?
Kadtyper testet ~ Gris Okse Fjerkrae Andet
X RTE, fisk, kanin

(Se detaljer i tabellerne i bilag 2-4 samt Bari et al. 2006)

Resultater af saerlig interesse
e Kad
o Effekt mod mikroorganismer (ikke Listeria eller Salmonella) pavist i forskellige kadpro-
dukter (se bilag 3 tabel 2.5)
o En5-log reduktion af L. monocytogenes i hakket grisekad kraever en bestralingsdosis pa
a 3.0-kGy, som ogsa holder niveauet af APC og coliforme konstant over en 60-dages
periode (Bari et al. 2006)
e Fisk
o Effekt mod mikroorganismer (ikke Listeria eller Salmonella) pavist i forskellige fiskepro-
dukter (se bilag 3 tabel 2.5)

Lovgivning
e EU/gvrigt udland: se afsnit 7.2 og afsnit 11

Indvirkning pa baeredygtighed og miljg

e Energ LAV/MIDDEL - kan veere meget energieffektiv (afhaengigt af specifik type)

e Vand INGEN - intet vandforbrug

e Kemi H@J - radioaktivt affald

e Arbejdsmiljg HQ@J - kreever szerlige foranstaltninger og specialuddannet personale
Krav til effekt

e Tid: fa sekunder til minutter
e Afstand: uvist
e Dosis: <5 kGy

Omkostninger
o Anskaffelse: afhaengig af eksisterende anlaeg (Risg i DK)

33 kGy/0°C (Bari et al. 2006), kombineret med MAP (Pillai & Shayanfar 2017)
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e Drift: udgifter til transport mellem produktionssted og behandlingsanlaeg, afregning pr. enhed
eller kg med serviceudbyder

Fordele
e Intet vandforbrug, ingen kemikaliebrug eller -rester, energieffektivt, kan anvendes pa fuldt em-
balleret produkt, dyb gennemtraengning
Ulemper
e Tab af vitaminer, langsomt virkende (relativt til eBeam og rentgen), accelereret lipidoxidation,
nedsat pH, sendringer i farve/smag/aroma, forbrugeropfattelse, udfordret arbejdsmiljg, natio-
nale sikkerhedsudfordringer (radioaktivt materiale), begraenset adgang til radioaktivt materiale
og hgje omkostninger, store kapitalinvesteringer
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Sethi, S., Anurag, R.K,, Yogesh Kumar, Y. & O. P. Chauhan (2019) Combination of Non-thermal Processes
and their Hurdle Effect in Chauhan, O.P. (Ed.): Non-thermal Processing of Foods (1st ed.). CRC Press.
https://doi.org/10.1201/b22017.

7.2.3. Rantgenstraling (X-ray)
Dokumenteret ef- Listeria Salmonella Holdbarheds-
fekt pa fersk ked reduktion reduktion forleengelse
?log ?log ? dage
Kedtyper testet  Gris Okse Fierkrae Andet

RTE, skaldyr

Resultater af saerlig interesse
e Kagd
o 2,8-4,0logreduktion af S. Typhimurium, E. coli O157:H7 og L. monocytogenes pa RTE kogt
skinke ved behandling med 0,2 kGy og >6 log reduktion ved behandling med 0,6 kGy
(Cho et al. 2019)
o Fisk
o 4,0 log reduktion af Salmonella i rejer ved 1 kGy (Mahmoud 2009)

Lovgivning
e EU/gvrigt udland: se afsnit 7.2 og afsnit 11

Indvirkning pa baeredygtighed og milje

e Energ LAV/MIDDEL - kan vaere meget energieffektiv (athaengigt af specifik type)
e Vand INGEN - intet vandforbrug

o Kemi INGEN - intet kemikalieforbrug, ingen kemikalierester

e Arbejdsmiljg LAV - on/off teknologi
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Krav til effekt
e Tid: fa sekunder til minutter
e Afstand: uvist

Omkostninger
e Anskaffelse: kan eksisterende rgntgenanlaeg benyttes?
e Drift: lavt energiforbrug, operatgrer er pa produktionssteder i forvejen

Fordele
e Intet vandforbrug, ingen kemikaliebrug eller -rester, hurtigtvirkende, kan anvendes pa fuldt em-
balleret produkt, segte on/off-effekt, bedre gennemtraengningsevne end eBeam
Ulemper
e Tab af vitaminer, accelereret lipidoxidation, nedsat pH, aendringer i farve/smag/aroma, forbru-
geropfattelse, arbejdsmiljg udfordret, store kapitalinvesteringer

Kildehenvisninger
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73.  HPP/UHP/HHP

Dokumenteret effekt  Listeria Salmonella Holdbarheds-
pa fersk ked reduktion reduktion forleengelse
>5 log* >5 log* 6 dage®
Kedtyper testet  Gris Okse Fjerkrae Andet
X X RTE

(Se detaljer i tabel 2 i bilag 5)

Virkemade

Mekanismerne for bakteriel inaktivering er en kombination af faktorer, sdsom skade pa cellemembran-
struktur og modifikation af de cellulzere funktioner der er forbundet med protein- eller enzymaktiviteter.
Cellemembranforstyrrelse, der forarsager laekage mellem de indre og ydre membraner, er hovedarsa-
gen til celledgd. En anden mekanisme, der involverer denaturering (udfoldelse) af proteiner og sendrin-
ger i enzymmedierede genetiske mekanismer (figur 7), har ogsa en indflydelse. Delvis proteindenature-
ring kan opnas med et tryk pa omkring 100 MPa, en hgjere dosis (fx 200 MPa) kan forarsage skade pa
cellemembranen og strukturerne, og et tryk pa omkring 300 MPa forarsager irreversibelt brud pa celle-
membranen med frigivelse af intracellulzere stoffer og deraf felgende celledad. HPP er ikke afthaengig af
volumen; tryk overfares gjeblikkeligt og ensartet gennem prgven og produktets geometri er irrelevant.
Ved forarbejdning af ked pakkes produktet i egnet emballagemateriale, normalt under vakuum, og an-
bringes i trykkammeret. Kammeret er fyldt med en tryktransmitterende vaeske (propylenglycol eller

4 Kombineret med carvacrol (bilag 5, tabel 2)
5Ved 4°C
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vand). Efter indseettelse af det emballerede produkt lukkes kammeret, tryk paferes i den bestemte tid,
tryk frigives, hvorefter produktpakken fjernes.

HPP chamber

Bacterium
Figur 7. Den mikrobielle inaktiveringsmekanisme for HPP (Rosario et al. 2021).

Indvirkning pa ikke-mikrobielle kvalitetsparametre

Meget hgje trykniveauer kan age temperaturen i produktet og irreversibelt eendre teksturen. Meget hgijt
tryk og/eller lang holdetid kan pavirke oxidation af lipider og proteiner. Pavirkning (denaturering) af en-
zymstrukturer, der derved pavirker deres funktion, kan have en positiv indvirkning pa fordaerv. Virknin-
gerne pa fysisk-kemiske og sensoriske parametre pa en raekke af forskellige typer fisk, skaldyr, kad og
produkter heraf gennemgas i Rosario et al. 2021 (se ogsa bilag 3, tabel 2.6).

Industrielt brug

HPP har fundet anvendelighed i forarbejdningen af en raekke produktkategorier, herunder kogt kad,
skaldyr og fisk, grantsager og frugtsaft. | 90'erne og O'erne blev der etableret store HPP-forskningspro-
grammer i Japan, Europa og USA. Det er nu blevet en kommercielt implementeret teknologi med om-
kring 82 kommercielle HPP-systemer til fadevarer i brug over hele verden med en ansldet produktion
pa 150.000 tons/ar og salg over 2 milliarder dollars arligt i USA alene. Listen over lande, der forarbejder
og seelger hgjtryksprodukter, vokser ogsa hurtigt; disse omfatter Canada, USA, Mexico, Colombia, Chile,
Brasilien, Irland, Storbritannien, Norge, Finland, Polen, Tyskland, Frankrig, Italien, Spanien, Portugal, In-
dien, Korea, Japan, Australien og New Zealand (Chauhan 2019). Bruges til hos det tyske firma Abraham
til dekontaminering af tarrede, saltede skinkeprodukter.
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Kommercielle udbydere
e Hiperbaric (Spanien) (https://www.hiperbaric.com/) - indenfor kadindustrien saelges udstyr ho-
vedsageligt til produktion af deli meat
e /BT-Avure Technologies (US) (https://www.jbtc.com/) - angiver at deres udstyr kan benyttes til de-
kontaminering af fersk kylling og gris
o Multivac/Thyssenkrupp Uhde High Pressure Technologies (Tyskland) (https://www.thyssenkrupp-in-
dustrial-solutions.com) - dekontaminering af deli meat

Resultater af saerlig interesse
e Kad
o Effekten pd en raekke forskellige fordaervelsesorganismer og patogener er blevet testet
pa et stort udvalg af ked- og kedprodukter (fersk og RTE) (se bilag 3, tabel 2.5 og bilag
5, tabel 2)
e Andre fgdevarer
o Effekten pa en raekke forskellige fordaervelsesorganismer og patogener er blevet testet
pa et stort udvalg af fisk, skaldyr og produkter heraf (se bilag 2 og Rathod et al. 2022)

Lovgivning
e Se afsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet
e EU: ingen specifikt lovgivning, men EFSA har vurderet effekten af HPP-behandling mod bl.a. L.
monocytogenes, Salmonella og E. coli i RTE kad og fundet at metoden er effektiv til at adelegge
skadelige mikroorganismer og ikke giver anledning til flere fadevaresikkerhedsproblemer end
andre behandlinger

Indvirkning pa baeredygtighed og milje

e Energ LAV - energieffektivt
e Vand LAV/MIDDEL - afhaengigt af hvilken procesveeske der bruges
e Kemi INGEN/MIDDEL - afhaengigt af hvilken procesvaeske der bruges
e Arbejdsmiljg INGEN/LAV - ved korrekt installation
Krav til effekt

e Tid: ca. 10-15 minutter
e Afstand: ikke relevant

Omkostninger

e Anskaffelse: behovet for tradvikling (for sikker og palidelig drift) og det begreensede udbud af
trykbeholdere, der kan operere over 680 MPa gger udstyrsomkostningerne
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e Drift: driftsomkostningerne ved produkter forarbejdet med HPP er reduceret betydeligt i de se-
nere ar - de gennemsnitlige omkostninger ved HPP-behandling af fx RTE kad, er ansldet til at
ligge omkring 0,50-2,00 DKK/kg (lavere end omkostningerne for varmebehandling?)

Fordele
e Hurtigtvirkende, energieffektivt, uafhaengigt af form/starrelse af produktet, bruges pa emballe-
ret produkt, kan deaktivere enzymer (der faciliterer ikke-mikrobielt fordaerv)

Ulemper
e Risiko for endringer i farve/tekstur og lipid oxidation, aendrer struktur af proteiner/enzymer,
kan forarsage 'kogt’ udseende, ingen effekt pa sporer, risiko for at kompromittere emballagens
integritet, store kapitalinvesteringer
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7.4.  Klor/klorholdige produkter

Dokumenteret ef-  Listeria Salmonella Holdbarheds-
fekt pa fersk ked  reduktion reduktion forleengelse
1-3log 1-3log ? dage
Kedtyper testet  Gris Okse Fjerkrae Andet
X X X RTE, fisk, skaldyr

(Se detaljer i Anonymous 2009)
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Virkemade

Behandling med klor forarsager leekage af makromolekyler fra bakteriecellerne, hvilket indikerer perme-
abilitetsezendringer i membranen. Den antimikrobielle virkning af klor afhaenger hovedsageligt af maeng-
den af frit klor (HOCI), der er til stede i vandet (ogsa kaldet ‘available chlorine concentration’ (ACC)), vand-
temperatur, kontakttid og pH.

Elektrolyseret vand (EW), ogsa kendt som ECA- eller ECO-vand, genereres ved elektrolyse af en fortyndet
salt (NaCl) oplgsning, der danner en oplasning af hypochlorsyre (HOCI) og natriumhydroxid (NaOH).
Elektrolysen producerer tre typer EW (tabel 1). Sur EW (AEW), med pH 2-3 og redox-potentiale (ORP)
>1000 mV, produceres pa anode siden. Basisk EW (BEW), med pH 10-13 og ORP -800 til -900 mV, gene-
reres pa katodesiden. Neutral EW (NEW), med pH 6,5-7,5 og ORP 700 til 800 mV, kan fremstilles pa
forskellige mader; det kan genereres, nar elektrolytcellen ikke har en separativ membran eller ved at
blande katolytten med en fortyndet NaCl-oplgsning. Det er blevet rapporteret, at NEW er mere stabil og
holder sin antibakterielle aktivitet bedre under opbevaring sammenlignet med AEW og BEW.

Tabel 6. Egenskaber for forskellige typer elektrolyseret vand (Ramirez Orejel et al. 2020).

Type elektrolyseret vand pH ORP (mV)
Sur (AEW) 2-3 >1000
Basisk (BEW) 10-13 -800 til -900
Neutral (NEW) 6,5-7,5 700 til 800

Den antimikrobielle virkning af EW er baseret pa den kombinerede virkning af pH, ORP og ACC.

De mekanismer, hvormed klor og EW forarsager mikrobiel inaktivering, er en kombination af faktorer,
herunder skade og nedbrydning af cellevaegsstrukturer, forstyrrelse af cellemembranpermeabilitet, de-
naturering og inaktivering af proteiner samt beskadigelse af nukleinsyrerne RNA og DNA.

Indvirkning pa ikke-mikrobielle kvalitetsparametre
Brug af klorforbindelser i hgje koncentrationer kan have en ugnsket virkning pa sensoriske parametre.
Produktet kan i det tilfzelde efterlades med en lugt af klor og gulfarvning af kad er ogsa blevet observeret.

Industrielt brug
Klor bruges rutinemaessigt til produktdekontaminering af grentsager, fjerkree og skaldyrsprodukter i
mange lande.

Resultater af saerlig interesse
e En undersegelse udfert pa svinekam viste, at EW'er (AEW og BEW) ikke havde nogen effekt pa
lipidoxidation, at AEW ggede proteinoxidation, mens BEW reducerede oxidationsreaktionerne

(Athayde et al. 2017).
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e En ekspertkomite (FAO/WHO) i 2009 fandt ingen grund til sundhedsmaessige betaenkeligheder,
sa leenge klor-residualer pa/i produkterne efter behandling paviseligt er minimale (Anonymous
2009)

Lovgivning
e Seafsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet

Indvirkning pa baeredygtighed og milje

e Energ LAV - energieffektivt

e Vand MIDDEL - behov for vand til at lave brugsoplasning

e Kemi MIDDEL/H®@J - forbrug af enten klor eller NaCl, klor i aflgbsvand

e Arbejdsmiljg MIDDEL/H®@)J - luftvejsirritation, risiko for dannelse af klorgas
Krav til effekt

e Tid: ca. 5-30 sek (afhaengigt af pH og temperatur)
e Afstand: kontakt

Omkostninger
e Anskaffelse: kommerciel sprayer (klor), elektrolyse generator (EW)
e Drift: klor eller NaCl

Fordele
e Lave driftsomkostninger, lavteknologisk (klor), generering pa stedet (EW), lille kapitalinvestering

Ulemper
e Indvirkningstid flere minutter, mulige sensoriske defekter pa produkter, risiko for lipid- og pro-
teinoxidation, arbejdsmiljg (lugt), korrosion af udstyr

Kildehenvisninger
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proving pork meat quality. Food Research International 100(1):757-763.
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7.5.  Kold plasma / NTAP

Dokumenteret ef-  Listeria Salmonella Holdbarheds-
fekt pa fersk ked  reduktion reduktion forleengelse
>1 log >1 log ? dage
Kadtype testet  Gris Okse Fjerkrae Andet
X X X RTE

(Se detaljer i tabel 3 i bilag 5)

Virkemade

Kold plasma (cold plasma, CP), ogsa kaldet Non-Thermal Atmospheric Plasma (NTAP), genereres under
atmosfeeriske forhold ved temperaturer pa 30-60°C, og kraever ikke meget energi. CP fremstilles ved at
fremfere fgdegas (atmosfaerisk luft eller en hvilken som helst gasblanding) mellem to elektroder for at
generere et kraftigt elektrisk felt. Dette kan opnas enten ved hjeelp af dielektrisk barriereudladning
(dielectric barrier discharge, DBD), radiofrekvens eller mikrobglgestrgmkilder. De ioniserede gasser der
dannes, bestar af kemisk reaktive arter, sdsom positive og negative ioner, radikaler, elektroner, excite-
rede og neutrale molekyler, ultraviolette fotoner og synligt lys. Selvom den ngjagtige mekanisme for den
antibakterielle virkning endnu ikke er fuldt belyst, ved man at CP er kilde til flere kemisk reaktive arter,
herunder reaktiv ilt (ROS) og reaktive nitrogenarter (RNS), der er staerkt antimikrobielle (se figur 8). Rap-
porterede virkningsmekanismer er dannelsen af ladede partikler, reaktive oxidantarter, ozon (hvis be-
handling udferes i et ilt-/luftmiljg) og UV-straling. Sammenszetningen af den fadegas, der anvendes til at
generere CP, pavirker typen af reaktive arter, f.eks. genererer ilt (0,) O, OH-, H,O, og O3, mens nitrogen
(N2) genererer NO, NOz, N20O3 0g N2Os.

NTAP kan genereres ved hjalp af atmosfzerisk trykplasmastrale (APPJ), som har bade teknisk og kom-

mercielt mere gkonomisk interesse for fgdevareindustrien, da det fungerer under almindelige produk-
tionsforhold. Temperaturen af dissocierede partikler forbliver relativt kold i NTAP, fordi det meste af den
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elektriske energi kanaliseres til elektronkomponenterne uden at opvarme hele gasdampen. | fgdevare-
forarbejdningsindustrien kan anvendelse af energiske, reaktive gasser af CP pa overflader af fadevarer,
sasom frugt, grantsager, kad og fjerkrae osv. effektivt reducere den mikrobielle belastning.

Dielektrisk barriereudladningsplasma (DBD-plasma): Denne type system er baseret pa et seerligt AC-
udledningsanleaeg, der genererer plasma under atmosfaerisk tryk ved moderat gastemperatur. DBD er
ogsa kendt som barriereudladning eller lydlgs udladning. DBD-plasma anvendes generelt til fx overfla-
dedekontaminering, sterilisering, ozongenerering, forureningskontrol, kemisk dampaflejring og overfla-
deaktivering. En forholdsvis nyudviklet teknologi er et DBD-plasma system til emballerede produkter
pakket med en specifik gassammensatning (patenteret af Bindslev og Leipold i 2009). | dette system
fores det emballerede produkt mellem to elektroder, og det plasma der genereres inde i pakken, haem-
mer/inaktiverer mikrober.
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Figur 8. Effekt af CP-behandling pa en bakteriecelle (Roobab et al. 2022).

Indvirkning pa ikke-mikrobielle kvalitetsparametre

Nogle af de reaktive stoffer, der genereres i processen, er kendt for at fremkalde oxidation. Dette kan
pavirke flygtige forbindelser, lipider og proteiner afhaengigt af den anvendte fadegas, applikationstekno-
logien og procestiden. Nogle oxidative virkninger kan minimeres ved at kombinere CP med andre inter-
ventioner, f.eks. planteekstrakter (se bilag 5, tabel 3). Nogle forskergrupper har observeret en stigning i
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overfladetemperaturen pa produkterne, og procesparametrene skal derfor vaelges med omhu og over-
vages ngje. Modifikation (denaturering) af enzymer, der derved pavirker deres funktion, kan have en
positiv indvirkning pa ikke-mikrobielt fordaerv.

Industrielt brug
Det har ikke vaeret muligt at finde information om brug af CP i stgrre industriel skala.

Resultater af saerlig interesse
o Kad
o Effekt er pavist pa fersk kylling, gris og okse savel som forskellige RTE-produkter (se bilag
5, tabel 3)

Lovgivning
e Se afsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet

Indvirkning pa baeredygtighed og milje

e Energi LAV - minimalt behov for energi til at generere CP
e Vand INGEN
e Kemi LAV/MIDDEL - afhaenger af hvilken type fadegas der bruges
e Arbejdsmiljg UVIST
Krav til effekt

e Tid:ca.2-5min
e Afstand:ca.2cm

Omkostninger
e Anskaffelse: uvist, da udstyr i starre skala sa vidt vides ikke eksisterer endnu
e Drift: afhaenger meget af valg af fedegas

Fordele
e Meget omkostningseffektiv (afhaenger dog af typen af fadegas), kan bruges pa emballerede pro-
dukter (en fordel at kombinere med MAP)
Ulemper
e Relativt langsom effekt (minutter), risiko for aendringer i overfladetopografi, off-flavors og off-
odors kan dannes under opbevaring, begraenset effekt i fedevarer, mulig toksicitet af de kemiske
biprodukter der dannes, behov for udstyr i starre skala
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7.6. Ozon / ozoneret vand

Dokumenteret ef-  Listeria Salmonella Holdbarheds-
fekt pa fersk ked  reduktion reduktion forleengelse
1-6 log >1 log 2-6 dage
Kadtype testet Gris Okse Fjerkrae Andet
X X RTE, fisk, skaldyr

(Se detaljer i bilag 2, i tabel 1 i bilag 5 samt Pandiselvam et. al. 2019)
Virkemade
Ozon er et kraftigt oxidationsmiddel. Det er et mere effektivt desinfektionsmiddel end bade klor og klor-

dioxid. Det gdelaegger bakterier, gaer, skimmelsvampe og parasitter og er mest effektivt ved pH 6,0 - 8,5.

Der er foresldet to mekanismer til at forklare den antimikrobielle virkning af ozon: direkte interaktion
mellem molekylaer ozon (O3) og vandige systemkomponenter (forste ordens reaktioner med hajt
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redoxpotentiale) og/eller antimikrobiel aktivitet medieret af frie radikaler. Virkningen af ozon pa& mikro-
organismer afhaenger af, hvor meget organisk materiale der omgiver bakteriecellerne. Nogle sporer er
resistente over for ozon, mens andre er falsomme. Inaktivering af mikroorganismer havdes at fore-
komme pa grund af beskadigelse eller permanent oplgsning af cellemembranen, som farer til efterfal-
gende laekage af intracellulzere indholdsstoffer og celledad (se figur 9).

Ozon har en steerk karakteristisk lugt, er en ustabil gas ved stuetemperatur (nedbrydes hurtigt) og er
mere oplgselig i koldt vand end i varmt vand. Ozon oxiderer kraftigt og direkte de cytoplasmatiske mem-
braner og cellevaegge pa bakterier. Den antimikrobielle virkning af ozoneret vand finder sted inden for
5 sekunder efter behandlingen. Ved behandling med ozoneret vand, er ozonens antimikrobielle aktivitet
ca. 3.000 gange hgjere end den, der observeres med klor (Pandiselvam et al. 2019). Ozoneret vand er
blevet effektivt udnyttet til at fjerne eller inaktivere E. faecalis, E. coli, B. cereus, L. monocytogenes, S. aureus
og Y. enterocolitica.

Effektiviteten afthaenger i hgj grad af valget af en tilstraekkeligt effektiv ozondosis. Doseringsbestemmelse
er en fin balance mellem at veere tilstraekkelig til at inaktivere malorganismerne men samtidigt undga at
pavirke kvalitetsparametre i produktet. Hgje niveauer af ozon kan have en negativ effekt pa produktets
kvalitetsparametre sasom reduktion af polyfenoler, vitaminer og flygtige forbindelser (fx aromastoffer)
og kan have en negativ indvirkning pa fasthed og farve.

Protein
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Figur 9. Skematisk praesentation af dekontaminering ved brug af ozon (Roobab et al. 2022).

Indvirkning pa ikke-mikrobielle kvalitetsparametre

Hvis det er ngdvendigt at benytte hgje koncentrationer af ozon (enten pa gasform eller i vandig oplas-
ning) for at fa den anskede bakteriedraebende effekt, kan det pavirke produktets ikke-mikrobielle kvali-
teter negativt (fx vitaminer, flygtige forbindelser, farve og fasthed). P& den anden side kan nogle af disse
virkninger vaere gnskelige for forbrugernes accept af produktet. Ozon bruges i vid udstraekning til at
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fierne lugt, og det har vist sig at kunne fjerne off-odor forbindelser, sdsom geosimin i fisk samt skatol-,
indol- og svovlholdige forbindelser (hangriselugt)) i svin.

Industrielt brug
e Bruges over hele verden til at desinficere drikkevand. Ozongeneratorers kapacitet varierer af-
haengigt af applikationen. Store enheder behandler mere end 100.000 liter/time i kommunale
vandforsyninger. Sma bordmodeller behandler 1.500 liter/time i laboratorier og fedevareforar-
bejdningsanlaeg (til fx skeerebraetter, redskaber og handdesinfektion)
e Bruges til at dekontaminere rugeaeg. Pa DanHatch bliver rugezeg placeret i et rum med 1 ppm
ozon i 5-6 timer, for at forebygge krydskontaminering af Salmonella fra aeg til kylling.

Kommercielle udbydere
e Jimco A/S (DK) https://jimco.dk/ - udstyr til kombineret behandling med ozon og UV-C
e Absolute Ozone (Canada) https://absoluteozone.com/0zone-applications/food-processing-
storage/ozone-for-meat-poultry-fish-disinfection/ - eksempel pa slagtekroppe behandlet med
ozoneret vand.
e Ozone Solutions (US) https://ozonesolutions.com/ - ozonkamre, standard og specialbyggede
e Evergreen Techno Plant (Italien) (https://www.etpsrl.eu/?lang=en#!/up)

Resultater af saerlig interesse
e Kad
o Forskning har vist bakteriedraebende effekt overfor Pseudomonas, Enterococci, Salmo-
nella, Listeria og Bacillus (Pandiselvam et al. 2019)
o Ozon inaktiverede 2 x 10° CFU/g Listeria monocytogenes pa ferske kyllingeprodukter
(Pandiselvam et al. 2019)
o Ozon reducerede coliforme, aerobe, og anaerobe bakterier med 1,5-2,5 log pa kyllinge-
brystkad og forlzengede holdbarheden af kyllingeldr med 6 dage (Roobab et al. 2022)
(se bilag 5, tabel 1)
o Detervist at ozon kan reducere mikrobielle kimtal og forleenge holdbarheden af okse-,
gris- og fjerkraeprodukter (se bilag 5, tabel 1)
o Fisk
o Effekten pa fordaerverorganismer er testet pa fisk og skaldyr, hvor der blev opnéet log
reduktioner pa mellem 0,29 og 1,5 (se Andoni et al. 20271) samt en forleengelse af hold-
barheden (se Brodowska et al. 2018)
o Eliminering af geosmin i muskelvaevet pa fisk ved hjeelp af en vaskebehandling med ozon
er vist effektiv (Pandiselvam et al. 2019)

Lovgivning
e Se afsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet
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USA: FDA har godkendt brugen af ozon som antimikrobielt middel til direkte kontakt med alle
fodevarer (26. juni 2001). USA's landbrugsministerium har accepteret ozon som et antimikrobi-
elt middel til direkte kontakt med kad, fierkree, fisk, blgddyr og krebsdyr (december 2001). Ozon
har haft USDA-GRAS status siden 2002 til desinfektion af kad, fjerkrae og aeggeprodukter (FSIS
directive 7120.1 rev 12).

Japan: Japans regering tillod i 1996 anvendelse af ozon i direkte kontakt med alle typer fadeva-
rer.

Canada: Det canadiske fadevareinspektionsagentur (CFIA) har godkendt brugen af ozon til ren-
goring af fedevarekontaktflader.

Australien: Australiens regering godkendte i 1996 brugen af ozon til kontakt med alle fadevarer.

Indvirkning pa baeredygtighed og miljg

e Energi LAV - energi ngdvendig til at lave ozon/ozoneret vand

e Vand LAV/MIDDEL - mere hvis der bruges ozoneret vand

e Kemi LAV - ingen reststoffer

e Arbejdsmiljg MIDDEL/H®@J - evt. lugtgener, mistanke om kreeftfremkaldende stoffer
Krav til effekt

Tid: teoretisk indenfor 5-10 sek, men reelt nok naermere 10 min
Afstand: kontakt

Omkostninger

Fordele

Anskaffelse: uvist
Drift: uvist

Ingen kemiske reststoffer, maske hurtigtvirkende, holdbarhedsforlaengende, minimal eendring i
ernaeringsmaessige, kemiske og fysiske egenskaber, forbedring af sensoriske kvaliteter, kan bru-
ges pa bade friske og frosne fgdevarer, lave driftsomkostninger

Ulemper

Genererer farlige oxidanter, bekymringer vedrgrende kreeftfremkaldende biprodukter, effekt pa
forskellige mikroorganismer varierer betydeligt, sveer balance mellem bakteriedraebende effek-
tivitet og skadelig virkning pa kvalitetsparametre, udfordringer med arbejdsmiljg, hgje kapitalin-
vesteringer
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30,2:228-245.
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7.7.  Pulsed Electric Field (PEF)

Dokumenteret ef-  Listeria Salmonella Holdbarheds-
fekt pa ferskked  reduktion reduktion forlaengelse
?log ?log ? dage
Kadtype testet  Gris Okse Fjerkrae Andet
X Fisk, skaldyr

(Se detaljer i Chauhan 2019 og Rathod et al. 2022)
Virkemade

Pulsed Electric Field (PEF) behandling er en ikke-termisk dekontamineringsteknik, der bruger korte im-
pulser af elektricitet til at inaktivere mikroorganismer ved irreversible strukturelle zendringer i
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membranen, hvilket resulterer i poredannelse og tab af membranens selektive permeabilitetsegenska-
ber. Omfanget af permeabilitetsforagelsen afhaenger af styrken og varigheden af pulsen i det elektriske
felt. Nar det elektriske felt aktiveres, sker en polarisering og efterfalgende ophobning af frie ladninger
pa begge sider af celleoverfladen, hvilket farer til en @get transmembranpotentialeforskel og en reduk-
tion af membrantykkelsen, hvilket til sidst resulterer i poredannelse. Effekten af behandlingen athaenger
af styrken af det elektriske felt, behandlingsvarigheden og antallet af impulser.

PEF er en metode, der bruger elektriske bglger med hgjspaendingsamplitude. Produktet placeres mel-
lem elektroder i et kammer, og udsaettes for korte elektriske impulser (af varighed fra mikrosekunder til
millisekunder) af hgjspaending (typisk 10-80 kV/cm). Afhaengigt af produktets sammensatning og de
virkninger, der skal opnas, kan procesbetingelserne sasom styrken af det elektriske felt (kV/cm), pulsfre-
kvens, pulsbredde, pulsbglgens form og eksponeringstid (relateret til stremningshastigheden og vaeske-
volumenet i elektrodekammeret) justeres pa passende vis. For eksempel forarsager en styrke af det
elektriske felt i intervallet 0,1-1 kV/cm en reversibel permeabilisering af planteceller, 0,5-3 kV/cm resul-
tererienirreversibel permeabilisering af plante- og animalsk vaev, og en feltstyrke pa 15-40 kV/cm giver
en irreversibel permeabilisering af mikrobielle celler.

PEF bruger meget lidt energi til at generere de elektriske impulser, men energien fra de elektriske im-
pulser genererer varme pa grund af Joule-opvarmning, sa kontinuert afkgling er nadvendig for at opret-
holde en lav temperatur pa det forarbejdede produkt under PEF-behandling.

Indvirkning pa ikke-mikrobielle kvalitetsparametre

PEF har minimal skadelig virkning pa fedevarekvalitetsegenskaber, sdsom termolabile komponenter, vi-
taminer, smagsstoffer og aromaer. Ved meget haijt tryk eller langvarig anvendelse kan PEF danne huller
i muskelfibrene.

Industrielt brug

De stgrste leverandarer af udstyr i kommerciel skala er Elea (Quakenbruck, Tyskland) og Pulsemaster
(Ladel, Nederlandene), der har specialiseret sig i PEF-behandling med henblik pa mild konservering. Den
nuveerende udformning af trykkamre tillader ikke forarbejdning af faste fedevarer og begraenser der-
med dens anvendelse til en lang raekke produkter. Hgje kapitalomkostninger ved udstyret er en anden
barriere, der har haemmet kommercialiseringen af denne teknologi. | den nuvaerende udformning af
udstyret skal elektroderne udskiftes efter ca. 100 timers drift. Forbedring af elektrodepalidelighed og
optimeret design af trykkamre er spargsmal, der skal handteres far PEF som desinficeringsteknik kan
vinde udbredelse.

Kommercielle udbydere:
e Pulsemaster (US, Holland, Tyskland) (https://www.pulsemaster.us/)
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Resultater af saerlig interesse

Kad
o Ifelge Meat & Livestock Australia, har PEF som dekontamineringsmetode begraenset an-
vendelighed pa faste fgdevarer sasom ked og kedprodukter pga. lav ledningsevne og
hajt protein- og fedtindhold.
Fisk
o Det er vist at PEF kan reducere niveauerne af aerobe kimtal, psykrofile kimtal, Pseudo-
monas, Enterobacteriaceae og H,S-producerende bakterier i fisk og skaldyrsprodukter
(se Rathod et al. 2022)

Lovgivning

Se afsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet

EU: PEF betragtes stadig som en ny teknologi. | EU findes der ingen szerlig lovgivning om fade-
varer, der er forarbejdet med PEF. Generelt er anvendelsen af denne teknik reguleret af forord-
ningen om 'nye fadevarer' (EU) 2015/2283, men anvendelsen af PEF i produktionen betyder ikke
automatisk, at fgdevaren kategoriseres som en 'ny fgdevare'. | henhold til artikel 4 i forordning
(EF) nr. 258/97 kan en fgdevare betragtes som 'ny fgdevare’, hvis den anvendte produktionspro-
ces medfgrer veesentlige andringer i dets sammenszetning eller struktur og pavirker naerings-
veaerdien, metabolismen eller niveauet af ugnskede stoffer. Anvendelsen af nye forarbejdnings-
teknologier har potentiale til at mindske fedevareproduktionens miljgpavirkning og age fadeva-
resikkerheden, sa deres anvendelse fremmes lovgivningsmaessigt i EU ((EU) 2015/2283).

USA: Far 2002 definerede FDA pasteurisering som en varmebehandling, men i september 2004
omdefinerede USDA National Advisory Committee on Microbiological Criteria for Foods (NAC-
MCF) udtrykket 'pasteurisering' til at betyde 'enhver proces, behandling eller kombination heraf,
der anvendes pa f@devarer for at reducere de fleste mikroorganismer af folkesundhedsmaessig
betydning til et niveau, der sandsynligvis ikke vil udggre en folkesundhedsrisiko under normale
forhold for distribution og opbevaring’. Denne omdefinering gar det muligt at anvende metoder
som fx PEF til dekontaminering af fadevarer.

Andre lande: der findes regler tilsvarende EU's, vedrgrende 'nye fadevarer' i Canada, New Zea-
land/Australien, Kina og Brasilien, men definitionen af en 'ny fedevare’ kan variere.

Indvirkning pa baeredygtighed og milje

e Energ MIDDEL - behov for kontinuerlig afkaling af produktet
e Vand INGEN
o Kemi INGEN
e Arbejdsmiljg UVIST
Krav til effekt

Tid: f& sekunder
Afstand: uvist
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Omkostninger
e Anskaffelse: uvist, da udstyr i starre skala til faste produkter sd vidt vides ikke eksisterer endnu,
men formodentlig en betragtelig investering
e Drift: uvist, da udstyr i starre skala til faste produkter s& vidt vides ikke eksisterer endnu men
udgifter til nedkgling af produkt ma paregnes

Fordele
e Hurtigtvirkende, meget skansom overfor ikke-mikrobielle kvalitetsparametre, holdbarhedsfor-
lzengende effekt bevist (patenteret i 1960), ingen brug af vand eller kemikalier

Ulemper
e Ingen effekt mod sporer, uhensigtsmaessig effekt overfor ikke-mikrobielle kvalitetsparametre
ved hgj stremstyrke og/eller lang behandlingstid, effekt er pH-afhaengig, risiko for korrosion af
elektroder af forurening af produktet med korroderede affaldsstoffer, store kapitalinvesteringer
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7.8.  Ultralyd

Dokumenteret ef-  Listeria Salmonella Holdbarheds-
fekt pa fersk ked  reduktion reduktion forleengelse
1 log 1-2 log ? dage
Kadtype testet Gris Okse Fjerkrae Andet
X X X Fisk

(Se detaljer i tabel 2.5 i bilag 3 samt i bilag 6)

Virkemade

Ultralydsudstyr producerer lydbglger, der forplanter sig i et flydende medium (eller i fgdevarematricen).
Spredningen af balgerne skaber omrader med undertryk, der eendrer vaeske til dampfasen og danner
sma bobler. Efter successive kompressioner og udvidelser imploderer boblerne og genererer mikrojet-
straler, frie radikaler, hydrogenperoxid og hot spots - alle faktorer der forarsager mikrobiel celledad (se
figur 10).
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Figur 10. Ultralyds mikrobielle inaktiveringsmekanismer (Rosario et al. 2021).

Indvirkning pa ikke-mikrobielle kvalitetsparametre
Meget kraftige mikrojet-straler kan generere en forskydningskraft, der har kapacitet til ikke blot at pa-
virke mikrobielle celler, men ogsa dyre- og planteceller.

Industrielt brug

e Kommerciel anvendelse af ultralyd har indtil for nyligt vaeret haemmet af hgje omkostninger for
anskaffelse af udstyr og et hgjt energiforbrug. Producenter af ultralydsudstyr har imidlertid
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fokuseret pa at udvikle systemer til at reducere driftsomkostningerne ved at designe flere sy-
stemer i serie og parallelt, der muligger starre strgmningshastigheder. Moderne udstyr har et
energiforbrug pr. liter/kg behandlet materiale der er sammenligneligt med enhver anden en-
hedsoperation i branchen, er robust og holdbart hvor kun sonder, der er i direkte kontakt, krae-
ver udskiftning hver 18. maned. Bruges i kombination med damp til dekontaminering af fjer-
kraeslagtekroppe hos bl.a. Faccenda Foods og Cargill (UK).

Kommercielle udbydere
e SANOVO Process SonoSteam (DK); (https://www.sanovogroup.com)
Dekontaminering af patogener pa overfladen af slagtekroppe af fjerkree ved kombination af
damp og ultralyd via specialdesignede dyser.

Resultater af saerlig interesse
e Kod og fisk
o 2,0-2,5log reduktion af E. coli, S. typhimurium og Y. enterocolitica pa fersk grisekad ved
en behandling med en kombination af ultralyd (2 sek) og damp (Turantas et al. 2015 og
bilag 6)
o Beskedne reduktioner pa forskellige kad- og fiskeprodukter og mere udtalt effekt i kad-
modelsystemer (se bilag 3, tabel 2.5)

Lovgivning
e Se afsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet

Indvirkning pa baeredygtighed og miljg

e Energi MIDDEL

e Vand LAV

e Kemi INGEN

e Arbejdsmiljg LAV
Krav til effekt

e Tid: f sekunder - bedst i kombination med andre metoder
e Afstand: kontakt

Omkostninger
e Anskaffelse: uvist, da udstyr i stgrre skala til faste produkter sa vidt vides ikke eksisterer endnu,
men formodentlig en betragtelig investering
e Drift: moderat energiforbrug - sammenligneligt med andre industrielle processer
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Fordele
e Minimal pavirkning af smag, farve og erneeringsmeessig veerdi, kan gge effekten af andre ikke-
termiske teknologier (synergi), ingen brug af kemikalier
Ulemper
e Kan fordrsage ugnskede aendringer af tekstur, de fleste studier er foretaget pa laboratorieskala,
relativt kompleks teknologi, udstyr i stor skala endnu ikke udviklet til faste fgdevarer

Kildehenvisninger
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79. UV-Clys/ pulserende lys

Dokumenteret ef-  Listeria Salmonella Holdbarheds-
fekt pa fersk ked  reduktion reduktion forleengelse
?log 0,4-3 log ? dage
Kadtype testet Gris Okse Fjerkrae Andet
X X X RTE, fisk, skaldyr

(Se detaljer i bilag 2, tabel 2.5 i bilag 3, bilag 7 samt Mahendran et al. 2019)

Virkemade

UV-C genereres af lavtryks-kviksalvlamper, og den udsendte straling (200 - 280 nm, optimum ved 253,7
nm) har vist sig at veere effektiv ved mikrobiel inaktivering. Effekten er direkte afhaengig af tid og afstand
mellem lyskilde og overflade.
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UV-C straler kan treenge ind i bakteriecellen, 'sammensmelte’ cellens DNA og RNA ved at indfgje en bin-
ding mellem thymin (T) og cytosin (C) som edelaegger cellens evne til at replicere/transskribere og der-
med forhindrer mikroorganismens veekst (se fig. 11).

UV-C bestralingens effekt pa mikroorganismer er uafhaengig af pH, temperatur og matrix. Det vigtige er,
at UV-C strdlerne kan ramme organismen og betyder, at hvis en bakterie er skjult for UV-lyset, kan den
undga bestraling (sakaldt 'skyggeeffekt’). Der er derfor afgjort bedst effekt pa glatte overflader.

UV-lyset kan bruges som eneste desinfektionslgsning, men kan ogsa kombineres med andre teknikker.
Pulserende lys er en videreudvikling af UV-C lys. Ved at pulsere lys i intervallet 185 - 1100 nm, opnas en

eksplosiv effekt pa cellerne (forhajet varme og tryk) oven i den effekt der er fra UV-C strdlerne alene (se
ovenfor).

Radiation
e
£ “o

(1\

Visible light | hos [Uv-C l ‘ | ‘ | I

780 400 280 200 Bacterium
Wavelength (nm) 253.7

Figur 11. Den mikrobielle inaktiveringsmekanisme for UV-C bestraling (Rosario et al. 2021).

Indvirkning pa ikke-mikrobielle kvalitetsparametre

UV-lys kan nedbryde vitaminer (iszer A, C, By) ved fotonedbrydning. Peroxider produceret ved UV-lys
eksponering kan angribe fedtoplaselige vitaminer og farvede forbindelser som kan fare til sendring i
ernaeringsmaessig kvalitet og misfarvning. Desuden kan lange behandlinger med UV-lys age temperatu-
ren pa fedevareproduktet, hvilket vil fgre til temperaturrelaterede kvalitetseendringer sdsom kogt smag
og farveaendring pa grund af ikke-enzymatisk bruning. UV-lys kan virke oxiderende pa lipider (harskning).
Under normalt brug af UV- eller pulserende lys vil der pga. den hurtigtvirkende antimikrobielle effekt
ikke ske naevnevardige forandringer i de ikke-mikrobielle egenskaber.
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Industrielt brug

UV-teknologi bruges over hele verden til at desinficere drikkevand. | USA alene er der mere end 500 UV-
anlaeg til desinfektion af drikkevand og i Europa er der mere end 2000 anlzeg, der benytter sig af denne
teknologi.

Selvom pulserende lys ikke er meget udbredt i fgdevareindustrien, er det med succes blevet brugt i
storstilet kommerciel anvendelse til DVD/CD/Blu-ray-limning og dekontaminering af flaskekapsler. Kom-
mercielt dekontamineringssystem til fadevareemballage baseret pa pulserende lys blev fremstillet pa
foranledning af FDA tilbage i 1995. Derfor kan disse avancerede, store kommercielle systemer let tilpas-
ses fgdevareindustrien. Pulserende lys teknologi kan ogsa nemt integreres i eksisterende fgdevarefor-
arbejdningslinjer.

Resultater af saerlig interesse
e Kad
o 0,4-1,6 log reduktion af S. typhimurium pa fersk grisekad ved behandlingstid pa 1-30 sek
og pa sveer, en 3-log reduktion ved behandlingstid pa 30 sek (Mahendran et al. 2019)
o Generelt opnas en reduktion pa 2 log. Der synes at vaere meget lille forskel i falsomhed
mellem forskellige bakterie-, gaer- og skimmelarter (Tomasevic et al. 2019)

o Effekten af UV-C og/eller pulserende lys pa forskellige mikroorganismer er blevet de-
monstreret pa diverse fisk og fiskeprodukter (se bilag 2; bilag 3, tabel 2.5; bilag 7)

o UV-C doser fra 0,30 til 0,79 J/cm2 haemmede bakterievaekst og den samlede protein-
nedbrydning under kgleopbevaring af fersk fisk, og forleengede holdbarheden med op
til 6 dage. Denne dosis accelererede imidlertid ogsa oxidativ nedbrydning pa grund af
dannelsen af frie radikaler. Kombination af UV-C med ikke-termiske teknologier der fjer-
ner frie radikaler, kan afhjaelpe problemet (Monteiro et el. 2021)

Lovgivning

e Seafsnit 11 for generelle betragtninger vedrgrende EU-lovgivning pa omradet

e EU: Fgdevarer behandlet med UV-C betragtes som en 'novel food' (og reguleres som sadan),
hvis behandlingen aendrer produktet vaesentligt. EFSA godkender brugen fra sag til sag. Hvis
fodevaren ikke betragtes som en 'novel food', skal producenten falge de generelle og specifikke
bestemmelser vedrgrende fgdevarehygiejne (EF nr. 852/2004) og fedevaresikkerhed (EF nr.
178/2002). Sa leenge UV-C-bglgelaengden er over 100 nm, falder behandlingen ikke ind under
direktiv 1999/2/EF for bestraling af fadevarer (DG SANTE via Karsten Snitkjeer, NATDIS, e-mail-
korrespondance).

e USA: 11997, godkendte FDA brug af UV bestrdling som en alternativ metode til mikrobiel kontrol
i kedprodukter. Pulserende lys blev godkendt af FDA i 2002.
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Indvirkning pa baeredygtighed og milje

e Energi LAV/MIDDEL - pulserende lys har meget lavt energiforbrug, muligt behov
for let nedkaling af produkt
e Vand INGEN
e Kemi INGEN
e Arbejdsmiljg LAV/MIDDEL - ozonudvikling, risiko for skadelige UV straler
Krav til effekt

e Tid: optil ca. 30 sek
e Afstand: sa teet som muligt

Omkostninger
e Anskaffelse: relativt dyrt udstyr (iseer pulserende lys)
e Drift: lavt energiforbrug, UV-lampe skal udskiftes jeevnligt

Fordele
e Hurtigtvirkende, ingen giftige reststoffer, meget lavt energiforbrug (pulserende lys), lave drifts-
omkostninger (UV-C), generel accept fra forbrugere, kan bruges pa emballerede fgdevarer

Ulemper
e Mulig lipidoxidation og farveaendring, skyggeeffekt, begranset gennemtraengningsevne, op-
varmning af fadevaren, ingen effekt pa sporer (UV lys), visse stammer er modstandsdygtige (pul-
serende lys), store kapitalinvesteringer (pulserende lys)
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8. International perspektivering

For at fa et internationalt perspektiv pa problemstillingen, blev eksperter fra USA, Storbritannien, New
Zealand og Australien kontaktet og spurgt hvad deres umiddelbare holdning ville vaere vedrgrende ud-
sigten til at producere patogenfrit ked og om de havde nogle erfaringer at dele fra deres respektive
hjerner af verden. Det resulterede i de fglgende betragtninger, som alle har indgaet i de samlede over-
vejelser.

Input fra Larry Keener | International Product Safety Consultants | The Food Safety Professionals | Seattle,
WA, USA

| assume that the focus of "pathogen free" is at the point of consumption? Meaning then that the meat
leaving the processing plant must also be pathogen free. Which also implies that the conditions of dis-
tribution, storage and handling would also be effective to preclude contamination. Each of these steps
have very unique challenges. My first instinct was to look at the meat animals to see if they could some-
how be produced absent the pathogens. That would seem to be an exceedingly costly undertaking and
then it would be very unlikely that the pathogen-free animals could be further processed without the
possibility of recontamination. So, then | think that an intervention technology at the terminus of the

Side 50 | Patogenfrit ked TEKNOLOGISK INSTITUT



processing line and likely post packaging would be required to achieve the pathogen-free state. lonizing
radiation and perhaps HPP might be good candidates for this treatment step. PEF might also work. But
we know that consumers remain reluctant about the use of radiation so that one would likely fall out of
favor. HPP and PEF are worth a look. They are both very well received by regulatory agencies, industry
experts, and consumer groups. Proving these technologies will require some investment. I've seen PEF
machine down in Australia that | think is capable of doing this job. The PEF machine is located in the
CSIRO lab in Werribee (Melbourne), but you don't have to go that far to access the device or to learn
more about PEF. Stefan Toepfl over in Germany is leading the charge at the moment in the advancement
of PEF technology. I believe that he could add depth and granularity to the discussion of the technology.
The question that | can't answer at the moment is about contamination occurring following the PEF
application and treatment.

Input fra Roy Betts | Microbiology Ambassador | Campden BRI | Chipping Campden, UK

On meat, in UK the general feeling is committed meats are eaten fully cooked, although some high end
restaurants can give an option of rare burgers (there is much control over this). The UK FSA, give an
option of rare cooked whole muscle cuts of beef and lamb, but not pork (due to trichinella and Hep E
concern). Poultry is always to be fully cooked. But we do get issues. The main meat related food poison-
ing issue is from campylobacter in poultry, biggest cause of food poisoning cases in UK. We had a big
issue recently with chicken nuggets causing salmonellosis. Cause: flash fried nuggets being warmed up
rather than cooked properly, as instructions tell to do. Overall if you could get pathogen free chicken,
UK may have around 20 to 40 thousand less cases of poisoning each year.

The main bacterial pathogen I'd link with fresh pork is Salmonella. Listeria wouldn't really be considered,
and generally STEC is low prevalence. However, if the requirement is no pathogens, | guess we may be
thinking no bacteria at all. Of course, the work "no" needs definition. We in Europe don't tend to believe
zero is possible, so some objective for no pathogen or pathogen reduction is needed. However, | do
think that people thinking no pathogens should not just restrict to bacterial pathogens, in pork trichinella
and Hep E should be considered, particularly as Hep E may have higher heat resistance than bacterial
pathogens.

Input fra Dr. Roger Cook, PhD | Konstitueret direktar for fodevarevidenskab og risikovurdering | Direktoratet
for Fadevarevidenskab og Risikovurdering | New Zealand Food Safety

What we are talking about is really reducing the microbial load on meat to the extent possible that there
is negligible risk to human health if the food is handled and prepared properly in the kitchen. In effect,
there aren't too many pathogens to spread around the kitchen before the meat is cooked, the cooking
process eliminates or reduces the level of pathogens to below the infectious dose (Just Cook It), and the
cooling and storage processes prevent germination, growth and toxin production by spore-formers.
Easy as that.
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So primary processors have to implement GHP (Good Hygiene Practices) to the best extent possible to
meet the above goal as well as not add other risks, for example proven chemical or socio-economic/po-
litical risk. Easy to produce pathogen free meat but the cost to the consumer would be horrific and
politicians would shake in their boots.

With respect to NZ, we identified Salmonella, Yersinia, Trichinella, Toxoplasma and Hepatitis E as pathogens
of interest but none of them have been of strong concern here in New Zealand as our farm husbandry
practices and processing standards have, as noted above, minimised their presence. We had specific
measures in place around tonsils to mitigate the risk of Yersinia and are in the process of reviewing them
in the face of an increase in notified human cases over the last year. While it is possible that processing
standards have slipped, it is equally plausible that the huge interest now in Asian pork dumplings that
can be bought frozen, and hence undercooked, might be the reason for the increased notifications.

You ask about levels. If we consider all biological populations to follow a lognormal count distribution
curve, then as we reduce the numbers by moving the curve to the left, the prevalence will drop given
most enumeration tests have a lower limit of detection. And of course, there will be some level of elim-
ination. So yes, exposure is not just reduction in prevalence but also dropping the high counts. The two
are interrelated.

To answer your question “is the 'pathogen-free meat' trend is something you see in your culture/corner
of the world as well?”: No - our manufacturers and consumers understand that pathogens are generally
normal flora of animals or the environment, but they do expect upstream companies to do their best,
within reason, to minimize contamination. And then of course we have Campylobacter on chicken meat.

Input fra Julian Cox | Honorary Associate Professor | School of Chemical Engineering | UNSW, AUS

When addressing the questions regarding pathogen free poultry, one has to look at the issues and risks:
Regarding prevalence, we have to consider the rate of contamination and to do an exposure assess-
ment. After that, it is necessary to look at the level of contamination and then further refine the exposure
assessment accordingly. We need to look at population(s) of what. There is Salmonella and then there
is SALMONELLA, which is exemplified with the experiences with S. Enteritidis versus S. Sofia:

Salmonella Enteritidis Salmonella Sofia

Colonises chickens very well (extraintestinal) Colonises chickens very well
Highly virulent in chickens (morbidity, mortality) ~ No disease in chickens
lliness in humans (egg-associated) No illness in humans

Major public health concern No public health concern
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To ensure food safety, one has to manage/intervene at all steps: primary production (the farm), pro-
cessing (the ‘factory’), distribution (wholesale, retail), and consumption (the home). In primary produc-
tion, ways to address are breeding, hygiene management at hatchery, feeding (competitive exclusion),
vaccination, immunotherapy, and phage therapy. During processing, choosing the best equipment (e.g.,
eviscerator, inside-outside washer, and spin chiller) is paramount as well as having a good HACCP plan,
solid risk assessments, and a sensible testing plan using validated analytical methods.

9. Diskussion

De teknologier, der er beskrevet i afsnit 6, har alle potentiale for anvendelse pa brystflaesk. Alle teknolo-
gierne har deres styrker og svagheder, men ingen af metoderne anvendt alene kan forventes at resul-
tere i mere end en mikrobiel reduktion pa max. 2 log (tabel 7), uden at ga pa kompromis med andre
kvalitetsparametre eller at skulle lgse nogle meget sveere problemstillinger (fx afskaffelse af radioaktivt
affald og negative forbrugerholdninger, som det er tilfeeldet med gamma bestraling).

Tabel 7. Dokumenteret effekt pa fersk kad for hver af de gennemgdede metoder/teknologier

Listeria reduktion  Salmonella reduktion Holdbarhedsforlaengelse

Bakteriofager 1-2,3 log 1-4 log 4 dage®
eBeam - 2-5log 14 dage’
Gamma 1,5-5 log - >20 dage®
Rentgen (X-ray) - - -
HPP/UHP/HHP >5 log? >5 log? 6 dage'®
Klor 1-3 log 1-3 log -
Kold plasma >1 log >1 log -
Ozon 1-6 log >1 log 2-6 dage
PEF - - -
Ultralyd 1 log 1-2 log -
UV-C - 0,4-3 log -

| tabel 7 er de dokumenterede effekter for hver teknologi mht reduktion af Listeria hhv. Salmonella samt
holdbarhedsforlaengelse, samlet. Nar man lzeser tabellen, er det vigtigt at huske:

© Brochothrix-specifik bakteriofag anvendt pa fedtvaev fra gris. Holdbarhedsforlaengelse fra 4 til 8 dage (Kazi & Annapure 2016)
7 Garcla-Marquez et al. 2012

83 kGy/0°C (Bari et al. 2006), kombineret med MAP (Pillai & Shayanfar 2017)

° Kombineret med carvacrol (bilag 5, tabel 2)

10Ved 4°C
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e Der kan vaere dokumenterede studier, der ikke er fanget i sggningerne

o Effekter opnaet ved eBeam, gamma eller rgntgen kan til en vis grad samles i effekter ved be-
straling, idet teknologierne adskiller sig pa stralekilden, dosishastigheden og gennemtraeng-
ningsdybden, men at selve pavirkningen af bakteriecellerne (eller sporerne) er sammenlignelig

e Det at der ikke er dokumenteret effekt pa fersk kad, betyder ikke at teknologien af den grund
skal dgmmes ude - alle teknologierne er forholdsvis nye og de studier der er foretaget indtil
videre, tager udspring i de mest presserende problemstillinger, fx Listeria i RTE-produkter (dvs.
ikke fersk kad).

De teknologier der skiller sig ud, er umiddelbart bestraling, HPP og ozon, men dykker man lidt ned i dem,
vil man hurtigt finde nogle forhold, der traekker lidt ned i regnskabet: for gamma bestraling er der det
radioaktive affald og logistik- og kapacitetsproblemer (eneste sted i DK der kan gamma-bestrale er Risg);
resultaterne i tabellen for HPP ser fornuftige ud, men er opnaet ved at kombinere med et planteekstrakt;
den meget flotte Listeria effekt af ozon er set ved forsgg hvor der er anvendt meget hagje koncentrationer
af ozon i gasform (som teknologisk og arbejdsmiljgmaessigt er problematisk) og forsgget tager ikke stil-
ling til eventuelle ugnskede indvirkninger pa ikke-mikrobielle kvalitetsparametre. Ikke overraskende er
deringen lasning der er attraktiv pa alle parametre. Men det er veerd at bemaerke, at flere undersagelser
har vist, at kombination af ikke-termiske metoder med andre ikke-termiske metoder eller med konven-
tionelle metoder kan have en gavnlig hurdle-effekt, der kan pavirke den mikrobielle belastning med en
additiv eller endda synergistisk virkning, samtidig med at den har mindre konsekvenser for de sensoriske
og ernaeringsmaessige parametre (Sethi et al. 2019 og bilag 8). Derfor skal en lgsning maske s@ges i en
kombinationsbehandling.

Integritet

En vigtig del af overvejelsen er integriteten af produktet efter dekontamineringen, dvs. hvor sikker kan
man vaere pa at der ikke sker en efterkontaminering af produktet. Dette kan sikres ved enten at dekon-
taminere umiddelbart inden produktet emballeres eller nar den allerede er emballeret. Skal behandlin-
gen foregd umiddelbart inden pakning skal teknologien kunne integreres med en pakkemaskine, som
fx den der er vist i figur 12. Aktuelle metoder vil veere bakteriofager, klor, ozon, PEF og ultralyd. Skal
behandlingen foregd efter emballering, kan man veelge at inkorporere teknologien umiddelbart efter
pakkeprocessen, som fx vist i figur 13. HPP, kold plasma og UV-C teknologierne vil veere relevante i denne
sammenhang og muligvis ogsa rentgen bestraling. Derimod vil eBeam bestraling kraeve s& omfattende
udstyr og sikkerhedsforanstaltninger, at der ma paregnes at skulle opfares en szerskilt bygning til dette
formal. Gamma bestraling krzever en seerlig myndighedstilladelse, da der skal handteres radioaktivt ma-
teriale, der udger en samfundssikkerhedsmaessig risiko. Sa vidt vides er det i Danmark kun Forsknings-
center Risg, der har tilladelse til at udfgre gamma-bestraling.
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Figur 13. Mulig placering af dekontamineringsteknologi, der skal udfgres efter emballering.
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Omkostning

At handtere naturlig variation i rdvaren er en klassisk og uundgéelig udfordring i fedevareindustrien.
Lave mikrobielle belastninger er gnskelige, da lave kimtal generelt vil resultere i en laengere holdbarhed
og indikere et sikrere produkt. Spargsmalet er, om veerdien af dekontaminering vil overstige omkostnin-
gerne ved at gennemfgre en dekontamineringsprocedure. Alle de beskrevne dekontamineringsmetoder
i denne rapport vil som sagt have en meget beskeden indvirkning pa mikrobielle belastninger uden at
ga pa kompromis med andre kvalitetsparametre. Det skal derfor overvejes ngje, hvor stor veerdi f.eks.
en reduktion pa 0,5, 1,0 eller 2,0 log ville udgere for industrien. Baseret pa preaediktive modeller (FSSP
og Combase) vil en reduktion pa 1 log resultere i en mikrobiel holdbarhedsforleengelse pa 1-2 dage. Hvis
en kombination af metoder kunne skabe en synergistisk effekt og maske give en 3-log reduktion af den
mikrobielle belastning, ville det teoretisk give 3-6 dages ekstra holdbarhed til produktet. Vil det retfaer-
diggaere investerings- og driftsomkostningerne ved dekontaminering?

Lovgivning

Det var hensigten at kaste lys over den lovgivningsmaessige status for hver enkelt teknologi, men denne
hensigt er blevet alvorligt udfordret af manglen pa tilgaengelige oplysninger, den vage information i de
oplysninger, der kunne findes, og den generelle usikkerhed om isaer EU's lovgivende organers holdning,
Et kompendium af "Potential Fish Decontamination Treatments" (https://www.foodstandards.gov.scot/self-
assessment-resources/potential-fish-decontamination-treatments) udarbejdet af Food Standards Scotland
(FSS) illustrerer dette perfekt. Selvom kompendiet fokuserer pa reduktion af Listeria i reget laks (snarere
end fersk kad), illustrerer det rigtig godt, hvor forvirrende de tilgaengelige oplysninger er. Fx star der: 'En
hel del forskning, der spaender over flere artier finansieret af WHO, FN-FAO og USDA, har vist, at bestra-
ling af fadevarer generelt er sikker og en effektiv made at draebe bakterier pa og konservere mad’, men
i EU skal bestralingen af fadevarer godkendes af Europa-Kommissionen fra sag til sag, og fisk og skaldyr
kan udseettes for op til 3 kGy, forudsat at der er et rimeligt teknologisk behov (...). Sa pa den ene side
har tre velrenommerede organisationer/myndigheder (WHO, UN-FAO og USDA) i det vaesentlige givet
bestraling et godkendelsesstempel, men alligevel saetter EU vejspaerringer op for industrien, hvilket ef-
fektivt forhindrer implementering, da bevisbyrden laegges pa fedevareproducentens skuldre. En lig-
nende situation foreligger for behandling med High Hydrostatic Pressure (HHP/HPP), hvor forfatterne til
FSS-kompendiet bemezerker, at 'situationen for anvendelse af HPP er mindre end klar i EU. Der har veeret
dreftelser i EU om lovligheden af at bruge HPP, men de seneste konsolideringer af dokumenter (fx EF
852/2004) naevner ikke specifikt HHP'. Et tredje eksempel er UV-C-dekontaminering af fedevarer, hvor
USDA regulerer UV-C-behandling som tilseetningsstof, mens 'UV-behandlede fgdevarer tilhgrer katego-
rien Novel Foods i EU, Storbritannien, Canada, Australien, New Zealand og Kina. Novel Foods og ingre-
dienser reguleres forskelligt i hvert land, hvor de fleste systemer er baseret pa en risiko- eller fadevare-
sikkerhedsvurderingsmodel, og hvor de fleste lande desuden kraever ansggning og godkendelse (...) De
vigtigste hindringer for kommercialisering [af UV-teknologien] relateret til investeringsomkostninger,
fuld kontrol over variable forbundet med procesoperationen og manglende lovgivningsmaessige god-
kendelser og retningslinjer, har forsinket en bredere og hurtigere implementering af UV-teknologien i
industriel skala' (Koutchma 2018). For at f& en dybere forstdelse af betingelserne omkring EU-
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lovgivningen for de teknologier og metoder, der behandles i denne redeggrelse, blev der sggt radgivning
hos prof. dr. Bernd van der Meulen, en fgdevarejuridisk konsulent ved og direktgr for firmaet 'European
Institute for Food Law'. Bernd van der Meulen’s analyse er inkluderet i afsnit 11 i denne redeggrelse. EU-
lovgivningen skelner mellem kemiske stoffer (substances), mikroorganismer og processer. Bern van der
Meulen har valgt at sl& kemiske stoffer og mikroorganismer sammen til en kategori han kalder 'Agents’
(midler). Af de metoder der er gennemgaet i denne redegarelse, vil midlerne veere bakteriofager, klor
og ozon - resten betragtes som processer. Hvad angar midlerne, vurderer van der Meulen at klor kan
anvendes i en koncentration pa hgjst 250 p/liter, at bakteriofager kan anvendes som hjeelpestof, dvs.
hvis de ikke har en funktion i det endelige produkt, men ozon vil kreeve en forudgdende godkendelse.
Hvad angar processerne, vurderer van der Meulen at UV kan bruges til dekontaminering uden forudga-
ende godkendelse og det samme gaelder for kold plasma, pulserende lys og eBeam, dog med det for-
behold at det skal kunne vises at der ikke opnas en signifikant bedre effekt end hvis konventionelle
metoder var anvendt. | modsat fald, vil det muligvis veere ngdvendigt at s@ge om tilladelse til brug under
'‘Novel Food' lovgivningen.

Denne rapport skal fungere som et redskab for kadindustrien, til at indsnaevre dekontamineringstekno-
logier, der berettiger til et naermere kig, dvs. ville vaere vaerd at undersgge i en raekke eksperimenter
udfert af DMRI i 2023. Afvejning af fordele og ulemper og beslutning om en vej fremad vil omfatte at
treeffe nogle hovedbeslutninger baseret pa gkonomiske begraensninger, etiske vaerdier, presserende
behov/veerdi for kagdindustrien og kundernes forventninger/krav.

10. Litteraturoversigt

En litteraturoversigt findes i et separat Excel-dokument, hvor alle videnskabelige artikler og andre ar-
tikler er opfart med forfatter/titel, formal samt en kort beskrivelse af vaesentlige resultater/konklusio-
ner. Dokumentet er beregnet til at blive brugt interaktivt, da posterne kan sorteres efter fx udgivel-
sesar, forfatter eller teknologitype.
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11.Analyse af lovgivningsmaessige aspekter

Decontamination in EU food law
Explorative report

by Bernd van der Meulen’"
Date 2 december 2022

Abstract

Many uncertainties surround the regulatory situation of food decontamination in the EU. For this rea-
son, the current analysis can only conclude in terms of probabilities. Whether the conclusions will stand
depends on the willingness of authorities and ultimately the courts to accept the reasoning presented
here.

A general prerequisite of decontamination is that the resulting food is safe and fit for consumption.

With regard to the use of substances for the purpose of decontamination, this analysis concludes that
Nisin E 234 can only be used as processing aid i.e. if it does not have a function in the final product,
chlorine can be used in a concentration of 250 microgram/litre, ozone and PAA would require prior
authorisation.

For all substances covered in this project an application for authorisation as decontaminant is worth
considering.

With regard to bacteria, the analysis concludes that those lacto acid bacteria that are on the QPS list as
well as lactobacillus reuteri can be used for the purpose of decontamination. Bacteriophages can be
used as processing aid i.e. if they do not have a function in the final product.

With regard to the use of processes for the purpose of decontamination, this analysis concludes that
UV can be freely used for the purpose of surface decontamination.

Cold plasma, pulsed light and eBeam can be freely used in so far as the level of decontamination they
achieve is not significantly different from what is achieved with conventional methods of decontamina-
tion. If it is considerably different, prior authorisation under the Novel Foods Regulation may be re-
quired.

" Prof. dr. B.MJ. van der Meulen (www.BerndvanderMeulen.eu) is food legal consultant at and director of the European Institute
for Food Law (www.food-law.nl). He teaches EU food law at the University of Copenhagen and online through the Food Law Acad-
emy (www.food-law-academy.com).
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Introduction

Objective

The objective of the DTl overall project is to map out decontamination solutions relevant for the fish and
meat industry respectively with the purpose of improving and homogenising the overall microbial quality
of the finished products. In my interpretation the concept ‘decontamination’ as used in these studies
includes preservation. The objective of this analysis is to gain understanding of the food legal situation
and the regulatory challenges in the EU.

Concern

As rightfully stated in the DTl guideline the intention to bring to light the legislative status of each tech-
nology has been severely challenged by lack of available information. Decontamination is a little explored
field in EU food law and many uncertainties exist. For this reason, the level of clarity that | can provide
in this report is limited. At several points | have no more to offer than interpretations that are ‘defenda-
ble’. Whether authorities will actually accept these interpretations cannot be guaranteed but hopefully
they will be open to discuss this with you. What | can do is provide a structure and classifications that
may help to ask the right questions and find the applicable regulatory framework.

Background

Key objective of EU food law are to protect human life and health and other consumer interests (Article
5 of Regulation (EU) 178/2002). In this regard it is prohibited to place unsafe foods on the market (Article
14 of Regulation (EU) 178/2002) and it is mandatory for food businesses to follow good hygiene practices
(Regulation (EC) 852/2004 on food hygiene and Regulation (EC) 853/2004 laying down specific hygiene
rules for food of animal origin). The methods discussed in the DTl guideline may help in implementing
hygiene.

Generally the EU is reluctant towards decontamination. Emphasis is on prevention. It seems to be feared
that decontamination may facilitate sloppy prevention practices.

Agents and processes

The DTI guideline covers the use of chemical substances, microorganisms and processes for the pur-
pose of counteracting pathogenic microorganisms. As will be set out below, the regulatory framework
that applies to substances and organisms on the one hand (hereinafter together referred to as ‘agents’)
and to processes on the other hand may be different. For this reason, | will discuss separately the agents
and the processes.
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Agents

Introduction

Decontamination probably is a technological function within the meaning of Regulation (EC) 1333/2008
on food additives. It is covered by the functional class of preservatives. By consequence, agents used
for decontamination purposes may classify as food additives.

Additives may be used in accordance with the provisions in the additives regulation. Agents that do not
have a function in the final product escape from the applicability of the additives regulation. They are
so-called ‘processing aids'. Processing aids fall both outside the authorisation requirement and outside
the labelling requirement for additives (Article 2(2)(a) Regulation (EC) 1333/2008).

For processing aids separate legislation may exist. We find authorisation requirements in some EU
member states including, France, Spain and the Netherlands. This is not further discussed here. At EU
level processing aids used for decontamination are within the scope of Article 3(3) of Regulation (EC)
853/2004 as discussed below.

To distinguish processing aids and additives used for decontamination, it is important to assess whether
the agent has a function in the final product. l.e. does the decontamination still continue or does it stop
at some point during processing?

Additives

Substances'? that are not normally consumed as a food and are added for a technological purpose are
food additives. Kitchen salt for example is normally consumed as a food and therefore is not a food
additive if it is used for the purpose of decontamination.

Food additives may only be used if they have been authorised and only in the food categories for which
they are authorised. This is indicated in the annexes to the additives regulation.

For the current project several food categories in these annexes may be of relevance. These are the
categories 08.1 fresh meat, 08.2 meat preparations, 09.1 unprocessed fish and fisheries products,
09.1.1 unprocessed fish and 9.2.2 Unprocessed molluscs and crustaceans.

For most categories of food products E 290 carbon dioxide and E 948 oxygen are authorised to be used
as preservatives.

12 As the additives regulation applies to ‘substances), it can it be argued that (almost) living organisms such as bacteria and viruses
are not ‘substances’ and therefore are outside the scope of the additives regulation. In the current context it is not possible to
further analyse this thought.
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For fresh meat, no preservatives have been authorised. For a very limited number of meat preparations
the following preservatives are allowed: E 220-228 Sulphur dioxide — sulphites; E 249-250 Nitrites; E
260 Acetic acid, E 261 Potassium acetates, E 262 Sodium acetates, E 263 Calcium acetate, and E 270
Lactic acid. On unprocessed fish among others E 300 Ascorbic acid and E 330 Citric acid may be used,
but no specific preservatives. On certain unprocessed molluscs and crustaceans E 220-228 Sulphur
dioxide — sulphites may be used.

At present these substances are not covered by the DTI project. | mention them here as they have
already passed safety assessment. It may be worth considering to apply for expansion of the scope of
application of existing food additives if they might be useful or for the authorisation of additional addi-
tives. Moreover, in so far as these substances do not have a function in the final product, they may be
used as processing aids also in foods for which their use as additives has not been approved, provided
this use is safe for consumers.

Nisin £ 234

Nisin is on the list of authorised food additives. So far its use has only been authorised in certain dairy
and egg products. As Nisin has already successfully passed an additives safety assessment, an applica-
tion for expansion of its scope of application may be worth considering.

Processing aids
Agents that have no function in the final product escape the strict requirements for food additives. If no
specific legislation exists, they may be freely used as long as they are safe.

However, to different types of products, some different regimes apply as regards their decontamination.
According to Article 3(2) of Regulation (EC) 853/2004 for the removal of surface contamination from
products of animal origin only potable water may be used as well as substances authorised for this
purpose.

Food business operators shall not use any substance other than potable water or, when Regulation
(EC) No 852/2004 or this Regulation permits its use, clean water, to remove surface contamination
from products of animal origin, unless use of the substance has been approved by the Commission.
For that purpose the Commission is empowered to adopt delegated acts in accordance with Article
11a supplementing this Regulation. Food business operators shall also comply with any conditions
for use that may be adopted under the same procedure. The use of an approved substance shall
not affect the food business operator’s duty to comply with the requirements of this Regulation.

Based on the text of this provision, decontamination that does not aim to remove contamination from
the surface but from the product internally (‘through and through') is not covered. For this reason | will
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distinguish surface decontamination and full decontamination.' The substances covered in this project
are all considered for the purpose of surface decontamination. Therefore they are all potentially within
the scope of this provision.

Chlorine

Chlorine is used for the decontamination of surfaces. Therefore, it is covered by Article 3(2) of Regulation
(EC) 853/2004. Chlorine has not been authorised by the European Commission for this purpose. How-
ever, in practice, chlorinated water is often used for the purpose of decontamination. This may be com-
patible with Article 3(2) of Regulation (EC) 853/2004 in so far as drinking water may be chlorinated. Ac-
cording to Belgian authorities, the maximum level for free chlorine residues in drinking water is 250
microgram/litre.™

Position on chlorine
Within the limits that drinking water may be chlorinated, it is allowed to use chlorinated water for de-
contamination of surfaces of products of animal origin.

Ozone
Ozone is used for the decontamination of drinking water. Apparently, it is considered a food grade tech-
nology.

As indicated above, oxygen is authorised as food additive and may be used in most foods. Unfortunately
in this context oxygen is defined as O (Regulation (EC) 231/2012 laying down specifications for food
additives listed in Annexes Il and Il to Regulation (EC) No 1333/2008) and therefore does not include
ozone (O3).

Position on ozone

At present, due to Article 3(2) of Regulation (EC) 853/2004 does not seem to be allowed for use in surface
decontamination of foods of animal origin. Given its favourable safety profile, an application for author-
isation seems promising.

3 Moreover, Article 3(2) of Regulation (EC) 853/2004 only applies to products of animal origin. At EU level, no such provision
applies to products of plant origin. By consequence, for the purpose of decontamination during processing of plant based prod-
ucts processing aids may be used if they do not have any function (effect) in the final product, except when other legislation states
otherwise. For organic products, for example, only processing aids may be used that are included in a list of authorised sub-
stances. Given the context of the current study, | will limit myself here to products of animal origin.

4 https://water-link.be/tips-advies/kwaliteit-en-samenstelling/chloor#:~:text=In%201%20liter%20drinkwater%20mag,50%20mi-
crogram%20aan%20vrije%20chloorresten. A source  from  the Netherlands  gives the same  limit
https://www.google.nl/url?sa=t&rct=j&g=&esrc=s&source=web&cd=&ved=2ahUKEwjpx9fOy8n7AhVS26 QKHT-
FFC2sQFNoECCOQAQ&url=https%3A%2F%2Fwww.helpdeskwater.nl%2Fpublish%2Fpages%2F165197%2Fhandleiding chlo-
ridenormering drinkwaterbronnen helpdesk water.pdf&usg=A0vVaw3G8iZNg3BzjW4w7nfGB8K.
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Peracetic acid (PAA)

Also peracetic acid (PAA) only plays a role on the surface and therefore is fully within the scope of Article
3(2) of Regulation (EC) 853/2004. According to the DTI guideline EFSA already found it safe. As far as |
know no application for authorisation has been submitted in the EU. PAA is known to decompose quickly
into harmless substances. Given its favourable safety profile, an application for authorisation seems
promising.

Position on peracetic acid (PAA)
It seems recommendable to apply for authorisation of PAA for use as decontaminant in the EU.

Biopreservation
The DTI guideline addresses biopreservation through lactic acid bacteria, fermentation with Lactobacilis
reuteri and through bacteriophages.

QPS

In the course of its work, EFSA has been confronted in different contexts with questions regarding the
safety of the use of micro-organisms in food processing and human consumption. EFSA has collected
the findings of its assessments in so far as they are favourable in a database known as the QPS-list. QPS
stands for ‘qualified presumption of safety’. The QPS-list has no formal regulatory status. However, it
does provide an indication that the organisms that are listed are not novel or have been authorised. In
practice authorities consider the use of QPS listed organisms a matter of low concern. By consequence,
the regulatory risk of using QPS organisms seems to be limited.

Limosilactobacillus reuteri commonly known as Lactobacillus reuteri is included in the QPS list. The DTI
guideline does not further specify the lactic acid bacteria, but several of these are included in the QPS
list. Phages are not included. Phages are discussed below.

Position on biopreservation
The use of lactic acid bacteria that are included in the QPS list and the use of fermentation through
Lactobacillus reuteri can be considered acceptable from a regulatory point of view.

Phages

Phages are possibly intended to be used for the decontamination of a product ‘through and through'.
For this reason | would argue that they may be outside the scope of Article 3(2) of Regulation (EC)
853/2004 and may be used freely if they qualify as processing aids and require authorisation if they
qualify as food additives.

Within the EU phages have been addressed in the context of a product (Listex™) designed to combat
Listeria. With regard to the application on cheeses, the European Commission has asked EFSA for an
interpretation whether they have a function in the final product. According to EFSA viruses present in
soft cheeses can combat a new infection with Listeria and therefore they have a function in the final
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product. In hard cheeses they are unable to reach a new infection and they have no function. As far as
| know, no further conclusion has been drawn. However, | understand this to mean that according to
the European Commission phages are food additives in soft cheeses and therefore may not be used
except when authorised. In hard cheeses they are processing aids and can freely be used as long as
they are safe.

Position on phages
It must be assessed whether the phages have a function in the final product. If they do not, they may be
freely used. If they do, it is recommended to submit an application for authorisation as food additive.

Process

Introduction

Article 3(2) of Regulation (EC) 853/2004 does not apply to processes that do not involve agents. Such
processes must be assessed on their own merits. To irradiation a specific legal framework applies. Pro-
cesses to which no specific framework applies may come under the Novel Foods Regulation (NFR). See
below.

Irradiation

Framework

In the EU many consumers seem to be opposed to the use of irradiation which they perceive as an
application of nuclear power. By consequence the legal framework can hardly be seen as enabling and
options to use irradiation for food safety have been explored only to a limited extent.

Legislation in the EU Member States is harmonised through Directive 1999/2/EC on foods and food
ingredients treated with ionising radiation and Directive 1999/3/EC on the establishment of a Commu-
nity list of foods and food ingredients treated with ionising radiation. It is only allowed to place irradiated
foods on the market in EU if they comply with the legislation. (For an overview of the framework on
irradiation beyond the EU see GHI 2018.7°)

Harmonisation of authorisations has not been successful. Authorisations differ considerably among
Member States. As far as relevant in current context, in Belgium and the Czech Republic (and the UK)
irradiation is allowed for poultry, fish and shellfish; in France for poultry, in the Netherlands for chicken

> n particular the document provides information on foods allowed to be irradiated in countries such as the USA, Canada, the
EU, Bangladesh, China, India, Indonesia, Malaysia, Pakistan, Japan, the Philippines, Thailand and Vietnam. It concludes that it is
clear from the literature and widespread safe use that ionizing radiation is a beneficial and necessary technology for control of
food infestation and prevention of foodborne pathogens. Legislation should not impede technological innovations that can pro-
vide solutions for food safety and security, while also contributing to sustainability of food chain, reducing consumption of re-
sources (e.g. energy) and generation of waste.
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meat and shrimps. In other EU Member States irradiation of meat and fish is not allowed. For all practical
purposes, the methods covered in this project can be used only in so far as they are not covered by the
legislation on irradiation.

Scope

The legislation applies to products treated with ionising radiation. However, the Directive does not de-
fine the concept ionisation. In the current context we need to explore whether eBeam, UV, cold plasma
and pulsed light are or are not covered by this concept. If they are, to a large extent their application
must be considered prohibited in the EU. If they are not, they must be assessed under the frameworks
addressed in later sections.

According to Annex Il of Directive 1999/2/EC “Foodstuffs may be treated only by the following sources
of ionising radiation: (a) gamma rays from radionuclides ©°Co or "*’Cs; (b) X-rays generated from machine
sources operated at or below a nominal energy (maximum gquantum energy) level of 5 MeV;(c) electrons
generated from machine sources operated at or below a nominal energy (maximum guantum energy)
level of 10 MeV.”

It is not entirely clear whether the directive considers other sources of radiation to be outside the scope
of the legislation on irradiation, or considers them to be prohibited by legal definition. National imple-
menting legislation may shed some light on this issue.

In the Netherlands, the Directives on irradiation are implemented by the Warenwetbesluit Doorstraalde
waren (Commodities Act Decree on irradiated commodities). This decree prohibits the treatment of food
products with ionising rays except when this treatment complies with the provisions of said Decree. The
scope of application of the Decree hinges on the concept ‘ionising rays’ and ‘ionising radiation’ respec-
tively. For the definition of ionising rays, the Decree refers to the Kernenergiewet (Nuclear Energy Act).
This act defines ionising radiation'®as: Rontgen (X-ray) and gamma rays and particulate radiation, capa-
ble of causing the formation of ions.

‘Particulate’ of ‘corpuscular’ radiation is radiation consisting of atomic or subatomic particles (such as
electrons). The concept is used as opposed to electromagnetic radiation (such as microwave, visible light
and UV).

In the UK the same interpretation is found. According to Article 3 of The Food Irradiation (England) Reg-
ulations 2009 “jonising radiation” means any gamma rays, X rays or corpuscular radiations which are
capable of producing ions either directly or indirectly.

16 Apparently, the concepts ‘ionising rays’ and ‘ionising radiation’ are used interchangeably.
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From these definitions would follow that UV, for example, does not constitute ionising radiation under
English or Dutch legislation: it is not X-ray, nor gamma, nor particulate/corpuscular. This is regardless if
in fact it does or does not produce some ionisation.

The German Decree on Food Irradiation'” states in its text that the treatment of herbs and spices with
the three sources of radiation is allowed. In its annex, it states that foodstuffs may only be treated with
these sources of radiation. The Decree further states that the treatment with UV is allowed of drinking
water, surfaces of fruit and vegetable products and hard cheese. Further indirect application to food via
UV treatment of air is allowed. Apparently, the German legislature is of the opinion that treatment with
UV is not covered by the prohibition (with authorisation exception) in the Directive.

In case of discrepancies, national legislation should be interpreted in conformity with the European di-
rective. The Directive covers gamma rays, X-rays, and electrons. However, it is less clear whether other
rays are considered non-ionising by legal definition as in the English and Dutch legislation and thus
outside the scope of the legislation, or if they are excluded from use in case they would in fact be ionis-
ing. As stated above, the Directive uses the expression ‘ionising radiation’ but does not provide a defini-
tion. This may mean that recourse must be taken to common use of this expression. Common use of
the expression ‘ionising radiation’ would take place in the domain of physics. However, it is not easy to
derive a clear delineation from physics. In literature, UV to stay with the example, is generally classified
as non-ionising (Motarjemi and Lelieveld 2014, p. 230). However, it has been pointed out that the short-
est ultraviolet wavelengths do bring about some ionisation (Shama 2007). UV forms part of the electro-
magnetic spectrum and the UV wavelength range is from about 10 to 400 nm, placing it between X-rays
and the visible part of the spectrum (Shama 2007). The wavelength ranges that may produce ionisation
reaches up to about 100 nm (University of Twente 2018). But even this limit is not razor sharp. In fact,
all radiation, including sunlight, is known to bring about some ionisation. It is obvious that the legislator
cannot have intended to bring sundried products (such as tomatoes in Italy or Greece) within the ambit
of the legislation on irradiation. To achieve the result that such products are in fact outside the scope of
the legislation, some limitation to the concept of ionisation is needed.

The solution chosen by the English and Dutch legislature is attractive in that it is clear cut. On this basis
| take the position that radiation other than X-ray, gamma rays and electrons is outside the scope of the
legislation. For this reason | consider defendable that UV, cold plasma and pulsed light as covered by
the project is outside the scope of the legislation on irradiation.

7 Verordnung Uber die Behandlung von Lebensmitteln mit Elektronen-, Gamma- und Réntgenstrahlen, Neutronen oder ultravio-
letten Strahlen (Lebensmittelbestrahlungsverordnung - LMBestrV) < https://www.gesetze-im-inter-
net.de/Imbestrv_2000/BJNR173000000.html >.
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uv
Based on the general theory on irradiation set out above, | would argue that UV treatment is outside
the scope of the legislation on irradiation.'®

In the DTI guideline, reference is mad to UV treated products that are within the scope of the Novel
Foods Regulation (as set out below). However, that precedent is about the treatment of mushrooms
with UV with the purpose of increasing the production of vitamin D, not with the purpose of decontam-
ination. In my view, this precedent does not apply in our context.

Position on UV

In my view a reasonable interpretation would place UV treatment outside the scope of the legislation
on irradiation. Also, UV treatment has a history of safe use in the EU prior to 1997 and for this reason is
outside the scope of the Novel Foods Regulation. Therefore, | would argue that the use of UV for decon-
tamination purposes is allowed in the EU without authorisation requirement.

Cold plasma

Cold plasma is a novel non-thermal food processing technology that uses energetic, reactive gases to
inactivate contaminating microbes on the surface of foods. The gases are made ionizing with corona
discharges, as applied in ozone generators (i.e. electricity).

Position on cold plasma

For the same reasons as set out above, | take the position that cold plasma is outside the scope of the
legislation on irradiation. As cold plasma to the best of my knowledge has not been applied in the EU
prior to 1997, it may need to be assessed under the Novel Foods Regulation. See below.

Pulsed light
Based on the general theory on irradiation set out above, | would argue that treatment with pulsed light
is outside the scope of the legislation on irradiation. As pulsed light to the best of my knowledge has not
been applied in the EU prior to 1997, it may need to be assessed under the Novel Foods Regulation.
See below.

eBeam

The situation seems more complex with regard to eBeam. eBeam is a novel technology using low energy
electrons to decontaminate product surfaces preserving, for example, germination potential and nutri-
tional value of foods. It seems to be covered by the category “electrons generated from machine sources
operated at or below a nominal energy level of 10 MeV” and therefore is potentially within the scope of
the legislation on irradiation.

'8 This also seems to follow, for example from Article 25s of Commission Regulation (EC) 889/2008 laying down detailed rules for
the implementation of Council Regulation (EC) No 834/2007 on organic production and labelling of organic products with regard
to organic production, labelling and control.
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The legislation on irradiation addresses a treatment of the food ‘through-and-through’. eBeam by con-
trast is designed for surface decontamination. It does not affect the inside of the product. Similar to the
discussion above, the consequence has to be one of two extremes. Either it means that eBeam is out-
side the scope of the legislation, or the application of eBeam for the purpose of surface decontamination
is prohibited.

In different language versions of the Directive, words are used either expressing that the radiation goes
through the product (Dutch “doorstraling” the element “door” equals “through”) or that the radiation
goes on the product (German “Bestrahlung” the element “be” equals “on”). In connection with the do-
simetry discussed hereafter, technologies such as surface treatment may either be outside the scope
of the legislation (if the scope is on radiation that goes through the product) or inside the scope (and
probably prohibited if it also applies to non-penetrating radiation).

As surface treatment did not exist at the time the Directive was drafted, it may not be entirely a language
issue. Urban, for example, wrote in 1986: “one necessary property of ionizing radiation used in food
irradiation is its ability to penetrate food". It seems probable that, regardless of the exact words chosen,
what the legislature had in mind was radiation affecting the food “through and through”.

Annex Ill of Directive 1999/2/EC elaborates the concept dosimetry. Section 1 ends by stating: “The ratio
of Dmax/Dmin should not exceed 3." This means that the lowest absorbed dose in the treated product
should not be more than 3 times lower than the highest absorbed dose. In phrasing this requirement,
the legislature must have had the situation in mind where a product is radiated “through and through”.
If there are parts within the product where a sufficiently high dose is not reached, these parts may
constitute safe havens for pathogens."

This dosimetry requirement creates a challenge for surface treatment. In case “only” the surface of the
product is treated with low energy, the absorbed dose inside the product will be zero. If the Dmax is
divided by zero, the outcome is infinite (which is by far higher than 3). By consequence, if surface treat-
ment is within the scope of the legislation, it is not allowed to be applied under any circumstance. Except,
if one could argue that the Dmin should not be measured anywhere in the product, but that the busi-
ness operators enjoy discretion in deciding which parts of a product they do wish to treat, and which
parts not. In such reading of the law, in case of surface treatment the Dmin should be measured some-
where at the surface.

The provision on dosimetry, however, does point in the direction that the legislature was thinking of
radiation “through and through”. Also, the high energy sources of legislation included in the legislation
point in this direction. From the perspective of protecting consumers from the risks of radio activity,
there does not seem to be any need to include surface treatment in the scope of the legislation.

9 This is also the reading followed by EFSA’s CEF panel (2011).
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Position on eBeam
Based on the above, it seems defendable that eBeam is outside the scope of the legislation on irradia-
tion and therefore needs to be further assessed under the Novel Foods Regulation as set out below.

Novel foods

A potential regulatory challenge for decontamination processes, is in Regulation (EU) 2283/2015 on
novel foods (a.k.a. the ‘Novel Food Regulation’ (NFR)). Foods that fulfil the definition of novel food may
not be placed on the market in the EU except when they are authorised. For the current context it is of
relevance that foods may be considered novel due to a process that has been applied.

Article 3(2)(a) at (vii) Regulation (EU) 2283/2015 on novel foods

‘novel food' means any food that was not used for human consumption to a significant degree within
the Union before 15 May 1997, irrespective of the dates of accession of Member States to the Un-
ion, and that falls under at least one of the following categories:

(vii) food resulting from a production process not used for food production within the Union before
15 May 1997, which gives rise to significant changes in the compaosition or structure of a food, af-
fecting its nutritional value, metabolism or level of undesirable substances;

A food may come under this regulation if it results from a process that was not used in the EU before
1997 and that leads to significant changes.

First of all, it must be pointed out that it is the food that may fall under the authorisation requirement,
not the process as such. This means that in case one type of food has been authorised, another type to
which the same process has been applied may also need approval.

Next the process must be new. Opinions differ whether the process should be new at all or only with
regard to its application to the food matrix at issue. This problem does not seem to apply here. Finally
the process must lead to significant changes among other with regard to the level of undesirable sub-
stances (which probably includes undesired microorganisms). In other words, improved safety may
make a food novel and thus under authorisation requirement. An issue here is the question to which
benchmark the ‘significant change’ should be compared? If no other benchmark exists, probably the
comparison must be made between the food before and the same food after treatment. It could be
argued, however, that a comparison may also be made between the food treated with a conventional
method and the food treated with the new method.

Processes that have a history of safe use in food production prior to 1997 are outside the scope of the
NFR.

A problem with food authorisation requirements in the EU is that applications for authorisation are
assed only for meeting the criteria of safety (and other criteria). No decision is given with regard to the
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question whether the product is actually - in this case - a novel food. This situation somewhat limits the
value of existing precedents.

High pressure processing

At least one precedent exists where (dairy) products subjected to HPP have been authorised as novel
foods (European Commission Decision 2001/424, O 2001L 151/42 for a HPP treated yoghurt submitted
by Danone). Apparently, the applicant believed that HPP would bring a food within the scope of the NFR.
A later application - at that time the procedure had a first stage at Member State level which has now
been abolished - has been found unnecessary by the Food Standards Agency in the UK (at that time an
EU Member State). Probably the FSA considered changes of HHP (also known as cold pasteurisation)
compared to pasteurisation not significant in terms of level of undesirable substances. The FSA formu-
lated certain safety parameters such as time, temperature and pressure that must be met (for details
see A. Kurowska et al. 2016).

Position on HPP
Based on the FSA precedent, it can be argued that HPP respecting relevant safety parameters can be
used without prior authorisation.

Ultrasound, cold plasma, pulsed light

To the best of my knowledge, ultrasound, pulsed light and cold plasma are not methods currently used
for the purpose of decontamination, and certainly not before 1997. As assessed above, it can be argued
that cold plasma and pulsed light are outside the scope of the legislation on irradiation. This is certainly
the case for ultrasound. These methods are intended to reduce the level of undesired microorganisms.
In case comparison needs to be made with the product prior to processing, the change will undoubtedly
be ‘significant’ (why else would you apply these processes?) and the NFR would apply. As indicated above,
the HPP precedent suggests that comparison may also be made with the decontamination achieved
through conventional methods. A relevant benchmark needs to be identified.

Position on ultrasound, cold plasma, pulsed light
If you can produce a relevant comparison to conventional methods of decontamination, it might be
possible to argue that there are no significant changes and that these processes may be freely used.

To conclude
Conclusions

The report addresses a variety of methods for decontamination. From the analysis above, it follows that
the following processes can probably be freely used:
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e UV treatment

e High pressure processing
e Ultrasound

e (Cold plasma

e Pulsed light

e eBeam

With regard to agents used for decontamination, the following can be concluded. Within the limits that
chlorine may be present in drinking water, it can be used for the purpose of decontamination as well.

With regard to the use of substances for the purpose of decontamination, this analysis concludes that
Nisin E 234 can only be used as processing aid i.e. if it does not have a function in the final product,
Chlorine can be used in a concentration of 250 microgram/litre, ozone and PAA would require prior
authorization.

For all substances covered in this project an application for authorization as decontaminant is worth
considering.

With regard to bacteria, the analysis concludes that those lactic acid bacteria that are on the QPS list as
well as Lactobacillus reuteri can be used for the purpose of decontamination. Bacteriophages can be
used as processing aid i.e. if they do not have a function in the final product.

Recommendations

Unfortunately, my analysis leaves you with a rather high degree of uncertainty. For this reason | would
recommend to seek an open exchange of views with the authorities in your EU Member State to explore
1) whether they are willing to accept the interpretations proposed, or 2) open discussion on this topic
within the EU working groups in which they participate, and 3) whether they are willing to help create
solutions, for example by undertaking or supporting authorisation procedures.

Businesses or business associations may consider submitting applications to the European Commission
under Article 3(2) of Regulation (EC) 853/2004 for the authorisation of substances to be used as decon-
taminants such as chlorine (in higher concentrations than allowed in drinking water), ozone, PAA and
phages.

References
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Tabel 1.3. Bakteriofag biokontrol af fadevarebdrne patogener.

Bilag 1

Target pathogen

Description and result of the study

Reference

E. coli

Campylobacter

Salmonella

L. monocytogenes

100 % reduction in CFU within an hour of addition of phage DT1
and DT6 in milk during milk fermentation.

Spraying of phage cocktail on spinach blades resulted in a 4.5 log
reduction of CFU after 2 h of phage addition

No survivors detectable on spinach and lettuce leaves after 10 min.
of phage addition combined with cinnamaldehyde treatment

Significant reduction in CFU on lettuce and cantaloupe after 2 days
of spraying with phage cocktail (ECP-100)

Phage cocktail e11/2, ed/1c, pp01 applied on meat surface resulted in
eradication of E.coli in seven ol nine samples

Phage ®29C when applied on top of chicken skin at MOI (multiplicity
of infection) 1 caused less than 1 log reduction in CFU; MOI 1001000
caused 2 log reduction in CFU

Phage Cj6 was applied on top of raw and cooked beef, largest reductions
were recorded at high host cell densities over a period of 8 days and
incubation at 51 °C

Phage 2 applied on top of chicken skin at a conc. of 107 PFU/ml caused 2
log reduction whereas 10° and 10> PFU/ml failed to reduce CFU count

Salmonella phage FO1-E2 when added to turkey deli meats and chocolate
milk resulted in 5 log reduction of CFU and a 3 log reduction when
applied to hot dogs

More than 99 % reduction in CFU on meat skin treated with phage cocktail
PCI1 at MOI 10 or above and temp 4 °C for 96 h

Combined biocontrol of phage cocktail with Enterobacter asburiae
suppressed pathogen growth on mung beans and alfa alfa seeds

Reduction of §. javiana in tomatoes when treated with phage and E. ashuriae
combination, although major suppressing activity was attributed to
anatagonistic effect of E. asburiae

Reduction of 3—4 log CFU in raw and cocked beef at 5 °C and 6 log CFU at
24 °C when treated with phage P7

Phage cocktail caused significant reduction on fresh cut melons but not on apples.
The result maybe explained as phage particles were inactivated due to low pH

on apple surface

No survival during 89 days in pasteurized cheeses containing phage SJ2 (MOI 10%)
Reduction of CFU by 2.5 log at 30 °C in RTE chicken. At 5 °C, regrowth was

prevented over 21 days

In red smear cheese phage AS11 applied on the surface caused CFU to decrease
by 3 logs after 22 days. Repeated application of A511 further delayed re-growth
Reduction in CFU on catfish and salmon fillet upon surface application of phage P100

Rapid 1 log reduction of CFU. 2 log reduction after 14 to 28 days of storage on cooked

ham surface treated with Phage P100

Complete eradication of CFU on red smear soft cheese during rind washing with phage P100

Spraying melon pieces with phage cocktail after 1 h of listeria challenge reduced CFU

by 6.8 log units after 7 days of storage

Phage cocktail caused a CFU reduction of 2.0 to 4.6 log in melons and only 0.4 log in
apples. Phage + nisin reduced CFU by 5.7 log in melons and 2.3 log in apple

Phage-nisin mixture was effective in broth but not in buffer or on raw beef

Tomat et al, 2013
Patel et al. 2011
Viazis ct al. 2011
Sharma et al. 2009
O’Flynn et al. 2004

El=Shibiny et al. 2009

Bigwood et al. 2009

Wagenaar et al. 2005

Guenther et al. 2012

Hooton et al. 2011
Ye et al. 2010

Ye et al. 2009

Bigwood et al. 2009

Leverentz et al. 2001

Modi et al. 2001
Bigot ct al. 2011

Guenther and Loessner 2011

Soni et al. 2010
Holck and Berg 2009

Carlton ct al. 2005

Leverentz et al. 2004
Leverentz et al, 2003

Dykes and Moorhead 2002

Tabel 1.3 Bilag 1 er tilpasset og kopieret fra: Kazi, M. & U.S. Annapure (2016) Bacteriophage biocon-
trol of foodborne pathogens. | Food Sci Technol 53(3):1355-1362.
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13.Bilag 2 - Diverse ikke-termiske teknologier - fisk/skaldyr

Tabel 2.1. Effekt af ikke-termiske teknologier pa Salmonella spp. og Escherichia coli niveauer.

Methodology
{Microoganisms) Fish species Treatment/Reduction {log CFU/g) Reference
Irradiation
(5. enteritidis) Oyster 3.0 kGy/5.0-8.0 log Jakabi et al. 2003
{Salmanelia spp.) Shrimp 6.0 kGy/7.0 log Abreu et al. 2009
(S, enteritidis) Shrimp 3.0 kGy/6.0 log Mahmoud 2009
{Salmonelia spp.) Rainbow Trout 5.0 kGy/4.0 log Oraei et al, 2011
{Salmonelia spp.) Mackerel 3.0 kGy/6.0 log Acharjee et al. 2014
{Salmonelia spp.) Poa 3.0 kGy/6.0 log Acharjee et al. 2014
{Saimonelia spp.) Frozen Mullet 5.0 kGy/5.0 log Aly et al. 2014
{E coli) Sequid 35 kGy/2.0-3.0 log Manjaniak et al,, 2018
HPP
E. coli Black Tiger Shrimp 100 Mpa, 5 min/0.41 log Kaur et al. 2013

Black Tiger Shrimp 270 MPa, 5 min/1.20 log Kaur et al. 2013

Black Tiger Shrimp 435 Mpa, 5 min/1.53 log Kaur et al. 2013
Pulsed light
(E. cofi) Salmon fillet 5.6 J cm/0.86-1.09 log Ozer and Demirci 2006
Ultraviolet
(E. coli) Sliced Squid UV-C 253.7 nm, 1-30 min/1.35 log Lee et al. 2016
(E. coli) Threadfin Bream UV-C 253.7 nm, 20 min/1.1 log Omaima and Hesham 2019
(E. coli) Tilapia UV-C 253.7 nm 15 min/1.82 log Omaima and Hesham 2019
Dzone
(E. coli) Oyster 0.6 mg/L/1.3 log Lopez Hernandez et al. 2018
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14.Bilag 3 - Diverse ikke-termiske teknologier - kad/fisk/skaldyr

Tabel 2.5. Effekt af ultralyd, HPP, gammabestraling og UV-C bestraling i reducering af patogene og
fordaervende mikroorganismer i kegd- og fiskeprodukter.

S pp—

Decimal reduction (log cfu) and

NTPT Meat and fish matrix Microorganism other antimicrobial effects Conditions of application Reference
us Salmon Pseudomonas spp. 13/9 30 kHz, 45 min Pedrés-Garrido
et al. (2017)
Mackerel 0.7/g
Cod 0.6/g
Hake 0.6/g
us Meat model system Lactobacillus sakei Increase of 15.21h in lag phase  20kHz, 49.1 W, 7min QOjha et al. (2016a)
(2, h)
us Beef slurry Costridium perfringens spores 3.0 log reduction for spores. Heat: 95°C, 30 min Evelyn and Silva (2015)
Combined heat and US reduce  US: 24 kHz, 460 W/cm?
the application time by half
to reach the same effect to
isolated heat treatment
us Beef extract Total coliforms 2.2/mL 40kHz, 11 W/em?, 90min Caraveo et al. (2015)
Mesophilic bacteria 2.91/mL
Psychrophilic bacteria 3.18/mL
us Raw salmon L monocytogenes 0.35/g Ultrasound of bath, 45 kHz,  Miki-Krajnik et al. (2017)
200 W, Tmin
Fillets Coliforms 0.28/g
HPP  Beef Mesaphilic bacteria 25/g 300 Mpa, 5min Giménez et al. (2015)
Lactic acid bacteria 1.5/g
HPP  Chicken E coli 1.69/g 300 Mpa, 5min Kruk et al. (2011)
breast fillet S. Typhimurium 0.64/g
L. monocytogenes 3.22/9
HPP  Poultry Mesophilic bacteria 1.52/g 300 Mpa, 10 min Canto et al. (2015)
Psychrotrophic bacteria >2.38/g
HPP  Poultry sausages Brochothrix thermosphacta 3.5/ 350Mpa, 1205, counting Al-Nehlawi et al. (2014)
performed 20+2h
after the
Campylobacter jejuni treatment
Leuconostoc carnosum >6.0/g
L innocua 0.5/g
S. Enteritidis 0.5/
3.5/
HPP  Poultry C jejuni 0.04/g 200 Mpa, 5 min Jackawska-Tracz and
Tracz (2015)
2.70/g 300 Mpa, 5min
. >6.97/g9 400 Mpa, 5min
Gl Shrimp Mesophilic bacteria 2,65/g 2.5 kGy Mahto et al. (2015)
Yeasts and molds 23319
Coliform counts >3.75/g
Gl Semi-dried squid Murine norovirus strain 0.6 pfu/mL 3 kGy Kang, Park, et al. (2016)
MNV-1
0.9 pfu/mL 5 kGy
1.4 pfu/mL 7 kGy
1.8 pfu/mL 10 kGy
Gl Dry fermented pork Total plate counts 0.85/g 0.5 kGy Kim et al. (2012)
sausages 1.11/g 1.0 kGy
0.98/g 2.0 kGy
3.88/g 4.0 kGy
Gl Shrimp S aureus >3.45/g 3 kGy Hocaoglu et al. (2012)
E colf >3.86/q
Mesophilic bacteria 2.79/9
Coliform counts 2.82/g
Gl Ground beef Mesophilic bacteria 2.58/g 2 kGy Ayari et al. (2016)
Psychrotrophic bacteria 3.76/g
Yeasts and molds 1.32/g
Gl Shrimp Bacillus subtilis 1.5/9 3 kGy Wang et al. (2010)
E colf 6.8/g
uv Chicken breast Murine norovirus-1 (MNV-1) 1.23 PFU/mL 3600 mWs/cm?® Park and Ha (2015)
Hepatitis A virus (HVA) 1.17 PFU/mL
uv Fish fillets (rainbow trout) Mesophilic bacteria Prolongation of lag phase 10632 mJ/cm? Rodrigues et al. (2016)
Psychrotrophic bacteria The increased microbial
Enterobacteria growth rate .
uv Bulifrog shredded S. aureus 3.19/g 1.68 mWs/cm?, 140 Silva et al. (2015)
uw Chicken Salmonelia strains 0.57/g9 1.95mW/cm?, 1205 Lazaro et al. (2014)
uw Fish Mesophilic bacteria 0.26/g 55,83 mJ/cm® Bottino et al. (2017)
Psychrophilic bacteria 0.25/g
Enterobacteriaceae 0.15/g
UV Bologna Beef E. coli 4.6/mL 164 mJ/cm? Tarek, Rasco, and
Sablani (2015)
NTPT: Non-thermal preservation technology, US: Ul d, HPP: High pi p ing, Gl: Gamma irradiation, UV: UV-C radiation.
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Bilag 3

Tabel 2.6. Effekt af ultralyd, HPP, gammabestraling og UV-C bestraling fysisk/kemiske og sensoriske
karakteristika i kad- og fiskeprodukter.

Table 2. Effects of ultrasound, high pressure processing, gamma irradiation and UV-C radiation on the physicochemical and sensory characteristics of meat and
fish products.

NTPT

Meat and fish matrix

Effects on matrix

Condition of application

Reference

us

us

us

HPP

HPP

HPP

Gl
Gl

Gl

uv

3=

Pork

Chicken breast meat batter

Beef extract

Beef

Beef
Squid muscles

Chicken breast fillet

Goat meat

Fish
Semi-dried squid

Fish
Ground beef
Shrimp

Chicken sausage
Chicken breast

Beef

Fish fillets (rainbow trout}

Chicken
Fish

Fish fillets (Nile Tilapia
(Oreochromis nifoticus))

Softening

Improved of textural properties (hardness,
springiness, cohesiveness, chewiness and
gel strength) and water holding
capacity (WHC)

Increased of L value (luminosity) and pH
reduction. No changes in redness and
yellowness, as well as WHC and drip loss

Increased of lipid and protein oxidation
dependent of the increased
ultrasonic power

Decreased of hardness and gumminess, No
changes in L*, a*and b* values

Low changes in volatile compounds and no
changes in total free amino acids

Reduced of flavor and juiciness.

Increased cooking loss, L* and b* values,
cohesiveness, gumminess and lipid
oxidation. The higher the pressure
applied the greater the changing.

Increased pH, springiness and L* and b*
values, Decreased of a* values

No undesirable sensory changes

No changes in sensory, color and
lipid oxidation

Reduced of histamine and increased
lipid oxidation

Increased of lipid oxidation
(peroxide values)

No changes in shear force and toughness
after irradiation application. Improved of
visual appearance with doses greater
than 2.5 kGy

No changes in pH, odor, color and
sensory acceptance

The higher the dose the higher the lipid
oxidation index and @ * value, whereas
the lower is [*value

With the Increase of the dose occurs
reduction of the notes given by
evaluators for the attributes of color,
flavor, texture, appearance, overall
sensory acceptabllity

Reduced of rightness, yellowness and
redness values. No changes in pH, shear
force and volatile basic nitrogen

No change in lipid oxidation values and
high initial concentrations of
biogenic amines

Increased contents of tyramine

No change in lipid oxidation values and
increased of biogenic amines values,

Increased histamine, cadaverine and
putrescine initial values with higher
doses application

20kHz, 750 W, 120min 54.9

W/em?

40kHz, 300 W, 20min

40kHz, 11 W/am?, 60 and 90 min

20kHz, 2.39, 6.23, 11.32 and 20.96
W/cm?, 120 min

40kHz, 1,500 W, 10min

200 e 400 Mpa, 10 min

300, 450 and 600 Mpa, 5min

300 e 600 Mpa, 5 e 10min

1.5 kGy
3, 5,7 and 10 kGy

1 and 3 kGy
2 kGy
05,15, 25, 5 and 10 kGy

25 and 5.0 kGy
60-3600 mWs/cm?

4.5mW/cm?, 20 min
106.32 m/cm?
1.13 e 1.95mW/cm?, 90s

160,97 mJ/cm?

0.103 and 0305 J/em?

Ojha et al. (2016b)

Li et al. (2015)

Caraveo et al. (2015)

Kang, Zou, et al. {2016)

Chang et al. (2012)
Yue et al. (2016)

Kruk et al. (2011)

Jalarama Reddy et al. (2015)

Monteiro et al. (2013)
Kang, Zou, et al. (2016)

Maltar-Strmeéki et al. (2013)
Ayari et al. (2016)

Mahto et al, (2015)

Hwang et al. (2015)

Park and Ha (2015)

Kim, Lee, and Eun (2015)
Rodrigues et al. (2016)
Lazaro et al. (2014)

Bottino et al. (2017)

Monteiro et al. (2017)

NTPT: Non-thermal preservation technology, US: Ultrasound, HPP: High pressure processing, Gl: Gamma irradiation, UV: UV-C radiation.

Tabel 2.5 og 2.6 i bilag 3 er kopieret fra: Rosario, D. K. A, Rodrigues, B. L., Bernardes, P. C. & C. A,
Conte-Junior (2021) Principles and applications of non-thermal technologies and alternative chemi-
cal compounds in meat and fish. Critical Reviews in Food Science and Nutrition. 61,7:1163-1183.
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15.Bilag 4 - Bestraling - ked/fisk/skaldyr

Tabel 2.3. Holdbarhed af udvalgte hakket oksekad og fjerkrae produkter som funktion af pakkefor-
hold og eBeam behandling.

Meat product Packaging atmosphere  Shelf-life (days)

Non-MAP MAP-non irradiated MAP-irradiated

Fresh ground beef High oxygen 2-3 7-11 Not applicable
Fresh ground beef Low oxygen 2-3 14-21 3031

Fresh ground beef Non-MAP 2-3 Not applicable 22-28

Beef cuts Vacuum 2530 Not applicable 47

Fresh ground beef chubs  Chub film 14-20 Not applicable =34
Skinless/boneless poultry  Case ready 39 11-13 ~30

Tabel 2.3 i bilag 4 er kopieret fra: Pillai, S. D. & S. Shayanfar (2017) Electron Beam Technology and Other
Irradiation Technology Applications in the Food Industry in Applications of Radiation Chemistry in the
Fields of Industry, Biotechnology and Environment, pp. 249-268. Springer Verlag.

Tabel 2.4. Effekt af bestraling af kedprodukter.

Microorganism Source Dose rate lor 5log,, reduction Reference

L. monocytogenes in RTE meat meals® Gamma 2.45-3.75kGy Sommers et al. (2004)

E. coli (KCTC) in marinated beefl rib Gamma 3.0KkGy Jo et al. (2004)
Salmonella spp. in rabhit meat Gamma 30kGy Bard (2005)

FBP" in cured dry ham E-beam 5.0-54 kGy Cava et al. (2005)

FBP" in loins Carrasco et al. (2005)
FBP” in RTE meal meals® Gamma 1.8-3.0 kGy Sommers and Boyd (2006)

* Franklurter, bologna pasta, ham and deli turkey meat.
Y E coli O15T:HT, L. monocytogenes, S. aureus, and Salmonella spp.
© Frankfurter, beel cheeseburger and vegetarian cheeseburg.

Tabel 2.4 i bilag 4 er kopieret fra: Aymerich, T., Picouet, P. A. &J. M. Monfort (2008) Decontamination
technologies for meat products. Meat Science Vol. 78;1-2 11-1209.
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16.Bilag 5 - Ozon, HPP og CP - ked og kedprodukter

Table 1. Ozone applications to decontaminate meat and meat products.

Sample Specification Microbes Highlights Reference
2-10mg/Lfor1h
combined with 6-day shelf-life extension compared to
vacuum packaging TVC, Pseudomonas spp., vacuum packaging alone (4-day extension).
Chicken legs . LAB, Yeast-molds, & L. [29]
(polyamide/ polyethylene Enterobacteriaceae Positively affected odor, texture, and taste
bags) stored at 4 °C i ; retained an acceptable score for 14-16 days.
for 16 days.
1.1log CFU/g was observed in TAMB and
. . LAB. E. coli. and Salmonella spp. was not
o 0,
ﬁhmke:i‘f‘eg; 0'6155’;‘} at ;10 C (90% TAtfﬁ;n];‘:géf (Ol & etected. Combination with MAP (20% [30]
reere-drie or 1 mun. PP CO4, 80% N,) improved the texture and
sensory proprieties.
. 0.4-07 ppm at4 °C Red-uoed 4.77 and 6:8 log CFU/g,
Chicken meat o respectively. The combined use of ozone
. (90% RH) for LAB & TAMB e [22]
(freeze-dried) . and lyophilization would be useful for
10-120 min. . .
extending shelf-life to 8 months.
Aerobic: 2.96 log CFU/g
(untreated = 5.35 log CFU/g)
Chicken breast Anaerobic: 2.18 log CFU/
—6 . . g &
meat oo a9 g Coliform, acrobic, and (untreated = 4.63 log CFU/g) [31]
3/ m-” /h for ays. anaerobic bacteria Coliform: 1.74 log CFU/g
(untreated =3.35 log CFU/g)
Aerobic: 2.52 log CFU /g
(untreated = 4.11 log CFU/g)
Duck breast meat Anaerobic: 3.46 log CFU /g
(untreated = 3.95 log CFU/g)
Coliform: 1.39 (untreated = 3.28)
1 x 1072 kg/m?® at TAMB, i
Turkey breast meat 22 °C (21.6% RH) for  Enterobacteriaceae & Reduced 2.9, 2.3 and 1.9 log CFU/g, [32]
respectively.
8h. yeast-mold
Decreased 1.5 log CFU/ g heterotrophic
218-286 mg/ m?, 5-20 . counts. Decreased inoculated L.
Ises for 240 min Heterotrophic monocytogenes counts by more than 1 log
Beef (sliced) puses | microflora & L. S i [33]
with intervals of CFU/g. Exposure times of more than
monocytogenes

30 min.

10 min negatively affected red color and
rancidity.

O3: Ozone; TVC: Total viable counts; TAMB: Total aerobic mesophilic bacteria; LAB: Lactic acid bacteria; RH,
relative humidity; MAP: Modified atmosphere packaging.
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Table 2. HHP applications to decontaminate meat and meat products.

Bilag 5

Meat Type

Treatment Conditions

Storage
Conditions

Findings

Reference

Chicken fillets

500 MPa for 10 min.

4dand12°C

HHP resulted in the reduction of the
pathogen population below the detection
limit of the enumeration method (0.45 log

CFU/ g), irrespective of the inoculum. HHP
extended the shelf life of chicken fillets by 6
and 2 days, at 4 and 12 °C, respectively.

[44]

Frozen chicken
breast

500 MPa for 1 min and
400 MPa for 5 min.

HHP showed inactivation of Salmonella at
400 MPa for 5 min and 500 MPa for 1 min.

[45]

Ground chicken
meat

350 MPa for 10 min

+ 0.75% carvacrol.

HHP with 0.60% carvacrol treatment
resulted in a »5-log pathogen reduction.

[46]

Ground beef

400 MPa for 15 min at
235, 35, and 45 °C.

dand —20°C for
up to 5 days

At 25 °C, 5 log reduction in E. cali O157:H7
was observed further low-temperature
storage serves as the hurdle in its survival
and recovery after treatment. HHP showed
no effect on the chromatic profile of
grounded beef.

1471

Vacuum-packed
ground beef

200 and 400 MPa for
5min at 25 °C.

L. sakei is good pressure-resistant lactic acid
bacteria used in combination with HHP at
400 MPa and is efficient in controlling
pathogenic E. coli strains.

[48]

Uncooked ground
beef patties

300, 400, and 500 MPa
for 5 min.

4°C for 10 days

HHP combine with Lactobacillus acidophilus
showed less total aerobic count (3.35 log
CFU/g) than untreated (6.74 log CFU/g)
beef patties with 0.80 log CFU/mL yeast
and mold count. The combined treatment
showed a delayed decrease in pH value,
inhibited lipid oxidation with better color
retention and the highest sensory score.

[49]

Beef patty

400 and 600 MPa for

5 min.

Refrigerated
storage for 18 h

An amount of 2 and 4 log CF/mL
reductions after 400 and 600 MFPa in Shiga
toxin-producing E. coli 0157:H7,
respectively. Variations in fat concentration
of 10 and 20% did not affect. In contrast, 1%
NaCl evident more reduction than 2%,
indicating bar protective effect of salt.

[50]

Vacuum-pack
ripened mutton
patties

200 and 400 MPa for
10 min.

4 °C for 28 days

Significant reduction in total plate count
after HHP at both levels, with a significant
increase in lightness (L*). Redness (a”),
yellowness (b*); hardness, gumminess, and
chewiness of patties reduced significantly.

[51]

Beef steak

450 MPa, 600 MPa 1, 3,
6,10, 15 min.

HHP have the potential to allow the
production of a convenient and safe preduct
by achieving 5 log definition of
pasteurization of beef steak inoculated with
E. coli 0157:H7.
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Table 2. Cont.

Bilag 5

Meat Type

Treatment Conditions

Storage
Conditions

Findings

Reference

Beef slurry

600 MPa for 20 min at
75°C,

Best inactivation of spores of Clostridium
perfringens in beef slurry wasa 2.2 log

reduction.

[53]

Beef slurry

600 MPa for 20 min at
75°C,

After HHP, a greater reduction (2.2 log) in C.
perfringens spores was observed as
compared to thermal treatment (no

reduction) after 20 min.

[54]

Beef slurry

600 MPa at 70 °C for

20 min.

A 4.9 log reduction in Bacillus cereus spores
after treatment at 70 °C but same
temperature thermal processing led to
0.5 log reduction in spore. Increasing HHP
temperature from 38 to 70 °C increases the
spore inactivation for up to 3 logs.

Marinated beef
(Longissimus
lumbaorunn)

300, 400, and 600 MPa

for 5 min.

Refrigerated
storage for 14 days

HHP was proven to provide safe meat
along with a sodium reduction in it. Meat
marinated with salt and citric acid has no

sufficient inactivation of L. innocua and
Enterococcus faecium, while when combine

with HHE a 6 log oycle reduction was
observed.

Beef burgers

300 MPa for 10 min at
9.9 °C and 600 MPa 10
min, 10.2 °C,

Mesophilic and psychotropic count remain
at the detection limit after HHP at 600 MPa,
with no effect on lipid oxidation for at least

& days.

Raw meatballs
(beef, veal, beef +
veal + pork)

400 and 500 MPa for 0

and 18 min.

dand —12°C for
18h

No difference in the extent of inactivation in
different species of meat used for meatballs
preparation in refrigerated storage (0.9 to
2.91log CFU/g) as compared to frozen
samples (1.0 to 3.0 log CFU/g). A total of
500 MPa requires 1-3 min and 400 MPa
requires 9 min for a >2.0 log CFU/ g
reduction.

Emulsified beef
sausages

100400 MPa for 15
min at 10 °C.

HHP proved to be an effective technique to
produce microbial safe beef sausages
(reduce total viable count equivalent to the
sausages having higher salt concentration)
with lower salt concentration.

[59]

Dry fermented

sausages

600 MPa for 3 min.

4°C for 4 weeks

Inactivation of E. cali 0157:H7 in dried
fermented sausages was observed to be
affected by aw. Atay < 0.90, or moisture
protein ratio in the range of 1.9-2.3, led to
6.4 log reduction. Further drying reduced to
2.2 log reduction. Recovery of E. coli
(157:H7 was observed for 1 week of
storage but in 2-, 3, and 4-week storage, no
turther recovery was observed.

[50]
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Table 2. Cont.

Bilag 5

", Storage . e
Meat Type Treatment Conditions Conditions Findings Reference
Cooking of sausages leads to a >6 log
reduction in inoculated L. monocytogenes.
During storage at 4 °C, no significant
o growth was observed after HHE. But at
Pork cooked 500 MPa for 3 min. 4 arl;EldD C for 10 °C storage, grow th remains below the [61]
sausages ays detection limit up to 21 days after the
4.5 log CFU/mL increase in population was
observed. No lactic acid bacterial grow th
was observed till the end of storage.
HHP related microbial inactivation depicts
Italian salami 400 MPa for 300 s. - an inverse relation with aw. All 2? s-a%arm [62]
samples showed a 5 log reduction in
Salmonella after treatment.
Anamount of 0.34-4.32 log CFU/ g
reduction during processing in L. innocua
was observed which was reduced to
[talian salami 600 MPa for 300 s. _ 0.48-3.4 log CFU/ g after HHF. The efficacy [63]
of HHP was associated with ay, and higher
pH after acidification, drying and seasoning
phase.
Nitritefree 4 °C for two weeks HHP (500 MPa; four cycles and each for
! ]s]' LL_ 0.1, 500 MPa for 12 min followed by at 3 min) + vinegar (1%) reduced vegetative o
emulsion-type +0, 1, 2% vinegar 20 °C for three cells and spores of C. perfringens by 4.8 and 164
sausage - .
weeks 2.8 log CFU/ g, respectively.
Traditional 300 MPa for 5 min at
P:t; 32'; 10 °C + lactic acid The hurdle technology (bacteriocin and
read —to-%-at meat bacteria (Pediococcus Refregrated storage pressurization) showed a 0.5 log CFU/ g [65]
¥ (Chourico de acidilactici, HA-6111-2) for 60 days. decrease in L. innocua cells compared to :
sausagfcmw} o and its bacteriocin non-treated cells.
(bacHA-6111-2).
The efficacy of HHP against L.
. . monocytogenes was reduced by low ay,
Dry-cured ham 450 MPa for 10'1_111n_ and 4 °C for 30 days values. The changes in HHP-surviving [66]
600 MPa for 5 min. ) .
bacteria gene transcription patterns were
strain-dependent.
400 MPa for 10 min at L or 6o fora Both .angmlcc;'olbml']j:r::;kaglng gahndf .
Cooked ham 17 °C + alginate films or or pressurization delayed the growih of L. [67]

containing enterocins.

months

monocytogenes levels below the detection
limit (day 90) during 6 “C storage.

HHP: High hydrostatic pressumne; a,,: Water activity.
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Table 3. CP applications to decontaminate meat and meat products.

Bilag 5

Sample Experimental Conditions Target Microbes Remarks Citation
Chicken breast In-package DBD-CP: Mesophiles or Significant decreases in microbial
¢ 55-80 kV for 3 min, stored Pevehrophil populations after storage of treated [77]
med at4 °C for 24 h or 3 days. syehrophtes sample for 3 days at 4 °C.
) High microbial counts in air packed
In-package CP: 80 kV for Mesophiles, k
180 s at 25 °C and stored at Psychrophiles & san\rle £>él*lt]g CFU/g) l?anln MAP [78]
4°C Pseudomaonas spp (<dlog /) stored for 7 days
: : and 14 days (<6 log CFU/g).
32 Kbz for 10 min + Crocus CP with essential cils reached a
sativus L., Allium sativum L., E. coli & Staph. aureus S;Bf;cm;ﬁi :‘;f]g:j:;ﬁr [79]
and Zataria mul h:ﬂﬂm Boiss flavor, and overall acceptability.
) 2 log CFU /g reduction within 5 min
|n—pa£:1§afger ID—EE;E\P 100 Matural microflora in Mesophiles, Psychrotrophic & [80]
’ Enterobacteriaceae.
. 90% reductions in Psychrophile; and
DBD-CP: 70 KV for 0~300 s, Cﬂnlpiicfiiﬁfﬁgiuf& 0.5, 0.4, and 0.7 log reductions in 81
stored at 4 °C for 5 days. Sp T hin:urjr'; m psychrophiles, Salmonella, and (511
el Campylobacter.
1.0 log reduction in psychrophiles at
In-package CP: 60-80 kV 60 kV with 35% O, Also, 60 kV for
for 60-300 s, stored at 4 °C C“'gﬁ:;ﬁﬁf & 60's treatment with 35% O /60% (82]
for 5 days. . CO4 /5% Nz reduces microbes and

appearance of meat
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Table 3. Cont.

Bilag 5

Sample Experimental Conditions Target Microbes Remarks Citation
E. coli O157:H7, 3.7 log CFU/cube S_m'mm:dj'ﬂ, 3.9 log
) 28 CFU/ cube E. coli O157:H7, 3.5 log
Chicken breast In-package CP: 39 KV for Salmonella, L. .
boiled) 3.5 min monoeytogenes & Tulane . o/ <uibe L monocytogenes, and [55]
( ’ ’ virns 2.2 PFU/ cube TV reduction after
treatment.
Whey protein coating increased
treatment efficacy. An increase in
initial inoculum concentration from
In-package DBD-CP: ) 3.8to 57 log CFU/sample lead to an |
38.7 kV for 0.3-2.5 min Salmonella increase in D-value increased from [54]
0.2 to 1.3 min with1.7 log
CFU/sample (highest) Salmonella
reduction.
) In package CP: 24 kV for Mesophilic aerobic 0.7, l'.‘i al-.'d L1log F.’F_:U/cube_
RTE chicken breast . - i reducton in mesophilic aerobic
3 min, stored at 4 °C for bacteria, Salmonella, & N [85]
cubes ) bacteria, Salmonella, and Tulane
21 days. Tulane virus : .
virus, respectively.
0.9 log reduction after 5-day storage
DBED-CP: 70 kV for 180 s at as compared to non-CP treated
Chicken breast 22 °C, packaged in samples. Rosemary extract prevents .
patties (ground) operating gas: 65% O, Total plate count lipids oxidation and inhibits [56]
30% CO,. microbial growth in CP-processed
meat under refrigerated conditions.
. 0.78 to 2.55 and 0.65 to 1.42 log
(a;l‘::r:: J:l::) E;:ixg:‘::sm CFU/cm? reductions were observed
Chickenskin& 0 (30180 ), distances  Campylobacter jejuni using argon or air as feed gases, [76]
breast fillet . : respectively. Argon as a feed gas for
from plasma jet nozzle to ! =1 .
le surface (5-12 mm). a longer time (=120 s) resulted in
samp the highest reductions.
2.3 to 5.3 log CFU /em? reductions
. . with combined treatment in contrast
DBE:;EE T&;?Dmh;‘?md to PAA or CP treatments alone.
Chicken meat ; PP S. typhinnrium 4.7 and 5.3 log CFU/em? was the [73]
3.5 kHz, 0-30 KV, 0-200 W. / : e
for 1—6 min. 2 mm distance highest reduction obtained after
! ‘ PAA + CPand CP + PAA,
respectively.
0.9 and 1.82 log CFU/cm? reduction
7
Beef 6KV and 20 k.HZ for E. coli after 2- and 5 min treatments, [75]
30 s-10 min. .
respectively.
: 2
Oxygen (100%), argon Maximum 0.85 ]ogZCFU/cm a_rld
A 0.83 log CFU/cm* reduction in
(100%) and two L. Monocytogenes, Staph. _ .
Pastirma (a oxygen/argon mixtures aureus, total mesophilic . aureus and L. monocytogenes
dry-cured beef Y8 EO . o =op counts, respectively. 1.41- and [28]
(25%0; /75%Ar and aerobic bacteria & 5 o
product) . ; 1.66-log CFU /cm* reduction in total
50%0, /50%Ar) for 180 yeast-mold - L .
mesophilic aerobic bacteria and
and 300 s. .
yeast-mold counts, respectively.
53% reduction in total aerobic
. DBED-CP: 80 kV for . ) bacteria showed a significant effect .
Pork loin C0-180 =, Total Aerobic bacteria on O, concentration (60%) and time [87]
(180 =).
. 1.5 log and »1.0 log reduction in
Pork (fresh & Plasma jet: Air 20 KV, L. monocytagenes & B and = : o8 L -
frozen) 58 kHz, 1.5 A for 0-120 s E. coli O157: H7 E. coli O157: H7 and Listeria [74]

monocytogenes, respectively.
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Table 3. Cont.

Bilag 5

Sample

Experimental Conditions

Target Microbes

Remarks

Citation

Ham

2 and 10 kHz, 6.4 or 10 kV
for 1020 min at 22 °C.

5. typhinmrium & L.
IONOCKEOgENES

1.14 log and 1.02 log reduction in 5.
Typhinmrium and L. monocytogenes
log after 20 min, respectively. CP
combined with cold storage for
7-14 days at 8 °C packed under
sealed high nitrogen gas flush (70%
N, 30% CO;,) effectively
inactivating 5. Typhinmriun
(1.84 log) and L. monocytogenes
(255 log).

[88]

RTE ham

In-package DED-CP:
3.5 kHz, 0-30 kV for 23 °C
and stored at 4 °C for 18 h.

L. monocytogenes

2 log (CFU/cm?) reduction after CP
combined with MAP (20% O, +
40% Ny + 40% CO,) and after 7 days
storage at 4 °C cell counts reduced
below the detection limit (=6 log
reduction).

[59]

In-package DED-CP:
3.5 kHz, 0-28 kV for 180 5,
and stored for 6 and 24 h at

4°C

L. innocua

At4°C, 175 and 1.51 log CFU/em?
reduction on 1% and 3% MNaCl ham
surface, respectively. At23°C, 1.78
and 1.43 log CFU/ em? reduction,
respectively.

[90]

RTE
mortadella-type
sausage

18 kV, 125 kHz for 0-120 5,
6 mm distance. Samples
were sealed under high

nitrogen gas flush (70% N,
30% COy) and stored at

4°C for 1-21 days.

E. coli, L. monocytogenes

& 5. enterica serovar
Typhimurium

The maximum inactivation for
Salmonella was 0.3 logs. After 120s
CP and storage over 21 days counts

for Listeria as well as E. coli were
lower compared to a 30 s treatment
(6.58 to £.25 log and 5.63 to 5 log
CFU/ g, respectively).

[91]

CP: Cold plasma; DB dielectric barder discharge; RH: relative humidity; MAP: modified atmosphere packaging;

PAW: Plasma activated water; ETE: Ready-to-cat.

Tabel 1,2 og 3 i bilag 5 er kopieret fra: Roobab, U., Chacha, J.S., Abida, A, Rashid, S., Madni, G.M,,
Lorenzo, J.M., Zeng, X.-A. & R.M. Aadil (2022) Emerging Trends for Nonthermal Decontamination of
Raw and Processed Meat: Ozonation, High-Hydrostatic Pressure and Cold Plasma. Foods 11, 2173.
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17.Bilag 6 - Ultralyd - ked og kedprodukter
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18.Bilag 7 - UV/pulserende lys — animalske produkter
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