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RESUMO

Estirpes de.. monocytogened.. innocuae L. seeligeri,isoladas em duas
regides produtoras de queijo de ovelha (Castelonddrae Tolosa) foram
caracterizadas. Com base na tipagem molecular (ARFFGE e serotipagem
molecular) foi possivel estabelecer a associacii® &@m caso de listeriose ovina
assintomatica e a contaminacao de queijo feito ledtsn cru e do ambiente, tendo-se
encontrado o mesmo tipo molecular (AFLP V-1, PFGEe serogrupo molecular
4b). A caracterizagdo molecular de 185 estirpesnpier estudar as vias de
contaminagao e a persisténcialdanonocytogenedentro das queijarias. Nos testes
de sensibilidade a nisina, foi determinada a Canae#io Minima Inibitoria (CMI)
de 50 IU de nisina / ml para a maioria das 219pesdianalisadas e uma frequéncia
média de resistentes de 1*1Boi avaliada a viruléncigP{aque-forming-assagom
células animais HT-29) de 7 estirpesLdenonocytogene$ara controlar a presenca
de microrganismos patogénicos ou de alteracficstefia monocytogenes,
Pseudomonas aeruginosa, Yarrowia lipolytica, Pdiniocn commune e P.
chrysogenumy naturalmente presentes na casca do queijo, falesenvolvidos
fluidos filmogénicos a base de isolado proteicso® de leite de pH 3, tendo estes
sido caracterizados quanto a sua acc¢ao antimicrappopriedades viscoelasticas e

de viscosidade e propriedades mecanicas e de daliciede ao vapor de agua.

Palavras-chave: Listeria monocytogenegevestimentos antimicrobianos, nisina,

queijo, listeriose ovina, tipagem molecular



Effect of biopreservatives on growth and survivélLdsteria monocytogenes

ewe’s cheese

ABSTRACT

Strains ofL. monocytogened.. innocuaandL. seeligeri,isolated from two
regions producing ewe’s cheese (Castelo BrancoTalmka) were characterized.
Using molecular typage (AFLP, PFGE and moleculaotgping) it was possible to
do the association between a case of asymptomaiite disteriosis and the
contamination of cheese made with raw milk and ehgironment, as the same
molecular type was revealed (AFLP IV-1, PFGE 11 ammecular serogroup 4b).
The molecular characterization of 185 isolates p¢eoh to study the routes of
contamination and the persistence Lofmonocytogenesithin cheese processing
plants. Applying tests of susceptibility to nisirthe Minimum Inhibitory
Concentration (MIC) of 50 IU of nisin / ml for theajority of the 219 strains
analyzed and a mean frequency of resistant of &8 calculated. The virulence of
7 L. monocytogenestrains was evaluated by a plaque-forming-assay, MT-29
monolayer animal cells. To control the presence pathogenic and spoilage
microorganisms L(isteria monocytogenes, Pseudomonas aeruginosajyowiar
lipolytica, Penicillium communandPenicillium chrysogenumnaturally present on
the cheese rind, were developed filmogenic fluidseld on whey protein isolate,
with pH 3, having been characterized for theiribitbry effect, viscoelastic and
viscosity properties, as well as for mechanical ppries and water vapour

permeability.

Key-words: Listeria monocytogeneantimicrobial coatings, nisin, cheese, ovine

listeriosis, molecular typage



ABREVIATURAS

AFLP —Amplified Fragment Length Polymorphism

ATCC —American Type Collection Culture
CFU —Colony Forming Units

CLIP —Collection des Listeria de I'Institut Pasteur

DOP — Denominacédo de Origem Protegida
%E -Percentage of Elongation
EDTA - Ethylenediamine-Tetraacetic Acid

FAO —Food and Agriculture Organization of the United dat
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G - Glycerol

G’- Storage Modulus
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GRAS —Generally Recognized as Safe
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Rev. ou R.Reverse

RH - Relative Humidity

RT-PCR —Real Time-Polymerase Chain Reaction

S -Sorbitol

SAOS -Small Amplitude Oscillatory Stress
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Ser. -Serovar
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TSYEGA -Tryptone Soy Yeast Extract Glucose Agar
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UPGMA —Unweighted Pair Group Mean Arithmetic
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WPC -Whey Protein Concentrate

WPI —Whey Protein Isolate

WVP - Water Vapour Permeability
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Capitulo | — Introducéo geral

1. Listeria monocytogenes

1.1. Caracteristicas gerais

Foi em 1926 que o agente etioldgico da listerfosalescrito pela primeira
vez de forma detalhada por Murray, Webb e Swanandmp estudavam sangue de
coelhos infectados por um bacilo Gram-positivojgiesdo na altura pdBacterium
monocytogenegMcLauchlin, 1987). A listeriose humana viria ar seais tarde
descrita por Nyfeldt em 1929, o qual isolou 0 ageig sangue de pacientes que
sofriam de mononucleose, tendo este designado mteagpor Listerella
monocytogenes homin{®cLauchlin, 1987). Este nome foi usado até 198&ra
em que se descobriu que o nome do géhesterella ja tinha sido atribuido a um
grupo deslime moldsem 1906. Em 1940, Pirie propbe a alteragcdo do noana
Listeria monocytogene@ambém em honra a Lister), o qual se manteveaast
nossos dias. Actualmente, para além da espécimonocytogenes génerd.isteria
compreende mais 5 espéciksivanovii L. innocua L. seeligerj L. welshimerie L.
grayi.

De acordo com a analise filogenética levada a catentemente por Schmid
et al (2005), a espécie. grayi representa o0 ramo mais antigo do géhésteria, ao
passo que as restantes espécies se separaramiopusteie em duas linhas
evolutivas, uma contendo as espédiesmonocytogene® L. innocua e outra
englobandd.. seeligerj L. welshimerieL. ivanovii.

As bactérias do géneroisteria sdo bacilos pequenos e regulares, Gram-
positivos, méveis por meio de 2 a 5 flagelos peds#r (a 20-25°C), aerdbios ou
anaerdbios facultativos, ndo esporulados e nacadones de capsula. A mobilidade
do tipo tumbling € uma caracteristica que pode ser usada na soticd€do. A
temperatura Optima para a sua multiplicacdo € 3Q-3ihas conseguem crescer a
temperaturas compreendidas entre 1-45°C. Devideaeapacidade para crescer a
temperaturas inferiores a 5°C é considerado umongianismo psicrotrofico. O
intervalo de pH que permite o crescimente € 5,6e9afgumas estirpes toleram um

valor maximo de 10% de NaCl (Seeliger e Jones, )1987
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1.2. Listeriose

A listeriose € uma zoonose, doenca comum ao homemimais, que se
caracteriza essencialmente por casos esporadempsndo-se os focos epidémicos e,
por ultimo, as infec¢cdes nosocomiais (Scheleterl, 1992).

Das diversas vias de infeccdo conhecidas (aéret@nea, conjuntiva,
transplacentéaria, transmembranaria, nosocomial,cpotacto directo, digestiva), o
consumo de alimentos contaminados € a principat f@ara o homem como para os
animais (McLauchliret al, 2004).

De acordo com Marth (1988) e Doganay (2003), ospag de risco
normalmente associados a esta doenca sdo mulheieslag, fetos e recém-
nascidos, pacientes com alguma patologia que congteoas defesas imunitarias,
pessoas idosas e ainda trabalhadores rurais, @éceianédicos veterinarios que
contactam com animais infectados. Destes varigsogrdestaca-se o dos idosos com
mais de 65 anos de idade, uma vez que 55,6% dos chs listeriose humana
reportados na Europa estdo a ele associados (E082a).

A maioria das pessoas infectadas donmonocytogenetem 0 seu sistema
imunitario de mediagéo celular debilitado (LorkiE990). No entanto, 30 a 50% dos
casos de listeriose humana ocorrem em pessoas salguer imunodepressao
conhecida.

Listeria € uma bactéria intracelular facultativa. Uma ver qonsegue
sobreviver e multiplicar-se no interior de diversiigos de células eucariotas,
consegue escapar a acgdo do sistema imunitari@ubincia do controlo deste, a
bactéria pode entdo facilmente disseminar-se engdca por via sanguinea, a
placenta ou o sistema nervoso central, partindo fatms de multiplicacdo
intracelular.

A dose minima de infeccdo demonocytogengsara o homem ainda néo foi
determinada, devendo no entanto ser elevada paraliggluos saudaveis. Newton
et al. (2005) estimam que a dose letal para o homendsejadem de Fxélulas de
L. monocytogengsor grama de alimento.

As manifestagbes clinicas da listeriose humanansdito diversificadas e
diferem tendo em conta a via infecciosa, a dosegripo de risco. Genericamente,

incluem meningite, encefalite, septicemia, endadtgrdmononucleose, aborto,

-3-
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pneumonia, abcessos localizados, conjuntivite &itereNa populacdo saudavel, o
consumo de alimentos contaminados causa gasttertern febre, vomitos, nduseas
e diarreia (Doganay, 2003). Em poucos instantes fesina de listeriose pode, no
entanto, tornar-se invasiva.

Cerca de 1% a 9% da populacdo humana € portaddrardonocytogenes
sendo alguns destes individuos assintomaticos (Ryskrth, 1991).

O desenvolvimento ou ndo de uma infeccéo provopada. monocytogenes
depende de: (1) susceptibilidade e estado imuaitirihospedeiro; (2) quantidade de
in6culo; (3) viruléncia da estirpe; (4) matriz adéintar (Daugelatt al., 1994;
McLauchlinet al., 2004). Relativamente a este ultimo parametro,maposicao do
alimento (teor em gordura, em sal, em acido e am,ggor exemplo) vai modular a
capacidade desta bactéria para sobreviver no antdo corpo e expressar a sua
viruléncia (McLauchliret al.,2004).

SO a partir dos anos 80 foi evidenciada a accabigderia monocytogenes
como agente patogénico de origem alimentar. Desda altura esta bactéria tem
estado associada a varios surtos de listeriose ipgestdo de alimentos
contaminados, com uma taxa de mortalidade de 2Q-3B%ta situagdo tem
preocupado um numero crescente de responsaveisdie publica em todo o
mundo. De acordo com Mead al (1999), a listeriose foi considerada nos USA a
segunda maior causa de morte de origem alimermigo, & seguir a salmonelose.
Ainda de acordo com a mesma fonte, 0s microrgarigpeotencentes aos géneros
Listeria, Salmonellae Toxoplasmasdo responsaveis, cada ano, por mais de 75% do
total de mortes provocadas pelo consumo de alimeistaminados nos USA, entre
0s 28 agentes microbianos considerados neste e@t@doactérias, 5 parasitas e 4
virus).

Os membros do génetasteria estdo largamente distribuidos no ambiente,
tendo sido ja isolados do solo, vegetacdo, aguasugerficie, aguas de esgoto,
diversos tipos de alimentos e respectivos ambiefaess. Também se podem
igualmente encontrar no conteudo intestinal de 430% de humanos e animais
saudaveis (Rocourt, 1992). Facilmente se compreasden que as deficientes
condi¢cdes higiénicas de producdo e manipulacéo ldeerdos tornem a sua
contaminacdo um acontecimento de elevada probatddidUma vez o alimento

contaminado por bactérias do génersteria, a sua sobrevivéncia e multiplicacédo
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ficam dependentes da interaccdo de varios factareBientais e nutricionais,
incluindo a temperatura, pH, pressédo de oxigérioneentracdo de cloreto de sodio
(Buchanaret al, 1989).

As caracteristicas do génetasteria ajudam a compreender a origem
alimentar da listeriose humana. Apesar de ser uanongianismo nao esporulado,
estas bactérias sdo extremamente resistentes dig@@mambientais. E considerada
uma bactéria ubiqua, consegue sobreviver aos paxede higienizacdo nas
indUstrias alimentares e consegue sobreviver e masuitiplicar-se em alimentos
com elevadas concentracfes de sal e numa ampladgatamperaturas, incluindo a
temperatura de refrigeracdo (Lundginal, 2003). Importa também referir que estas
bactérias sobrevivem em alimentos com pH baixajeeajadaptacdo a estes meios
de baixo pH pode induzir proteccdo cruzada relatergie a varios factores adversos
presentes no queijo, como é o caso de elevadasrtoagdes de NaCl (Faleiet al,
2003).

Dos varios registos existentes de casos de seprovocados pelo consumo
de alimentos contaminados cdusteria monocytogenesalientam-se os seguintes,
por ter ficado estabelecida a sua origem no congsiemgueijo (Carrique-Mast d.,
2003; Gauliret al, 2003; McLauchliret al, 2004; MacDonalet al. 2005; Makino
et al, 2005; Meackt al, 2006; Gillespieet al, 2006; Billeet al, 2006; Vitet al,
2007, EFSA, 2007a): Califérnia / USA em 1985 (30rte® / 142 casos), Waadt /
Suica entre 1983 e 1987 (34 mortes / 122 casoahckrem 1995 (4 mortes / 17
casos), Reino Unido em 1999 (1 morte / 2 casosh &i8 2000 e 2001 (5 mortes /
12 casos), Suécia em 2001 (50 casos), Japdo em(20@hsos), Canada em 2002
(17 casos), Suica em 2005 (10 casos), RepubliczaChen 2006 (78 casos),
Alemanha em 2006 (6 casos).

Apesar da exposicao a bactéria ser comum, aidiséeé uma doencga rara. De
acordo com de Valkt al. (2003), a incidéncia de listeriose humana na Eur@ia
entre 1 e 7 casos por milhdo de habitantes e morkan Portugal, a listeriose ndo é
uma doenca de declaracao obrigatéria, como acoateqeises como USA, Franca,
Alemanha, Reino Unido, Canada e Suica, e 0s daxigtemetes sdo escassos. SO
recentemente foi divulgada informacdo que sugere @disteriose humana em
Portugal apresenta niveis semelhantes aos puldicadoa 0s restantes paises
(Almeidaet al, 2006).
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Apesar de Portugal integrar desde 1990 o Progdemégilancia e Controlo
das Toxinfec¢des Alimentares Colectivas da Regidiomfieia da OMS, para o qual
tem que contribuir com dados nacionais, este néaifa implementado com
resultados praticos. Este programa esta integrad@lano Nacional de Controlo da
Higiene Alimentar, da responsabilidade da DirecG&oal de Saude, e foi instituido
através da Circular Normativa 14/DT de 09/10/20DIreccao-Geral de Saude,
2004).

As toxinfec¢des alimentares colectivas sdo cormailds um problema de
saude publica e a sua vigilancia epidemiolégicanéddmental para o sucesso de uma
politica integrada de seguranca alimentar, perdutia intervencdo baseada na
evidéncia. Torna-se assim urgente pér em pratipeograma de vigilancia que ja

existe.

1.3.Listeria monocytogenes em produtos lacteos

Os produtos lacteos sao particularmente suscéptivle sofrerem
contaminacgdes por este microrganismo, face a fre@&om qué.. monocytogenes
ocorre nos estabulos, equipamentos de ordenhaierambas fabricas de lacticinios
(Knight et al, 1988). Esta bactéria tem sido isolada no leite(lcovettet al, 1987;
Harvey e Gilmour, 1992; Manzarei al, 1997; Pereira e Pintado, 2000), no leite
pasteurizado (Garayazabetl al, 1986), no leite em po6 (Doylet al, 1985), nos
gueijos (McLauchlinet al, 1990; Carminatet al, 2004; Pintadeet al, 2005), no
iogurte (Shaack e Marth, 1988), em gelados e entaigan(Schelcheet al, 1992;
Gillespieet al, 2006). No entanto, do conjunto de produtos i&der os queijos de
pasta mole e semi-mole sao os que tém oferecido maiar percentagem de
isolados de isteria (Rocourtet al., 2003).

A elevada prevaléncia desteria monocytogenesm produtos de origem
lactea, assim como a ocorréncia de varios castistdeose associados ao consumo
de queijos de pasta mole, apontam para a impoatamestes alimentos como
veiculos de transmissdo da doencga (Zottola e SrbfiAl). De acordo com as
propriedades definidas peloternational Life Sciences InstitutgLSIl, 2005), o

gueijo encontra-se na categoria dos alimentos tie reco, visto que: (1) tem
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potencial para ser contaminado phomMmonocytogeneg2) suporta o crescimento de
L. monocytogenesm elevados numeros; (3) € um alimento prontoraecp (4)
requer refrigeracédo; (5) é conservado durante pgoiodos de tempo.

A presenca dé.. monocytogeneso queijo pode ser atribuida ao facto de
estes serem muitas vezes fabricados com leite @ntaminado, a contaminacéo
ambiental durante o processo de fabrico e maturag&ainda a contaminacdo poés-
processamento (Zottola e Smith, 1991).monocytogenepode estabelecer-se no
ambiente das queijarias, tornando-se uma fonte@d@minacédo durante a producéo
dos queijos. Este facto tem sido confirmado atralesiso de métodos de tipagem
molecular (Waalet al, 2002; Kabuket al, 2004; Danielsson-Thaet al, 2004).

Os ruminantes em lactacdo podem excretar por lopgdedos de tempb.
monocytogenego leite como consequéncia da presenca de marAisemamites
clinicas e subclinicas nas ovelhas sdo uma afete@tevada prevaléncia que causa
perdas importantes nos rebanhos, mantendo-se nwgires a infecgcdo durante o
periodo seco. A qualidade do leite € fortementgaidigpda e a saude publica posta
em causa. Para além das perdas produtivas, prodlecdeite com propriedades
tecnologicas alteradas e quebras de crescimentarides ou mesmo a morte do
animal, ha ainda a salientar que um animal com measubclinica constitui um
reservatorio camuflado de microrganismos poten@atm patogénicos, dado que a
sua deteccdo escapa a um normal exame visual. ckceesda o facto de alguns
animais serem portadores assintomaticos e exametarbactéria nas fezes (Reta
al., 1992; Schodest al, 2003).

Evitar a contaminacdo da matéria-prima e dos alioseprocessados pbr
monocytogenesdevera ser uma das principais estratégias deobordr preconizar
para se conseguir uma reducao do numero de cadistedi®@se. No caso particular
do queijo, tanto as exploragbes produtoras de ¢®iteo as queijarias precisam de
trabalhar em conjunto, implementando Boas Pratieadaneio e Boas Praticas de
Producdo (Tompkinet al, 1999; Tompkin, 2002), respectivamente. Torna-se
igualmente necesséaria a implementacdo dos priscigom sistema de seguranca
alimentar “Analise de Perigos e Pontos Critico€datrolo” (HACCP), um sistema

abrangente que vai desde a producdo da matéria-ptérao consumidor final.
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1.4. Viruléncia

Entre as 6 espécies tlesteria, apenad.. monocytogenes L. ivanovii sdo
consideradas virulentas (Roabieal, 2001). Todas as espécies nao hemoliticds.e a
seeligerj espécie ligeiramente hemolitica, sdo avirulentags testes de
patogenicidade com camundongos (McLauclelinal, 2004). A inoculacéo de.
monocytogenegor via subcutanea, intraperitonial, intravenosa@h causa a morte
destes animais num periodo de 1 a 7 dias. ApOsiligio por via intraperitonial ou
intravenosa, a dose letal k§para os camundongos situa-se entfeeltJ bactérias.

A viruléncia deL. monocytogeneg uma propriedade condicionada pelo
menos por 9 genes e pelos seus produtos (Tabeda fjyais sdo necessarios para a
adeséo / infeccao, invasado, sobrevivéncia, mobléida propagacédo ceélula a célula
(Vazquez-Bolandet al, 2001). Os mesmos autores referem ainda a reduzid
variabilidade nos factores de viruléncia existesmire as diferentes estirpes lde
monocytogenesPara além disso, 0 conjunto dos genes de vir@déacimuito
semelhante nas espécies monocytogenes... ivanovii e L. seeligeri Sabe-se
também que os genes envolvidos na invasdo e motonetnacelular nas células
dos mamiferos estdo localizados em operbes adgscentem locais muito préximos

do cromossoma bacteriano.

Tabela 1.Principais factores de viruléncia do génkisieria.

Actividade Factores de viruléncia

Actin-based motilitypropagacéao célula a célula  ActA

Adeséao Ami

Metabolismo celular Hpt

Exoenzimas Mpl; fosfolipases (PICA, PlcB)
Invaséo intracelular Internalinas (InlA, InIB)
Regulacéo PrfA

Proteinas de stress, que permitem a adaptacaoGipC, CIpE, ClpP (proteases)
ambientes adversos

Toxina que lisa a membrana do vacuolo Listerictisih(LLO)

N&ao atribuida SvpA,; p60 (hidrolisa a mureina na fas

final da divisdo celular)

Fonte: Doyle (2001); Vazquez-Bolaret al. (2001); Jaradat e Bhunia (2003)



Capitulo | — Introducéo geral

Apesar dos casos de listeriose humana estarentiads® a bactérid.
monocytogenegssabe-se que nem todas as suas estirpes sao neasgdavendo
niveis heterogéneos de viruléncia (Gracietxal, 2003). Estima-se que cerca de
10% a 20% de estirpds monocytogenesao nao-patogénicas ou sao fracamente
patogénicas. Rochet al. (2001) encontraram 16% de estirpes avirulentas ou
hipovirulentas entre as estirpes ndo clinicasLdenonocytogenesanalisadas. As
estirpes de baixa viruléncia sdo mais abundantesalmmentos do que no ambiente
(Rocheet al,, 2001).

A Listeriolisina O é um importante factor de v&atia na patogenicidade de
L. monocytogenesmas uma avaliacdo quantitativa deste factor naomifee
determinar, por si sO, o potencial patogénico déigpes. Os ensaids vitro em que
a avaliacdo da viruléncia das estirpes é baseadamde marcadores genotipicos ou
fenotipicos da viruléncia ou no uso de linhas eekd intestinais (TCAtissue
culture assays(van Langendonclkt al, 1998; Rocheet al, 2001) e os estudas
vivo com modelos animais (van Langendomtkal, 1998) sdo importantes para a
confirmacdo das caracteristicas de patogenicid@deensaiosn vivo levantam
guestbes de ordem ética, sdo caros e morosos. &f€A desenvolvidos com
linhas celulares animais, destaca-se o teste di&naia implementado por Rocke
al. (2001), em que se observa a formacgao de placas, (Bl&que-forming assay
apos inoculacéo da estirpe demonocytogenesobre uma monocamada de células
animais HT-29, linha celular proveniente de teaddcadenocarcinoma humano. Este
teste fornece resultados reprodutiveis em 24 hé&tam além disso, considera a
accdo conjunta de todos os genes associados éndiall indispensaveis para que
determinada estirpe seja considerada patogénica,vem que avalia a capacidade
para essa estirpe penetrar, proliferar e se promagee as células, formando placas.
A utilizagdo da linha celular HT-29 mostrou-se &oda relativamente a utilizagéo
da linha celular Caco-2, esta ultima usada numie®¥8A (van Langendonaoét al,
1998).

O sucesso da infeccdo garmonocytogeneequer a presenca e a expressao
de genes de viruléncia, a qual é controlada paava@ondi¢cdes ambientais e pelo
hospedeiro, tais como a temperatura, a osmolaridadpH e a presenca de

determinados nutrientes como acgucares e ides (D204 ; Jaradat e Bhunia, 2003).
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1.5. Tipagem molecular

1.5.1. Métodos de tipagem

Véarios métodos de tipagem, moleculares e fenat$pitem sido usados na
diferenciacdo de estirpes désteria monocytogengesiomeadamente: serotipagem
(Seeliger e Langer, 1989), fagotipagem (Rocatral, 1985), multilocus enzyme
electrophoresigBibb et al, 1989),restriction enzyme analysi®Vesley e Ashton,
1991), random amplified polymorphic DNA analysi@Vagner et al., 1996),
ribotipagem (Wiedmanret al, 1996), amplified fragment length polymorphism
(AFLP) analysis (Guerraet al, 2002), pulsed-field gel electrophoresi®PFGE)
(Graves e Swaminathan, 200Ipultilocus sequence typin(Revazishviliet al,
2004), multi-virulence-locus sequence analysis (ghet al, 2004) e serotipagem
molecular (Doumitret al, 2004). Com o objectivo de melhorar a resolugdo,
rapidez e a reprodutibilidade dos métodos de tipadeL. monocytogenesiovas
técnicas estdo constantemente a ser introduzigestaglas. Até a data, a tipagem por
PFGE mostrou ser a técnica mais sensivel na disag@io de estirpes de.
monocytogenes uma das mais frequentemente empregues.

Seguidamente sera explicado o fundamento de cadalas métodos que
foram usados nos capitulos Il e Il deste trabathétodos esses relacionados com a
tipagem molecular de estirpes Histeria spp. isoladas de produtos lacteos e do
ambiente, e que foram aprendidos e aplicados endresnno Department of

Gastrointestinal Infections / Health Protection Agg.

1.5.2. Extraccado de DNA

Existem varias formas de obtencdo de DNA bacteriaArtecnologia baseada

nas esferas magnéticas e que recorre a um apavielghA Pure LC (Anénimo,

2003) é baseada no método de extrac¢cdo Boom (Bxioah, 1990) e pode ser

dividido nas cinco seguintes etapas (Figura 1):

-10 -
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1. Lise do organismo e estabilizacdo do DNA pocaalide tampéo de lise e de
proteinase K;
2. Inactivacédo do organismo patogénico (opcioraides da sua transferéncia para o
aparelho MagNA Pure;
3. Ligacdo do DNA a silica existente na superfiigie particulas magnéticas de vidro
em suspensdo, devido a@baotropic salt conditione a elevada forga idnica do
tampao de lise / ligacao;
4. Remocdao das substancias néo ligadas, comormast@iucleases) e constituintes
da membrana celular, e de substancias inibidordCd por passagem em tampdes
de lavagem;
5. Eluicdo do DNA purificado a elevadas temperatura

O material nuclear obtido por este processo apta@sem elevado grau de

pureza e integridade (Andnimo, 2003).
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Figura 1. Extraccdo de DNA através da utilizacado do apariglagNA Pure LC.
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Fonte: http://www.roche-applied-science.com/fst/magnagum?/sis/magnapure/products/products_instruntemt.h
(Acedido em Marco de 2007).

1.5.3.TagMan Real-Time PCR
O métodaReal Time - Polymerase Chain React{®T-PCR) foi introduzido

recentemente e combina a amplificacdo de DNA cafetaccdo dos seus produtos

num simples tubo, reduzindo-se significativamentesoo de contaminag¢do causado

-11 -
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pela abertura dos tubos durante a manipulacédo P&s-Para além desta vantagem,
€ mais rapido do que a analise baseada nos géile fmnecer resultados
guantitativos e pode ser acompanhado em tempoateaiés da monitorizacdo da
fluorescéncia durante cada ciclo de PCR (Eurogef6d21).

As sondas TagMan® (também designadasdpable-dye oligonucleotideu
dual labelled probessédo as sondas para RT-PCR mais amplamente u&zstas.
sondas tém um fluoréforo numa extremidade e quencherna outra. Quando o
fluoréforo é excitado pela maquina, passa a energigluorescent Resonant Energy
Transfer (FRET), para aquencher A sonda TagMan esta localizada entre os dois
primers PCR e tem uma temperatura de fusédo 5 a 10 °Cisupedosprimers de
forma a que a ligacdo da sonda TagMan se efectes dn ligacdo dogrimers o
que é fundamental para que os produtos do PCR dejamados com a geracao de
uma intensa fluorescéncia de forma a serem detec{&@ndallet al, 2000).

Considerando a utilizagdo do métorgMan Real-Tim@CR na detecgdo de
Listeria monocytogeneso gene mais vulgarmente usado como alvo Blyd,
responsavel pela expressao do factor de virul@istexiolisina O (Tabela 2). Mais
concretamente, € feita a detec¢cdo de um fragmesstie gene, o qual apresenta 113
bp (Novgaet al, 2000).

Tabela 2. Primers e sonda fluorogénica especifica para a deteccégede del.

monocytogenesjue codifica para o factor de viruléncia listasiola O.

Gene alvo SondaRrimer Sequéncia (5°- 3")

hlyA sonda CGATTT CAT CCG CGT GTTTCT TTT CG
hlyA hlyA-For primer TGC AAG TCC TAA GAC GCC

hlyA-Rev primer CAC TGC ATC TCC GTG GTA TAC TAA

For —Forward, Rev —Reverse
Fonte: Novgaet al (2000).

-12 -
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1.5.4. Amplified fragment length polymorphism

A técnica amplified fragment length polymorphism{AFLP), ou
“polimorfismo de fragmentos de restricdo amplifiegd inicialmente desenvolvida
por Voset al (1995) para a analise do genoma de plantasj jisémla com sucesso
na caracterizacdo de bactérias e de fungos (Jamtsah 1996). Baseia-se na
amplificacdo selectiva de fragmentos de DNA preeara obtidos a partir da
digestdo da totalidade do genoma bacteriano. O [Xtkaido e purificado é
digerido com uma ou duas enzimas de restricdo & ftagmento resultante vai ser
ligado, nas duas extremidades de restricdo, a adtagess oligonucleotidicos de
cadeia dupla, aos quais se vai depois ligarpumer especifico (Gibsoret al,
1998).0s adaptadores sdo desenhados de forma a interempeaccdo da enzima
de restricdo, bloqueando os respectivos locaiode e evitando desta forma novas
digestbes (Guerrat al, 2002). Dado que os adaptadores nao sao fosfosilando
ocorre a ligacdo adaptador-adaptador (Olive e BE299). A amplificacdo selectiva
dos fragmentos numa reaccdo de polimerizacdo eraiacd®CR) € conseguida
através do uso de umrimer complementar da sequéncia de bases contiguas no
adaptador e no local de restricdo, mais um ourdaikedtidos do DNA alvo original
na extremidade 3°. Os fragmentos de DNA amplifisaggor PCR s&o depois
separados por electroforese em gel de agaroseocoos brometo de etidio, e 0s
perfis obtidos sdo visualizados com luz UV e foabados para posterior analise
(Gibsonet al, 1998; McLauchliret al., 2000).

A técnica AFLP conjuga o poder da analise mastriction fragment length
polymorphism(RFLP), através do uso de enzimas de restri¢cau, adlexibilidade
da tecnologia baseada em PCR, gerando um numdragieentos suficientemente
grande para permitir a deteccdo de polimorfismdseendividuos pertencentes a
mesma espécie e a estirpes estritamente relacenaada suficientemente pequeno
para ser facilmente interpretavel. Para além desasagens, a técnica AFLP é
rapida, altamente reprodutivel, tem elevada re&ol@ndo requer o conhecimento
prévio das sequéncias genémicas.

A aplicacdo da técnica AFLP & tipagem moleculat denonocytogeneg
provou ser util (Guerreet al, 2002; Autioet al, 2003; Vogelet al, 2004),

-13 -
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apresentando as vantagens de ser mais rapida e mispendiosa do que a técnica
PFGE.

Na figura seguinte encontram-se as sequénciasopanianer ECO0R1G e os
adaptadoreg&co AD1 e Eco AD2. A enzima de restricdBcdrl, muito usada em
AFLP, corta o DNA nos locais de restricdo 5/ ARTTC-3" e 3'-CTTAAI G-5'.

5 G-/l ---CTTAA 3
1. FragmentoEcoRI 3" AATTC -/l - G 5
2. Adaptadores EcoAD1 5 CTCGTAGACTGC GTAC 3
EcoAD2 3 CAT CTGACG CATGTTAA 5
3. Primer selectivo EcoR1G 5 GAC TGC GTACCAATT CG3
4. GACTGCGTACCAATTCG
5 CATCTGACGCATGTTAAG --- // --- CTTAACCATGCGTCAGATGCTC 3’
3" CTCGTAGACTGCGTACAATTC --- // --- GAATTGGTACGCAGTCTAC 5
_&TTAACCATGCGTCAG

Figura 2. Local de restricdo dacoRl e sequéncias nucleotidicas dos adaptadores e
do primer especifico usado, na tipagemldsteria monocytogengsor AFLP.

(1) Fragmento produzido pela digestdo com EcoRI (cocallde corte GCTTAA). (2)
Sequéncias dos dois oligonucleétidos complementpresonstituem o adaptador que se vai
ligar a cada extremidade de cada segmento decBestDs nucledtidos a negrito sdo bases
inseridas no adaptador para eliminar a restric@ted®mcal apds ligacad3) Sequéncia
nucleotidica doprimer usado na fase de amplificacdo.éGa base selectiva inserida no

primer. (4) Fragmento pronto a ser amplificado numa reac¢a. PC

-14 -
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1.5.5. Serotipagem molecular

A serotipagem dé. monocytogenetem vindo a ser usada como método de
subtipagem ha décadas, permitindo diferenciar fE3afites serovares com base nas
diferentes combinacdes entre os antigénios somnsatc@nos acidos teicdicos da
parede celular) e os antigénios flagelares H (§eret Hohne, 1979) (Tabela 3).

Esta é uma técnica simples, muitas vezes usadafentuar uma segregacao
preliminar das estirpes em estudo antes da apticdedmétodos de tipagem mais
discriminatorios, apesar da reprodutibilidade nemgre ser satisfatéria (Schénberg
et al, 1996). No entanto, a serotipagem tradicional ograntisoros factor O e factor
H esta implementada apenas num pequeno numerobdeatidrios de referéncia
(Nadonet al, 2001) e estdo descritas reaccfes cruzadas doas tactérias Gram-
positivas, nomeadamentEnterococcusspp. e Staphylococcusaureus e com
algumas estirpes deéscherichia coli(Seeliger e Hohne, 1979). Para além destes
aspectos, a serotipagem atribui-se um fraco poderiminatério, o qual se traduz
em: (1) a quase totalidade das estirpesLdanonocytogenessoladas quer de
alimentos quer de material patoldgico pertencemmaaduzido nimero de serovares
(serovares 4b, 1/2a e 1/2b) (McLauchlin, 1987; Rdce Jacquet, 1993); (2) as
espéciesL. monocytogeneg L. seeligerisdo antigenicamente idénticas entre si
(Seeliger e Langer, 1989); (3) as reaccdes aocaotifactor H sdo em geral mais
fracas do que as do antisoro factor O, tornandoisterpretacéo dos resultados mais
subjectiva, especialmente para os serovares 132¢ (@) quando as estirpes ndo sao
moveis, estas podem ndo ser totalmente tipaveidalev falta dos antigénios
flagelares H, os quais s@o importantes para aediéeacao das estirpes dentro do
serogrupo 1/2 (Palumbet al, 2003).

-15 -
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Tabela 3.Antigénios dos serovares demonocytogenes

Serovar Antigénios O Antigénios H
(antigénios somaticos) (antigénios flagelares)

1/2a 1, 10, (1) A'B
1/2b I, 11, (1) A B, C
1/2c [, 11, (1) B, D

3a I, (1, IV A'B

3b I, (11, v, (X1, (XI) A B, C

3c I, (1), v, (X1, (XI) B, D

da (1, (v), vii, IX AB,C
4ab (mn, v, VI, VI, IX, X AB,C
4b (n, v, vi AB,C
4c (nn, v, vi A B, C
4d (ny, (v), vi, viii A B, C
de (1, v, VI, (v, (IX) AB,C

7 @y, Xu, Xl AB,C

() Os antigénios dentro de paréntesis podem napmesentes em todos os isolados.

Fonte: Adaptado de Seeliger e Jones (1987)

De forma a minimizar algumas das desvantagengldéireacao tradicional,
referidas acima, tém vindo a ser implementados aoétalternativos baseados nos

caracteres moleculares (Palunddaal., 2003; Borucki e Call, 2003; Doumitt al,

2004).

No Institut Pasteurde Paris, Doumithet al (2004) desenvolveram um novo
ensaio PCRmultiplex o qual permite separar 0s quarto serovares Lde
monocytogenesnais frequentes (1/2a, 1/2b, 1/2c, 4b) em quatupas distintos
(Figura 3). Os genes marcadores seleccionados gstea técnica satmo0737
Im01118 ORF2819 ORF2110e prs. O geneprs € especifico para o géndristeria.
As caracteristicas dgsimersreferidos acima bem como a respectiva especifieida

encontram-se na tabela 4.
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Figura 3. Serotipagem molecular deisteria monocytogenesde acordo com a
técnica descrita por Doumitt al. (2004).

M — Marcador; Perfis 1, 5 e 9 - serogrupo 4b, 44,Rerfis 2, 3, 6, 8 e 11 - serogrupo 1/2a,
3a; Perfis 4 e 10 - serogrupo 1/2b, 3b, 7; Peris@&rogrupo 1/2c, 3c.

Fonte: Pintado (2005).

Tabela 4. Sequéncias nucleotidicas e caracteristicas mhliwers usados na

serotipagem molecular.

Product
Gene alvo Primer (5°-3") size (bp) Especificidade
Lmo0737 For: AGG GCT TCA AGG ACT TAC CC 691 L. monocytogeneserovares
Rev: ACG ATT TCT GCT TGC CAT TC 1/2a, 1/2c, 3a, 3c
Lmol118 For: AGG GGT CTT AAA TCC TGG AA 906 L. monocytogeneserovares
Rev: CGG CTT GTT CGG CAT ACT TA 1/2c, 3c
ORF2819 For: AGC AAA ATG CCA AAACTC GT 471 L. monocytogeneserovares
Rev: CAT CAC TAA AGC CTC CCATTG 1/2b, 3b, 4b, 4d, 4e
ORF2110 For: AGT GGA CAATTG ATT GGT GAA 597 L. monocytogeneserovares
Rev: CAT CCA TCC CTT ACT TTG GAC 4b, 4d, 4e
prs For: GCT GAA GAG ATT GCG AAA GAA G 370 Listeria spp.

Rev: CAA AGAAAC CTT GGATTT GCG G

For —Forward, Rev —Reverse
Fonte: Doumithet al (2004)
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1.5.6.Pulsed-field gel electrophoresis

A anélise de DNA populsed-field gel electrophores{®FGE) é geralmente
considerada ajold standarddos métodos de tipagem molecular (Olive e Bean,
1999), tendo vindo a ser aplicada com sucessoa@dip deL. monocytogenes
(Miettinen et al, 1999; Lundéret al, 2002; Sauderst al, 2003; Wagneet al,
2003; Fugetet al, 2007; Chambedt al, 2007).

A preparacao do DNA para a macrorestricdo gendbasaia-se no principio
da lise das células inteiras previamente incorawa&n agarose, de acordo com uma
pequena alteragdo da metodologia usada por MobDagta desde 1994 (Daupheth
al. 2001). O DNA cromossémico é digerido com endozasxs de restricdo que
cortam pouco frequentemente. A electroforese dwefda num aparelho préprio, no
qual a polaridade da corrente é alterada a intesvatedefinidos, o que permite a
separacao de fragmentos de DNA de peso moleculdén elevado e a producgao de
perfis simples. A comparacdo entre os perfis derelites estirpes torna-se assim
simples e rapida.

A rede de laboratérios americaRalseNetdesenvolveu um protocolo pdra
monocytogeneg¢Graves e Swaminathan, 2001) que recorre a utflzade duas
endonucleases de restricddscl e Apal, as quais produzem fragmentos com a
mesma amplitude de pesos (Kb). A utilizacad\dal e daApal com um conjunto de
estirpes certificadas permitiu identificar 8 a 184ea 19 bandas, respectivamente.

Na figura 4 podemos ver um esquema que resumeriasippis etapas
envolvidas na tipagem por PFGE.

Com o objectivo de uniformizar a interpretacdo duefis de PFGE
relativamente a semelhanca entre diferentes estirpenoveret al (1995)
propuseram critérios aplicaveis a pequenos estiodasizados em que se presume
que a variabilidade genética € pequena.

Um dos factores que limitou no passado o uso dasande DNA por PFGE
foi o tempo necessario para uma analise completlia@ Para responder a esta
limitacdo, Graves e Swaminathan (2001) propusenanpiotocolo mais rapido, de
cerca de 30 horas.
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1/ “Empaquetage” des bactéries
dans l'agarose

¢

l 2/ Lyse “insitu” des bactéries puis
digestion de 'ADN

1 3/5 eparation des fragments d'ADN
par é ectmphurese

Migration
de 'ADN

Figura 4. Tipagem molecular por PFGE

(1) Incorporacgéo das células inteiras em aganoiegs); (2) Lise das células situ e digestédo
do DNA com endonucleases de restric®) Separacdo dos fragmentos de DNA por
aplicacéo de electroforese em campo pulsado.

Fonte: http://www.pasteur-lille.fr/fr/expertises/alimentaitechniques/electrophorese_mars.html.
(Acedido em Margo de 2007)

1.6. Sensibilidade de.isteria spp. a nisina

A nisina (E234) é um peptideo composto por 34 aramidos. E uma
bacteriocina pertencente ao grupo dos lantibiotide&do a presenca dos amino-
acidos invulgares, lantionina @gmetil lantionina (Senet al, 1999). Ha duas
variantes naturais da nisina, a nisina A e a niZipas quais séo produzidas pela
bactéria lacticaLactococcus lactisssp. lactis (Bauer e Dicks, 2005). Estas duas
variantes diferem apenas no residuo de amino-émiddizado na posicao 27 (Figura
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5). A nisina é representada pela formulagd,3dN420s;S; € tem um peso molecular
de 3354 Daltons. Esta molécula é soluvel em agudres solventes polares.

ABLU =Amino butyric acid
OHA = Dehydroalanine
ALA-S-ALA = Lanthionine

DHE = Dehydrobutyring (B - Methyidehydroalanife)
ABU-S-ALA = B Methyl lanthionine coo

Figura 5 — Estrutura da molécula de nisina A
A nisina Z apresenta asparigina em vez de histigenposi¢ao 27.

Fonte: http://fen.engormix.com/images/e_articles/822_01(gi€edido em Maio de 2009)

Em 1995, foi autorizada a utilizacdo de nisina @eatonservante alimentar
em queijo curado e queijo processado, de acordo @&odirectiva comunitaria
95/2/EC, na quantidade de 12,5 mg/Kg (Anénimo, 19&8n 2001, aFood and
Drug Administrationreconheceu o estatuto GRA8ef(erally recognised as safe
para ser usada como agente antimicrobiano em m®déatneos (FDA, 2001).

Quanto ao seu espectro de inibicdo, a nisina terefeito antimicrobiano
contra esporos e células vegetativas de bactérieam-Bositivas Bacillus,
Clostridium, Listeria monocytogenes Na auséncia de outros agentes
antimicrobianos, ndo é eficaz contra bactérias Gragativas, bolores ou leveduras
(Bauer e Dicks, 2005). Para que 0 seu espectrocd@oaseja mais alargado,
recomenda-se a utiliza¢cdo conjunta da nisina cano®métodos ou agentes, como a
diminuicdo do pH e 0 aumento da concentracao dg(Aayapitipunet al, 1999). A
adicdo de Tween 80, um emulsionante nao i6nicanastas de leite aumentou
significativamente a actividade de nisina sobre msamento deListeria

monocytogene@lunget al, 1992).
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A nisina liga-se aos fosfolipidos aniénicos (imatlo lipidos II) da membrana
celular (Bonewet al, 2004; Krameet al, 2004), levando a formacgéo de poros, ao
efluxo dos componentes intracelulares e a depledgadorca proto-motriz. Em
consequéncia da despolarizacdo da membrana cittftiaa, a biossintese cessa.
Para além destes efeitos, a ligacdo da nisinaipm®d Il conduz a inibicdo da
biossintese do peptidoglicano, componente da paeidiar.

Os microrganismos que apresentam resisténcia i@aant&m uma via
enzimatica que inactiva o peptideo ou, em alteragtapresentam alteracées na
susceptibilidade da membrana citoplasmatica. Pemejo,Lactobacillus plantarum
produz a enzima nisinase que neutraliza a nisinas{H Hoover, 1993). Por outro
lado, tém sido relatados mutantes espontaneos ter@sis a nisina em
microrganismos comba. monocytogenedelativamente a esta bactéria, a literatura
refere que os mutantes resistentes a nisina sdgeese podem ocorrer a uma taxa
de 1 em 10ou 16. As estirpes dé. monocytogene®sistentes a nisina apresentam
alteracbes na composicdo dos fosfolipidos da merabcaoplasmatica, incluindo
uma diminuicdo dos fosfolipidos anionicos, resultamuma diminuicdo da carga
negativa liquida, limitando desta forma a posslhilie de ligagdo a nisina, que é
cationica (Crandall e Montville, 1998). Verifica-sambém que a membrana
citoplasmatica das estirpes dle monocytogenesesistentes a nisina exibem um
aumento do numero de acidos gordos de cadeia ngaa reducédo da proporcao
entre os acidos gordos em C15 relativamente aa®sagordos em C17, o que
sugere uma reducéo na fluidez e estabilizacdo daysslo efeito reduzido na forca
proto-motriz. Mazzott&t al. (2000) verificaram que as estirpesLdenonocytogenes
resistentes a nisina apresentavam maior sensi@lida outros agentes
antimicrobianos, por comparacao com as estirpgagehs.

A resisténcia a nisina ndo parece ser transmissiviee microrganismos.
Apesar do uso de nisina na industria alimentae jaesificar ha alguns anos, ndo ha
indicacbes de que a resisténcia tenha aumentadoe @ode ser devido ao duplo

modo de accado da nisina (Krane¢ml, 2004).

-21 -



Capitulo | — Introducéo geral

2. Revestimentos ediveis com propriedades antimids@anas

2.1. Caracteristicas gerais dos revestimentos

A embalagem de produtos alimentares deve prolomgasida atil dos
produtos, mantendo as suas caracteristicas figicdsiicas e organolépticas pelo
tempo requerido, evitando ou minimizando as perasnbalagem activa € um caso
particular de embalagem que responde a alterag@e®aprrem no produto ou na
sua envolvéncia e como exemplo temos as embalagens propriedades
antimicrobianas (Pocas e Moreira, 2003). Nestana@io estdo englobados os filmes
e 0S materiais ou revestimentos que apos secagaivem o produto alimentar.

Filmes ou revestimentos sdo matrizes continuagpqdem ser preparadas a
partir de proteinas, polissacaridos ou lipidos (Cetgal, 2004).

As proteinas sdo polimeros naturais totalmenteéegi@adaveis. Embora a sua
estrutura ndo contenha motivos regulares repddititém sido realizados
consideraveis esfor¢cos de forma a explorar e desenfilmes a base de proteinas.
As proteinas que tém vindo a ser estudadas comoégsetivo sdo o colagénio, a
zeina de milho, o gluten de trigo, o isolado prmeie soja, o isolado proteico de
soro de leite e a caseina (Alves e Tomas, 2003).

Os plastificantes sao componentes importantes danufacdo dos
revestimentos e filmes, os quais aumentam a fléddloie devido a sua capacidade
para reduzir as ligacbes de hidrogénio internascesd cadeias do biopolimero,
aumentando a mobilidade e o espaco intermoleculed@zindo a rigidegMcHugh
et al, 1994). O plastificante mais eficaz é aquele eg@utura se assemelha mais
com a estrutura do polimero que ele plastifica {(Mdl al, 2005). O efeito
plastificante aumenta com a diminuicdo do peso outde e 0 aumento da
hidrofobicidade do agente plastificante (Cagjrial, 2001). Os grupos hidroxilo do
plastificante vao substituir as interac¢bes poloymlimero estabelecendo-se
ligacBes de hidrogénio entre o polimero e o plaatite. O tipo e concentracdo de
plastificante influenciam as propriedades dos fireeevestimentos, nomeadamente
a permeabilidade ao vapor de agua e a gases. imal as propriedades de barreira,
também a resisténcia mecénica e a elasticidadengém com o aumento da

concentracdo de plastificante (Cagfrial, 2004). O sorbitol, o glicerol, o manitol, a
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sacarose e o polietileno-glicol sdo exemplos detegeplastificantes. Também os
acidos organicos podem ter um efeito plastificadéelo serem moléculas pequenas
com grupos hidroxilo. O glicerol, com um peso malac de 92 g/mol (Zielinski,

1997), é um dos agentes plastificantes mais usados.

2.2. Revestimentos a base de isolado proteico deosde leite

As proteinas do soro do leite sdo a fraccdo matque permanece soluvel
apos a precipitacdo da caseina a pH 4,6, sdo deepnatglobular e constituem 20%
do total de proteinas do leite. As principais drae do soro de leite sédofa
lactoglobulina §-Lg; 50-75%), ax-lactoalbumina (25%), a albumina do soro bovino,
as proteases-peptonas e as imunoglobulinas (Krod®@v). A B-lactoglobulina
contém dois grupos bissulfito, um grupo livre grifio (grupo tiol) e grupos
hidrofobicos localizados no interior da estrutulabglar (Krochta, 1997). Enquanto
a p-lactoglobulina tem 162 residuos de amino-acidosia massa molecular de 18,3
KDa, ao-lactoalbumina € uma molécula mais pequena, deafriBo-acidos e 14,2
KDa e constituida por quatro pontes bissulfito @ayLorient, 1997) (Tabela 5).

Podem ser encontradas duas formas comerciaiotkina de soro de leite, o
concentrado proteico de soro (WR&hey protein concentrateom 25-80% de teor
proteico e o isolado proteico de soro (WRhey protein isolafecom um teor
proteico superior a 80% (Krochta, 1997). De acaaim Banerjee e Chen (1995), as
propriedades funcionais de filmes elaborados coml &WPC séo idénticas; no
entanto, a utilizacdo de WPC é aconselhavel vesta solugcdo mais econdémica.

As propriedades fisico-quimicas dos amino-acideemo a carga,
solubilidade e reactividade quimica dependem darezd quimica do grupo
funcional. A carga liquida de uma proteina a umemeinado valor de pH é
determinada pelo numero relativo de residuos de@détido basicos (Arg, Lys e
His) e residuos acidos (Glu e Asp) na proteina (@aran, 1997).

Um dos principais factores que influenciam as pedlades das proteinas
como a estabilidade conformacional, a solubilidadectividade de superficie e a
ligacdo a gorduras € a hidrofobicidade geral dasidu®s dos amino-acidos

constituintes (Tabela 6). Os amino-acidos funcieiam valores dAG; positivos e
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elevadossdo hidrofébicos (localizam-se preferencialmentefas® orgénica ou no
interior da proteina). Os amino-acidos funcionasncvalores deAG; negativos
localizam-se preferencialmente na parte exterigegrdéeina em contacto com o meio

aquoso (Damodaran, 1997).

Tabela 5.Caracteristicas fisico-quimicas das principaisginas do soro de leite.

Caracteristicas B- a- Albumina bovina  Imunoglobulinas
Lactoglobulina Lactoalbumina do soro
Massa molar (g / mol) 18,362 14,174 69 150 000-1 000 000
Residuos de cisteina / mol 5 8 35 _
Residuos de amino-4cidos / mol 162 123 582 >1000
Ligacdes bissulfito / mol 2 4 17 4.x
Funcéo tiol / mol 1 0 1 -
Residuos de lisina/ mol 15 12 59 o
Residuos de arginina / mol 3 1 23
Residuos de histidina / mol 2 3 18
Residuos de glutamina / mol 16 8 59 o
Residuos de aspartato / mol 10 9 39 -
PI (ponto isoeléctrico) 5.2 45-48 4.7-4.9 5.5-8.8
Hidrofobicidade média (kJ/residuo) 508 468 468 458

Fonte: Cayot e Lorient (1997)

Devido a natureza globular das proteinas do serdeile, a producdo de
filmes requer uma desnaturacdo térmica para als$tratura globular da proteina e
quebrar as ligacbes bissulfito existentes, estabet-se novas ligagbes
intermoleculares do tipo bissulfito e ligacdes bfdbicas (McHugket al, 1994). Os
filmes resultantes sdo transparentes e frageigsagando da incorporacdo de um
agente plastificante para os tornar mais extersenenos rigidos ou quebradicos.
A producdo de filmes proteicos de soro de leitebtam se faz recorrendo a
utilizacdo de transglutaminases, mas o seu elevasto limita a sua aplicacdo em
alimentos (Krochta, 1997).
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Tabela 6.Caracteristicas dos amino-acidos da principakjmatdo leite de vaca.

Composicdo em amino-acidos (%  Solubilidade  Hidrofobicidade dos amino-
Amino-acido residuos / Mol proteina) da principal em agua acidos funcionais 25 °C

proteina do soro de leite

Isolado proteico B-Lactoglobulina A (AG; (etanol - agua), KJ/mol)
de soro
Lisina 8,3 9,2 (1) -
Histidina 7.8 1,2 1) 2,09
Arginina 1,9 1,8 ) _
Acido aspartico 10,0 9,9 (1) 2,09
Treonina 4,7 4.9 2 1,67
Serina 7,9 4,3 ) -1,25
Acido glutamico 13,3 15,4 1) 2,09
Prolina 49 49 ?3) 10,87
Glicina 2,6 1,8 2) 0
Alanina 6,6 8,6 ?3) 2,09
Cisteina/2 2.4 3,1 2 4,18
Valina 4,0 6,2 3) 6,25
Metionina 1,6 2,5 3) 5,43
Isoleucina 4,7 6,2 ?3) 12,54
Leucina 12,3 13,6 3) 9,61
Tirosina 2,5 2,5 4) 9,61
Fenilalanina 2,5 2,5 4) 10,45
Triptofano 1,2 1,2 4) 14,21
Asparagina 2) 0
Glutamina -0,42

(*) Residuo de amino-acido basico); Residuo de amino-acido acidl) Grupo funcional
carregado / Polar / Solavel em ag(@); Grupo funcional ndo carregado / Polar / SolGvel em
agua;(3) Grupo funcional alifatico / Nao polar / Nao sollieen 4guaj4) Grupo funcional
aromético / Nao polar / N&o soltuvel em agua.

Fonte : Gennadio®t al (1994) e Damodaran (1997).

A formacéo de filmes de proteina de soro de Eifavorecida em solugdes
mais alcalinas uma vez que a reactividade dos grGpbaumenta a pH superior a 8
(Cagriet al, 2001). Em situacdes de baixo pH as ligacdes 84atriz proteica sao

muito provavelmente inibidas, enfraquecendo a estawdo filme. Por este motivo, a

.25 -



Capitulo | — Introducéo geral

resisténcia mecanica destes filmes é inferior a fdoes com pH mais elevado
(McHugh e Krochta, 1994).

De acordo com Kella e Kinsella (1988), a pH 7,B-lactoglobulina esta
carregada negativamente relativamente ao pl (phl By@&esentando sete cargas
negativas liquidas por monémero (por comparacao coph) a pH 7,5 e apenas
quatro a pH 6,5. Esta situacao pode facilitar osa@amento dos grupos no interior
da proteina, 0 que aumenta as interaccdes hidoaf®bio interior da proteina e
aumenta também as atracc¢des de van der Waals. Qaartd diminui abaixo do pl,

a carga positiva liquida da proteina aumenta, seaeloquinze unidades por
mondmero a pH 3,0 e dezoito a pH 1,5. Seria pralisjue esta situacdo levasse a
desestabilizacdo da proteina devido a repulsdo anétuenfraquecimento das
interaccdes de van der Waals. No entanto, verdfecam aumento da estabilidade da
B-lactoglobulina a pH baixo. Este aumento da estiunle pode ser atribuido as
ligagcbes de H adicionais devido & neutralizacdo giagos carboxilo. Kella e
Kinsella (1988) verificaram também que a tempeeatle desnaturacad ) da p-
lactoglobulina aumentava com a diminuicdo do pHA%7 a pH 3,0 e 78,8°C a pH
2,5), sugerindo um aumento da estabilidade molecula

O pH é um factor que influencia fortemente a égteudos géis elaborados
com B-lactoglobulina (Otteet al, 2000; Yoshida e Antunes, 2004). Segundo éXtte
al. (2000), os geéis d@-lactoglobulina com pH 7,0 sdo compostos por paibse
ligados internamente por ligacdes covalentes (@igacbissulfito), e associados
principalmente por forcas ndo covalentes (interesd@idrofébicas e/ou pontes de
H), compensadas por repulsdes electrostaticasinagiad pH 3,0 a matriz do gel
parece ser mantida principalmente por forcas de@do ndo covalentes (pontes de
H e interaccbes hidrofobicas), compensadas por racgées repulsivas
electrostaticas. Ainda segundo os mesmos autopd,oximo do pl da proteina a
carga eléctrica é minima e dominam as interaccdeacti@as hidrofobicas,

complementadas por interaccdes electrostaticasloca
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2.3. Revestimentos com propriedades antimicrobianas

Para além de propriedades como a biodegradalelidadibilidade e
propriedades de barreira a gases e vapor de &gueyestimentos podem ser usados
como matrizes para a incorporagdo de agentes amiomnos e de conservantes.
Vérios tém sido os agentes usados com este prop&si como: nisina, lisozima,
acidos organicos, natamicina, sorbato de K, acésta-pminobenzdico.

A incorporacao destes agentes antimicrobianosfilmes ou revestimentos
pode ser encarada como uma nova forma de aumemsiagusanca alimentar dos
alimentos assim revestidos na medida em que: fiindi o risco de transmisséo de
agentes patogenicos, (2) previne alteracdes nafgupelos alimentos e (3) aumenta
a sua validade.

Os revestimentos com propriedades antimicrobipn@gnem o crescimento
microbiano por contacto directo do revestimento @rsuperficie do alimento. A
libertacdo gradual dos agentes para a superficie alilmento € vantajosa
relativamente a sua aplicacdo por imersdo numacdoliantimicrobiana nao
filmogénica, uma vez que neste Ultimo caso a a&tde antimicrobiana pode ser
perdida ou reduzida devido a interacgbes com coerges do alimento, como no
caso da gordura (Jureg al, 1992), ou a migracao para o seu interior (Apperel
Hotchkiss, 2002). A taxa de difusdo dos agentesnambbianos incorporados nos
filmes ou revestimentos de proteina de soro podems#rolada através da alteracdo
do pH e da proporcao entre proteina de soro eifflaste, uma vez que a carga das
proteinas e o tamanho dos poros na matriz proteidanensional dependem
daqueles factores (Han, 2000). O método usado emafacado dos filmes proteicos
também vai influenciar a difusdo do agente pardanteato (Teerakaret al, 2002).

Varios acidos organicos tém sido usados nas fagbes dos filmes
bioactivos, como o acético, citrico, succinico, io@ltartarico, benzdico e soérbico.
Eswaranandanet d. (2004) estudaram a incorporacdo dos acidos méatiitrico,
lactico e tartarico em filmes de proteina de soyardicaram que o acido malico foi
0 que apresentou melhores capacidades na inibiedbisteria monocytogenes
Salmonellae Escherichia colO157:H7.

A nisina € um dos agentes mais estudados na @Fodde filmes

antimicrobianos e varios trabalhos tém mostradoua e&ficacia na inibicdo de
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bactérias Gram-positivas, homeadamehisteria monocytogenesnas também,
quando coadjuvada com um agente quelante, na aoibdle bactérias Gram-
negativas (Kcet al, 2001; Janest al, 2002; Eswaranandast d., 2004; Hoffman
et al, 2001; Teerakarret al, 2002). Koet al (2001) estudaram o efeito da
incorporacdo de nisina em filmes preparados coeratlites tipos de proteina (soro
de leite, trigo, soja e milho) relativamente a\adtde inibitéria contraisteria
monocytogeneg bactérias lacticas, tendo concluido que os $iluhe proteina de
soro de leite com nisina foram produziam halosnilgigdo maiores. Segundo estes
autores, isto deve-se ao facto da nisina apresentémr actividade em meios
hidrofdbicos, e de os filmes de proteina de sorteie serem os que tém um maior
namero de residuos hidrofébicos, comparativametestantes proteinas estudadas,

apresentando maior hidrofobicidade.
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3. Enquadramento geral e objectivos

Como ja foi referido anteriormentke, monocytogeneé um microrganismo
patogénico de origem alimentar, capaz de provoasos graves de listeriose em
individuos YOPI young, old, pregnant and immunocompromjse@dovocando uma
taxa de mortalidade média de 20-30%. Os produtoeda em geral tém sido
frequentemente implicados na transmissdo do agetit#ogico da listeriose
(Dauphinet al, 2001). De particular importancia temos os qedle pasta mole ou
semi-mole, elaborados com leite cru e que sdo thurarseu processo de fabrico
muito manipulados. Segundo ILSI (2005), o queijecgtra-se na categoria dos
alimentos de alto risco, visto que: (1) tem potaenpara ser contaminado pbr
monocytogenes(2) suporta o crescimento de monocytogeneem elevados
nameros; (3) € um alimento pronto-a-comer; (4) eequefrigeracdo; (5) é
conservado durante longos periodos.

Apesar de ndo haver, até hoje, registos da oaaré@e surtos de listeriose
em Portugal, a elevada ocorréncialdgteria monocytogenesm queijos N0 NOSSo
pais (Duarte, 1992; Pintado, 1996; Guerra e Bemadkl97) leva-nos a considerar
estes produtos como de elevado risco, justificandos os esforcos que se fizeram,
e possam vir a fazer, no sentido de conhecer acguaéncia e possivel persisténcia
nas queijarias, a complexidade das vias de conggdine a forma mais adequada
para 0 seu controlo. Em Portugal, a listeriose @d@ma doenca de notificacdo
obrigatoria e o Programa de Vigilancia e Controks doxinfec¢cdes Alimentares
Colectivas nao foi ainda implementado com sucess@ue significa que né&o
conhecemos a real situacdo do nosso pais nestaanaté

Portugal € um pais com uma notavel tradicdo nalugdo de queijos
artesanais tipicos de varias regides. O Queijo dsteld Branco e o Queijo de
Tolosa, produzidos respectivamente na Sub-Regidmarada do Queijo de Castelo
Branco e na Regido Demarcada do Queijo de Tol@a,dsis desses exemplos,
sendo produzidos com leite cru de ovelhastremee coalhados com uma infusao
de cardo.

O trabalho de doutoramento aqui apresentado veseqaéncia do trabalho
desenvolvido no mestrado, intitulado “Isolamento Ldsteria monocytogenesao
Queijo de Castelo Branco usando o método IDF e stetia-Tek ELISA”.
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Considerando os dados obtidos, verificou-se quentaminacéo de queijo de ovelha
por Listeria monocytogenesra muito elevada, exigindo um estudo detalhadeesob
as possiveis vias de contaminacdo e formas deotmnDesta forma, o plano do
doutoramento agora apresentado, e intitulado ‘&fele bioconservantes no
crescimento e sobrevivéncia désteria monocytogeneem queijo de ovelha”,
pretende contribuir para a resolucdo do problersacésdo a presenca desta bactéria
patogénica em produtos tipicos, com denominacdorigem protegida (DOP), e
com elevado peso econémico na regidao, como é odma§uieijo de Castelo Branco.
O cumprimento deste objectivo geral, relacionadm a» aumento da seguranca
alimentar no consumo de queijos produzidos cone leiti de ovelha, implicou a
organizacao do presente trabalho em duas fasespaisy com diferentes objectivos
associados, e que passarei a referir de seguida.

A primeira fase do trabalho teve como principgeotivo a determinacdo das
vias de contaminacéo de queijo posteria monocytogenesm queijarias da Sub-
Regido Demarcada do Queijo de Castelo Branco. Bamoncretizacdo deste
objectivo foi efectuada uma deslocacéo Health Protection AgencyHPA), em
Londres, tendo sido aplicadas as técnicas molesulRT-PCR, AFLP, PFGE e
serotipagem molecular a um vasto conjunto de estidelListeria spp., previamente
seleccionadas a partir de isolados recolhidosgolale 10 anos a partir de amostras
de queijo de ovelha, de leite cru, de solucdo ddocade salmoura, de solucdo
fungicida, de fezes de ovelha e de zaragatoaseaf&ti@s no interior das queijarias.

Os objectivos associados a esta deslocacéo foram:

- Caracterizar a diversidade genotipica de 185pesti pertencentes as espécies
Listeria monocytogenes, L. innocua e L. seeligeri;

- Verificar a possivel persisténcia de estirpes Likteria monocytogenesas
queijarias e tracar as vias de contaminagéo;

- Estudar a possivel associagdo entre a presencistdega monocytogenesolada

de leite cru excretado por uma ovelha com mamielgca, de queijo contaminado
e da maquina de lavar os queijos.

- Implementar um novo ensaimultiplex PCR para a serotipagem désteria

monocytogenegreviamente descrito (Doumidt al, 2004).
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A segunda fase do trabalho teve por principal ativje contribuir para o
controlo do crescimento e sobrevivéncia ldsteria monocytogenes outros no
queijo de ovelha e também contribuir para o coatdal crescimento e sobrevivéncia
de microrganismos indesejaveis. Partindo do contetio de que (1) a nisina é um
agente conservante natural cuja aplicacdo se eacautiorizada em queijos curados,
(2) a contaminagdo dos queijos estd muitas vezsdizada apenas, ou em maior
concentracdo, na casca, (3) o soro de leite € bapsluto da industria queijeira,
altamente poluente, com boas propriedades funsprai que (4) o uso de
revestimentos ediveis com propriedades antimicnaisigpode constituir uma forma
de controlar eficazmente a presenca deste patogéngaeijo, desenvolveram-se e
estudaram-se formulacbes de revestimentos elal®wradm base numa matriz
proteica de isolado proteico de soro de leite e ganos agentes antimicrobianos
incorporados, entre eles a nisina.

Assim, foram definidos os seguintes objectivos:

- Caracterizar 219 estirpes disteria monocytogenesL. innocua incluindo os 185
isolados caracterizados por tipagem molecular, tguarsua sensibilidade a nisina
nas concentragdes finais 5, 10, 50, 100 e 200 lUW/sando o método das placas de
gradiente, em 3 condi¢cdes ambientais: pH 5,5 e ,20PC5,5 e 37°C, e pH 6,8 e
37°C;

- Determinar a Concentracdo Minima Inibitoria (CM@ nisina para as 219 estirpes,
verificar a possivel ocorréncia de estirpes malsrdates e estimar a respectiva
frequéncia;

- Avaliar a inibicdo do crescimento de uma estirpeleccionada deL.
monocytogengsem meio liquido, em cultura estatica e na preseale nisina na
concentracdo de 50 1U/ml.

- Avaliar a viruléncia de um conjunto de 7 estirgisL. monocytogenepor
aplicacdo de um ensaio vitro do tipo Plaque-Forming AssayPFA) sobre uma
monocamada de células animais HT-29;

- Estudar a substituicdo do revestimento comepaeh queijoEmulgesta base de
acetato de polivinil, cuja seguranca por ingestdo astd comprovada, podendo
constituir um perigo para a saude dos apreciadtregieijo que consomem a casca,
- Desenvolver uma formulacdo para revestimentobadeo pH (cerca de 3) para

proteger o queijo, a base de isolado proteico de de leite, de glicerol, de acidos
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organicos, de nisina, e de natamicina e com prodgadies ediveis e antimicrobianas
contra um conjunto de microrganismos maioritariamesolados de casca de queijo
(Listeria monocytogenePseudomonas aeruginosa, Yarrowia lipolytica, Pdinicn
communee P. chrysogenum)

- Estudar as caracteristicas reologicas e mecareas solugcbes filmogeénicas
desenvolvidas e dos filmes obtidos por secagem,eadamente ao nivel das
propriedades de viscosidade, viscoelasticidadeg%lahgacéo, tensdo maxima de

ruptura, tensdo maxima de penetracao e permeatsl@a valor de agua.

Este trabalho foi estruturado em sete capituldeig anexos, constituindo o
capitulo | o capitulo introdutdrio no qual se famaubreve revisao bibliografica sobre
0s temas em estudo e onde se referem os objedtivivabalho. Os capitulos 1l e I
dizem respeito & determinacdo das vias de contgiovnaas queijarias estudadas,
para a qual foi necessaria a aplicacdo de varidedoe de tipagem molecular.
Relata-se ainda um caso de listeriose ovina agskb@acontaminacdo de queijo,
ambiente e leite. O capitulo IV diz respeito a egalo da sensibilidade dos isolados
a diferentes concentragdes de nisina, a dois wallgeH e de temperatura. Seguem-
se 0s capitulos V e VI, os quais dao conta do debemento de revestimentos
ediveis e com propriedades antimicrobianas, com bgectivo de inibirem
microrganismos indesejaveis presentes na supedacigueijo. Por fim, no capitulo
VIl sumariam-se as principais conclusfes destealkinabe sugerem-se topicos para
trabalho futuro. De referir que cada um dos cagstul, I, IV, V e VI constitui um
artigo publicado ou submetido a publicagé&o.

Dado que alguns dos isolados caracterizados ballia de mestrado foram
usados nos estudos de tipagem molecular, de deteilei a nisina e de viruléncia,
optou-se por incluir em anexo a tabela com a canaetdo desses isolados (Anexo
), facilitando assim a sua consulta, se necesskno anexo encontra-se ainda a
listagem de publicacbes e comunica¢ces apresemadasbito do presente trabalho

de doutoramento (Anexo II).
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Abstract

For 5 months, the udders of milking ewes, raw ewmilk, cheese, and the
plant and environment of a cheese manufactureoitugal were investigated using
standard methods for the presence Lofteria spp. An association between
subclinical mastitis and.isteria monocytogenes in a single lactating sheep was
investigated by visual inspection of udders fomsi@f inflammation, application of
somatic cell counts, the California mastitis t@$i, measurement to milk, and culture
of L. monocytogenes andSaphylococcus spp. To track the routes of contamination by
L. monocytogenes, 103 isolates were characterized by molecular geing and
amplified fragment length polymorphism, and a s@bec was further tested by
pulsed-field gel electrophoresis. This study presiagnolecular and epidemiological
evidence tracking the persistence of a siniglemonocytogenes strain causing a
subclinical udder infection without obvious inflaration in a single ewe. This
infection was the likely source of contaminationrafv milk that was subsequently
used to produce unpasteurised milk cheese andtadsui a single strain of this

bacterium colonizing the processing environmenttaedinal cheese product.
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Key words: Listeria monocytogenes, raw ewe’s milk cheese; subclinical ovine

mastitis; subtyping methods; microbial ecology

1. Introduction

Listeria monocytogenes is now recognized as a major foodbornepathogen tha
infects the unborn and newly delivered, pregnanine, the elderly, and those with
underlying conditions (Farber and Peterkin, 199Qpnsumption of ready-to-eat
foods with extended shelf lives that are capableswfporting the growth oE.
monocytogenes is most frequently associated with transmissionl@®ichlin, 1996).
These products favor disease transmission bechisseacterium is widespread in the
environment, survives the sanitation process anidnces food manufacturing
plants, and multiplies in various foods over a widage of temperatures, including
those used for refrigeration (Lundénal., 2003). Food with a high salt content was
implicated with transmission of listeriosis, andstlincludes outbreaks as well as
sporadic cases that have been linked to the cortsamgf soft and raw-milk cheese
that have occurred in England (McLauchlin, 1996an€e, (Goulegt al., 1995), Italy
(Gianfranceschet al., 2006), Sweden (Loncarevet al., 1995), Switzerland (Bille,
1990), the USA (Farber and Peterkin, 1991), Nortinefica, Europe, and Japan
(Swaminathan and Gerner-Smidt, 2007).

Studies have been undertaken in the EU and the tdSface transmission
routes of this bacterium through dairy environmerdad the presence of this
pathogen in ewe’s milk has been linked with feaahtamination during improper
milking (Jacquett al., 1993; Loncareviet al., 1995; Pritchardt al., 1995; Waalet
al., 2002; Pintadet al., 2005). However, excretion of the organism irfte ewe’s
milk as a result of intramammary infections hasmbless well studied (Tzora al.,
1998). L. monocytogenes mastitis is uncommon in small ruminants; however,
subclinical infections are rarely identified, argk toverall disease burden is likely to
be underestimated (Low and Donachie, 1997; Ftherghkdl., 1998; Schddeet al.,
2003).
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To identify and trackL. monocytogenes through the food chain, typing
methods for this bacterium are essential. Genotypethods used to type.
monocytogenes include molecular serotyping (Doumitit al., 2004), ribotyping
(Saunder=t al., 2003), amplified fragment length polymorphismalgsis (AFLP)
(Guerra et al.,, 2002) and pulsed-field gel electrophoresis (PF@&raves and
Swaminathan, 2001). These methods have been usmtk abr in various
combinations to successfully compate monocytogenes isolates from food
environments to better understand the ecology isf tacterium (Unnerstad al.,
1996; Guerrat al., 2002).

We describe elsewhere investigations into the com@tion of raw ewe’s
milk from sheep farmers in Portugal that was tkel\i source for the presence laf
monocytogenes in cheese and cheese manufacturing environmenta(f et al.
submitted). The aim of this study was to furthealaate the possible relationship
betweenL. monocytogenes from ewe’s milk, cheese, and the cheese manufagt

environment witHisterial mastitis.

2. Material and Methods

2.1. Cheese manufacturers

In early May 2004, the routine investigation for ogo hygiene and
manufacturing practices revealéd monocytogenes in a batch of cheese, ready to
enter the cold rooms for the second stage of m@uaraduring which it is maintained
at 12-14° C for a minimum of 40 days in an atmosploé 70-80% relative humidity.
Cheeses made in the plant were prepared from rasisawilk clotted by vegetable
rennet made from the thistle-like cardoon floweneTcheeses were washed, brined,
and matured in cold rooms as previously describemtgdo et al., 2005). L.
monocytogenes contaminating this batch of cheese was also reedveom bulk milk
from one particular producer. To track the origihthe cheese contamination,
sheep’s milk supplied to the plant from flocks oivdsi, Assaf, and Merino breeds
(grazing in open fields with occasional silage fagdiuring bad weather) was tested
for the presence df. monocytogenes (Pintadoet al., submitted for publication).
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After the investigation, milk from this producer svaeceived and processed
separately in a pilot plant of the cooperative, Bnthonocytogenes isolates from the
contaminated milk were compared with those frompglat environment and from

other products within this cooperative.

2.2. Microbiological analyses, examination, and sgoling procedures

All samples were analysed for the presenckigieria using standard methods
by homogenization into buffered peptone water Idn at 20°C, and then incubated in
selective enrichment broths (Anonymous, 2004),ofedd by subculturing onto
selective agars (Pintadal., 2005; Leiteet al., 2006). The levels dfisteria present
were enumerated by direct subculture of dilutiohshe homogenate onto selective
agar (Oxford listeria selective agar; Merck, Damdst Germany) as previously
described (Pintadet al., 2005; Leiteet al., 2006). Up to five isolated, characteristic
colonies from each sample were subcultured froslecive agar onto blood agar
and chromogenic selective agar (ALOA; AES LaboratoiBruz, France) and
identified using the API Listeria identification stgm (bioMérieux, Marcy I'Etoile,
France) as previously described (Gameiral., 2007).

Samples of milk (10mL) and 5 or 25g samples of meatineese rinds and cores
together with cardoon macerate in tap water andebsolutions from this factory
were sampled. Food and nonfood contact surfaces waiep sampled using tissue
swabs or Isolation Transwabs (LT; Medical Wire aBRduipment, Corsham,
England).

Milk samples were tested for the presence of stiagbgci, and up to five
isolated, characteristic colonies growing on selecagar were subcultured onto
blood agar, inoculated into rabbit plasma broth® (BBL™; Coagulase Plasmas,
Dundalk, Ireland), and tested for the presence adgualase using ISO method
1999:6888-1 (Anonymous, 1999). Presumptiaphylococcus spp. were further
identified using the API Staph identification systébioMérieux). Saphylococcus
aureus ATCC 25923 was included as a positive control ichdaatch of tests.

2.3. Examination of sheep and sampling procedures

Where L. monocytogenes was detected in milk, animals were further

investigated for signs of subclinical intramammagyand inflammation by
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determining the pH of the milk, estimating the stimaell counts (SCC) using the
Fossomatic method (Gonzatbal., 1993), California mastitis test (CMT; Bovi-Vet,
Kruuse, Germany), and estimating levelsS@iphyl ococcus spp.(Anonymous, 1999).
Results from the CMT were scored as follows: 0gebformation (equivalent to an
SSC 0f<6.5x10 cells/mL); 1, slight evidence of gel (8.7 x1¢ells/mL); and 2, clear
viscous gel £2.7x10cells/mL). Udders of all individual ewes of the guzer’s flock
were examined under veterinary supervision for alissigns of mammary gland
inflammation. Any animals suspected to have masitifis further investigated.

Samples of raw ewe’s milk were taken both fromgheducer’s bulk tank and
from suspected animals for the presenckigteria. For this investigation, milk from
groups of up to 20 of the 400 ewes was first tefwed&SC and/or the CMT, and if
there was any evidence for mastitis (SSC value ®5x10 cells/mL or CMT values
of 1 or 2), milk from individual animals was colted to test for the presence lof
monocytogenes. Samples of milk from an individual animal with stiis (see below)
were analyzed each day (morning and evening) ame eadleted for 1 week between
the 2nd and 8th of October for the presenceisgtria. Milk collected from the left
and right halves of the udders was tested sepgratatstablish if the whole gland
was equally infected.

One ewe was found to have listerial mastitis (bitheut visible inflammation)
and was quarantined from June to October 2004. khi# fecal samples were also
collected for examination during this quarantineigué and this ewe gave birth to a
lamb in early September which died a couple of safter birth. The corpse was
frozen and sent to the Veterinary Investigation t@enfor histopathological
examination of the liver tissue and microbiologiaablyses of both the liver and the
central nervous system.

Analysis of the variance of means and standardatiems, determination of
mean significant differences of the bacterial ceymind SCC determinations were
performed using SPSS version 14.0 (SPSS, Chicayo, p-Values of< 0.05 with a

95% confidence interval were considered significant
2.4. Confirmation and subtyping ofL. monocytogenes isolates

DNA for real-time PCR, AFLP analyses, and molecus@rotyping was
prepared with either a MagNA Pure Compact systeotliie Diagnostics, Penzberg,
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Germany) or a MagNA Pure LC system (Roche Diagosptiusing bacterial cells
grown on horse blood agar in Columbia Blood Agaseb@Oxoid, Hampshire, United
Kingdom). A negative control of sterile distillecater was included as a no-template
control with each batch of extractions. DNA samplese either used immediately or
stored at -20°C until required.

Further confirmation of identity as. monocytogenes was preformed by real-
time PCR with primers (MWG-Biotech AG, Ebersbergr@any) and a hydrolysis
probe (Oswel[Southampton, United Kingddnand EurogentefSeraing, Belgiuf)
directed against a listeriolysin O gene fragmdnhyA) (Novgaet al., 2000). PCR
products were detected using default settings ofApplied Biosystems 7700
Sequence Detector System (PE Biosystems, Foster@A). DNA extracted front..
monocytogenes NCTC 11994 and DNA extracted froonsteria seeligeri NCTC 4814
were used as positive and negative controls, réspbg for each batch of tests.
Cycle threshold values between 15 and 37 were derexi as positive for the
amplification of thehlyA target sequence

Molecular serotyping and AFLP analyses udtitgRI| were performed on all.
monocytogenes isolates as described previously (Guetral., 2002; Doumithet al.,
2004), and ethidium bromide-stained electrophorgsis were recorded using the
Gel Doc 2000 image capture system (BioRad LabaespiHercules, CA)L.
monocytogenes NCTC 11994 was included as a positive control stedile distilled
water as negative control in each batch of testecBdL. monocytogenes isolates
that were indistinguishable by both serotyping aRd.P analysis were further tested
by PFGE as described previously (Graves and Swangna 2001) with minor
modifications: the isolates were subcultured ontWu@bia Blood Agar (Oxoid);
cells were removed to plastic tubes containing 1 eohlITE buffer; the plugs were
sliced in 4-5mm portions. For each batch of gels wild-type L. monocytogenes
(H2446, CLIP 77873 Institut Pasteur, Paris, Framce)Salmonella enterica serovar
Braenderup (H9812) were included as controls. Rattmalyses were performed
using BioNumerics software versions 3 and 4 (AgpMaths, Sint-Martens-Latem,
Belgium) using unweighted pair group method withhanetic means analyses with

Dice coefficient.

-54 -



Qo 11 — Listeria monocytogenes and ovine mastitis

3. Results

During routine investigation of a cheese manufactim early May 2004L..
monocytogenes was detected in cheese and in the production@mwvient of a single
manufacturer. To track the origin of the cheesetamomation, sheep’s milk in the
bulk tank supplied to the plant was analysed, landonocytogenes was isolated. On
examination of all the lactating animals during tirst week of this study, no
evidence of inflammatory symptoms was observed isyal inspection of their
udders and results of triplicate SCC determinatmeréormed on the entire bulk milk
during mid to end of lactation (in May 2004) randesm 9x10 to 1.1x16 cells/mL.
After sampling milk from groups of 20 ewes and exithg those with a positive
CMT (score>1), the counts reduced to between 0.9 and %lg&lls/mL (CMT score
0). The SCCs increased to 1.1 to 1.6xdélls/ml (CMT score >1) in summer during
July to August but decrease to 8.7xtells/mL (CMT score 1) in the beginning of
autumn by mid September. A single Merino ewe wdsssquently found to have
listerial mastitis, and quarantined milk samplefected from the left (infected) or
right (uninfected) udders halves gave mean SSCtsann2.7x10cells/mL (CMT
scores 2) and 6.5x16ells/mL (CMT score 0). Milk yields were reducedthe left
half udder of this animal by between 20% and 60f¥h® average daily volume.

Histopathological analyses of the lamb born inye&eptember to the ewe with
mastitis showed several foci of cell necrosis ia liver tissue, which indicated an
intra-uterine infection produced before deliver@aphylococcus lentus and
Corynebacterium group F were both recovered from brain tissue, and
Saphylococcus equorum alone was isolated from the liver. Naosteria spp. were
detected by microbiological culture or by histodtiyy in any tissue samples.

A total of 53 samples of cheese (36) and envirortateswabs and feces (17)
were tested for the presence and levelsisieria between May and July 2004 (Table
1). Included among the contaminated products wdre ¢éwe's milk, three
independently produced and matured batches of enhaes environment sites at the
pilot plant in the cooperative (Table 1). All thrbatches of cheese (collected on the
45th, 49th, and 53rd day of the 55th ripening pBrishowed significantly higher
mean levels of.. monocytogenes in the rind than in core of the cheepeg (0.05).L.

monocytogenes andListeria innocua were recovered from swabs taken from brushes
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from one machine located in the cheese washing (@iedale 1). Despite extensive

sampling, this was the only factory site whergeria spp. were detected.

Table 1. Detection and enumeration dfisteria spp. in cheese, the production

environment, and sheep feces

Description Detection Enumeration
(mean CFU/g)

Cheese:
45 d Maturation Core L. monocytogenes 1.0x1G
Rind L. monocytogenes 2.1x16
49 d Maturation Core L. monocytogenes <1.0x16
Rind L. monocytogenes 1.0x16
53 d Maturation Core L. monocytogenes 1.4x16
Rind L. monocytogenes 4.5x1d
Environmental:
Swabs of cheese Brush Listeria innocua ND
washing machine Handle L. monocytogenes ND
Handle L. innocua ND
Ewe’s feces L. innocua ND

Mean differences are significant fpr< 0.05; ND, not determined; d, days; CFU,

colony forming units.

Bacteriological results of 28 milk samples colétin both the morning and
the evening between the week of 2nd aficbBOctober from the two halves of the
udder of the affected ewe are shown in Table 2r&kas significant variatiorp(<
0.05) in the mean levels &f monocytogenes and Staphylococcus spp. between the
right and left sides of the udder, and this vamitwas consistent for the milk
collected during the whole weekhe pH of the milk collected between 6th arftics
October ranged from 6.58 to 6.72 on the right sadd 6.78 to 6.91 on the left
(contaminated) side, and was significantly différed\ll staphylococci were
coagulase test negative and a selection of 22 geptative isolates were all

confirmed astaphylococcus spp. by colonial morphology, Gram stain, and catal
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reaction. Isolates were further identified &aphylococcus xylosus (3 isolates),S.
lentus (1 isolate) andS cohnii (1 isolate), and the remaining 17 could not be
identified to species level. innocua alone was isolated from the feces of the ewe

with listerial mastitis (Table 1).

Table 2. Results of detection dfisteria monocytogenes and Staphylococcus spp. in

milk from a single ewe with mastitis

L. monocytogenes Staphylococcus spp.
(CFU/mL) (CFU/mL)
Half of uddef
Day Time Right Left Right Left
2 October Morning <10 3x10" <10 1.7x10
Evening <10 6x10" <10 7x10t
3 October Morning <10 1.2x10 <10 7.9x1G
Evening <10 1.4x10 1x10" 110
4 October Morning <10 5x10° <10 5.9x1¢
Evening <10 ox10* 7x10 ox10*
5 October Morning <10 3.5x10 2x10* 6x10"
Evening <10 3.5x10 2x10 2.3x10
6 October Morning <10 110 1.3x1G 3.2x10
Evening <10 3x10' <10 2.7x10
7 October Morning <10 4.3x10 2x10' 4.6x10
Evening <10 2x10' <10 7 x10°
8 October Morning <10 4x10' 3x10' 5.1x1G
Evening <10 110 8x10" 2.5x1G

Mean CFU are significant fgr< 0.05; ND, not determined; CFU, colony forming snit

4Differences of right and left.

A total of 119Listeria isolates (103.. monocytogenes and 16L. innocua) were
obtained from raw ewe’s milk, sheep feces, chees®] the manufacturing
environment from the factory. There werel37monocytogenes isolates from cheese,
56 from milk, and 10 from environmental swabs takethin the factory. Fifteer.
innocua were isolated from swabs taken within the factargl ane isolate (described
above) was collected from the sheep’s stools. Thgins of these isolates are

described in Table 1. Forty eight isolates fromkn{il4), cheese (30) and the factory
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environment (4), previously identified by conventd methods ak. monocytogenes,
were all re-confirmed by real-time PCR. Molecular typing aadl 48 L.
monocytogenes isolates showed that all belonged to serovar 4Bl.FAtype V-1
(Table 3). Six isolates from milk, cheese (rind aode) and the factory environment
were further analyzed byAscl digestion followed by PFGE and all were
indistinguishable and classified as type 11: filéhese isolates were further analysed
by PFGE after ampal digestion, and all produced the same profile andewe

indistinguishable.

Table 3.Molecular characterization of selectedteria spp. isolates

Isolates Subtype
Source (number of isolates) Conventional species PCR AFLP PFGE type
identification serogroup type Ascl , Apal

Cheese 45d, rind (5) Listeria monocytogenes 4b V-1 ND
Cheese 45 d, rind (1) L. monocytogenes 4b V-1 11
Cheese 45 d, core (4) L. monocytogenes 4b V-1 ND
Cheese 49 d, rind (6) L. monocytogenes 4b V-1 ND
Cheese 49 d, core (3) L. monocytogenes 4b V-1 ND
Cheese 49 d, core (1) L. monocytogenes 4b V-1 11,1
Cheese 53 d, rind (6) L. monocytogenes 4b V-1 ND
Cheese 53 d, core (3) L. monocytogenes 4b V-1 ND
Cheese 53 d, core (1) L. monocytogenes 4b V-1 11,1
Washing brush central sticks (1listeria innocua ND XX ND
Washing brush left sticks (3) L. monocytogenes 4b V-1 ND
Washing brush left sticks (1) L. monocytogenes 4b V-1 11,1
Washing brush right sticks (2) L. innocua ND XX ND
Milk left half of udder (12) L. monocytogenes 4b V-1 ND
Milk left half of udder (2) L. monocytogenes 4b V-1 11,1
Ewe’s fecal sample (1) L. innocua ND XXI+2 ND

% Number of isolates are shown in parentheses; MDgdetermined; d, days.

Of the fourteen isolates from ewe’s milk collecteetween 2nd and 8th of
October from the left half side of the mammary dlaall were serovar 4b, AFLP IV-
1. Two of these isolates (collected on the 2nd&hddf October) had the same PFGE
profiles like the isolates from the cheese andofgcenvironment. The 18 isolates

obtained from ewe’s milk from other milk suppliextt showed different types to that
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from the affected ewe and are fully described efee (Pintad@t al., submitted for
publication).

Four L. innocua isolates from swabbing factory machinery and fronine
feces were characterized by AFLP. All four isolaggemnerated a distinct profile
designated as XX, as previously observed on enwiemnt isolates in this factory
(Matos, 2003).

4. Discussion

The ecology and transmission bf monocytogenes in ruminants is poorly
understood (Nightingalet al., 2004), and there has only been a single regoat o
direct association between cases of listerial mssti sheep and contamination of
raw cheese and the cheese production environmeatodsr et al., 2003); no
molecular characterization of isolates was perfarnre this study. Further, farm-
scale raw ewe’s cheese production is common irugakiPintadcet al., 2005; Leite
et al., 2006) and is a business of growing economic majpoe, especially because
these products are typical of South European food.

In the study described here we provide molecupadesniological evidence
tracking the persistence of a singlemonocytogenes strain causing subclinical udder
infection without obvious inflammatory signs in iagle ewe. Further, this infection
was the likely source of contamination of raw milked to produce an unpasteurized
milk cheese and resulted in this bacterium colmgizhe processing environment and
the final cheese. Subclinical infections of thiakihave been reported with minimal
visible signs and with SSC levels of > 1 to 2.96xa0d <5x18to 1.0x16 cells/mL
in milk from infected and uninfected animals, redpely (Fthenakiset al., 1998;
Contreraset al., 2007). These SSC levels are in contrast to thé® cells/ mL
observed with acute intramammary gland inflammatiie to coagulase negative
staphylococci (Ariznabarretat al., 2002) Characterization oL. monocytogenes
from ovine diseases has rarely been describedyugthserotyping data on isolates
from 50 cases of abortion, encephalitis, and setia in Scotland were reported in
the early 1990s (Lovet al., 1993). In this study, only 18% d&f monocytogenes

isolates were serovar 4b, which is the predomisardvar in both sporadic cases and
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outbreaks of human disease (Farber and Peterkifl;19ow et al., 1993;
McLauchlin, 1996; Swaminathan and Gerner-Smidt,7200ongitudinal data on the
distribution of L. monocytogenes serovars in Portuguese ewe’s milk cheese have
shown serovar 4b to be consistently more commoetgaied than other serotypes in
the two main regions of farm scale production (&iiotet al., 2005) and as well in
production areas apart from these (Chamleel al., 2007); however, no
epidemiological linkage to human infections haslate been detected (Ledeal.,
2006). The ovine mastitis reported here was idiedtibs subclinical and linked to a
strain ofL. monocytogenes serovar 4b that was subsequently shown to beevituh
anin vitro HT29 human colon adenocarcinoma tumour cells iomaassay (Pintado
et al., submitted). This strain showed to be as virubenthe EGDe virulent reference
strain reported in the literature and used in gag. The cause of death of the lamb
from the affected ewe was probably not associaitél listeriosis, and this ewe itself
subsequently died and could not be further invateid,

This report illustrates the need to investigatecinical mastitis in dairy ewes
and the importance of rapid detection to excludenonocytogenes from the food
chain. It is essential for the safety of raw ewmitk cheese to implement monitoring
of all animals by CMT (is easy to do at the patldcause the diagnosis of this
illness is difficult with minimal inflammatory sympms after onset of mammary
gland infection (Tzorat al., 1998). In the incident reported here, the miladucer
did not recognize that a ewe was infected despite donsiderable levels df.
monocytogenes and staphylococci excreted into the milk. Furtlilee, single infected
ewe occurred in a flock of 400 animals resultinghia milk from this animal being
diluted about 700-fold in the bulk tank, and contaation with L. monocytogenes
was only detected postproduction in a batch of shed&his led to the complete
destruction of the entire batch of cheese fromitiilk producer and the revoking of a
licence for milk supply to this co-operative’s plgRintadoet al., submitted). L.
monocytogenes in cheese made in the pilot plant with this conteted milk did not
significantly decrease in either the core or thl riduring the 53 days of ripening,
although there were considerably higher levelshaf bacterium in the rind. The
persistent contamination of food contact surfaces, (orushes used for the washing
step) may be the reason for these higher levetkearrind together with subsequent

multiplication of the bacterium within the outerrpons of this food matrix. As was
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previously reported for studies conducted in otleglions of raw ewe’s milk cheese
production in Portugal, extended ripening periodsndt preventL. monocytogenes
contamination in the final product (Gamerbal., 2007). However, control of this
bacterium lies in maintaining good udder healthetbgr with use of good hygienic
and manufacturing practices in the food productmvironment and in avoiding
postprocess contamination. The inability to det@c@ses of ovine mastitis duelto
monocytogenes was also recognized as important with ewe’s milkese production
in Austria (Schodeet al., 2003) which further supports the need for rau@MT and
SSC (as previous comment) screening of lactatingse®aw ewe’ milk cheese is a
farm-scale business where intra-mammary infectwars decrease the yield of milk
by more than 50% (Leitnest al, 2008) thus causing considerable economical $osse
and increased food safety risks.

Further studies are needed to understand theoredhtp between pathogens
and mammary gland immune response in milking ewéswever, this study
demonstrates the potential usefulness of SCC and @tools for the diagnosis of
subclinical mastitis and to identify individual esvevithin a flock that may be the

source for contamination within cheese manufactupiants.
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Abstract

Aims: Between 1995 and 2004, raw ewe’s milk, cheese, thed plant and
environment of cheese manufacturers in three difteregions in Portugal were
investigated to track the routes of contaminatig.isteria monocytogenes.

Methods and Results A total of 473 samples were analyzed using stahdeethods
for the presence dfisteria spp. and 185 isolates were recovetednonocytogenes
was isolatedrom cheese (81), milk (32) and environment (1) dundred isolates
were from region A, 20 from B and 3 from C. Onatired and twenty three isolates
were characterized by molecular serotyping and #iegbl fragment length
polymorphism, and a selection of these were furtlested by pulsed-field gel
electrophoresis. Cluster analysis of isolates usirg different subtyping methods
identified similar groupings. Some representatigeldates were also assayed for
virulence potential on HT 29 cells and tested pesit

Conclusions Contaminated ewe’s milk from different producevss the likely
source of contamination of cheese. In additionh® tontamination of milk as a
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hazard in this process, the washing areas and balution were also hazardous for
hygienic cheese production.

Significance and Impact of Study As a result of this investigation, hazardous ®in
are identified in the process and suggestions dotrol were given that resulted in

eradication of environment contamination and impraents in safety production.

Key words: Listeria monocytogenes; raw ewe’s milk cheese; subtyping methods;

microbial ecology.

1. Introduction

Listeria monocytogenes is a bacterium which, following a series of outike
in Europe and North America in the 1980s, is nosogmised as one of the major
food-borne pathogens (Farber and Peterkin, 198fection occurs in the unborn and
newly delivered infants, pregnant women, the eldard in those with pre-existing
severe underlying illness (Swaminathan and GernadtS 2007). The properties of
L. monocytogenes favour food-borne transmission: the bacteriumigdespread in the
environment, survives the sanitisation proces®adfmanufacturing plants, and can
multiply under certain foods at conditions of highalt and over a wide range of
temperatures, including those used for refrigenaflaindénet al., 2003). Raw ewe’s
milk cheese most traditionally consumed in Portwagal made by addition of salt and
use cold ripening to mature until a final semi-softamy texture (Pintadet al.,
2005). Sporadic cases and outbreaks of listeressmost usually associated with
consumption of ready-to-eat foods which have exdn@isually refrigerated) shelf
lives and are capable of supporting the growth.oonocytogenes, e.g. paté, smoked
fish, salads, sandwiches and dairy products inofydbft cheese (McLauchlin, 1996).
Consumption of contaminated soft cheeses had beeicylarly associated with
transmission of listeriosis and cases implicatetth whis food have been identified in
England, France, Ital\sweden, Switzerland, and the USA (Bille, 1990, @betlal.,
1995, Loncareviet al., 1995, McLauchlin 1996, Gianfrancesehal., 2006).

Since this bacterium is commmin the environment, ingestion df.

monocytogenes via consumption of contaminated foods is probabiggdent.
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However the incidence of infection is low: rates<dfto >7 cases per million of the
population per year have been reported for Europeantries (de Vallet al., 2003).
Surveillance data on listeriosis in Portugal ishatoly insensitive (Almeida&t al.,
2006), and reporting to the Portuguese Health Aitths not mandatory. However,
the Pathology Laboratory of the University Hospa&lCoimbra recorded 15 human
cases of listeriosis between 1997 and 2003 (Leftal., 2006) and, since this
laboratory serves a population of 500,000, reptesanminimum average annual
incidence of 5 cases per million, which is a similacidence to other European
countries.

To trace transmission routes lofmonocytogenes, reliable typing methods to
successfully track this bacterium through the fabdin are essential (Unnersteid
al., 1996; Sauderst al., 2003). Genotypic methods are now widely used thede
include amplified fragment length polymorphism as&é (AFLP; Guerraet al.,
2002) and pulsed-field gel electrophoresis (PFGEy6s and Swaminathan, 2001).

A high incidence of..monocytogenes contamination of ewe’s milk cheese in
Portugalwas previously reporte(Pintadoet al., 2005; Chambett al., 2007). The
aims of this study were to: analyse the distributiof Listeria species and..
monocytogenes strains isolated from raw ewe’s milk, cheese arlkeese
manufacturing environments; examine the possibisigtence olL. monocytogenes
strains in these environments; trdckmonocytogenes through raw ewe’s milk cheese
processing plants to set control points; and couate with recommendations to the

improvement of procedures used in cheese manuéactur

2. Material and methods

2.1. Cheese manufacturers

Samples were collected between 1995 and 2004 frdk) omeese and the
cheese processing environment of a series of sefinclseese producers designated
A-N (Pintadoet al., 2005). Producers used manual or mechanical mgilkb obtain
ewe’s milk from flocks ranging from less than 80amund 400 sheep. The cheese
was either made twice daily or the evening and imgrmilking were mixed and kept
under cooling conditions until processed. CheeaatpA is a co-operative, in region
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A that receives milk from the herds of associatesinibers (P1, P2, P3, P4, P6, P7,
amongst others) and produces and sells maturedehie€heese plants B, C, D, E, F,
G, H, 1, J, L, M are small cheese-manufacturersatied in region B (30-40 Km away
from region A), and that sometimes used the refaigel room of the co-operative in
region B to mature their cheeses. Cheese plant &l ssall cheese-manufacturer
located in region C (80-90 Km from region A and@DKm from region B). Cheese
from regions A and B are of the Castelo Brancoetgrivhich is made from raw
ewe’s milk clotted by vegetable proteases prepérednacerating cardoon flowers
(Cynara cardunculus) in tap water. The curds are cut and pressedaim dine whey,
shaped into flat cylinders and either brined (plAhtor surface rubbed with coarse
salt (plants B, C, D, E, F, G, H, |, J, L, M) an@tored in cool rooms (Pintaabal.,
2005). During their 40 d minimum maturation peridde cheeses are washed at
regular intervals and a characteristic slimy sneggvears on their surface. Cheese
from region C (plant N) is of the Tolosa varietydas also produced in a traditional

manufacture way involving the use of a surfacettneat with coarse salt.

2. 2. Sampling procedures

Samples of raw ewe’s milk were collected from bthle producers’ and
manufacturers’ bulk tanks together with whole cleesBces, rind and core from
mature cheeses were analysed for the presentestefia as previously described
(Pintadoet al., 2005).

Direct swabbing using swabs bfsteria Isolation Transwab (LIT, Medical
Wire and Equipment, Corsham, England) was usedmwitod manufacturing areas
to analyse both surfaces in contact with curd ceesk (e.g. wire knives, vats,
moulds, hands, cheese washing devices, shelveglai®® of working surfaces,
towels and clothes) and non-food contact surfadesn(s, PVC ribbons and floors).
Samples of fungicide solutions, cardoon maceraeayell as brine solutions used in

this cheese production were also sampled for teepice oListeria.

2.3. Detection and subtyping oListeria isolates
Samples were tested for the presenckigieria using standard methods (IDF
143:1995 or ISO 11290-1) as previously describedtfBoet al., 2005; Leiteet al.,

2006) by selectively enriched culture, subculturotgo selective agars (Oxford or
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Palcam listeria selective agars, Merck, Darmst@dtmany) and by direct subculture
onto chromogenic selective agars (ALOA, AES Labarat Bruz, France). Isolated
colonies growing on selective agars that were dharigtic for Listeria spp. were
subcultured onto blood agar and identified using &Pl Listeria identification
system (BioMerieux, Marcy I'Etoile, France) as poasly described (Pintade al.,
2005; Leiteet al., 2006).

DNA for AFLP analysis and molecular serotypingswextracted using a
MagNA Pure Compact system (Roche Diagnostics, Geyhraa a MagNA Pure LC
system (Roche Diagnostics) usingulopful of pure bacterial growth on 5% (v:v)
horse blood agar in Columbia Blood Agar base (OxHigimpshire, UK). A negative
control of sterile distilled water was included asion-template control with each
batch of extractions and DNA samples were eithedusmmediately or stored at -
20°C until required.

Molecular serotyping and AFLP analysis wilBtoRIl were performed as
described previously (Doumitet al., 2004; Guerraet al., 2002) and ethidium
bromide stained electrophoresis gels were recouaty the Gel Doc 2000 image
capture system (BioRad Laboratories).

SelectedL. monocytogenes cultures were analysed by PFGE and included
isolates indistinguishable by serotyping and AFltRlgsis, with a common origin.
PFGE was performed as described previously (GramdsSwaminathan, 2001) with
minor modifications. For the PFGE analysis, fowmnsiard strains were included as
controls for each batch of PFGE gels: two wildetypmonocytogenes clinical
isolates from the UK (H5054616 and H5098575), onlel wype L.monocytogenes
from the Institut Pasteur (Paris, H2446, CLIP 7787&hd Salmonella enterica
serovar Braenderup (H9812).

AFLP band patterns were examined visually and amnmumerals were
assigned to individual patterns with more than thand differences. When an
individual pattern showed differences of one or tands, these were designated
with +1 or 2 /-1 or 2. PFGE patterns were compasgith one another by visual
analysis and designated by a number. Pattern amalas also performed using
BioNumerics software version 3 and 4 (Applied MatBslgium) using unweighted
pair group method with arithmetic means analysiP@WMA) with the Dice

coefficient.
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2. 4. Virulence evaluation ofListeria monocytogenes isolates

Seven representative isolates from cheese (n=1), malk (n=5), and
environment (n=1) were selected for characterimatigsing anin vitro virulence
assay. Virulent EGDe strain (serovar 1/2a) was usedeach experiment as a
reference strain. All strains were maintained &°E3in Tryptic Soy Broth (Biokar
Diagnostics) with 15% (v/v) of glycerol and subcuéid twice at 37°C along 18 to 24
hours before use onto TSYEA medium.

Virulence potential was studied using iarnvitro cell test based on a plaque-
forming assay (PFA) with human adenocarcinoma loedl (HT-29) monolayer, set
routinely in this laboratory as described by Nesteal. (2008) and based on virulence
assessment explained Bgche et al. (2001). The pathogenic potential of isolates was
expressed as the mean log of the number of pldqueed for 10 Listeria deposited
per well in 96 wells plates (Nunc, Roskilde, Denk)aMean values were calculated
from at least two independent experiments performetliplicate.

3. Results

3.1. Occurrence ofListeria spp. and subtyping ofListeria isolates

A total of 473 samples from sheep milk, cheese m@washufacturing plants
were tested for the presence logteria, from which 185 isolates were recovered
(Table 1): 123 weré. monocytogenes, 62 L. innocua and 2L. seeligeri. The average
rate of contamination bi,. monocytogenes was 28, 6% (36:126) for cheese (whole
slices), 6, 3% (11:176) for milk and 5, 8% (10:17dr) environment. Contamination
with severalListeria spp. was simultaneous in the same sample.

All isolates were tested by serotyping and AFLPIlysis. Following analysis
of serotyping and AFLP typing results, togetherrwgbnsiderations on their origins
of isolation, 31 isolates df. monocytogenes from raw milk and cheese, and 5 from
the environment were analysed by PFGE.
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Table 1.Distribution and origins ofisteria spp. associated with ewe’s milk cheese

in Portugal
Year of  Region Sample type Isolation site Isolates of
Isolation  (code) L.monocytogenes
(otherListeria species)
1995 A Castelo Branco Cheese Cheese pldht A 28 (0)
1995 B Castelo Branco Cheese Cheese plants C,®,IF, 20 (4)
J, L, M>¥
1998 C Tolosa Cheese Cheese pldfit N 3(6)
2000 A Castelo Branco Cheese Cheese plant A 10 @1
2000 A Raw ewe’s milk Milk producers (P1, P3, P4 18 (4)
P5, P6, P7) and bulk tank
milk in cheese plant A
2000 A Cheese brine Cheese plant A 1(9)
2000 A Environment Cheese plant A 2 (20)
2000 A Cardoon thistle extract Cheese plant A 1(3)
2000 A Fungicide solution Cheese plant A 2 (1)
2004 A Castelo Branco Cheese Cheese plant A 30 (0)
2004 A Raw milk from one ewe Milk producer P2 D) (
2004 A Environment Cheese plant A 4 (3)
2004 A Animal faeces Farm P2 0(1)

(1) Cheese plant A is a co-operative, in the red\onhat received milk from the herds of
associated members (P1, P2, P3, P4, P5, P6, PiAgatraihers) and made, matured and sold
the cheeses.

(2) Cheese plants C, D, F, G, |, J, L, M are sroh#iese-houses, located in region B (30-
40Km away from region A), and sometimes used tlfiggerated room of the co-operative,
located in B region to mature their cheeses.

(3) Cheese plant N is a small cheese-house, lotatedjion C (80-90Km away from region
A and 50-60Km away from region B).

(4) Cheese plants B, E, and H tedtéderia negative.
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Identical AFLP results were obtained using DNA asted from 28
L.monocytogenes and 10L. innocua isolates which were independently tested on
more than one occasion (Figure 1).

Of the 36 selectet. monocytogenes cultures which were all characterised by
serotyping, AFLP and PFGE (Table 2), some clusgewas recognised by all three
methods. For example, of the ten cultures whicheveerovar 4b and AFLP type IV-
1, eight of these were PFGE type 11 (Figure 2). &lew, L. monocytogenes cultures
of the same serovar and AFLP type did not alwayegde the same PFGE profiles.
For example, there were 6 distinct PFGE profilepgaised amongst the 9 cultures
which were serovar 4b, AFLP type V.

bp

1500

1000

600

M 1 2 3 4 5 6 7 8 9 M 10 11 12 13 14 15

Figurel. Representative band patterns of AFLP types.

L. monocytogenes (1,2,3,4,6,7,8,9,11,12,13,14,15,1B) innocua (5) andL. sedligeri
(10) . Lane M is the Marker. Lanes 1, 2, 3, 6 — RRlpe II; Lanes 4, 14, 16 - AFLP
type I; Lane 5 — AFLP type XX; Lanes 7, 8, 9, 1AFLP type V; Lane 10 — AFLP
type XXX-1; Lane 12 — AFLP type XV; Lane 13, 15 FI&P type IV-1; Lane 17 —
Negative control.
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Kbp

690.5

250.2

102.9

28.9

Figure2. PFGE separation ofAscl macrorestriction fragments oListeria
monocytogenes genomic DNA.

Lane 1 — PFGE type 8; Lane 2 — PFGE type 9; Lard’EGE type 10 ; Lanes 4, 5,
6, 7, 8,9, 10, 11, 12 — PFGE type 11; Lane 13 GIPEype 18. Lanes M contain
standard / reference CLIP 77873.

Amongst the 123L. monocytogenes isolates that were tested by both
serotyping and AFLP analysis, four of the six ARhftterns were serotype specific:
AFLP types I, V and XV for serovar 4b, and XIV fbf2a. AFLP pattern Il and IV-1
were common to strains of serovars 1/2b and 4b.FAptofiles XX, and XXII were
specific for thel.. innocua isolates. The two isolates bf sedligeri both generated the

same AFLP types and indistinguishable patterns.

3.2. Routes of transmission

The results shown in Table 2 demonstrate condatketeeterogeneity amongst
the isolates tested. For example, in 1995, 20002804, 8 distinct..monocytogenes
strains were recovered from cheese, factory sitdseguipment in plant A, together

with 5 distinct strains in 2000 recovered from rhulk milk, two of which were
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recovered from the plant, see further discussidovwneFurthermore, 13 of the 18
isolates from cheese made at plant A in 1995 smdefdr characterization by all
typing methods differed from isolates from milk aioied from those producer
members in the year of 2000 or with any other chessnples except those outlined
below. However, two of the isolates from cheesd 995 were the same serotype,
AFLP and PFGE types as an isolate from a towel usedean the cheese after the
washing step in 2000 (serovar 1/2b, AFLP XV and BR3 Table 2). The cardoon
extract used by plant A to curd the milk was foundbe contaminated with.
monocytogenes of the same type (serovar 4b, AFLP V and PFGETHb]je 2) as an
isolate from one of the suppliers of ewe’s milkoghucer P4) to this plant. The cheese
washing machine in plant A used to wash cheesengluhie maturation step of this
kind of cheese, was also contaminated by the sgpgedfL. monocytogenes as was
recovered from producers P6 and P7 (serovar 1/EbPAl and PFGE 17; Tabl 2).
Two isolates of.. monocytogenes collected a week apart from milk of producer P2 in
2004, were indistinguishable from isolates recodef®m cheese and a cheese
washing machine from producer A, as well as froreesle from a different producer
and region in 1995 (serovar 4b, AFLP IV-1 and PF3E Table 2). This similarity
was further confirmed by obtaining the same PFG#ilpr using a furtherApal
digestion amongst seven of the isolates (Tableris led to the investigations of
flocks from producers which supplied milk, to detére the origin of the
contamination of plant A. Investigation of the tlay practices showed that for
example, the cardoon extract contamination waghatéd to inefficient cleaning and
sanitation of a bucket that contained milk residuésllowing the results of these
investigations it was concluded that the likelygoral source of contamination was

from the milk of producer P2.
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Table 2.Characterization and origin of selectednonocytogenes isolates

Producer/  Serovaror AFLP PFGE type

Year Source Region serovar group type Ascl ( Apad)
1995 Castelo Branco Cheese AlA 1/2b XV 8
1995 Castelo Branco Cheese AlA 1/2b XV 6
1995 Castelo Branco Cheese AlA 1/2b XV 6
1995 Castelo Branco Cheese AlA 4b \Y, 2
1995 Castelo Branco Cheese AlA 4b \Y, 5
1995 Castelo Branco Cheese AlA 4b V 2
1995 Castelo Branco Cheese AlA 4b V 3
1995 Castelo Branco Cheese AlA 4b Y 3
1995 Castelo Branco Cheese C/B 4b I 1
1995 Castelo Branco Cheese Cc/B 4b V-1 11 (1)
1995 Castelo Branco Cheese C/B 4b V-1 11 (1)
1995 Castelo Branco Cheese D/B 1/2b XV

1995 Castelo Branco Cheese D/B 1/2a XV

1995 Castelo Branco Cheese F/B 4b Y

1995 Castelo Branco Cheese G/B 1/2b V-1 10
1995 Castelo Branco Cheese I/B 4b I 1
1995 Castelo Branco Cheese J/B 4b I 1
1995 Castelo Branco Cheese L/B 4b I 1
1998 Tolosa Cheese N/C 4b IV-1+1 12
1998 Tolosa Cheese N/C 4b -1+1 13
2000 Raw ewe’s milk from churns P1/A 4b I 14
2000 Raw ewe’s milk from churns P4 /A 4b I 14
2000 Raw ewe’s milk from churns P4 /A 4b Y 15
2000 Raw ewe’s milk from churns P5/A 4b \% 16
2000 Raw ewe’s milk from churns P6/A 1/2b Il 17
2000 Raw ewe’s milk from churns P7/1A 1/2b Il 17
2000 Cardoon extract Al A 4b Y, 15
2000 Towel AlA 1/2b XV 6
2000 Cheese washing machine AlA 1/2b Il 17
2000 Cheese brine AlA 4b I 14
2004 Castelo Branco Cheese, rind AlA 4b V-1 11
2004 Castelo Branco Cheese, inside AlA 4b V-1 (!
2004 Castelo Branco Cheese, inside AlA 4b V-1 (n1
2004 Cheese washing machine, zone 2 AlA 4b V-1 11
2004 Raw milk from an individual ewe P2/A 4b 1v- 11 (1)
2004 Raw milk from an individual ewe P2/A 4b V-1 11 (1)

NT — Not typeable; ND — Not determined.
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3.3. Evaluation of virulence

The mean log PFA virulence results obtained, rarpgdieen 5.340.19 and
6.62t0.06 (Table 3). Log 3.34 was the low virulence afitthreshold determined by
Rocheet al. (2001) and values above that should be considesaédsults of virulent
potential. Our results for EGDe virulent referersteain were similar to those
reported by Rochet al. (2001) and for this reason strains with valuehéighan
6.32t0.34 were considered as significantly high virul¢R0.05). AFLP type I
PFGE 17 strains obtained from milk of different ¢woers (P6, P7) were not
significantly different from each other. Three midlolates (P2, P6, and P7) presented
high values of PFA but the strain with the highedtie was AFLP type V, PFGE 16,
an isolate obtained at milk reception directly frohurns of producer P5. The cheese
isolate AFLP type V, PFGE 3 was significantly legsilent.

Table 3. Virulence potential of isolates df. monocytogenes evaluated on HT29

monolayer cells

Source Serotype AFLP PFGE Virulence
type type (meanx SD)*

EGDe, clinical 1/2a ND ND 6.32+ 0,34
Cheese, A 4b Y, 3 5,90+ 0.18
Milk, P4 4b I 14 5,52+ 0.16
Milk, P5 4b \Y 16 6,62+ 0.06
Milk, P6 1/2b I 17 6,08+ 0.18
Milk, P7 1/2b I 17 5,84+ 0.04
Towel, A 1/2b XV 6 5,31+ 0.19
Milk, P2 4b V-1 11 6,02+ 0.32

ND — Not determinated; PFA- plaque forming as$adyog numbers of plaques for 1CFU
deposited. Values of mean log PEAstandard deviation are from at least two independe

experiments performed in duplicate.
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4. Discussion

In this surveyL. monocytogenes was recovered from one of the two main
cheese production regions in the central part oftugal, and is consistent to
previously noted contamination in products from afidhese regions (Leitet al.,
2006). There was some evidence for the recurrehapexific strains within these
cheese manufacturing environments in Portugal agthanost isolates from the same
site differed. Recurrent isolation of individuatahs ofL. monocytogenes has been
reported in particular food production environmentsr example, in a dairy
(Unnerstadet al., 1996), as well as ice cream and smoked fish naatwing
environments (Miettineret al., 1999; Vogelet al., 2001). However, in this study
there was also a great diversity of strains withie food production areas as well as
in the final product.This suggests multiple and diverse routes of comation
including raw milk, as well as plant machinery ahd production environments. In
opposition to this, a great homology was reportdhigh prevalent 4b strains that
were isolated from cheese and processing environnmeismall-scale dairies in
Austria which source of contamination was relatethwow personnel hygienic
standards (Wagnet al., 2006). This also means that doubled hygienk botfarm
and dairies will need to be considered to contoolrees of contamination from sites
within the cheese factories as well as in raw netebrought into the factories.

Our previous studies showed that the cheese washaatines, together with
the brine solution are microbiological hazard peiimt the environment of this cheese
process (Pintadet al., 2005; Leiteet al., 2006) and special care should be given to
their control and sanitation. In addition, contaation of milk prior to receipt in the
cheese manufacturing plant is also a point to bare@wf and standards should be
established for flock control at the farms. Guishe$ must be given about quality and
safety control at raw milk reception from differeptoducers, on a legal national
basis, to prevent microbiological hazards entrargteains ofL. monocytogenes
isolated from the environment of plant A were likeb be introduced into the
premises by the contamination of the incoming ratllsource, what might explain the
elimination and recontamination cycles reported Glyambelet al., (2007). The
introduction ofL. monocytogenes through raw material is likely, especially sinte t
same strain off. monocytogenes with virulent potential, was detected in final guwt
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leaving the cheese factory A in 2004. These contated cheeses were not sent for
retail sale and were destroyed at the end of thdysThe study of plant A showed
sub-optimal cleaning and sanitation practices whigte improved and applied as
routine procedure ever since. These were targeteltl sites where the contamination
was detected and resulted in the eradicationLofmonocytogenes from the
environment in the milking season of 2005 despisenalar level of microbiological
surveillance.

Contamination of raw milk results fragither the plant, machinery or other
environmental sites in the dairy, from ovine fecahtamination during milking or
from organisms being secreted into the milk assalt@f mastitis. Ovine mastitis was
identified on milk suppliers referred in this stutyt the results of more detailed
observations and their relevance in the safethisfkind of cheese will be presented
in further detail elsewhere.

This study highlighted that the real problem is tingent need for preventive
actions on a legal national basis for flock conblthe farms. Preventive actions
must include the establishment of efficiehisteria monitoring that should be
mandatory for all cheese producers to capture oantdion on a very early stage.
Co-operative A decided for risk awareness of tls@eaated members and established
staff and farmer’s educational programs.
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Running title: Nisin susceptibility oL isteriastrains

Abstract

Aims: Nisin susceptibility of 21%.isteria spp. wild-type strains isolated from milk,
cheese and cheese processing environment was @dhmMETHODS AND
Methods and Results Minimum inhibitory concentrations (MIC) were dwated
by the agar incorporation method, on TSYEGA medidine variability of nisin
susceptibility was very low especially at pH 5.5thw88% of isolates showing MIC
values between 10 and 50 IU h#t 37°C. The increase of pH from 5.5 to 6.8 at
37°C resulted in an increase in the MIC valuesnfi® — 50 to 50 — 100 IU or higher
than 100 IU mil in 68% of isolates. An increase in temperaturenf@0°C to 37°C at
pH 5.5 resulted in an increase on MIC values jus8% of all isolates tested. Nisin
spontaneous resistance was observed more frequaniyd 6.8 and 37°C, at a
frequency of 18 to 10,

Conclusions The majority of tested strains were able to geaviO0 IU nisin mf but
not at 50 IU mif" at pH 5.5, showing a very susceptible profile.

Significance and Impact of Study The low pH (5.5) and low temperature (20°C)
offer better conditions to the inhibitory action ofsin when applied as hurdle

method to the control df. monocytogenestrains from dairies sources.

-85 -



Capitulo IV — Nisin susceptibility dfisteria strains

Key words: Nisin; MIC; Listeria monocytogenesusceptibility

1. Introduction

In the last decade the possibility of using biegervation by addition of
bacteriocins or bacteriocin-producing starter ael$uhas received increased interest
in the food industry, driven by consumer choice riatural foods (Loessnet al
2003, Devliegherest al 2004). Particular attention has been given tolagscl
bacteriocin named nisin that is a small peptidembrane-active, heat-stable with
increased stability at low pH (McAuliffet al 2001), with general regarded as safe
status (GRAS) by the Food and Drug AdministratiDelyes-Broughton 2005) and
regulated for use in the EU (Anon. 1995).

Several workers have investigated the inhibitdifgad of nisin onListeria
spp. but the minimum inhibitory concentrations (Nll@&ported are difficult to
compare because they use different assay conditisassingle or few strains in their
research and all in all generated confusing redikltly to be due to strain or isolate-
specific variation and for this reason are of leditvalue (Benkerroum and Sandine
1988, Mazzotta and Montville 1997, Ukuku and Sché&l@97). There is just one
study that attempted to compare larger numberraingt in the same study, reported
in the literature, as far as we known. They evaddahe sensitivity to nisin of a
collection of 339 wild-type strains df. monocytogenessolated from meat and
found that they are quite more sensitive than t#ference strains studied and
reported in the literature (Rasch and kngchel 1998)ey emphasise the need for
multiple strain test to understand differences ems#tivity and to determine the
likelihood occurrence of naturally-tolerant or sgant strains. To understand the
variations observed on the effect of different @nrtcations of nisin at different pH
and temperatures, again Ukuku and Schelef (1997htgub in their studies,
conducted with six strains &f. monocytogeneshe importance to examine a wide
variety of strains to draw conclusions.

Concern regarding the use of bacteriocins hasn bagked with the
development of resistant or highly tolerant strashs.isteria but studies have been
conducted with a reduced number or culture cobbestireference strains (Ming and
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Daeschel 1993, Davies and Adams 1994, Jydegstaatl 2000). The occurrence of
naturally-resistant food isolated stains is relévlerom the preservation point of
view.

The aims of this study were to examine (i) thaatam in nisin susceptibility
amongst a large number bisteria spp. strains, at three different conditions (pH 5.5
and 20°C; pH 5.5 and 37°C; pH 6.8 and 37°C), dhih(a comprehensive way the
likely occurrence of natural resistance to nisinwitd-type strains isolated from

milk, cheese and cheese processing environment.

2. Material and methods

2.1. Nisin and culture media

Nisin NP (5 x 181U g* potency) was a gift by Danisco Beaminster Ltd.,
U.K.. Stock solutions of nisin were prepared asgfif in HCI, 0.02 molt, divided
into aliquots and stored at — 20°C.

Tryptone Soy Yeast Extract Glucose Broth (TSYE@MBich contained: 30 g
I* Tryptone Soya Broth; 3 g'lYeast Extract; 10 g'l Dextrose, all OXOID, U.K.)
and Bacto Tryptose Phosphate Broth (TPB, Difco)ewmesed to prepare inocula of
Listeria spp. cultures. Tryptone Soy Yeast Extract Gluodgar (TSYEGA), which
contained 15 g Agar (OXOID, U.K.) more than TSYEGB, was used fbe
determination of MIC of nisin. The pH was adjustedh HCI, so that after the
addition of a solution of nisin, the final pH wa$%and 6.8. Culture dilutions used to
prepare inocula were made in Peptone Salt Diluknd (PSDF), according to
ICMSF (1978). Tryptone Soya Agar (TSA, OXOID, U.Kagas used to determine
bacteria counts. Trypticase Soy Broth (TSB) fromLBBecton Dickinson and
Company (NJ, USA), containing 10% (v/v) of glycef@igma Chemical Co., St.
Louis, MO) was used to maintain the bacterial celu at — 80°C by

cryopreservation.
2.2.Listeria spp. strains
Evaluation of the susceptibility to nisin was daotosvards a total of 219

Listeria spp. strains, isolated over a period of 10 yesnd, previously described and
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characterized (Pintadet al 2005, Pintad@t al. 2007). The strains comprise 141
monocytogeneand 78L. innocua which were isolated from Portuguese ripened
cheeses (n = 110 isolates), raw ewes milk usedalceroheese (n = 46 isolates) and
cheese processing environment (n = 63 isolates)yding cheese brine and cheese
working surface samplet. monocytogeneSICTC 11994 (serotype 4b, soft cheese
isolate), was used as reference strain and. timonocytogene€P6 strain was used
in the evaluation of nisin effect in a broth mediwwmiture. This one is a cheese
isolate, serogroup 4, associated with an ovine Isub&l mastitis and cheese

contamination (Pintadet al. 2009).

2.3. Minimum inhibitory concentration

The MIC evaluations againstisteria spp. were done by the agar
incorporation method, as described by Ferreira lamad (1996). Before use, two
successive cultures bfsteria spp. were grown in TPB at 30°C, for 24 h and f®r 1
18 h. The second culture was diluted in PSDF tee givsuspension containing
approximately 10 cfu mr’. Plates of TSYEGA, adjusted at pH 5.5 and 6.8,ewer
prepared containing a given concentration of n{5in10, 50, 100 and 200 U M
and 10ul of the inoculum (1b cells per drop) were inoculated on the nisin-
containing agar plates by using the spot methodculated nisin-free plates and
plates with nisin but not inoculated were also beted and used as control. After
incubation at 37°C for 24 h or 20°C for 48 h, gtowtas evaluated visually and
recorded as normal (confluent growth, similar tontool without nisin), with
spontaneous resistant (development of a few cdprbetween 1 and 20) or no
growth (total absence of the growth). MIC valuesraveecorded as between the
lowest concentration that gave complete absencegrofwth and the highest
concentration that allowed growth. Frequency ofmnigpontaneous resistance was
also evaluated. Each assay was done in triplicategparate plates.

2.4. Effect of nisin onL. monocytogenes CP6 in broth medium

The TSYEGB medium (10 ml), adjusted to pH 5.5 & with HCI, was
used with final concentration of 50 U thisin and without nisin. Two successive
cultures ofL. monocytogeneSP6 were grown in TPB at 30°C for 24 h and 18He T

second culture was prepared to give a suspensiapprbximately 19cfu mI* after
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the inoculation of the TSYEGB media, and incubasé¢d?0°C and 37°C. Viable
bacteria were determined by plate count on TSA ,a4 72 and 144 h, after
incubation at 37°C for 24 h. A negative control vdase to test the sterility of the

medium.

3. Results

The majority of tested strains, including the NCTIC994 reference strain,
were able to grow at 10 IU nisin thbut not at 50 IU mt, at pH 5.5, showing a very
susceptible profile. The variability dfisteria spp. susceptibility to nisin was very
low especially at pH 5.5, with 98% (214 / 219) dfisolates studied showing MIC
values between 10 and 50 |Uhdt 37°C and 92% (202 / 219) at 20°C (Fig. 1).

Listeria monocytogenes Listeria innocua

100% .

s [ [H I---14 H H |---

60% 7327107777 A
83 33 40 11 )

aw0%H H H -1 H H F---

0% - va | 1

@ (b) (o) @ (b) (¢ @ (b (© @ () (¢ @ () (© (@) (b)
PH55,20°C  pH5537°C  pH6.8,37°C  pH5520C  5B37°C  pH 6.8, 37°C

21 14| B2 o 52

E MIC 5-10 lU/ml @ MIC 10-50 IU/ml MIC 50-100 IU/ml @ MIC >100 IU/ml

Figure 1. Susceptibility ofL. monocytogenes(n = 141) and.. innocua(n = 78)
strains to nisin (at 5, 10, 50, 100 IUHibn TSYEGA medium set at pH 5.5 and 6.8,
and incubated at 20°C and 37%Gsteria spp. strains were isolated from cheésg

milk (b) and environmen(c) samples.
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When the assay was done on agar adjusted at pHar&d837°C, the
susceptibility to nisin decrease and only 32% (219) of all isolates tested gave a
MIC of 10 - 50 IU mI*, with the remaining 68% of isolates showing MIQues of
50 - 100 IU mt or higher than 100 IU rifl At pH 5.5 and 20°C, about 8% of
Listeria strains showed a more susceptible profile, wikhi@ value of 5 - 10 1Unif.
The reduction of temperature of incubation fromG78 20°C at pH 5.5 resulted in
some reduction in the MICs.

No difference in susceptibility to nisin was found respect tolL.
monocytogeneandL. innocuastrains tested at pH 5.5. Nevertheless, when lthe p
was 6.8L. monocytogenestrains showed a more susceptible profile thannocua
strains. A higher percentage of isolates with thkCM - 10 IU ml* of nisin was
found within milk isolates in comparison with chedsolates tested at pH 5.5 and
20°C.

Nisin spontaneous resistance was observed mogeendly at pH 6.8 and
37°C than at other conditions tested (Tab. 1), arftequency of 16 to 10* was
calculated under these conditions of test.

The presence of 50 IU thiof nisin in TSYGB medium resulted in death of
the L. monocytogene€P6 more quickly at 37°C than at 20°C. No re-ghowas
observed throughout the 144 hours essayed (FigTt®).L. monocytogene€P6
grew well without nisin at all assay conditions;reasing the population of about 2 -
3 log within the first 24 h, but after that the te&tum growth decrease with a
reduction rate more pronounced in case of 37°CerAfd4 h, a higher number of
survivors was achieved at 20°C and pH 5.5. In bnoglium, this bacterium is more
susceptible at 37°C than at 20°C. No survivors i@ued after 6 h at 37°C and pH
6.8. At 20°C the reduction of growth rate was rofpsonounced as at 37°C and it
took longer to reach zero survivors at 20°C thaBv&C. Bouttefroyet al. (2000) also
found a maximum inhibitory effect of nisin (50 IUIM), in a modified TSYEB, at
pH 6.6, when pH was tested from 5.0 to 8.2.
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Table 1.Number ofListeria spp. strains that show nisin spontaneous resjststed
at 0, 5, 10, 50, 100 and 200 U lon TSYEGA medium at different temperature

and pH conditions.

Spontaneous resistant
Isolates Nisin pHS5.5 pH6.8
U ml™ 20°C 37°C 37°C

0 - - R
Cheese isolates 5 - - R
(n=110) 10 1 2 )
S0 - - 44
100 - - 10
200 - - -

0 - - R

Milk isolates 5 - - R
(n = 46) 10 - - -
50 - - 9

100 - - 2

0 - - R
Environmental 5 - - R
isolates 10 5 - -
(n =53) 50 - - 11
100 - - 9

0 - - -
Total isolates 5 - - -
(n=219) 10 11 2 -
50 - - 67
100 - - 21
(-) No nisin spontaneous resistants were found.
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—— (@ —=—(b)

Log cfu ml?

Time (h)

Figure 2. Growth ofL. monocytogeneSP6 in TSYGB medium without nisin (black
lines) and with 50 1U mt of nisin (grey lines) at 20°C and pH %&, 20°C and pH
6.8(b), 37°C and pH 5.&c), and 37°C and pH 6(@8). Viable counts were
determined from the means of experiments perforimédplicate.

4. Discussion

Several workers have investigated the inhibitdifgad of nisin onListeria
spp. but the minimum inhibitory concentrations (MICeported have great
variations. In this study, the strains tested shlibaehigh susceptible profile (MIC
range of 10 - 50 IU ) (Fig. 1), when compared with previous reportsthie
literature. Ferreira and Lund (1996) reported Mi&ues 10 to 20 fold higher. As
their assay conditions were similar to ours regagydnedia and culture conditions,
we concluded that the higher susceptibility fourithin these isolates of dairy origin
evaluated in this study was isolate or strain $weand probably may be related
with its origin. Furthermore, we found a very lovariability in susceptibility to
nisin, despite the differences on provenance aolkhtisn date of strains, with the
most sensitive strains showing MIC values rangé of 10 IU mi* and the less
sensitivity strains a MIC range of 10 — 50 U mht pH 5.5 and 20°C. Isolates
predominantly ofL. innocua specie with environment origin showed similar

susceptibility profile (10 — 50 IU i) at the three conditions assayed. Ferreira and
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Lund (1996), evaluating 31 Listeria spp. strains from different provenances
(associated with listeriosis outbreaks, refererstesins, and isolated from cheese,
raw milk and salad vegetables), that were obtaifredh several laboratories culture
collections, observed a greater variability thaiged from below 5 to 400 — 600 1U
ml™?, at pH 5.5 and 20°C. Lower differences in MIC mgvery similar to our
values, were found by Rasch and Kngchel (1998)gusincollection of 381L.
monocytogenesthat included 340 wild-type strains isolated froneat products.
They inoculated the cultures by the spot method amisin - tryptic soya agar (pH
6.6) supplemented with 0.2% Tween-80 and the plage incubated at 30°C during
16 h.

An increase in temperature of 17°C (from 20°C7#C3 at pH 5.5 resulted in
an increase on MIC values just in 8% of all isdatested: from 5 — 10 IU to 10 — 50
IU mlI™ for milk (n = 8), cheese (n = 6) and cheese bsiviation (n = 1) strains df.
monocytogerse and from 10 — 50 to 50 — 100 IUhfbr cheese isolates (n = 2) of
L. innocuastrains. The remaining 92% of isolates tested tagead the same nisin
susceptibility profile at 20°C and at 37°C. Sertigybio nisin is generally reported to
decrease with the increase of temperature (Thom&$\ampenny 1996), despite the
fact that nisin polypeptide was reported for havamgoptimum molecular stability at
37°C (Rollemaet al. 1995). Nevertheless, in this study a no negligidfiect of
temperature was only observed within 7 out of 4 nisblates, 6 out of 110 cheese
isolates and 1 out 10 cheese brine isolate.

We were expecting a lower inhibitory effect ofinigt pH 6.8 than at 5.5
with 37°C as was reported before (Ferreira and L19%6), because the solubility of
nisin is strongly dependent on pH, with highestubtity and inhibitory effect
observed at acidic pH (Rollen& al. 1995). In this study, the increase of pH from
5.5 to 6.8 at 37°C resulted in an increase in th@ Whlues, from 10 — 50 IU rilto
50 — 100 or higher than 100 IU Miwhich means a decrease in inhibitory capacity
of nisin, but that happened just in 68% (149 / 23Rl isolates under study, and the
remaining 32% of the isolates maintained the samseeptibility profile at both pH
values.

There was only two isolates with a MIC range of-5a00 IU mf', when
incubated at pH 5.5 and 37°C, being all the otBéisisolates a MIC range of 10 —

50 IU mI*. These two isolates belong ko innocuaspecie, were isolated from 2
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different cheese samples from the same producerdemidonstrated a negative
catalase test. At pH 6.8 and 37°C had MIC valué@drighan 100 IU i and at pH
5.5 and 37°C they were the most tolerant straundiest.

No difference in susceptibility to nisin was foumdth respect to species
tested at pH 5.5 and 37°C, but at pH 5.5 and 20%¢€ & pH 6.8 somd..
monocytogenesolates were more susceptible thannnocuastrains. Ferreira and
Lund (1996) observed that differences in suscdjtilio nisin were not correlated
with difference in serotype and that strainsLofinnocuawere as resistant as the
most resistant. monocytogenes

We were expecting lower nisin susceptibility piedifor cheese isolates than
for isolates from milk and environment, as the lesfithe selection done by the
growth of nisin-producing lactic acid bacteria cudts, naturally present in this kind
of cheeses. However, in general nisin susceptibiit cheese isolates was not
different from nisin susceptibility of milk isolate unless a higher percentage of
isolates with the MIC 5 - 10 IU nilof nisin found within milk isolates (22%, 10 /
46) in comparison with 5% (6 / 110) within cheesalates tested at pH 5.5 and 20°C.
The most frequent MIC value found for environmesaiates at 37°C and pH 6.8 was
10 — 50 IU mt', lower than for milk and cheese isolates (50 — LOfI™).

The results obtained with growth in broth mediura @ contrast with MIC
results, since the. monocytogene€P6 was inhibited at pH 6.8 and 37°C after 6 h
and were need 72 h to reach complete inhibitiopHa6.5 and 20°C. These results
are likely related with the common phenomenon dblgais whenListeria strains,
growing in broth medium, enter in the stationaryagd of growth (Jonest al,
1995), than are linked with the nisin activity. Vheported that this phenomenon is
enhanced under anaerobic growth conditions at 3rfCwhen glucose is the sole
carbon source. At 20°C, the reduction of growtle nabs not so pronounced as at
37°C and it took longer to reach zero survivor3QC than at 37°C. Bouttefrey al.
(2000) also found a maximum inhibitory effect o$ini (50 IU mi%), in a modified
TSYEB, at pH 6.6, when pH was tested from 5.0 fo 8.

In the present study, nisin spontaneous tolerawes observed more
frequently at pH 6.8 and 37°C than at other coowl#itested (Tab. 1) and a
frequency of 18 to 10* was calculated. These data are in agreement Withet

reported by Gravesegt al. (2002), since they found that nisin resistancgueacy
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was considerably reduced at environmental stredhanform of low temperature
(10°C), reduced pH (5.5), or presence of NaCl (§.3%areover, no clear correlation
could be established for differences observed awir at low pH and two salt
concentrations tested, when two wild-type strasmdated from soft cheese and their
derivate nisin-resistant phenotype were companedonie study (Martinezt al.
2005). Graveseret al. (2002) found that stability of nisin resistancevariable.
Although the spontaneous resistant were not stéiedg,are of great concern as they
could grow in the food. The problem of high toleraimay be minimized by the use
of nisin in association with other preservation moels or with other food

preservatives, as low pH.
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Abstract

Whey protein isolate and glycerol were mixed torfa matrix to incorporate
antimicrobial agents and produce edible films wathtimicrobial activity against
Listeria monocytogenes strains isolated from cheeses. Various organidsawere
used to decrease pH down to approximately 3. Inelinpinary assay without nisin,
the effect of each organic acid was evaluated wébpect to the rheological
properties of the film solutions and the inhibitaagd mechanical properties of the
films. Lactic, malic, and citric acids (3%, wt/vplwhich were used in a subsequent
study of their combined inhibitory effect with msi{50 IU/ml), had significantly
higher antilisterial activity®<0.05) compared with the control (2 N HCI, 3% [wijvo
with nisin). The largest mean zone of inhibitionswh00+ 0.92 mm, for malic acid
with nisin. Under small-amplitude oscillatory ssgshe protein-glycerol-acid film
solutions exhibited a predominantly viscous behaora weak gel behavior, with the
storage modulus (G") slightly higher than the lossdulus (G™"). The malic acid—
based solution was the only one whose viscosity medsnfluenced by the addition
of nisin. The addition of nisin resulted in a ngmficant (P>0.05) increase in the
percentage elongation at break. Results from tnaild puncture stress were

variable, but in general not significant differeaaeere found after the incorporation
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of nisin. The overall results support the use ofienacid with nisin to produce
effective antimicrobial films to contrdl. monocytogenes growth.

Key words: Whey protein antimicrobial filmsListeria monocytogenes, nisin,

organic acids

1. Introduction

The use of bioactive films to wrap and protected®is common in the
industry. The most frequently used coatings propalé those based on polyvinyl
acetate and polyvinyl alcohol, but the safety @fsthproducts has been discus€d (
Films based on whey protein isolate (WPI) are ansng alternative because this
material is edible, has high chemical affinity filve cheese surface, and is a by-
product of the cheese industry with a high impaca @ollutant waste. Approximately
1% kglyear of liquid whey is produced in Portugaleréfore its use needs to be
promoted for environmental reasons.

The best protocol for making whey protein films,sdudied by McHugh et al.
(11), is 10% (wt/wt) aqueous protein solution at nalupH heated for 30 min at 90°C.
The heat denaturation is required to open the dgotatructure of the whey proteins,
break the disulfide bonds, and form new intermdkcdisulfide and hydrophobic
bonds, resulting in a water-insoluble whey protbased film {1). Because the
combination of resulting intermolecular disulfideoridls and intermolecular
interactions between protein chains based on hydrogonding, hydrophobic
interactions, and electrostatic forces produceitldfilms (17), plasticizers must be
added. These additives overcome brittleness bycteuof protein chain-to-chain
interaction and an increase of polymer-plasticiggirogen bonds.

Nisin is an amphiphilic polypeptide produced byrtam strains of
Lactococcus lactis subsp.lactis. The antimicrobial activity of nisin inhibits a oe
range of gram-positive bacteri@) (A double mode of action of nisin was reported by
Ryan et al. 16). Nisin binds to lipid Il, inhibiting cell wall sythesis and forming
pores in the cytoplasmic membrane. As a natural fmeservative, nisin is currently

permitted in the European Union according to DixecB5/2/EC ) at the levels of
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12.5 mg/kg in ripened cheese and processed cha#dkeugh formation of WPI
films is favored in more alkaline filmogenic solutis @), most antimicrobial agents,
such as nisin, are more effective under acidic itmms. The stability, solubility, and
activity of nisin are greatest at low pHJ5j. Like nisin, organic acids have
antimicrobial activity and are classified as geligreecognized as safe, compatible
with their use in the development of an ediblerardgrobial coating.

The purpose of the work reported here was to sty characterize the
solutions and the films made with WPI as a biopaynglycerol as plasticizer, and
various organic acids with and without nisin asirairobial agents to control
Listeria monocytogenes. An understanding of the relative influence of ivas
acidulants and nisin on whey protein—based filmpproes will allow researchers to
select a formulation that provides the most effectiim for wrapping and protecting

cheeses.

2. Materials and methods

2.1. Preparation of film solutions and films

Seven grams of WPI (92% minimum protein contemy, kasis; Carbery
Group, Ballineen, Ireland) was dissolved and homage in 100 ml of distilled
water and stirred with a magnetic bar for 15 mind 8.0 g of glycerol (Sigma-
Aldrich Chemical Co., St. Louis, MO) was introductal the solution and stirred
again for 15 min. Each organic acid (acetic acieérd®, Darmstadt, Germany; malic
acid, BDH Chemicals Ltd., Poole, UK; citric, asaerband formic acids, Panreac,
Barcelona, Spain; lactic acid, Riedel-de-Haén, &xelGermany; fumaric acid,
Sigma-Aldrich), at 1.5 and 3.0% (wt/vol), was addedd the final solution was
stirred for 15 min until uniform solutions were abted. As a pH control, 3.0%
(wt/vol) 2 N HCI (Riedel-de-Haén) was used. Afteeasuring the pH, the solutions
were heated at 90°C for 30 min in a shaking watdh.bOnce cooled at room
temperature, an adequate volume of nisin soluttob0alU/ml (nisin NP, Danisco,
Beaminster, UK) previously made with 20 mM HCI wasorporated to produce a
final concentration of 50 IU/ml. This concentratias previously determined as the
lowest concentration tested that gave complete yravibition ofL. monocytogenes
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strains used in this assay (data not shown). Rier® cast by aseptically pipetting 9
ml of solution into 90 mm polystyrene disposablat@s. After drying for 24 to 48 h
at 23z 2°C and 5@ 5% relative humidity, the films were peeled frame fplates and

stored under the same controlled conditions usghlu

2.2. Rheological measurements
The rheological measurements were performed in oatralled-stress

rheometer (RS75, Haake, Karlsruhe, Germany) at Q0L°C, using serrated parallel
plate geometry (PP35 or PP60) to overcome thee$lgrt and a gap of 1.000 mm.
Oscillatory tests (mechanical spectra) were caragetlusing a frequency range of
0.01 to 100 Hz and a stress value in the linearoekastic region for each solution (1
to 20 Pa). Steady-state flow measurements weravasie, and viscosity versus shear
stress curves were constructed using a logaritmamp of stresses increasing from

0.001 Pa to 2,300 Pa. In all cases, at least twasurements were made.

2.3. Mechanical properties of films

Tensile strength was measured with a TA-XTplustliex Analyser (Stable
Micro Systems, Godalming, UK). The films were aufioi strips 70 mm long and 20
mm wide and selected for lack of defects, and ithethickness was measured with a
micrometer with a sensitivity of 0.01 mm (Absolubggimatic Calliper, Mitutoyo
Ltd, Andover, UK) at six or more random locatiomsdbtain the mean thickness.
These film strips were mounted in the film-extensipips, tensile grips A/TG, of the
texture analyzer and stretched at a speed of 0.8 nmtension mode. Tensile stress
(in MPa) was calculated as the ratio of the peak ldeveloped during the test by the
film cross-sectional area (sample width times santpickness). The percentage of
elongation at break was calculated as the rattbeextension of the specimen at the
moment of rupture to the initial gage length, nplied by 100. At least 15
measurements were taken. The puncture strengtheofilms was measured on a
texturometer TA-XT2 (Stable Micro Systems) by maogtsquare film strips (30 by
30 mm) on a specially designed base with a hol® %fn diameter. With a
cylindrical 2-mm probe and a test speed of 2.0 mmimpression mode, the films
were punctured through the hole and the force @wtdns) at the point of rupture

was recorded; this value divided by the probe aint@ea was expressed as the
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puncture stress. The percentage of elongation attpre also was calculated. All
mechanical tests were performed at least 15 timé&¢® & 5% relative humidity and

23+ 2°C.

2.4. Culture media and bacterial strains

Nine strains ol.. monocytogenes previously described as isolated from raw
ewe’s milk cheesesl?, 13) and two reference straink, monocytogenes NCTC
11994 (serotype 4b, soft cheese isolate) las@ria innocua NCTC 11288 (serotype
6a), were used. For all these strains, the MICaglor nisin were 10 to 50 1U/ml at
pH 5.5 and 50 to 100 IU/ml at pH 6.8. The culturese maintained at -80°C in BBL
Trypticase soy broth (Becton Dickinson, Sparks, Mdntaining 10% (vol/vol)
glycerol and subcultured twice at 37°C 18 to 24efofe use in tryptone soy broth
with yeast extract and glucose (TSBYEG), which aorgd 30 g/liter tryptone soya
broth, 3 g/liter yeast extract, and 10 g/liter desé (Oxoid, Basingstoke, UK).

2.5. Antimicrobial agar diffusion assay

Films were aseptically cut into discs (6 mm diagnetand placed on the
surface of plates of Trypticase soy agar containyegst extract and glucose
(TSAYEG), which contained 15 g/liter agar (Oxoidpra than TSBYEG, adjusted to
pH 6.2 with HCI. The plates were previously ino¢eth with a swab of an 18-h
culture of each test strain. After 24 h of incubatat 37°C, the zones of the inhibition
formed around the film discs were measured with ghene micrometer used to

measure film thickness. The assay was done indaie!.

2.6. Statistical analysis
Data were analyzed with version 14.0 of the SP&®rpm (SPSS Inc.,
Chicago, IL). The Scheffe” multiple range te$<Q.05) was used to detect

differences between mean values of film properties.
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3. Results and discussion

3.1. Selection of type and concentration of organ@cids

WPI-glycerol (Gly) solutions and films made withS5land 3.0% (wt/vol)
concentrations of several organic acids were te$téth citric, acetic, malic, formic,
ascorbic, fumaric, and lactic acids at 1.5 and 3.6 mean {SD) pH of the

resulting solutions was 3.230.43 (Table 1).

Table 1. Effect of various organic acids on pH, first Newi;m limiting viscosity,
storage modulus, loss modulus and loss tangenheofwthey protein isolate film

solutions plasticized with glycerol.

Acid pH Visual Viscosity (o) G'(Pa) G” (Pa) Tan @)
(%, wt/vol) analysis (Pa.s} Storage modulus Loss modulus (G /G")
(f=0.01Hz) (f=0.01Hz)

Acetic (1.5%)

+Lactic (1.5%) 3.27 Viscous 73.09+ 19.43 6.4x10" 5.4 x10* 8.5 x10*
Lactic, 1.5%  3.34 Fluid 16.41+ 23.04 1.9 x10° 3.4 x10° 1.8 x1G
Lactic, 3.0%  2.92 Viscous 650.00+ 43.13 1.2 x10 9.4 x10* 7.8 x10"
Malic, 1.5%  3.18 Fluid 23.65+ 17.18 6.3 x10° 1.4 x10* 2.2 x10
Malic, 3.0%  2.76 Fluid 0.20+ 0.01 3.0 x10° 5.1 x10° 1.7 x16
Citric, 1.5%  3.37 Viscous ~ 5622.29+ 378.25 1.8 x16 7.8 x10 4.4 x10"
Citric, 3.0%  2.90 Viscous 42.16+ 2.88 3.0 x10* 2.6 x10" 8.7 x10"
Formic, 1.5% 2.78 Viscous 0.99+0.15 2.5x10° 8.3 x10° 3.3x16
Formic, 3.0%  2.48 Viscous 8.07+0.86 5.9 x10° 1.2 x10* 2.0 x10
Acetic, 1.5% 3.88 Viscous ND” ND ND ND
Acetic, 3.0% 3.58 Viscous ND ND ND ND
Fumaric, 1.5% 3.21 Viscous ND ND ND ND
Fumaric, 3.0% 3.11 Viscous ND ND ND ND
Ascorbic, 1.5% 4.01 Viscous ND ND ND ND
Ascorbic, 3.0% 3.66 Fluid ND ND ND ND

aValues are means + SD #2);® ND, not determined.
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Because acids become very weak when the targes pélver than the pKa value,
citric and malic acids (with pKa values of 3.13 ahd0, respectively) were most
effective at lower pH values (around 3) than wecetia acid (pKa of 4.76) and
ascorbic acid (pKa of 4.17).

Despite the incorporation of 3% glycerol as aota=er, films made with 1.5
and 3.0% formic acid, 1.5 and 3.0% acetic acid, an8 3.0% fumaric acid, 1.5%
ascorbic acid, and 1.5% citric acid were not vidbézause of extreme brittleness
(Table 2), so these types of films were elimindtedh the study. The WPI-Gly films
with 3.0% ascorbic acid had a brown color and alsce eliminated.

Some influence of the nature of the acid molecote the mechanical
properties of the films was expected. Cagri e(®lreported that organic acids might
have a plasticizing effect because they are smalkcnles with hydroxyl groups.
Among the acids studied, citric, malic, and lacwds have four, three, and two
hydroxyl groups, respectively, and acetic and feriacids have only one hydroxyl
group each. Hydroxyl groups of the plasticizer aepl polymer-polymer interactions
by developing polymer plasticizer hydrogen bond$jctv probably explains the
higher elongation values for the films producechvaitric and malic acids (Table 2).

Table 2. Effect of various organic acids on mechanical props, visual aspects, and

thickness of low-pH whey protein isolate films gieized with glycerof:

Acid (%, wt/vol)  Aspect Tensile stress Elongation at Puncture stressElongation at  Thickness

(MPa) break (%) (MPa) puncture (%) (um)

Acetic (1.5%)

+ Lactic (1.5%) Extensible 0.51+0.23* 2.22+1.05"® 0.59+0.20"® 1.97+0.28° 96+ 9"
Lactic, 1.5% Extensible 1.85+0.87°°® 1.21+0.45" 0.75+0.18°¢ 2.07+0.36°  130#27°
Lactic, 3.0% Extensible 1.32+0.22°¢ 3.10+0.74® 0.83+0.17° 1.05+0.27* 127+ 18
Malic, 1.5%  Extensible 1.89+0.85°° 2.08+0.65"°® 0.64+0.14"°¢ 2.10+0.46° 109+ 14”8
Malic, 3.0%  Extensible 1.19+0.18° 9.03+2.86° 0.50+0.20" 5.52+0.74° 125+ 11°°°
Citric, 1.5% Brittle NDP ND ND ND ND

Citric, 3.0%  Extensible 1.96+0.21° 8.3+1.09° 0.76+0.14%¢ 3.72+0.31° 106+ 9”8

% Values are means * SD £n15); Within a column, means with different lettenre significantly

different @ < 0.05, Scheffé testyND, not determined (brittle films).
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With 1.5% acetic acid and 1.5% ascorbic acid, wiey proteins started to
precipitate, and the solutions became white and@paforming thick gels that could
not be spread to form films. All the other films n@dransparent. The pH values of
the WPI-Gly film solutions of those two acids we3e88 and 4.01, respectively
(Table 1), close to the isoelectric point (pl) wfot major constituents of the whey
protein @-lactoglobulin anda-lactalbumin; isoelectric points of 5.2 and 4.54t8,
respectively). The resulting gel was more rigid,contrast to the more spreadable
solution obtained when the pH of the solutions w@agrom the pl, corresponding to
the pH of minimum water-holding capacity and lowlukdlity (1). Electrostatic
interactions around the pl are responsible forgnoaggregation, and consequently
the proteins are less flexible and therefore lessgto form a cohesive filn¥). As
reported by De Wit7), we found that WPI-Gly film solutions with pH wads lower
than 3.5 were completely transparent.

Under small-amplitude oscillatory stress, the V@Rf-acid film solutions
exhibited a predominantly viscous behavior or akwgal behavior with G” slightly
higher than G (Table 1). When the concentratiborganic acids increased from
1.5 to 3.0%, an increase of apparent viscosity Wtiic and formic acids and a
decrease with malic and citric acids were obserUdmse results are in agreement
with the changes seen in the storage modulus (@&)l@ss modulus (G™) in the
oscillatory stress testing. This finding was atitéd to the different number of
hydroxyl groups from the acids, which interfere twithe protein matrix by
introducing hydrogen bridging, thus increasing Xy and decreasing structure
and hence viscosity. The overall results of appgaregosity ranged from 0.200.01
Pa.s for 3.0% malic acid—based film solutions an#,622.2% 378.25 Pa.s for 1.5%
citric acid—based film solutions (Table 1).

According to Resch et all4), p-lactoglobulin gels formed at pH pl have
weak mechanical properties, associated with inbibitof disulfide bonding,
compared with those of gels formed at pH > pl, Wwhigxhibit strong elastic
properties. Nevertheless, we observed a wide rahgehavior according to the type
and concentration of the organic acid incorporated the WPI-Gly solutions, all
with pH < pl. These variations in the rheological propertikich were observed
when different organic acids interacted with whegtgins in the film matrix, are not

easily understood because they depend on temperagihk, ionic strength, whey
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protein concentration, and the nature and condemraf other solids4). Because
the temperature and the concentrations of the vgheiein and glycerol were the
same, the variations in the rheological propemuieslikely the result of differences in
the ionic strength of the solutions, the naturergianic acid, and pH.

The results of mechanical analysis ranged froni &.9.23 to 1.96+ 0.21
MPa for tensile stress and 0.5®.20 to 0.83t 0.17 MPa for puncture stress (Table
2). These values for the low-pH films are substdiytilower than that reported
previously for high-pH films §). A low-pH environment would likely prevent
disulfide bond formation in the protein matrix, they weakening the film structure.
Our results for tensile stress are similar to thegerted by Sothornvit et allg);
however, the results for elongation percentage 1&-old lower. In general, an
association between an increase in elongation ptge and a decrease in tensile
stress was observed with the increase of orgamiccancentration from 1.5 to 3.0%.

The study on the effect of various organic acids 1.5 and 3.0%) on
antimicrobial properties of whey protein films reled that the films made with 1.5%
citric acid and 1.5 and 3.0% formic acid had noemoaf inhibition on the agar plates;
antimicrobial activity was evident only directly der the disc, although the pH of the
WPI-Gly—formic acid solutions tended to be loweheTiilms made with 3% malic,
lactic, and citric acid (with 3.67-, 2.51-, and 28®m zones of inhibition,
respectively) had greater inhibitory effects th&hfdms with the same acids at 1.5%
(1.83-, 0.50-, and 0.0-mm zones of inhibition, exgjvely).

According to the overall results, WPI-Gly film stibns acidified with malic,
lactic, and citric acids at 3.0% (wt/vol) were sé&l for evaluation in a subsequent
assay with and without the lantibiotic nisin, amgéde results were compared with
those for WPI-Gly film solutions made with 3.0% (wdl) 2 N HCI (pH 3.13) as the

pH control.

3.2. Antimicrobial properties of films made with adds (3.0%) and nisin

The incorporation of 50 IU/ml nisin in WPI-Gly fiils acidified with malic,
lactic, and citric acids resulted in a significantrease P < 0.05) in the zones of
inhibition, indicating a synergistic antimicrobiaffect of nisin plus malic or citric
acid (Fig. 1) when applied to. monocytogenes andL. innocua strains on TSAYEG

at pH 6.2, the usual pH of the rind of Castelo Bracheesel@). The enhanced
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effect could be due to fact that the citric, madind lactic acids can take advantage of
the pores previously opened by the nisin molecnte@n penetrate more easily into
the bacterial cell membrane. In addition, citraxtic, and malic acids have chelating
activity (10), and the performance of nisin can be improvedhey effect of these
chelators. Solubility of nisin is strongly depentdem pH and ionic strength, with
highest solubility observed at low pH and low iostength {5). At 37°C, the
temperature of incubation used in our assay, optinadecular stability was recorded
at pH 3.

4,004 Effect of Nisin (501U/ml)
' 0 1u/ml Nisin
& 50 1U/mI Nisin

£
~— 3,00
[y
=l
b=
2
£
'S 2,00
[%2]
o
©
T
[y
I
(5]
= 1,00

0,00

I I I I
Hydrochloric Lactic acid Malic acid Citric acid
acid

Type of acid (3% w/v)

Figure 1. Antimicrobial activity of WPI-Gly films made witlrrganic acids (3%) and
nisin (50 1U/ml) against strains dfisteria monocytogenes (n=10) andL. innocua

(n=1). The bars represent average triplicate valne83) for the zones of inhibition
on TSAYEG (pH 6.2), with 95% confidence intervaio inhibition of growth was

observed around or under the discs prepared witHl@N(3%) without nisin.
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Antimicrobial activity of films with nisin plus nmi, lactic, and citric acids
were significantly differentRf < 0.05) from the control with nisin alone. No inhibn
under or around the 3% HCI discs without nisin @H3) was observed, in contrast
with a clear zone of inhibition around the orgaaetd discs.

Organic acids with low molecular weight have highatimicrobial activity.
Nevertheless, in this study lactic acid had thedswkilling effect, followed by citric
acid and malic acid. Citric and malic acids haddheatest inhibitory effect probably
because the pKa of these acids is lower than tleegiHactic acid, and consequently
at similar concentrations, citric and malic acidad to decrease the pH more than
does lactic acid. The greater inhibitory effectoali&kely reflects the fact that the
reduced ability of citric and malic acids to enbacterial cells is compensated for by
their enhanced ability to dissociate inside thé @etl thus decrease internal pto)
Citrate and malate ions have been reported to tehpltalyvalent cations essential to
microbial growth. Buchanan and Goldef) pbserved that antimicrobial effects of
malic acid againdt. monocytogenes were similar to those of citric acid in brain hear
infusion broth.

The highest average of zone of inhibition was 4t00.92 mm, which was
obtained using the combination of malic acid plism The next largest zone was
obtained with citric acid plus nisin (3.240.90 mm). Eswaranandam et @) also
reported that malic and citric acids had greatétisterial activity than did lactic acid
when these acids were used at 2.6% in nisin-incatpd soy protein films with 0.9%

glycerol.

3.3. Mechanical and rheological properties of filmsolutions made with acids
(3.0%) and nisin

The stress range for linear viscoelasticity watemeined by dynamic stress
sweep at 1 Hz. Film solution made with citric ab@ad the most structured network
(followed by film solutions made with lactic acitdiédhmalic acids) with an extended
linear region (data not shown). The mechanical tspexf the WPI-Gly film solutions
made with malic, citric, and lactic acids were swhat reduced by nisin
incorporation (Fig. 2). WPI-Gly—citric acid solutiavithout nisin had very weak gel-
like behavior, with G” slightly higher than G™". &lsteady shear measurements (Fig.
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3) were consistent with previous findings; thisusiein had stronger shear thinning

behavior and a value of the first limiting viscgsitoser to 1&Pa.s.
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Figure 2. Mechanical spectra (G” and G~ versus frequeat@0°C of the WPI-Gly
film solutions (pH 3) acidified with 3.0% (wt/volgitric, malic, and lactic acids

without and with 50 IU/ml nisin.

The whey protein solutions studied are non-Nevaorfluids. The viscosity
(no) of the solutions was reduced by the addition isfnnfor solutions made with
citric and lactic acids, but both solutions ke #$hear thinning pattern. Nisin is a
3.4-kDa antimicrobial peptide composed of 34 amemids with hydrophobic
properties §) and disulfide and free thiol bonds. The lowercoty observed after
incorporation of nisin in the protein network mag lbue to competition for
intermolecular bonds between whey-whey protein rihand whey-nisin protein
chains, resulting in a reduction of interactionsaeen the whey protein chains. High
viscosities are unfavorable during preparationiloig because it is more difficult to

disperse the ingredients and eliminate air bubbdsch cause irregularities in the
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dried films. Thus, flms made with malic acid hdw toest performance because they

had a low apparent viscosity that was not redugetthd addition of nisin.
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Figure 3. Apparent viscosity as a function of shear ratelidafes at 20°C for film
solutions produced from whey protein isolate angcglol acidified with various

organic acids at 3.0% (wt/vol) without and with IROml nisin.

The incorporation of nisin resulted in a signifitancrease (< 0.05) in
elongation percentage in films made with malic aitdc acids (Table 3). Results
from tensile and puncture stress tests were vasidthlt in general we did not found
significant differences after the incorporatiomdsin.
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Table 3. Mechanical properties and thickness of low-pH wbegtein isolate films

with and without nisiff.

Type of filn? Tensile Elongation at Puncture Elongation at  Thickness
stress (MPa) break (%) stress (MPa)  puncture (%) (nm)
2N HCI 3.18+ 0.49° 1.14+ 0.23"  0.34%0.09°%¢ 0.64+0.12" 95+10
2N HCI + Nisin 4.16+ 0.40° 1.88+0.25"  0.31+0.08" 0.75£0.17* 9045
Lactic acid 2.20+0.24° 6.23+1.32°  0.44%0.08°° 2.66+0.19° 9248
Lactic acid + Nisin 2,11+ 0.20° 7.59+ 0.79°¢  0.27+0.04*® 2.27+0.22° 86+6
Malic acid 1.16+0.11* 8.87+1.15°  0.23+0.03" 3.99+0.43°  108%15
Malic acid + Nisin ~ 1.38+ 0.21* 9.01+0.98°  0.28% 0.06"° 4.86x 0.53° 978
Citric acid 2.24+0.29° 7.01+ 1.38°¢  0.47+0.07° 4.13+0.41°  107#18
Citric acid + Nisin ~ 2.31+ 0.35° 7.24+0.93%¢  0.46+ 0.08° 4.68% 0.47° 82+9

% Values are means SD (n>15). Within a column, means with different lettenre significantly
different P < 0.05).” All acid concentrations were 3% (wt/vol), and @isin concentration were 50
IU/ml.

In conclusion, various interactions between orgacids and whey proteins
within the films or film solutions resulted in vations in the antimicrobial,
rheological, and mechanical properties. Nisin (80l) improved the antilisterial
effects of lactic, citric, and malic acids (3.0%t/wel) when used in whey protein
films plasticized with glycerol (7.0% WPI and 3.0%ly, wt/vol) againstL.
monocytogenes strains isolated from semi-soft raw ewe’s milk cdeean a disc
diffusion assay on TSAYEG at pH 6.2. Films madéwnitalic acid plus nisin had the
highest antimicrobial activity, and the rheologjcalechanical, and antimicrobial
properties indicate that these edible films cowddibed to wrap cheese and inhibit the

growth of this pathogen, improving food safety.
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CAPITULO VI

Control of pathogenic and spoilage microorganisms
from cheese surface by whey protein films containm

malic acid, nisin and natamycin
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Abstract

The inhibitory effects of nisin, natamycin and mahcid, incorporated in
whey protein films with pH 3, were investigated redoor with addition of sucrose
esters, Tween80 or EDTA. Water vapour permeahitigasurements and mechanical
and rheological tests were also assessed. EDTATane@n 80 did not significantly
(P<0.05) influence the inhibitory activity of films amst Pseudomonas aeruginosa
and Yarrowia lipolytica in contrast with the improved effect againsisteria
monocytogenes, Penicillium commune and Penicillium chrysogenum. Sucrose esters
reduced significantlyR<0.05) the inhibitory effect fo¥. lipolytica and Penicillium
spp.. The present work provides an antimicrobiah fiormulation with potential to
be a hurdle against spoilage and pathogenic migemisms isolated from cheese

surface.

Key words: Antimicrobial films, cheese safetlyisteria monocytogenes, rheology of

films

- 118 -



Capitulo ¥ Control of microorganisms from cheese surface

1. Introduction

Cheese is a ready-to-eat food easily contaminatedthe surface by
undesirable microorganisms. Some are spoilage origamisms which may produce
uncharacteristic visual appearance and diministcéimemercial value of the cheeses,
such asrarrowia lipolytica, Pseudomonas aeruginosa andPenicillium spp. but others
are pathogenic such dssteria monocytogenes, which have been associated with
foodborne listeriosis by consumption of cheese (Mathlin, Mitchell, Smerdon, &
Jewell, 2004). The Gram-negative bactésaudomanas spp. are the most important
of the psychrotrophs that dominate the microfldraasv milk (Sorhaug & Stepaniak,
1997). Strains ofs. aeruginosa have been associated with undesirable browning
reactions on cheese rind (Ogunnariwo & Hamiltonkdjl 1975), and some are
phatogenicTheY. lipolytica yeast, frequently found in cheeses, was also tegpdo
be associated with browning phenomenon (Carreiedonfa, & Loureiro, 1998).
Penicillium is the genera of moulds most frequently isolatedmf naturally
contaminated cheese rind samples and include nwigetuc strains. All these
microorganisms comprise strains with psychrotropbi@aracteristics that could
increase in number during cold storage (Sorhaugep&iak, 1997).

Most recently, the food industry showed an indregasterest in antimicrobial
edible films to enhance food safety and productfdhe. Different matrix can be
used to incorporate antimicrobial agents (Appendirtiotchkiss, 2002), including
whey protein isolate (WPI). In general, the resis&ato water vapour transmission of
protein films is limited because they are highlygogolymers with a high level of
hydrogen bonding and hydroxyl groups (Ko, Janestidtachchy, & Johnson, 2001).
Furthermore, in high humidity environments the watapour barrier properties are
subsequently reduced because of protein films epiglity to moisture absorption
and swelling. This attribute could be detrimentdlew foods coated by these films
are submitted to high humidity storage conditionsteasing the diffusion coefficient
of antimicrobial agents to the food from the filnaimx. Therefore, the incorporation
of agents such as fatty acid esters to decreaser wapour permeability (WVP) is
necessary. Also, the type and concentration oftiplasr, such as glycerol and
sorbitol, influences the ability of films to atttagater.
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Nisin is a hydrophobic and cationic polypeptidefoad-grade preservative
that exhibits antimicrobial activity towards a widenge of Gram positive bacteria
but shows little or no activity against Gram negatbacteria, yeasts, and moulds
(Delves-Broughton, 2005). It has been observed @ram-negative cells, normally
insensitive to the action of nisin, can be sersitiby the addition of chelating agents,
such as EDTA, which disrupt the integrity of thetesumembrane and allow the
bacteriocin to access the cytoplasmic membraneiéBsz. Adams, 1999; Stevens,
Sheldon, Klapes, & Klaenhammer, 1992;). Sucrosergsif fatty acids and Tween
80, used commonly as food emulsifiers, are noniemalsifiers known to inhibit the
growth of a wide range of microorganisms, primaabainst Gram-positive bacteria
and fungi, when used alone or in combination withaatimicrobial agent as nisin
(Thomas, Davies, Delves-Broughton, & Wimpenny, 1988 organic acids (Monk,
Beuchat, & Hathcox, 1996). Natamycin is a polyeatral antimycotic with a wide
range of antimicrobial spectrum against yeasts armamllds (Welscher, Napel,
Balagué, Souza, Riezman, et al., 2008). Natamywnorporating coat solutions are
used by cheese industry but the commercial availpbdducts are in general based
on polyvinyl acetate or polyvinyl alcohol, whichdd safety iniquity has been
discussed (EFSA, 2005). This is of great concenalbge there are cheese consumers
that appreciate cheese as a whole, consumingniee amd the rind of the cheeses.

The objectives of this work were to study how theorporation of different
emulsifier, plasticizer and chelator agents intol\WHmbased films with malic acid,
nisin and natamycin interfere with the antimicrobiactivity against L.
monocytogenes, Ps. aeruginosa, Penicillium spp andY. lipolytica and the mechanical

and WVP properties of the films.

2. Materials and methods

2.1. Materials used to produce films and specificains

Whey protein isolate (with a protein content o#®#inimum, dry basis) was
kindly supplied by Carbery Food Ingredients, Baén, Co. Cork, Ireland. The
sucrose esters of fatty acids were a gift from wbtshi-Kagaku Foods
Corporation,Tokyo, Japan (Ryoto Sugar Ester S-97ith wB1-33% sucrose
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monostearate and 20-22% sucrose distearate, HLLB-@) and from Sisterna B.V.,
BH Roosendaal, The Netherlands (SP30, nonionic sfran] sucrose distearate,
HLB-value approx. 6, 30% monoester content; and OSRtnionic emulsifier,

sucrose stearate, 50% monoester content, HLB-\ahpeox. 11). Nisin NP (5x£0

IU/g potency), Nisaplin (minimum £aU/mg of Nisin A and minimum 50% NaCl),
and Natamax Salt were a gift from Danisco Bearamétd., Beaminster, U.K.

Glycerol and D-Sorbitol were purchased from Signee@ical Co., St. Louis (MO),
USA,; Hydrochloric acid from Riedel-de-Haén, Se&zrmany; DL-Malic acid from

BDH Chemicals Ltd.; EDTA from Aldrich, St. Louis @), USA; and Tween80 from
Acroyali , Quingdao, China.

2.2. Microbial cultures and media

Twelve different microorganisms (Table 1) were djsehich included six
isolated from the rind of Castelo Branco Cheesserai-soft ripened ewe’s cheese
from the central part of Portugal (Pintado, OligeiPampulha, & Ferreira, 2005). The
P2 and P6 strains ¢fs. aeruginosa, and the mould®&enicillium chrysogenum and
Penicillium commune, were isolated using selective agar media: Pseudaso
Aeromonas Selective Agar Base acc. to Kielwein (G&far; Merck KGaA,
Darmstadt, Germany) and Potato Dextrose Agar medRIDA; from Oxoid, UK),
respectively.Pseudomonas spp. strains were purified and identified to tipedes
level using AP? 20NE (bioMérieuX SA, France)Pseudomonas aeruginosa ATCC
15692 was kindly supplied by Instituto Superior fii€o, Technical University of
Lisbon, and was used as reference strain.

All the Pseudomonas strains used in this study were maintained at dfC
slants of TSYEGA medium {): 30g Tryptone Soy Broth (Biokar Diagnostics,
Beauvais, France), 6g Yeast Extract (Oxoid), 10gc@Ge (COPAM, Portugal), and
18g Agar (Dério Correia, Portugal), with the pHustied to 6.2 with HCI. Thé.
monocytogenes strains were maintained at —80°C in Trypticase™ Bwth (TSB,;
Becton, Dickinson and Company) containing 10% (W@lycerol, and subcultured
twice in TSYEGB medium (containing the same comptsma@s TSYEGA, without
Agar), at 37°C through 24 h and 18 h before usmirfst of Y. lipolytica were
maintained at 4°C on slants of GYPA medium whicmposed 5.0gt Peptone
(Oxoid), 5.0g T Yeast Extract (Oxoid), 2.0g'| Glucose (COPAM), and 20.0¢ |
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Agar (Déario Correia), with the pH adjusted to @izh HCI. Ps. aeruginosa and.
lipolytica strains were selected after assessing for theuptimth of brown pigments
on a Cheese-Tyrosine Agar medium (Carreira el@B8) containing {): 200g soft
cheese, 40g NaCl (Merck), 10g L-tyrosine (Sigmap &gar, and pH adjusted to 7.0.
All six strains produced brown pigmentation in tha@dium. Strains oPenicillium
spp. were isolated from rind of ripened cheeses idedtified to the genera level
using the following media: Czapek Yeast Autolysagar (CYA), Creatine Sucrose
Agar (CREA), Yeast Extract Sucrose Agar (YES) ankhkBslee Malt Extract
Autolysate Agar (MEA), as recommended by SamsonFaisyad (2005). The strains
were then sent to Centraalbureau voor Schimmeladt(CBS, Fungal Biodiversity
Centre, The Netherlands) for further identificatiomhey were identified as
Penicillium chrysogenum and Penicillium commune. Penicillium roqueforti, PRB6
HYP5D, CHOOZIT, is a cheese culture used as retereand was kindly supplied
by Danisco (Copenhagen, Denmark).

Table 1.Identification and source of microorganisms usethis study.

Microorganisms and references Source of isolation

L. monocytogenes NCTC* 11994

L. monocytogenes CP6 Rind of ewe’s cheese

L. monocytogenes M12 Ewe’s cheese (Pintado et al., 2005)

Ps. aeruginosa ATCC® 15692

Ps. aeruginosa P2 Rind of ewe’s cheese

Ps. aeruginosa P6 Ewe’s raw milk

Y. lipolytica CBS 6659

Y. lipolytica ISA 1668 Rind of ewe’s cheese (Carreira et ab8)9
Y. lipolytica ISA 1708 Rind of ewe’s cheese (Carreira et ab8)9
P. roqueforti (CHOOZIT™ PRB6 HYP5Dy ~ ---

P. chrysogenum Rind of ewe’s cheese

P. commune Rind of ewe’s cheese

#National Collection of Type Cultures, London, Uxit&ingdom.
®American Type Culture Collection, Manassas (VARAJ
¢ Centraalbureau voor Schimmelcultures, Delft, tleghigrlands.

YDanisco, Copenhagen, Denmark.
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2.3. Preparation of film solutions and films

Seven grams of whey protein isolate were complatedsolved in distilled
water (100 ml of total volume) by stirring for 15inm Glycerol or sorbitol (1.5%,
2.25% and 3.0% w/v) were then incorporated andestifor a further 15 min
followed by the addition of malic acid (3.0% w/\)dastirred a further 15 min. After
measuring the pH (pH Meter M82, Radiometer, Copgaehp the solutions were
heated at 90°C for 30 min in a shaking water bathform a film matrix by
denaturation of protein. Once cooled at room temtpee until approximately 50°C,
antimicrobial agents were incorporated into filmusions at final concentrations:
Nisaplin® (50 IU nisin/ml), Natamax® Salt (0.002§natamycin/ml and 0.005 g of
natamycin/ml), EDTA (0.1%, w/v), Tween80 (0.15% \Vvjy/sucrose distearate SP30
(0.075%, wl/v), sucrose monostearateSP50 (0.075%), awd sucrose monostearate
S970 (0.075%, w/v). Film solutions were homogenised 9ml were aseptically
pipetted into 90mm diameter disposable plates.rAftging for 24-48 h at 23 2 °C
and 50+ 5 % relative humidity (RH), the films were peeleat from the plates and
stored under these conditions until use. Films wetanto 70 mm x 20 mm portions
for mechanical measurements and aseptically cat@ainm-dia discs for inhibition

assays.

2.4. Antimicrobial diffusion-type assay

The discs for the inhibition assay with antimidedbagents were aseptically
transferred to TSYEGA or GYPA plates, previousleded with a swab of a 24 h
culture of each organism given in Table 1, usirgyfttst medium for the bacteria and
the second for the fungi. After an incubation oh2¢ 37°C for bacteria and 24 to 48h
at 25°C for yeasts and moulds, the width of thébitibn zone around each film disc
was measured with a micrometer (Absolute Digimafialliper, Mitutoyo Ltd,
Andover, UK), to the nearest 0.01 mm, and the asses/done in three independent
trials. Two different assays were done, the fissttesting the interactions between
nisin, malic acid and natamycin. The second assay pvepared aiming to test the

incorporation of different agents to improve antirobial properties of the films.
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2.5. Film thickness

Thickness of films was measured with a microméfdrsolute Digimatic
Calliper, Mitutoyo Ltd, Andover, UK; having a setigity of 0.01 mm) around the
film testing area (70 x 20 nfn at six random locations and averaged. The

determinations were done before WVP and mechaarcalysis assays.

2.6. Water vapour permeability determination

Water vapour permeability of films was measureidgishe ASTM Standard
Method E96-95 (ASTM, 1995), known as the “cup medthanodified by McHugh,
Avena-Bustillos, and Krochta (1993) to be appliededible films. Circular film
specimens of 3.2 cm diameter were sealed withosilionto the mouth of small
circular test glass cups with 5 ml of distilled eaand placed inside an excicator with
silica that was placed under the perforated platfarhere cups were placed. A fan
set to generate an air flow of 180 rpm was pladex/a the cups to maintain moisture
conditions at the film surface. An air gap of ab2L& cm exists between the film and
the surface of distilled water inside the cup. Témperature set condition was 16°C
and a thermo-hygrometer (HANNA Instruments) wasoaticed in the test chamber
to record relative humidity (RH). The RH value ohsithe cups (100%) was higher
than the RH outside the cups (1.8% to 11.3%). Te&ht loss of the cups was
monitored over a 24 h period with intervals of eadt 3 h between readings. The
water vapour transmission rate was calculated hgali regression of the plotted
weight loss slope as function of time and dividmgthe exposed area of the films
(8.04 x 10'm?. Permeance was calculated according to Gennabliler, and
Gooding (1994), taking in consideration the air gapistance due to stagnant air
layer between the underside of the film and théaserof distilled water contained in
the cup. Water vapour permeability was calculatedha product of permeance and
the average thickness of the film. All tests weseelin triplicate.

2.7. Mechanical properties of films

Puncture strength of the films was measured omx#utometer TA-XT2
(Stable Micro System, UK) by mounting squared faétnps 30 mm x 30 mm on a
specially designed base with a hole of 9.89 mm diam With a cylindrical probe of

2 mm and a test speed of 2.0 mm/s in a compressoue, the films were punctured
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through the hole and the distance (mm) travellethyprobe and the force (N) at the
point of rupture was recorded, divided by probeaared expressed as puncture stress
(PS). The percentage of elongation (%E) at puncu@® also calculated. At least 15

measurements were done. All mechanical tests werfermed at 5G: 5% relative

humidity and a temperature of 23°C.

2.8. Rheological measurements

The rheological measurements were performed in oatralled-stress
rheometer (RS75; HAAKE, Germany), at 200.1 °C, using serrated parallel plate
geometry (PP60), in order to overcome the slipcgffand a gap of 1.000 mm.
Oscillatory tests (mechanical spectra) were cargetlusing a frequency range of
0.01-100 Hz and a stress values comprised in teadiviscoelastic region for each
solution (1-2 Pa). Steady-state flow measuremerdgse valso done and viscosity
versus shear stress curves were performed usirggaithmic ramp of stresses
increasing in 17-30 min from 0.001 Pa to 2300 Rm.all cases, at least two
measurements were done. The rhelogical measuremares done on the film
solutions based on whey protein isolate (7% wAglieracid (3% w/v), glycerol (3%
w/v), with the incorporation of nisin (50 1U/ml) dfor natamycin (0.005 g/ml), with
the purpose to study the influence of natamycinviscosity and viscoelastic

properties of the solutions.

2.9. Statistical analysis
Statistic for data analysis was done with versidrO and 16.0 of the SPSS
program (SPSS Inc., Chicago, USA). Scheffé’s meltipnge testR<0.05) was used

to detect differences in film properties mean value
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3. Results and discussion

3.1. Antimicrobial activity

Our previous work (Pintado, Sousa, & Ferreira, 8)0fevealed that WPI
(7.0% wl/v) — based films with glycerol (3.0% w/Ag plasticizer, malic acid (3.0%
w/v) as antimicrobial and acidifying agent, andmi&0IU/ml) as antimicrobial agent
are effective to control foodborne pathogdnienonocytogenes strains isolated from
cheese samples when tested in a disc-diffusioryaSsace the rind of cheeses have a
wide range of other microorganisms, including baafenoulds and yeasts, and since
nisin is an antimicrobial agent with efficacy orfigr Gram-positive bacteria, the
introduction of the antimycotic agent natamyciriie whey protein isolate — glycerol
— malic acid (WPI-G-MA) films was analysed. Theuks (Table 2) revealed that
lipolytica and Penicillium spp. strains were only inhibited by the incorpioratof
natamycin into the films, as we expected, and tbeeg of inhibition were

independent of the acid used to lower the pH ofithes to approximately 3.

Table 2. Zones of inhibition (mm) produced by low pH (3)}iamcrobial films made
with whey protein isolate, WPI (7.0% w/v), glycerd (3.0% w/v), acids (3.0% w/v)
and a combination of different agents (nisin, 5@)/and natamycin, 0.005g/ml), in
an antimicrobial disc-diffusion assay using TSYEGAGYPA medium at pH 6.2.

Zones of inhibition (mm)

Listeria Pseudomonas  Yarrowia Penicillium
Composition of WPI - G films  monocytogenes  aeruginosa lipolytica roqueforti
CP6 P6 ISA1708 PRB6 HYP5D
Malic acid 2.5 0.5 ) O]
Malic acid + Natamycin 1.2 0.5 8.3 12.4
Malic acid + Nisin 3.2 0.8 O] )
Malic acid + Natamycin + Nisin 3.3 1.0 8.4 12.4
HCI 2N Q) 0 ¢ ¢
HCI 2N+ Natamycin O] 0 8.0 11.9
HCI 2N + Nisin 0.6 0 ) )
HCI 2N + Natamycin + Nisin 0.6 0 8.0 11.6

(-) No inhibition under or around the film; O - @vth inhibition just under the film.
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A higher inhibitory effect againdt. monocytogenes was observed with malic
acid in association with nisin. No inhibitory eftearound the disc films was observed
againstPs. aeruginosa strain when nisin with HCI 2N incorporated into YW#Pms
were used. Ads. aeruginosa is a Gram-negative bacterium, it is nisin-resistan
because their outer membrane prevents the passagdhe cell of large hydrophobic
molecules such as nisin (Thomas et al., 1998).ré&elts in Table 2 also showed that
no differences existed in the zones of inhibitidstaened with nisin alone or nisin
plus natamycin against bacteria strains tested nandifferences existed in the zones
of inhibition obtained with natamycin alone or matain plus nisin against moulds
and yeasts strains tested. This suggests an indepemction and differentiated
targets of nisin and natamycin. Welscher et al080evealed that natamycin blocks
fungal growth by binding specifically to ergosterptesent almost exclusively in the
fungi plasma membranes, and not present in bacteria

A selective antimicrobial activity was seen on #dlition of sucrose esters
SP30, SP50 and S970 to the whey protein isolateke racid — nisin - natamycin
(WPI-MA-N-NA) films (Fig. 1).
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Antimicrobial agent

CIMisin + Matamycin

B Nisin + Matamycin + 0.1% EDTA

[ Misin + Matamyein + 0.15% Tween 80
B Misin + Matamycin + 0.075% SP 30
M Misin + Matamycin + 0.075% SP 50
B Misin + Matamyein + 0.075% S 970

8,00

6,007

4,00

Mean zones of inhibition (mm)

2,00

Listeria Fseudomonas Yarrowia Penicillium spp.
monocytogenes  aeruginosa lipokdtica

Microorganism

Fig. 1. Effect of the addition of 0.1% of EDTA, 0.15% oW&en80, and 0.075% of
sucrose esters (SP30, SP50, S970) on antimicrabiality of films prepared with
whey protein isolate (7%), nisin (50 IU/ml), natasimy (0.002 g/ml) and sorbitol or
glycerol (1.5%, 2.25%, 3.0%) as plasticizer, agastiains ofL. monocytogenes, Ps.

aeruginosa, Y. lipolytica andPenicillium spp.. Error bars represent. standard error.

While the inhibitory effect was slightly improvéar L. monocytogenes strains
or was nonexistent for thEs. aeruginosa strains, in the case of yeast and mould
strains a considerable decrease in the inhibitiegewas observed when the sucrose
esters were added. These results suggested anomistay interaction between
sucrose esters and the other film components &fuihgi growth control. A probable
explanation is based on the capacity of sucrosersesb bind with ergosterol,

diminishing the target site of natamycin. Despite tlecrease of natamycin activity
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observed, the antifungal action was not complel@ty. An antimicrobial effect of
sucrose fatty acid esters, alone or in associatitin nisin, against.. monocytogenes
has been reported previously (Monk & Beuchat, 19Btomas et al., 1998). This
work showed that this effect was not negligible whieese agents were incorporated
into a whey protein based film, with respect.tanonocytogenes.

All five agents studied improved the inhibitorytiaity of nisin and malic acid
againstL. monocytogenes. In opposition, none of these five agents enharibed
natamycin activity againsY. lipolytica and Ps. aeruginosa strains. Boziaris and
Adams (1999) reported a poor chelating power of EDQihder acidic conditions,
however a small enhanced inhibitory effect when BEAhd nisin were used against
L. monocytogenes andPenicillium spp. strains was observed. This was also reported
by Branen and Davidson (2003), with respecL tanonocytogenes. Treatment with
metal-chelating agents as EDTA generally resulteemoval of divalent cations by
chelation the lipopolysaccharide (LPS) layer of tlhieer membrane of Gram-negative
bacteria, destabilizing its structure, thus inciegpermeability (Vaara, 1992), and
promoting the activity of other antimicrobials. Tadas a considerable variability of
EDTA sensitivity for various species of the genBsaudomonas andPs. aeruginosa
is considered to be EDTA-sensitive (Ayres, FurrR&ssel, 1999). Maybe the three
strains ofPs. aeruginosa studied here have resistance mechanisms or theAEDT
concentration was too low to produce any effect.

The effect of the agents tested on inhibitionRsf aeruginosa strains in
TSYGA medium showed that none was able to causénemease of inhibition.
Thomas et al. (1998) also reported no antimicrobfééct against Gram-negative
bacteria when nisin was used alone or in combinatwih sucrose esters of fatty
acids. In food protection, Gram-negative bactermn @& great concern due to their
inherent resistance to some antimicrobials becafighe protective action of the
outer membrane of the cell wall (Belfiore, Castatia& Vignolo, 2007).

Tween 80 (0.15%, w/v) did not enhance the inhigitactivity of nisin and
natamycin againdPs. aeruginosa andY. lipolytica but the antimicrobial effect was

improved with the addition of Tween 80 agaihstmonocytogenes and Penicillium
spp.
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3.2. Viscosity and viscoelastic properties

Under SAQS, the mechanical spectra of the filmutsmhs based on whey
protein isolate (7% w/v), malic acid (3% w/v), g&rol (3% w/v) and nisin (50
IU/ml) exhibited a predominantly viscous behaviowhere the loss modulus was
greater than the storage modulus (around 0.45 &%) @spectively). This behaviour
was not modified by natamycin (0.005 g/ml) incogt@mn. Under steady shear, the
limiting viscosityno of first Newtonian plateau for the solutions telsshiowed to be
unaffected by the addition of natamycin comparesidiations based on whey protein

isolate, malic acid, glycerol and nisin, both wattshear thinning pattern and a first

limiting viscosity no value closer to 3 Pa.s. This fluid showed a low apparent
viscosity, which is favourable to its industrialeugn curtain or applications dip

coating.

3.3. Water vapour permeability

The results show that an increase of concentraifoglycerol and sorbitol
from 1.5% to 3.0% resulted in an increase in WVRonff 1.55 to 2.75
g.mm/nf.d.KPa for glycerol and from 1.11 to 2.34 g.mrbKPa for sorbitol)
(Fig.2). Several authors had observed this behavfoiissin-Mangata, Bauduin,
Boutevin, & Gontard, 2001; Maté & Krochta, 1996; a Sobral, Menegalli,
Carvalho, & Habitante, 2005), which is usual in toggopic films, such as WPI
protein films. Hydroxyl groups of the plasticizeneplace polymer-polymer
interactions by developing polymer-plasticizer logn bonds, thereby increasing
intermolecular spacing and permeability of film evél (McHugh, Aujard, &
Krochta, 1994). The increase of plasticizer conegiain resulted in a linear relation
between the amount of plasticizer and WVP. Mai ldrochta (1996) reported the
same effect when WPI films plasticized with glydexere studied.
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51,5+0,07559704 [1,14] -*-I—-
51,5+0,0755P 50 .27 =
51,5+0,0755P30 =
51,5+0,1 5T ween30 1,0 #——
51,5+0,1EDT A 1,11} '—I—'

Type of film

0,50 1 ,IIJD 1,50 2,||:u:| 2,|5|3 3,00
Mean Water vapour permeability (g.mm/m2.d.KPa)

Fig. 2. Mean values of water vapour permeability (g.mfdhiKPa) for films
produced with sorbitol (S) or glycerol (G) as pieisers (at 1.5%, 2.25% and 3.0%),
alone or with sucrose esters (SP30, SP50 and S8i7@t 0.075%, w/v), EDTA
(0.1%, wiv) or Tween80 (0.15%, w/v). All films abmsed on whey protein isolate
(7.0%, wiv), malic acid (3.0%, w/v), nisin (50 IUjrand natamycin (0.002 g/ml).

Error bars represeat1 standard error.

At equal concentrations, sorbitol (S)-plasticizeaey protein films, exhibited
significantly (P<0.05) lower WVP than films with glycerol (G), maytae to the fact
that glycerol is more polar, more soluble and sreller molecule than sorbitol. Kim
and Ustunol (2001) reported that glycerol is mgrgrabscopic than sorbitol.

The water vapour permeability was not affected thg incorporation of
sucrose esters (S970, SP30 or SP50), EDTA or Tvieen8VPI-plasticized (1.5%)
films (Fig.2).
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3.4. Mechanical properties

In general, glycerol-WPI films had higher % elonga (%E) and lower
puncture stress (PS) than sorbitol-WPI films. Highalues of %E for glycerol-WPI
films are probably attributed to the fact that #néidms contain more plasticizer per
mol than those containing sorbitol, since the makcweight of sorbitol is twice
than that of glycerol (182 and 92 of Mw, respedtiyeSeveral authors had observed
a molecular weight effect of the plasticizer on thechanical properties (Sothornvit
& Krochta, 2001; Sothornvit, Olsen, McHugh, & Kraah2007). On the other hand,
the glycerol molecules possess a very high dietectinstant, a higher polarity in
solution and are more hygroscopic than sorbitol.

Sucrose esters, EDTA or Tween80 increased signifig (P<0.05) the PS
and the %E of WPI-glycerol (1.5%) films (Table Begarding WPI-sorbitol (1.5%)
films, the addition of sucrose esters, EDTA or Tm&®increased the PS but had no
significant effect on %E.

Glycerol (3.0%)-WPI films showed significantlyp€0.05) lower puncture
stress than the other formulations. Values of P8wsld the most consistent
dependence on plasticizer content while %E relahgnto plasticizer content was

somewhat variable.
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Table 3. Measured mechanical properties (puncture stres$/ad elongation) for
composite films based on whey protein isolate, WRP0% w/v), malic acid, MA
(3.0% wilv), nisin, N (50 IU/ml) and natamycin, NA.Q02 g/ml), prepared with
different agents (EDTA, Tween80, and sucrose es&iP80, SP50 and S970) and
glycerol or sorbitol at different concentrations.

Agents incorporated in WPI- Puncture stress (MPa) % Elongation

MA-N-NA films Mean* SD SE Mean+ SD SE
1.5% Glycerol 0.690+ 0.122°  0.030 4.10+ 0.35% 0.09
2.25% Glycerol 0.692+ 0.160”  0.036 5.99+ 1.06° 0.24
3.0% Glycerol 0.391+ 0.465 0.010 5.46+ 0.92°% 0.21
1.5% Glycerol + 0.1% EDTA 0.895+ 0.27f° 0.078 4.26+ 0.37°%° 1.11
1.5% Glycerol + 0.15% Tween 80 1.010+ 0.175%%  0.039 5.64+ 0.66% 0.15
1.5% Glycerol + 0.075% SP30 0.906+ 0.116°*®  0.025 5.16+ 0.66"°% 0.15
1.5% Glycerol + 0.075% SP50 0.983+ 0.121%"  0.027 5.02+ 0.38"% 0.08
1.5% Glycerol + 0.075% S970 1.108+ 0.143%%  0.045 5.05+ 0.37°% 0.12
1.5% Sorbitol 0.910+ 0.066°*®  0.015 4.43+ 0.61% 0.14
2.25% Sorbitol 1.051+ 0.058%  0.018 4.36x 0.55%° 0.18
3.0% Sorbitol 0.593+ 0.089*  0.019 3.67+ 0.47° 0.10
1.5% Sorbitol + 0.1% EDTA 1.178+ 0.224°  0.051 4.25+ 1.30%° 0.30
1.5% Sorbitol + 0.15% Tween 80  1.232+ 0.2299  0.052 4.68+ 0.55% 0.13
1.5% Sorbitol + 0.075% SP30 1.081+ 0.142%9  0.032 4.22+ 0.59%° 0.13
1.5% Sorbitol + 0.075% SP50 1.275+ 0.197° 0.045 4.30+ 1.04%° 0.24
1.5% Sorbitol + 0.075% S970 0.960+ 0.188°*"  0.046 3.71+ 0.28% 0.07

SD, standard deviation; SE, standard error; Means (15) bearing different superscripts are

significantly different P < 0.05, Scheffé test).
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4. Conclusions

This work demonstrated the effect of nisin, madicid and natamycin-
impregnated whey protein films against monocytogenes, Ps. aeruginosa , Y.
lipolytica andP. commune andP. chrysogenum. The ability of the studied films to be
a carrier of antimicrobials without significantlyompromising the mechanical
properties of films was demonstrated. Concernimgwhater vapour permeability, the
films with glycerol at 3.0% showed the higher valiand the films with sorbitol at
1.5% had the lower values. The overall resultsntih@crobial assay, mechanical and
WVP tests allow us to suggest the following forntioia to be later evaluated in an
experimental assay to wrap cheese: whey protelatés¢7.0%), malic acid (3.0%),
sorbitol (1.5%), nisin (50 1U/ml), natamycin (0.0g2ml). EDTA can also be used,
since it increased the inhibitory power againstonocytogenes, P. commune andP.
chrysogenum. A concentration higher than 0.1% needs to be siiyated to
demonstrate inhibition againBs. aeruginosa.

Acknowledgements

This work was supported by the Portuguese Foumdldir Science and
Technology (project PTDC/AGR-ALI/67194/2006). Cist Pintado was funded by a
PhD scholarship from thBrograma de Desenvolvimento Educativo para Portugal
(2/5.3/PRODEP/2003). The authors thank Vitor AN€aculdade de Ciéncias e
Tecnologia, Universidade Nova de Lisboa) and Hefelneira (Instituto Superior de
Agronomia, Technical University of Lisbon) for tesbal advice in water vapour

permeability assays and moulds identification, eesigely.

References

Appendini, P., & Hotchkiss, J.H. (2002). Review ahtimicrobial food packaging.
Innovative. Food Science & Emerging Technologies, 3, 113-126.

- 134 -



Capitulo ¥ Control of microorganisms from cheese surface

ASTM (1995). Standard test methods for water vap@msmission of materials. E 96-95. In
Annual book of ASTM standards. Philadelphia, PA: American Society for Testingdan

Materials.

Ayres, H.M., Furr, J.R., & Russel, A.D. (1999). &ff of permeabilizers on antibiotic

sensitivity ofPseudomonas aeruginosa. Lettersin Applied Microbiology, 28, 13-16.

Belfiore, C., Castellano, P., & Vignolo, G. (200Reduction of Escherichia coli population
following treatment with bacteriocins from lacticci@ bacteria and chelatorg-ood
Micraobiology, 24, 223-229.

Boziaris, I., & Adams, M. (1999). Effect of chelegcand nisin produced in situ on inhibition
and inactivation of Gram negativdsiternational Journal of Food Microbiology, 53, 105-
113.

Branen, J., & Davidson, P. (2003). Enhancement isinnlysozyme and monolaurin
antimicrobial activities by ethylenediaminetetrdareacid and lactofferin.lnternational
Journal of Food Microbiology, 90, 63-74.

Carreira, A., Paloma, A., & Loureiro, V. (1998).gRient producing yeasts involved in a
brown surface discoloration of ewes’cheésgrnational Journal of Food Microbiology, 41,
223-230.

Delves-Broughton, J. (2005). Nisin as a food pnes@re. Food Australia, 57(12), 525-527.

EFSA (2005). Opinion of the scientific panel ondoadditives, flavourings, processing aids
and materials in contact with food, on a requesinfthe commission related to the use of
polyvinyl alcohol as a coating agent for food s@ppénts. (Question number EFSA-Q-2005-
017).The EFSA Journal, 294:1-15.

Gennadios, A., Weller, C.L., & Gooding, C.H. (1998)easurement errors in water vapour

permeability of highly permeable, hydrophilic edilfilms. Journal of Food Engineering, 21,
395-409.

-135 -



Capitulo ¥ Control of microorganisms from cheese surface

Irissin-Mangata, J., Bauduin, G., Boutevin, B., &rgard N. (2001). New plasticizers for
wheat gluten filmsEuropean Polymer Journal, 37, 1533-1541.

Kim, S.-J., & Ustunol, Z. (2001). Solubility and mture sorption isotherms of whey-protein-
based edible films as influenced by lipid and ptétr incorporation.Journal of
Agricultural and Food Chemistry, 49, 4388-4391.

Ko, S., Janes, M.E., Hettiarachchy, N.S., & JohnddrG. (2001). Physical and chemical
properties of edible films containing nisin andithection againstisteria monocytogenes.
Journal of Food Science, 66(7), 1006-1011.

Maté, J.l., & Krochta, J.M. (1996). Comparison aygen and water vapor permeabilities of
whey protein isolate anfl-lactoglobulin edible films.Journal of Agricultural and Food
Chemistry, 44, 3001-3004.

McHugh, T.H., Aujard, J.-F., & Krochta, J.M. (199#)asticized whey protein edible films:
water vapor permeability properti€lwurnal of Food Science, 59(2), 416-419.

McHugh, T.H., Avena-Bustillos, R., & Krochta, J..M1993). Hydrophilic edible films:
modified procedure for water vapour permeabilityd aexplanation of thickness effect.
Journal of Food Science, 58, 899-903.

McLauchlin, J., Mitchell, R.T., Smerdon, W.J., &Jl, K. (2004).Listeria monocytogenes
and listeriosis: a review of hazard characterisatay use in microbiological risk assessment

of foods.International Journal of Food Microbiology, 92, 15-33.

Monk, J.D., & Beuchat, L.R. (1995). Viability dfisteria monocytogenes, Saphylococcus
aureus and psychotrophic spoilage micro-organisms in igefated ground beef

supplemented with sucrose esters of fatty a€ided Microbiology, 12, 397-404.
Monk, J.D., Beuchat, L.R., & Hathcox, A.K. (1996Mnhibitory effects of sucrose

monolaurate, alone or in combination with organiéds, onListeria monocytogenes and

Staphyl ococcus aureus. Journal of Applied Bacteriology, 81, 7-18.

- 136 -



Capitulo ¥ Control of microorganisms from cheese surface

Ogunnariwo, J., & Hamilton-Miller, J. M. (1975). @wn- and red-pigmentelseudomonas
aeruginosa. Differentiation between melanin and pyrubrdournal of Medical Microbiology,
8, 199-203.

Pintado, C.M.B.S., Oliveira, A., Pampulha, M.E.,R&rreira, M.A.S.S. (2005). Prevalence
and characterization ofListeria monocytogenes isolated from soft cheesed-ood
Micraobiology, 22, 79-85.

Pintado, C. M. B. S., Sousa, I. & Ferreira, M. A. & (2006). Edible films with bioactive
characteristics againdtisteria monocytogenes. Book of proceedings of th2006 EFFoST
Annual Meeting / Total Food 2006 - Sustainability of the Agri-Food Chain, The Haglibe

Netherlands.

Samson, R.A., & Frisvad, J.C. (200%enicillium subgenusPenicillium: new taxonomic
schemes and mycotoxins and other extrolites. Id€udPenicillium subgenudPenicillium.
Studies in Mycology. Centraalbureau voor Schimmlces, The Netherlands. Available at:

http://www.studiesinmycology.org/en/content/49/tdancessed on October 2006).

Sorhaug, T., & Stepaniak, L. (1997). Psychrotrophd their enzymes in milk and dairy
products: Quality aspectérends in Food Science & Technology, 8, 35-41.

Sothornvit, R., & Krochta J.M. (2001). Plasticizeffect on mechanical properties pf
lactoglobulin films.Journal of Food Engineering, 50, 149-155.

Sothornvit, R., Olsen, C.W., McHugh, T.H., & Kroahi.M. (2007). Tensile properties of
compression-molded whey protein sheets: Deternginaif molding condition and glycerol-
content effects and comparison with solution-céstsf Journal of Food Engineering, 78,
855-860.

Stevens, K.A., Sheldon, B.W., Klapes, N.A., & Klaammer, T.R. (1992). Effect of
treatment conditions on nisin inactivation of Graegative bacteriaJournal of Food
Protection, 55(10), 763-766.

Thomas, L.V., Davies, E.A, Delves-Broughton, J.\W&mpenny, JW.T. (1998). Synergist

effect of sucrose fatty acid esters on nisin irtlohi of Gram-positive bacteridournal of
Applied Microbiology, 85, 1013-1022.

- 137 -



Capitulo ¥ Control of microorganisms from cheese surface

Vaara, M. (1992). Agents that increase the pernligabof the outer membrane.
Micraobiological Reviews, 56(3), 395-411.

Vanin, F.M., Sobral, P.J.A, Menegalli, F.C., Cah@lR.A, & Habitante, A.M.Q.B. (2005).
Effects of plasticizers and their concentrations tbarmal and functional properties of
gelatin-based films-ood Hydrocolloids, 19, 899-907.

Welscher, Y.M., Napel, H.H., Balagué, M.M., SougaM., Riezman, H., Kruijff, B. de, &

Breukink, E. (2008). Natamycin blocks fungal groviiy binding specifically to ergosterol
without permeabilizing the membrareurnal of Biological Chemistry, 283(10), 6393-6401.

- 138 -



Cap@till — Consideragdes finais e perspectivas futuras

CAPITULO VII

Consideracoes finais e perspectivas futuras
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1. Consideracdes finais

Com a realizacdo deste trabalho foi possivel oberconjunto de novas
informacgdes sobre a problematica ligada a contagimporlisteria monocytogenes
de queijos de ovelha feitos com leite cru e a émish de estirpes recorrentes em
queijarias. Por outro lado, com o desenvolvimenéo revestimentos ediveis e
antimicrobianos, foi possivel contribuir para o fttolo do crescimento e
sobrevivéncia de microrganismos naturalmente ptesema casca de queijo, cujo
consumo constitui um perigo para a saude publica.

Tendo em conta os objectivos previamente definidagferidos no Capitulo
[, concluiu-se que os mesmos foram cumpridos. Case mos resultados obtidos

passaremos agora a referir as principais conclugbascadas:

- A analise molecular das 185 estirpes pertenceriges especiesL.

monocytogenes (n=123),L. innocua (n=60) eL. seeligeri (n=2), isoladas entre
1995 e 2004 a partir de queijo de ovelha, de t=ite de solucdo de cardo, de
salmoura, de solugdo fungicida, de fezes e de atmag a superficies no
interior das queijarias permitiu-nos concluir queeatrada de leite cru
contaminado na queijaria, bem como a lavagem degogle a imerséo destes
em salmoura, constituem pontos de contaminag&oLpanonocytogenes.

Verificou-se ainda a persisténcia de alguns tipaseoulares na mesma

queijaria em diferentes anos.

- O estudo de uma ovelha lactante com uma mamiieclica (sem sinais
visiveis de infeccdo), portadora assintomaticd. deonocytogenes, permitiu-
nos concluir que a contaminacao era restrita am ésduerdo do ubero, o qual
excretava a bactéria numa concentracdo média dERI0/mI de leite, o qual
apresentava um elevado numero de células somat@sl1C cells/ml).
Através da discriminagdo dos isolados obtida p@BFo estudo da listeriose
ovina referido acima demonstrou evidéncia epidedgich de persisténcia de
uma unica estirpe de. monocytogenes que ocasionou a mamite sub-clinica.
Esta infec¢do foi a causa da contaminacdo do ¢eiteusado para produzir
gueijo nédo pasteurizado. Os mesmos tipos molecu(afeLP V-1, PFGE 11,
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serogrupo molecular 4b) foram identificados noelettu da ovelha com

listeriose, nos queijos e na maquina de lavar egagu

- A avaliacédo da sensibilidade a nisina (nas canaedes de 5, 10, 50, 100 e
200 IU/ml) em meio sélido, de 219 estirpesLdenonocytogenes e L. innocua
permitiu-nos concluir gueouve um comportamento relativamente homogéneo
das estirpes analisadas quanto ao efeito inibidomidina nas condicdes
testadas (pH 5,5 e 20°C, pH 5,5 e 37°C, e pH G38°€). A maioria das
estirpes de.. monocytogenes apresentou valores para a Concentragdo Minima
Inibitoria (CMI) de 50 ou 100 IU de nisina / ml.rAaior tolerancia a nisina foi
verificada quando as estirpes foram incubadas @ 86°meio com pH 6,8,
apresentando algumas delas, nestas condicbes, envddsmento de
resisténcia espontanea, com uma frequéncia médikldf A eficacia da
nisina aumentou com a diminui¢cdo do pH, facto gstaré na origem dos
resultados mais inibidores apresentados no ensanoocvalor mais baixo de
pH testado (5,5). Quando se estudou o efeito daan{50 IU/ml) ao longo do
tempo em meio liquido (TSYGB) e em cultura estatiseificou-se que o
efeito inibidor era temperatura-dependente a pH 6,8

- A avaliacdo do potencial de viruléncia de 7 ps8rdelL. monocytogenes
previamente seleccionadas, incluindo a estirpeceasd® ao caso de listeriose
ovina, atraves da realizacdo de um teste de invesitarin vitro usando
células animais HT-29, permitiu-nos concluir queeasrpes analisadas eram
virulentas quando comparadas com estirpes padé@daendo havido nenhuma

estirpe testada identificada como néo virulenta.

- Foi desenvolvida uma formulacéo para a prepardedevestimentos ediveis
e antimicrobianos, com pH 3, com o objectivo deestiv 0s queijos e controlar
a flora microbiana patogénica ou de alteracdo existnaturalmente na casca.
Estes revestimentos foram elaborados com base @ de isolado proteico
de soro de leite (WPI), 3,0% de glicerol e aciddiena(3,0%) e nisina (50
IU/ml). O acido malico foi escolhido apés um estwdmnparativo com acido
citico (1,5% e 3,0%), acido férmico (1,5% e 3,0%gjdo lactico (1,5% e
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3,0%), acido ascérbico (1,5% e 3,0%), acido acéfic6%) : acido lactico

(1,5%), acido acético (1,5% e 3,0%), acido fumaf(it®% e 3,0%) e acido
malico (1,5%). Neste estudo foram avaliadas asrjgagdes antimicrobianas e
mecanicas dos filmes (% de elongacdo e forca maximauptura) e as

propriedades reolégicas (viscosidade e viscoeldatle) dos fluidos

filmogénicos. Concluiu-se que nem todos os acidomjpiiam a formacéo de
filmes intactos ap0s secagem e que as propriedadakadas estavam
fortemente dependentes do tipo e da concentracaoide usado. Concluiu-se
ainda que a utilizacédo nestes revestimentos decido arganico era por si sO
inibidor do crescimento de. monocytogenes, no entanto, verificou-se que a

adicao de nisina aos mesmos aumentava este @iibitzoir.

- Quando se passou a fase de optimizacdo dos fpnoelsizidos, estudou-se o
efeito da incorporacdo de ésteres de sacarosedeisiéipos de plastificantes
(sorbitol e glicerol) na permeabilidade ao vaporagea, tendo-se concluido
gue os ésteres de sacarose nao alteravam sigadioa@inte este parametro, o
qual era dependente do tipo e da concentracdo (R5%%, 3,0%, p/v) do

plastificante usado. A um aumento da concentrac&o pthstificante

correspondia um aumento dos valores de permealglida vapor de agua.
Para as mesmas concentracfes de agente plastificanfiimes produzidos

com sorbitol apresentavam valores mais baixos.

- O estudo de outros agentes inibidores e/ou adfagsacom o objectivo de
alargar o espectro da accao inibidora dos filmesna gama mais vasta de
microrganismos, que incluisse também bactérias @Gegativas e fungos,
permitiu-nos concluir que a incorporacdo de éstdeesacarose aumentava o
efeito inibidor da nisina e do acido malico sobsebactérias da espédie
monocytogenes mas diminuia significativamente o efeito inibidata
natamicina sobre os fungo¥afrowia lipolytica e Penicillium commune, P.
chrysogenum e P. roquefortii). N&o obstante, em todos os casos verificou-se
inibicdo do crescimento de todos os grupos de mgarosmos estudados, nao

s6 por baixo do disco mas igualmente em redor d€steDTA e o Tween80
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potenciaram o efeito inibidor da nisina e &cido icoalno caso del.
monocytogenes mas nao tiveram qualquer efeito no cas@sl@eruginosa.

2. Perspectivas futuras

Como resultado das conclusdes anteriormente apaeses, novos temas de

estudo poderao ser no futuro abordados e aprofosgdadmeadamente:

- Avaliar a incorporacdo de outros agentes comctaniaticas ediveis, que
permitam reduzir significativamente a permeabilelad vapor de agua destes
filmes, ja que a elevada higroscopicidade é umactanistica dos filmes de
natureza proteica em geral e que limita a suazatifio no revestimento de
produtos sujeitos a atmosferas humidas ou com ddsvahumidades

intrinsecas, como € o caso do queijo.

- Verificar a difusibilidade dos agentes antimigesios incorporados na matriz
proteica dos filmes, jA que é importante que esja lémitada e se faca de
forma lenta e gradual, exercendo assim uma acc¢d® efiaaz e duradoura

onde é necessario, ou seja, ha casca.

- Testar outros agentes inibidores para o contlaeldactéria Gram-negativa
Pseudomonas aeruginosa, ou testar 0s mesmos agentes mas a concentragoes
superiores as usadas no ultimo ensaio, ja québastéria foi 0 microrganismo

gue se mostrou mais dificil de inibir.
- Proceder a um ensaio de revestimento de queijdicialmente

contaminados, usando para tal uma formulagdo prerte optimizada de
fluidos filmogénicos, de forma a verificar a sug&gia pratica.
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ANEXO |

Table 1. Strains of Listeria isolated from soft cheese

(Tabela inserida no artigo “Prevalence and charaeteon of Listeria
monocytogenes isolated from soft cheeses” (Pintadet al. (2005). Food
Microbiology. 22, 79-85)
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Table 1. Strains ofListeria isolated from soft cheese.

- £ g s
B © © o g n (5] 2 7]
5 85285 2 S g o 9
8 3 EQE S o o 5__5 3 T
I B8 O2 0 N A o o 9ve
A A 1 1 L. monocytogenes  4b 2389:2425:47:52:108:340 1 95.7
A A 2 12,3 NG
A A 3 1 L. monocytogenes  1/2b 575 2 95.14
A A 4 1 L. monocytogenes  1/2b 575 2 95.1
A A 5 12,3 NG
A A 6 1 L. monocytogenes  4b 2389:2425:47:52:108:340 1 95.9
A A 7 1,23 NG
A A 8 1 L. monocytogenes  1/2b 575 2 95.15
A A 9 NG
A A 10 1,2,3 L. monocytogenes  ND NT ND
A A 11 1,3 L. monocytogenes  4b 2389:2425:3274:2671:47:108:340 3 95.3
2 L. monocytogenes  4b 2389:3552:2425:3274:2671:47:524 95.2
108:340:312
A A 12 1,23 NG
A A 13 1 L. monocytogenes  ND NT ND
A A 14 1,23 NG
A A 15 1 L. monocytogenes  4b 2389:3552:2425:47:52:108:340 5 95.13
3 L. monocytogenes  4b 2389:2425:47:52:108:340 1 95.17
A A 16 1 L. monocytogenes  4b 2389:2425:47:52:108:340 1 95.16
2 L. monocytogenes  ND NT ND
A A 17 1 L. monocytogenes  ND NT ND
A A 18 1 L. monocytogenes  4b 2389:2425:47:52:108:340 1 95.8
A A 19 1 L. monocytogenes  ND NT ND
1 L. innocua ND NT ND
A A 20 1 L. seeligeri ND NT ND
2,3 L. monocytogenes  ND NT ND
A A 21 1 L. monocytogenes  ND NT ND
A A 22 1 L. monocytogenes  4b 2389:2425:47:52:108:340 1 954
A A 23 1,3 L. monocytogenes  ND NT ND
A A 24 1 L. monocytogenes  ND NT ND
B B 25 1,23 L.innocua ND 16:4211:4286:1090:5337:4276:42710
7:1807
B B 26 1,23 NG
B B 27 1,23 NG
B B 28 1,23 NG
B B 29 1 L. innocua ND ND ND
3 L. innocua ND 16:4211:4286:1090:5337:1807 11
c C 30 1 L. monocytogenes  4b 3552:2425:52:108:340:312 8 95.19
2,3 L. monocytogenes  4b 2671:108:312 7 95.5
C N 31 1 L. monocytogenes  4b 3552:2425:52:108:340:312 8 95.6
2,3 L. monocytogenes  4b 2671:108:312 7 95.23
C N 32 1,3 L. monocytogenes  4b 2671:108:312 7 95.20
2 L. monocytogenes  4b 3552:2425:52:108:340:312 8 95.24
D D 33 13 L. innocua ND NT ND
D D 34 1 L. seeligeri ND 3665 ND
2,3 L. innocua ND NT ND
D D 35 1,2,3 L.innocua ND NT ND
D D 36 1 L. monocytogenes  ND NT ND
2 NG
3 L. monocytogenes  1/2a 1967:10:19:43:387 9
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E N 37
E N 38
E N 39
E N 40
F F 41
F F 42
F N 43
G N 44
G N 45
G N 46
H H 47
H N 48
H N 49
Il N 50
I N 51
Il N 52
| N 53
J N 54
J N 55
J N 56
J N 57
L L 58
L N 59
M M 60
M M 61
M M 62
M M 63

1,2,3

2,3

1,2,3

1,23
1,23
1,3

2,3
1,3
12,3
12,3
12,3
12,3

1,2,3
1,2,3
1,2,3

12,3
1,2,3

L.
L.

L.

. innocua

. innocua
. innocua
. innocua
. innocua

innocua
innocua

monocytogenes

NG

L

L.
L

L.

L.

. innocua

innocua
. innocua

innocua
. innocua

. monocytogenes
monocytogenes

NG
NG
NG

L

L

. innocua

. innocua

NG

-

-

-

L
L

. monocytogenes
. innocua

. innocua
. innocua
. innocua

. monocytogenes
. innocua

. monocytogenes
. innocua
. monocytogenes
. innocua

. innocua
. innocua

NG
NG

ND

ND

ND

ND

ND

ND
ND

4b

ND

ND
ND

ND
ND

ND
ND

ND

ND

4b

ND

ND

ND

ND

4b
ND

4b
ND
4b
ND

ND
ND

16:4211:4286:1090:5337:4276:42710

7:1807
16:4211:4286:1090:5337:4276:180.2
7
16:4211:4286:1090:5337:4276:427.0
7:1807
16:4211:4286:1090:5337:4276:180.2
7
16:4211:4286:5337:4276:4277:180.2
7

ND ND
16:4211:4286:1090:5337:4276:180.2
7

2389:3552:47:52:108:340:312 6
16:4211:4286:1090:5337:4276:180.2
7

ND ND

16:4211:4286:1090:5337:4276:427.0
7:1807
16:4211:4286:1090:5337:4276:180.2

7

16:4211:4286:1090:5337:1807 11
NT ND
NT ND

16:4211:4286:1090:5337:4276:427.0
7:1807
16:4211:4286:1090:5337:4276:180.2
7

2671:108:312 7
16:4211:4286:1090:5337:4276:427.0
7:1807
16:4211:4286:1090:5337:4276:180.2
7
16:4211:4286:1090:5337:4276:427.0
7:1807
16:4211:4286:1090:5337:4276:180.2
7

2671:108:312 7
16:4211:4286:1090:5337:4276:180.2
7

2671:108:312 7
NT

2671:108:312 7
16:4211:4286:1090:5337:4276:180.2
7

NT

NT

95.18

95.21

95.10

95.22

95.12

% Source A was a co-operative that made, maturedsaliticheese, using milk supplied by
several farms. Source N was a co-operative thaived, matured and sold cheese from
producer farms B-M.

®Enrichment 1 = MFB+BLEB , Enrichment 2 = LEB-2 dyriehment 3= LEB-7 d, NT = Not
Typeable, ND = Not Determined, NG = Negative.
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