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Résumé

Dans un contexte d’une population sans cesse grandissante et de la diminution des
terres arables, la production alimentaire doit étre de plus en plus efficace pour assurer un
meilleur rendement. Avec la mondialisation de 1’alimentation, les distances parcourues
par les denrées sont augmentées, ce qui accroit les risques de contamination et de
dégradation. Pour pallier a cette problématique, il est primordial de trouver de nouvelles
technologies afin d’accroitre la salubrité alimentaire. De plus, une meilleure éducation
des consommateurs les ont poussé a s’intéresser a la nourriture qu’ils mangent. De ce fait,
ils demandent maintenant des aliments sans additif et aussi ils aiment reconnaitre le nom
des matiéres premiéres sur la liste des ingrédients. Ces nouvelles demandes de la part des
consommateurs amenent de nouveaux défis pour les industriels produisant ces aliments.
De ce fait, le but de cet ouvrage était de développer de nouvelles solutions
antimicrobiennes d’origines naturelles afin d’améliorer la sécurité des aliments préts a
manger.

Les résultats obtenus lors de ce travail ont permis de mettre en évidence les
propriétés antimicrobiennes des huiles essentielles et des métabolites bactériens tels les
acides organiques et les bactériocines. En premier lieu, un criblage in vitro a permis de
sélectionner les meilleures molécules. Par la suite, la mise au point d’un modéle
alimentaire de charcuteries représentant une contamination par la bactérie Listeria
monocytogenes a permis de faire un second criblage in situ. Toutefois, avec
I’augmentation de la popularité des aliments préts 8 manger, il est possible que ces
solutions ne s’appliquent pas a toutes les situations. De ce fait, la modélisation
mathématique est un des moyens pouvant étre utilisé pour prédire la sécurité des aliments.

Ainsi, la réalisation d’un modéle mathématique prédisant la croissance de L.
monocytogenes dans les charcuteries prétes & manger répondait a cette problématique. Ce
modele est un outil disponible pour les industriels leur permettant de minimiser le nombre
de formulations alimentaires a tester. De plus, ce modele a permis de mettre en évidence
des interactions entre les molécules antimicrobiennes et certains parametres intrinséques

de I’aliment.

Etudiant Directrice de recherche
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Introduction

Déja 10 000 ans avant notre ére, la conservation des aliments était une préoccupation
importante pour la race humaine. Les moyens de conservation privilégiés étaient le froid,
la chaleur, le séchage et la salaison. La plupart des techniques utilisées furent découvertes
grice au mode de recherche essais et erreurs. Suite au développement des méthodes
scientifiques et de la découverte des agents responsables de la détérioration des aliments,
des actions réfléchies ont permis d’élaborer des nouvelles technologies augmentant les
temps de conservation et la sécurité des aliments. De plus, dans le contexte ou une
population sans cesse grandissante et une diminution des terres arables sont observées, la
production alimentaire doit étre de plus en plus efficace pour assurer un meilleur
rendement. Le phénoméne de mondialisation de production alimentaire augmente les
distances parcourues par les denrées ce qui accroit les risques de contamination et de
dégradation des aliments. L’organisation mondiale de la santé estime que 25% des
denrées alimentaires produites sont perdues avant la vente aux consommateurs. Aux
Etats-Unis, 76 millions de maladies sont d’origine alimentaire et causent 325 000
hospitalisations et plus de 5000 décés chaque année. Au banc des accusés nous retrouvons
des genres bactériens pathogénes tels que Campylobacter, Salmonella, Clostridium et
Listeria. Pour pallier a cette problématique, il est primordial de trouver de nouvelles
technologies afin d’assurer la salubrité¢ alimentaire. La problématique associée aux
contaminations microbiennes des mets préts & manger est d’autant plus importante
puisque ce type d’aliment n’est habituellement pas soumis a un traitement thermique
suffisant pour détruire les microorganismes avant d’étre consommeé.

L’année 2008 fut déterminante pour le secteur de I’industrie agroalimentaire
canadien. Un épisode de contamination sans précédent vu le jour. Le décés de 23
personnes causé par une contamination par la bactérie Listeria monocytogenes de viande
préte a manger amena des changements dans la mentalité des consommateurs et aussi des
industrielles produisant la nourriture consommée au Canada. De plus, d’importantes
modifications a la réglementation canadienne ont été apportées afin d’améliorer la
sécurité¢ des aliments. Ainsi depuis ce jour, la sécurité alimentaire est devenue une des

préoccupations les plus importantes pour les Canadiens.



Une autre tendance a aussi vu le jour au début des années 2000. Les
consommateurs ont développé un intérét pour la nourriture qu’ils consomment et de ce
fait ils regardent plus que jamais la composition des aliments qu’ils mangent. En
inspectant les listes d’ingrédients, les acheteurs sont a la recherche de noms qu’ils
connaissent. La tendance est a s’éloigner de I’utilisation d’ingrédients que les clients ne
retrouvent pas dans leur cuisine. Ainsi, suite 4 ce nouveau penchant, de nouveaux défis
sont apparus pour les producteurs d’aliments. Alors que par le passé un ingrédient ayant
un nom se rapportant & une molécule de synthése étaient adéquat pour pallier a une
problématique spécifique (ex : le nitrite de sodium pour empécher la croissance des
pathogénes) il est maintenant nécessaire de développer de nouvelles méthodes se
rapportant a des items ayant une origine plus naturelle (ex : vinaigre, jus de citron, etc.).

Depuis I’apparition de la vie sur terre, les organismes vivants sont en constante
compétition pour leur survie. Afin de résister a I’envahissement, les espéces vivantes ont
développées des moyens de défense. Par exemple, les végétaux synthétisent des
molécules pour empécher d’étre détruits par des insectes, des champignons ou des
bactéries. Il est possible d’extraire et concentrer ces molécules lors d’une distillation du
matériel végétal afin de produire une huile essentielle. Cette huile essentielle pourrait étre
utilisée afin d’éliminer les microorganismes pathogénes dans les aliments.

Les bactéries lactiques sont aussi bien connues pour leurs défenses contre les
envahisseurs. Par exemple, elles produiront des acides organiques pour acidifier leur
environnement. Les bactéries lactiques possédent une résistance accrue a un
environnement acide donc elles diminueront les compétiteurs potentiels. Les bactéries
lactiques possédent aussi d’autres mécanismes plus spécifiques. Par exemple, elles
peuvent produire des peptides antimicrobiens, appelés bactériocines, qui seront
spécifiques a certaines familles de bactéries.

La combinaison de la demande pour des aliments plus naturels et une sécurité
accrue ameéne les scientifiques en sciences alimentaires a mieux acractériser I’efficacité
antimicrobienne des aliments de base utilisés depuis des générations. Les nouvelles
connaissances sur les microorganismes qui causent les maladies d’origines alimentaires
les plus fréquentes permettent de mieux contrdler cette problématique. Une recherche

axée sur la combinaison de traitements pour améliorer 1’efficacité antimicrobienne




permetira de mettre en évidence des synergies entre des molécules spécifiques et répondra

cette double problématique.
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Les maladies d’origine alimentaire
Les aliments sont une source importante de maladies de toutes sortes (prions, virus,

bactéries, parasites, insectes, métaux lourds, etc.). La contamination des aliments peut
causer des gastroentérites et mener & des conséquences sévéres telles que les maux
d’estomac, les méningites, des défaillances d’organes et méme la mort. Un des problémes
majeurs reliés aux maladies alimentaires est que la majorité des infections ne sont pas
signalées aux autorités gouvernementales vu la faible intensité des malaises que la plupart
des infections causeront. Ainsi, la majorit¢ des infections ne nécessiteront pas de
traitements médicaux et se résorberont en quelques jours. De ce fait, I’évaluation de la
problématique de la contamination des aliments est d’autant plus difficile a évaluer. En
1999, aux Etats-Unis, il était estimé que la consommation humaine d’aliments était
responsable de 76 millions d’épisodes de maladie, 325 000 hospitalisations et 5000 morts
chaque année. Les microorganismes connus causaient 14 millions d’infections, 60 000
hospitalisations et 1800 morts chaque année. Les trois plus grands groupes responsables
de ces infections étaient les virus (60%), les bactéries (30%) et les parasites (3%). La
distribution des infections par des bactéries pathogeénes en 1999 est illustrée dans la
Figure 1. Les bactéries les plus fréquemment responsables des infections étaient
Campylobacter spp. (47 %), Salmonella non-Typhi (32 %), Clostridium perfringens (6
%), Staphylococcus spp. (4 %), Escherichia coli O157:H7 (2 %), Yersinia enterocolitica
(2 %), Shigella spp. (2 %), Bacillus cereus (1 %), Streptococcus spp. (1 %) and
Escherichia coli non-O157:H7 (1 %) (Mead et al., 1999).
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Figure 1: Distribution des maladies causées par des bactéries pathogénes connues aux

Etats-Unis avant 1999 (Mead et al., 1999).

Une nouvelle étude, parue en 2011, a évalué I’impact des maladies d’origine alimentaire
(Scallan, Griffin, Angulo, Tauxe, & Hoekstra, 2011; Scallan, Hoekstra, et al., 2011). Aux
Etats-Unis, il était estimé que la consommation humaine d’aliments contaminés causait
48 millions de maladies, 128 000 hospitalisations et 3000 morts. De ces nombres
alarmants, 9.4 millions de maladies, 56 000 hospitalisations et 1350 morts sont causés par
les virus (59%), bactéries (39%) et les parasites (3%). La distribution des infections par
les agents pathogeénes en 2011 est illustrée dans la Figure 2. Les bactéries les plus
fréquemment responsables des infections sont Salmonella non-Typhi (28 %), Clostridium
perfringens (27 %), Campylobacter spp. (23 %), Staphylococcus spp. (7 %), Shigella spp.
(4 %), Escherichia coli non-O157:H7 (3 %), Yersinia enterocolitica (3 %), Bacillus
cereus (2 %) and Escherichia coli O157:H7 (2 %) and Vibrio parahaemolyticus (1 %)
(Scallan, Hoekstra, et al., 2011). Une comparaison entre 1’étude de 1999 et 2011 permet
de mettre en évidence une augmentation importante des infections par Clostridium (6

contre 28%) et une diminution des infections par Campylobacter (47 contre 23%).
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Figure 2: Distribution des maladies causées par des bactéries pathogénes connus aux

Etats-Unis avant 2011 (Scallan, Hoekstra, et al., 2011).

Aux Etats-Unis, il a été évalué que les maladies d’origine alimentaire colitent en moyenne
77 milliards de dollars par années (Scharff, 2012). Au Canada, les maladies sévéres
gastrointestinales ont un coit estimé de 3.7 milliards de dollars par année (Thomas,

Majowicz, Pollari, & Sockett, 2008).

Habituellement, les maladies alimentaires causent des symptomes plus sévéres chez les
individus ayant un systéme immunitaire plus faible. Les jeunes enfants, les personnes
agées et les patients immunosupprimés (SIDA, cancer et receveur d’organe) sont plus
susceptibles de succomber aux complications d’une infection par un microorganisme
pathogéne. Toutefois, les microorganismes possédent un degré de virulence variable et
peuvent surmonter la défense immunitaire d’un humain en santé et peuvent ultimement

mener a la mort de son héte.




Listeria monocytogenes
L. monocytogenes est une bactérie Gram positive en forme de batonnet, mobile (sous

certaines conditions), avec un métabolisme anaérobie facultatif et est responsable de
maladies alimentaires nommée listériose. Il a ét¢ démontré que le pH intracellulaire de L.
monocytogenes ne variera pas (pHis=8) lorsque que le milieu extracellulaire varie entre 5
et 8 (Budde & Jakobsen, 2000). Cette maladie se décrie comme une infection systémique
des personnes immunosupprimées et des personnes dgées. Cette bactérie peut aussi
traverser la barriére placentaire et causer la mort du feetus. Aux Etats-Unis, ce pathogéne
est responsable chaque année de 1591 épisodes de maladies, 1455 hospitalisations et 255
morts (Scallan, Hoekstra, et al., 2011). Le taux de mortalité d’une personne infectée par
ce microorganisme est parmi les plus élevés des pathogénes alimentaires et se situe au
alentour de 20%. Au Canada, la moyenne varie entre 1.8 et 3.4 cas par million d’habitants
par année pour les années 1995 a 2004. Dans cette méme période, les sérotypes de L.
monocytogenes les plus fréquemment isolés lors d’épisodes de contamination sont 1/2a

(49 %), 4b (33%) and 1/2b (13%) (Clark et al., 2010).

Cette bactérie peut éviter la réponse immunitaire du corps humain en voyageant entre les
cellules sans s’exposer au milieu extracellulaire. L. monocytogenes est une bactérie
ubiquitaire car il est possible de la retrouver dans le sol, I’eau, les végétaux, le tractus
intestinal d’animaux et méme chez certains humains qui sont en bonne santé (porteurs
sains). Entre 5 a 10% des adultes en bonne santé pourraient étre porteur de ce
microorganisme. Son caractére ubiquitaire la rend trés difficile a éliminer et elle peut se
multiplier dans un large éventail de température (0 a 40 °C). Il est d’autant plus difficile
de relier les cas de contamination & un aliment spécifique puisque la période d’incubation
avant de développer les symptomes de la listériose peut s’étendre jusqu’a 70 jours.
(Salyers & Whitt, 2002). Toutefois, la bactérie L. monocytogenes ne forme pas de spores
et est facilement éliminée par les traitements de chaleur utilisés lors des étapes de cuisson
de la plupart des aliments (70 & 75 °C). L’augmentation de la popularité des mets prét a
manger (PAM) est une opportunité parfaite pour la multiplication des cas de

contamination par cette bactérie.



En 2008, une éclosion majeure des cas de contamination de L. monocytogenes a été
découverte. La contamination provenait d’une usine de transformation de la viande située
en Ontario et détenue par la compagnie Maple Leaf. Les produits étaient distribués dans
sept provinces canadiennes. De cet épisode, 57 cas de listériose ont été confirmés et de ce
nombre 23 personnes ont perdu la vie. La contamination a coiité plus de 45 millions de
dollars a la compagnie Maple Leaf. Cette crise a mené a des changements majeurs a la
politique agroalimentaire canadienne afin de prévenir les contaminations futures (Farber,

Kozak, & Duquette, 2011).

La composition de la viande
Le mot viande est le terme général qui décrit la partie comestible de la chair du muscle

d’un animal. Cet aliment est une excellente source de nutriments tels que les protéines,
vitamines et minéraux. De fagcon générale, la viande se compose principalement d’eau
(75%), protéines (20%), gras (5%), sucres (1%) et vitamines (1%). Ces pourcentages
variront en fonction de 1’animal et du muscle choisis. La protéine majoritaire dans la
viande est la myosine. La myosine posséde un point isoélectrique (pI) de 5.4. Lorsque le
pH de la viande est de 5.4, la charge globale de la protéine sera neutre et ainsi les charges
positives et négatives s’attireront. Lorsque le pH est supérieur au pl, les protéines
possédent les mémes charges et auront tendance a se repousser et ainsi pourront du méme
fait emmagasiner une quantité supérieure d’eau entre les protéines de la viande. Les
concentrations élevées d’humidité et de nutriments de la viande sont des €léments qui
supportent la croissance de plusieurs microorganismes. A I’origine, la viande est stérile
avant I’abatage des animaux. Lors de la découpe, la bréche de la peau expose la couche
externe des piéces de viande et permet la contamination potentielle des aliments par les
microorganismes présents dans I’environnement. Les bonnes pratiques de fabrication
limiteront les contaminations. Un niveau plus faible de bactéries totales apres le
découpage permettra une conservation plus longue. Les bactéries lactiques sont
principalement responsables de la dégradation de la viande fraiche et cuite en agissant par

’acidification de celle-ci (Huff-Lonergan & Lonergan, 2005).
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Les acides organiques
Les acides organiques (AO) sont des composés organiques possédant des propriétés

acidifiantes. Le groupe des AO le plus répandu est le groupe des acides carboxyliques qui
se décrivent par la présence d’un ou plusieurs groupes carboxyliques (-COOH) sur la
molécule. Les acides carboxyliques les plus fréquemment retrouvés sont décrits dans le
Tableau 1. Plusieurs AO sont utilisés dans I’industrie alimentaire pour leurs propriétés
antimicrobiennes et antioxydantes. Au Canada, la majorité des acides organiques sont
permis dans les aliments. Toutefois, certaines restrictions quant a leur utilisation
s’appliquent sur le type d’aliment ainsi qu’a la concentration permise. Il est possible de
consulter le réglement sur les aliments et drogues (C.R.C, ch 870) section B.16.001 pour
les limites spécifiques de chacuns des composés. La plupart des AO utilisés
industriellement sont d’origine synthétique. Il est possible de faire I’extraction des AO
des végétaux (ex: I’acide ascorbique extrait des agrumes) et des produits de fermentation

des microorganismes (ex : acide lactique des bactéries lactiques) (Smid & Corris, 2007).
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Tableau 1: Acides organiques les plus fréquemment retrouvés dans ’industrie alimentaire (adapté de Van Immerseel et al.,

2006).

Acide Formule chimique Poids moléculaire (g L) pKa
Formique HCOOH 46.03 3.75
Acétique CH3;COOH 60.05 4.76
Propionique CH3CH,COOH 74.08 4.88
Butyrique CH3CH2CH2COOH 88.12 4.82
Lactique CH3CH(OH)COOH 90.08 3.83
Sorbique CH;CH:CHCH:CHCOOH 112.14 4.76
Fumarique COOHCH:CHCOOH 116.07 3.02
Benzoique C¢HsCOOH 122.12 4.19
Methyl Butanoique CH3SCH3CH.CH(OH)COOH 149.00 3.86
Malique COOHCH:CH(OH)COOH 134.09 3.40,5.13
Tartarique COOHCH(OH)CH(OH)COOH 150.09 2.98,4.34
Ascorbique CeHzOs 176.12 4.10
Erythorbique CsHzOs 176.12 4.10
Citrique COOHCH:C(OH)(COOH)CH2COOH 192.14 3.13,4.77,6.40
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La production de viande PAM autre que les produits fermentés requiére un pH
légeérement acide qui varie entre 6.0 et 6.4. Tel que décrit précédemment, outre I’effet sur
la multiplication des microorganismes, le pH aura un effet principalement sur I’absorption
de I’eau par I’aliment. Pour cette raison, il est impossible d’ajouter les AO sous leur
forme acide. 1l est donc possible de neutraliser les OA avec une base forte (ex : NaOH)
afin de produire le sel de I’acide organique (SAO). Par exemple, en combinant 1’acide
lactique avec le NaOH, il y a production du lactate qui est une molécule d’acide lactique
avec un atome de sodium remplagant I’hydrogéne sur le groupe carboxylique (RCOOH
— RCOONa). Quand I’AO est en solution aqueuse, il y a un équilibre entre la forme
conjuguée (RCOOH) et la forme dissociée (RCOO™ H+) de I’acide. Il y a 50% de chaque
forme quand le pH du milieu est égal au pKa de I’acide. Si le pH est supérieur au pKa il y
aura plus de la forme dissociée et si le pH est plus faible que le pKa il y aura plus de la
forme conjuguée. Certains AO possédent plus d’un pKa car ils possédent plusieurs

groupements carboxyliques (Horton, Moran, Ochs, Rawn, & Scrimgeour, 2002).

OH OH 5
e 2 r
COOH e 3 coo” . cod
HOOC'/k( pKa 298 HOO(.J\( pKa+3s O ooc)\r
OH OH L
Acide tartarique Hydrogéne tartarate Tartarate

Figure 3: Effet du pH sur la forme majoritaire des acides organiques en solution aqueuse

L’équation de Henderson-Hasselbach
La proportion d’acides conjugués se calcule selon 1’équation de Henderson-

Hasselbach : pH = pKa + (log([A-}/[HA]) ou le pH est celui du milieu, pKa est la
constante de dissociation de I’acide et [A-]/[[HA] est le ratio des concentrations d’acides
conjugués par rapport aux acides dissociés. Lorsque le SAO est ajouté en solution il se
dissociera et retrouvera son équilibre (conjugué/dissocié) selon le pH du milieu et le pKa
de I’acide. Les AO agissent sur les bactéries en pénétrant a travers la membrane cellulaire

sous leur forme conjuguée seulement et en se dissociant par la suite a I'intérieur du
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cytoplasme. La dissociation dans le cytoplasme aura pour effet d’acidifier le milieu et
interférera avec la machinerie cellulaire de 1’organisme (Figure 4). Les microorganismes
possédent des pompes a protons régulant I’acidité du cytoplasme mais requiérent de
I’énergie (ATP) pour les faire fonctionner. Ainsi, I’énergie dépensée a la régulation le
I’homéostasie ne pourra étre utilisée pour se multiplier. Pour cette raison, les acides
organiques en solution légérement acide posseédent principalement un effet

bactériostatique et non bactéricide (Jamilah, Abbas, & Rahman, 2008).

Cellule bactérienne
Ratio
selon pKa

/l/{ RCOOH
solutlon {RCOO e A H* Tl pH=8
+H20 RCOO H*
S8l { RCOONa i H
neutralisé

ADP<— ATP

Figure 4: Réaction des acides organiques et de leurs sels lorsque mis en solution et ainsi

que leurs effets sur les bactéries.

Les acides organiques dans les aliments
Aux FEtats-Unis, plusieurs AO sont considérés comme « GRAS » par le FDA

(http://www.fda.gov/Food/FoodIngredientsPackaging/GenerallyRecognizedasSafeGRAS)
. Au Canada, les AO sont permis dans les aliments par Santé¢ Canada et I’Agence de
I’Inspection des Aliments (ACIA). Toutefois, I'utilisation des AO spécifiquement comme
antimicrobiens est encadrée par des limites au niveau de chaque catégorie de produits
dans lesquels ils peuvent étre incorporés et par une concentration maximale pouvant étre
ajouté. Vu leur caractére sécuritaire pour la consommation humaine et leur propriétés
antimicrobiennes, plusieurs recherches utilisent les acides organiques pour contrdler la

multiplication des populations bactériennes dans les aliments.
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Analyse des acides organiques
La réalisation des études de validation requiert que les antimicrobiens présents dans les

aliments puissent étre mesurés de fagon quantitative. La méthode habituellement
sélectionnée sépare les acides organiques par HPLC et les quantifie a 1’aide d’un
détecteur UV. Plus précisément, la méthode d’exclusion d’ion est utilisée pour la
séparation de molécules faiblement ionisables comme les AO. Le copolymére a I’intérieur
des colonnes de HPLC est un polystyréne-divinylbenzéne sulfoné. Les molécules
chargées négativement sont repoussées du polymére et les molécules neutres peuvent
pénétrer dans les billes de polymére. La phase mobile sélectionée avec ce type de colonne
est acide (5 mM acide sulfurique). Normalement les AO seront élués selon leurs pKa, les
valeurs élevés seront détectées les premiéres. La détection se fera a I’aide de 1’absorbance
de I’éluant par un détecteur UV a 210 nm ou le lien carboxylique produira une

absorbance caractéristique (Pescuma, Hebert, Mozzi, & Font de Valdez, 2008).

La combinaison lactate et diacétate
Certains acides organiques, tels I’acide lactique et acétique, ont déja été étudiés

par le passé pour leur efficacit¢ antimicrobienne. L’acide lactique est une molécule
impliquée dans différents processus biochimiques chez les étre vivants. Plus
particuliérement, ’acide lactique est aussi un métabolite produit par les bactéries
lactiques. Cet acide se présente sous deux formes d’énantiomeres D-(—)-acide lactique et
L(+)-acide lactique. La forme L est produite chez les organismes vivants. Il est & noter
que D-(—)-acide lactique est faiblement plus antimicrobien que L(+)-acide lactique
(Gravesen, Diao, Voss, Budde, & Knochel, 2004). Le lactate est le sel neutralisé de
I’acide lactique. L’acide acétique peut étre produit de fagon synthétique ou par la
fermentation de I’alcool par des bactéries appartenant au genre Acefobacter. L’acide
acétique est la composante caractérisant le vinaigre (5%). Le diacétate est le sel
partiellement neutralisé de I’acide acétique. Le ratio d’acide acétique et acétate est de 1 :
1 dans le diacétate. Plusieurs articles ont rapporté 1’utilisation du lactate (de sodium (LS)
ou de potassium (LP)) et du diacétate (de sodium (DS) pour I’inhibition de la croissance
de L. monocytogenes dans les aliments PAM (Barmpalia et al., 2005; Mbandi & Shelef,
2002; Stekelenburg, 2003). Il est & noter que le LS et LP utilisés lors des études est
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habituellement une solution ou « sirop » a4 60%. A 4°C, la combinaison de LS (1.8%) et
de DS (0.25%) ont empéché la croissance de L. monocytogenes (avec une concentration
initiale de 10° bactéries par cm?) dans le jambon de Bologne pendant 90 jours (Barmpalia
et al., 2005). La combinaison de LS (1.8%) et de DS (0.125%) n’a pas empéché la
croissance de L. monocytogenes complétement mais a diminué le taux de croissance de
46%. Toutefois, lorsque la température est augmentée a 10°C au lieu de 4°C la
combinaison LS (1.8%) et de DS (0.25%) ne peut inhiber complétement la croissance de
Listeria mais peut toutefois réduire son taux de croissance. L’effet bactériostatique du SL,
PL et SD n’est pas spécifique pour L. monocytogenes seulement car ces antibactériens
peuvent inhiber la croissance des bactéries lactiques ainsi que les bactéries qui composent

la flore aérobique mésophile totale (Barmpalia et al., 2005).

L’acétate
L’acétate est le sel neutralisé de I’acide acétique. L’utilisation de 1’acétate (de sodium, de

potassium et de calcium) comme antimicrobiens a été confirmée plusieurs fois dans la
littérature. Une concentration de 0.9% d’acide lactique était capable de réduire de 4 log
UFC/g de L. monocytogenes dans le milieu de culture infusion de cerveau et de coeur
(brain heart infusion, BHI) a pH 3.5, 28°C en 66 jours comparativement au contrdle
acidifié nécessitant 172 jours (Golden, Buchanan, & Whiting, 1995). 1l est & noter que
I’évaluation in vitro de I’efficacité des acides organiques est plus complexe puisque
I’effet des acides organiques est pH dépendant tel qu’expliqué précédemment. La plupart
des milieux de culture pour les bactéries possédent un pH neutre ce qui diminue
I’efficacité des acides organiques. Pour cette raison, les analyses in vitro nécessiteront des
concentrations plus fortes qu’in situ si les méthodes d’analyses habituelles (méthode de
dilution en bouillon) ne sont pas modifiées. Une autre expérience démontra qu’un
trempage dans une solution d’acétate de sodium a 2% pour 30 minutes en combinaison
avec un emballage sous une atmosphére modifiée (70% N2 et 30% CO2) a permis de
réduire le compte des bactéries psychrophiles et mésophiles durant la conservation du
poisson (Manju, Jose, Gopal, Ravishankar, & Lalitha, 2007). La combinaison de 1’acide
acétique ou du diacétate de sodium avec la nisine a aussi démontrée une réduction du taux

de croissance de L. monocytogenes dans les aliments (Samelis et al., 2005).
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Le propionate
L’acide propionique peut étre produit de fagon synthétique ou par la fermentation

anaérobique des bactéries appartenant au genre Propionibacterium. L’acide propionique
est utilisé actuellement principalement dans le domaine de la boulangerie pour inhiber la
croissance des moisissures. Il n’est présentement pas permis d’utiliser I’acide propionique
comme antimicrobien dans les charcuteries au Canada. Le propionate est le sel neutralisé
de P’acide propionique. Dans le BHI & pH 3.5, une concentration de 0.9% d’acide
propionique est capable de réduire de 4 log UFC/g L. monocytogenes en 65 jours
comparativement au témoins acidifié prenant 172 jours (Golden et al., 1995). Dans des
pommes fraichement coupées, une solution de trempage contenant du propionate de
calcium a réussi a réduire la croissance des levures, moisissures et E. coli pendant
I’entreposage (Guan & Fan, 2010). Dans la dinde cuite et le jambon, le propionate a
permis I’inhibition la croissance de L. monocytogenes lors de la conservation a 4°C
pendant 12 semaines (K. A. Glass, McDonnell, Rassel, & Zierke, 2007). Dans le jambon
de Bologne, 1’acide propionique en combinaison avec le benzoate a permis d’inhiber la
croissance de L. monocytogenes pendant 13 semaines (K. Glass, Preston, &

Veesenmeyer, 2007).

L’hypothése voulant que la forme dissociée du lactate interfére
avec le cycle du pyruvate
Ce paragraphe vise a faire une mise au point sur une hypothése véhiculée par certains

auteurs mais n’ayant jamais €t¢ démontrée. Cette hypothése suppose que I’ion lactate
(RCOO") pourrait interférer avec le cycle du pyruvate de la bactérie et ralentir le
métabolisme de celle-ci, ce qui expliquerait 1’effet bactériostatique du lactate. Dans
I’article de revue de (Houtsma, Kusters, Dewit, Rombouts, & Zwietering, 1994) cette idée
est présentée et référée de 1’article (Papadopoulos, Miller, Acuff, Vanderzant, & Cross,
1991). Ce dernier, présente cette idée en référant (Maas, Glass, & Doyle, 1989) qui avait
émis comme hypothése que le lactate pourrait réduire la production de toxine chez

Clostridium botulinum. Toutefois, aucune expérimentation n’a été effectuée pour vérifier
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I’hypothése. Ainsi, les explications fournies dans les sections précédentes restent les

seules ayant été¢ démontrées expérimentalement.

Le houblon
La biére est la troisieme boisson la plus consommée au monde aprés I’eau et le thé. La

biére traditionnelle est faite d’eau, d’orge malté et de houblon qui sont fermentés par une
levure. Le houblon (Humulus lupulus 1.) est une source importante de composés
phénoliques qui se retrouvent dans la bi¢re. Les cones de houblons séchés contiennent
entre 4 et 14 % de composés phénoliques comprenant les acides phénoliques, chalcones,

flavonoides, catéchines et proanthocyanidines (Gerhauser, 2005a).

Les acides amers (5-20% du poids du houblon) sont des dérivés phloroglucinol
habituellement appelés acides a et acides . Chaque groupe contient 3, 4, 5 ou 6 chaines
carbonées oxo-alkyles. Les acides a et P sont structurellement différents pour un ou
plusieurs groupes prényles (Figure 5). Les acides amers sont présents dans le houblon
dans un mélange variable de chaque forme. L’acide a majoritaire est I’humulone (35-70
% des acides o totaux), cohumulone (20-65 %) et adhumulone (10-15 %). L’acide B
majoritaire est le lupulone (30-55% des acides P totaux), colupulone et adlupulone

(Zanoli & Zavatti, 2008).

Acide a Acide B
OH o

R= CH,CH(CH3)2 o (Humulone) B (Lupulone)
R= CH(CH3), a (Cohumulone) B (Colupulone)
R= CH(CH3)CH2CHj3 o (Adhumulone) B (Adlupulone)

Figure 5: Structure chimique des acides amers du houblon
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L’activité antimicrobienne, principalement contre des bactéries Gram positives, a été
documentée pour I’humulone, le lupulone et leurs dérivés (acides a et B). L’activité
antimicrobienne agit en créant des pertes de contenu cellulaire qui sont causées par les
interactions hydrophobiques entre les acides et la membrane bactérienne (Zanoli &
Zavatti, 2008). Une revue de la littérature sur les composés du houblon, décrivent aussi le
xanthohumol, une autre molécule présente dans le houblon comme ayant de bonnes
propriétés antimicrobiennes contre les bactéries, virus, moisissures et parasites
(Gerhauser, 2005b). L’utilisation des acides amers du houblon est approuvée par le FDA
pour I’ajout de ceux-ci dans certaines applications alimentaires spécifiques (GRAS Notice
No. GRN 000063,
http://www.fda.gov/Food/FoodIngredientsPackaging/GenerallyRecognizedasSafeGRAS/
GRASListings/ucm153973.htm).

Les modéles prévisionnels pour la croissance microbienne dans
les aliments
La prédiction de la croissance microbienne dans les aliments est un domaine qui combine

les sciences alimentaires, la microbiologie, les mathématiques et les statistiques. Une
revue étendue de la littérature est disponible pour la modélisation de la croissance des
microorganismes pour la fermentation industrielle en réacteur puisque 1’observation des
différents parameétres et le contrdle de ceux-ci est définitivement plus facile que pour les
modéles alimentaires. Toutefois, des recherches ont produit des données sur Ia
modélisation de la croissance bactérienne dans les aliments (Whiting, 1995). Les modéles
prévisionnels peuvent avoir plusieurs utilit€¢s comme la prédiction du risque, le contrdle
de la qualité, la recherche et le développement et 1’éducation (McDonald & Sun, 1999).
Les modeles prévisionnels sont divisés en trois groupes: primaire, secondaire et tertiaire

(Whiting & Buchanan, 1993).
Le modéle primaire sert a quantifier la biomasse microbienne (UFC/g) dans une condition

environnementale spécifique. Un des premiers modeles adopté et encore utilisé

aujourd’hui pour décrire la cinétique de croissance bactérienne est celui de Monod :
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N=No " ou le k défini le taux de croissance de la bactérie (Monod, 1949). L ’équation de
Gompertz (Bhaduri et al., 1991; Gibson, Bratchell, & Roberts, 1987) et celle de Baranyi
(Baranyi & Roberts, 1994) sont d’autres exemples d’équations pouvant étre utilisées pour
décrire la cinétique bactérienne dans les aliments. L’équation de Monod est une équation
exponentielle ne prenant pas en compte la phase de latence avant la phase exponentielle.
L’équation de Gompertz et Baranyi est une équation exponentielle de type sigmoidale.
Ces deux derniéres équations prendront en compte la phase de latence. Toutefois, pour la
modélisation du comportement de bactéries dans un modéle alimentaire sur la durée de
vie de celui-ci, la détection de la phase de latence est plus difficile & déterminer vu I’écart
qui est plus grand entre les prélévements des données. Pour cette raison, I’utilisation du
modéle simple de Monod est souvent privilégiée. Les modeles secondaires décrivent la
réponse des microorganismes par rapport a différents paramétres environnementaux tels
que la température, le pH, I’humidité, les nutriments et les antimicrobiens. Les modéles
tertiaires sont habituellement des logiciels d’utilisation de routine qui convertissent les
modeles primaires et secondaires en outils faciles d’utilisation pour des utilisateurs ne
connaissant pas nécessairement la mécanique derriere la modélisation de la croissance des
microorganismes mais qui sont plutét soucieux du résultat sur le produit fini (Whiting,
1995). Plusieurs logiciels différents existent tels que : SSSP, Purac, DMRI, pfit, pathogen

modelling program, foodmicro, growth predictor et sym’previous.

Les modeéles décrivant la croissance de Listeria monocytogenes
Un des premiers modeéles secondaires in situ a étre publié sur le pathogéne L.

monocytogenes était celui de Seman, Borger, Meyer, Hall, & Milkowski, 2002. Ce
modele décrit la croissance de L. monocytogenes dans les produits de charcuteries préts-a-
manger. Les paramétres évalués de ce modéle sont le taux d’humidité, le pourcentage de
chlorure de sodium, de lactate de potassium et de diacétate de sodium. Il est & noter que la
compagnie américaine Purac a créé a 1’aide de ce modéle un logiciel (modéle tertiaire)
afin de prévoir la croissance du pathogéne dans les charcuteries. Purac est un leader
mondial dans la fabrication de dérivés d’acide lactique pour différents marchés. Une autre
équation a été créée par Ole Mejlholm & Dalgaard, 2007 pour prédire la croissance de L.

monocytogenes dans les fruits de mer en évaluant la température, le chlorure de sodium,
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le pH, I’activité de I’eau (aw), les phénols, le CO-, le lactate et le diacétate. Par la suite, le
modéle a été mis a jour pour inclure ’acide acétique, 1’acide benzoique, 1’acide citrique et
I’acide ascorbique (O. Mejlholm & Dalgaard, 2009). Afin de valider leur modele, une
étude comparative avec d’autres modeles publiés précédemment a été effectuée (O.
Mejlholm et al., 2010). Dans cette étude, les modeéles suivant ont €t€ comparés :
(Delignette-Muller, Cornu, Pouillot, & Denis, 2006), (Augustin, Zuliani, Comu, &
Guillier, 2005), (Zuliani et al., 2007), Purac (2007), Listeria model du Danish Meat
Research Institute (DMRI; http://1.test.dezone.dk/ (username: matmodel and password:
listeria) et (O. Mejlholm & Dalgaard, 2009). Un modele tertiaire est maintenant
disponible (Seafood Spoilage and Safety Predictor (SSSP) software v. 3.1) et qui est base
sur les recherches de (O. Mejlholm & Dalgaard, 2009). A ce jour, aucun modéle pour
prédire la croissance de L. monocytogenes dans les aliments prend en compte I’ utilisation

du propionate, de la nisine et du houblon.
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Chapitre de livre 1: Essential Oils in Edible Films and
Coatings

Chapitre publié:

D. Dussault and M. Lacroix, 2012, Essential Oils in Edible Films and Coatings, In:
Essential Oils as Natural Food Additives (eds. Luca Valgimigli), Nova Science
Publishers, Inc., NY, NY, pp. 413-426.

Contribution des auteurs
J’ai écris en collaboration avec ma directrice de recherche Prof. Monique Lacroix ce

chapitre de livre. La partie décrivant les différents polyméres a été écrite par la Prof.
Monique Lacroix. J’ai fait la revue de la littérature et I’écriture de la section sur les huiles

essentielles. J’ai aussi réalisé la mise en forme de la publication.

Résumé en francais
En dépit des nouvelles technologies et des concepts de sécurité modernes tel que le

HACCP (Hazard Analysis and Critical Control Points, Analyse des dangers et points
critiques pour leur maitrise), le nombre de maladies d’origine alimentaire est toujours
croissant. Selon Santé Canada, le colit annuel pour traiter les maladies d’origine
alimentaire est estimé a 1 milliard de dollars au Canada et entre 5 et 86 milliard aux Etats-
Unis. Les huiles essentielles servent depuis longtemps comme additifs de saveurs dans les
aliments et breuvages. Vu leur composition variée en agents antimicrobiens et
antioxydants, ces extraits ont un potentiel pour devenir des agents de conservation
naturels pour les aliments. Les composés actifs des huiles essentielles peuvent étre ajoutés
a ’emballage des aliments pour augmenter le temps de conservation, conserver la couleur
et augmenter les qualités nutritionnelles. L’utilisation de films comestibles offre la
possibilité d’augmenter I’efficacité des composés antimicrobiens et de prolonger la durée

de conservation en assurant un relargage controlé des molécules actives dans 1’aliment.

22



Abstract
In spite of modern technologies and safety concepts, such as HACCP, the reported

numbers of food-borne illnesses and intoxications are still increasing. According to
Health and Welfare Canada, the annual costs to treat foodborne illness are estimated at $1
billion in Canada and from $5 to $86 billion in the United States. Essential oils have long
served as flavouring agents in food and beverages, and due to their versatile content of
antimicrobial and antioxidant compounds; they possess potential as natural agents for
food preservation. Active compounds can be added to food packaging in order to extend
the shelf life, preserve the color and improve the nutritional value of foods. The use of
edible films offers the possibility to improve the efficiency of the antimicrobial
compounds and prolong the shelf life of foods by assuring a controled release of the

active compounds.

Key words: edible films and coating, essential oils, antimicrobial, food safety,

crosslinking.
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Introduction
In spite of modern technologies and safety concepts, such as HACCP, the reported

numbers of food-borne illnesses and intoxications are still increasing [1]. According to
the United Nations, more than 30% of the mortality rate world-wide is caused by
alimentary diseases. According to Health and Welfare Canada, the annual costs to treat
foodborne illness are estimated at $1 billion in Canada and from $5 to $86 billion in the
United States [2]. Still, in the United-States it was estimated that 76 million illnesses, 325
00 hospitalizations and 5000 death occur every year. Known pathogenic organisms are
causing 38 million infections per year (50 % of the total cases) and the three most
important groups are virus, bacteria and parasites responsible for 67 %, 30 % and 3 %
respectively [3]. Campylobacter, Listeria, Shigella, Escherichia coli and Salmonella are
the most important bacteria responsible for foodborne illness in Canada. Salmonella,
Campylobacter jejuni, E. coli 0157:H7, Listeria monocytogenes, Staphylococcus aureus
and Clostridium botulinum can contaminate meat, poultry, eggs, seafood and dairy
products. The desire of most countries to make food safer for consumption requires better
food preservation and production techniques. In this regard, the use of natural
antimicrobial compounds is an interesting alternative to be considered [2].

The principal role of food packaging is to protect food products from outside influences
and damage, to contain the food and to provide consumers with ingredient and nutritional
information [4]. Food packaging can also maintain the quality and the safety of the food
and provide protection against chemical, biological and physical external influences [5].
The use of plastics in food packaging is very popular due in part for the low cost of
materials and functional advantages [6]. Despite, environmental concerns are opening the
way to biodegradable material for food packaging. Biodegradable films are derived from
replenishable agricultural feedstock, animal sources, marine food processing industry
wastes, or microbial sources [5]. The inclusion of essential oils and bacteriocins in food
packaging should lead to beneficial effects such as improved safety, quality and flavour;
and potential in the biopreservation of food. Some compounds are not effective alone,

however, when combined together, a synergistic effect could be found [7].
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Edible Films and Coatings
Edible films are freestanding structures, first formed, then applied to foods and eaten with

the food without removing it. Edible films typically contain three major components:
proteins, polysaccharides and lipids. These composite films may be of heterogenic nature
and be formed via a mixture of protein/polysaccharide/plasticizer and lipid [8]. This
approach allows a better exploitation of the functional properties of each of the film’s
components. They are formed by casting and drying film-forming solutions on a levelled
surface, drying a film-forming solution on a drum drier or using traditional plastic
processing techniques, such as extrusion. Edible coatings are generally applied by
spraying or dipping. Edible coatings can potentially extend the shelf life and improve the
quality of food system by the control of mass transfer, moisture and oil diffusion, gas
permeability (O2, COz), and flavour and aroma losses. Coating formulations could be used
to serve as adhesives for seasoning or to improve the appearance of foods. For example,
edible coating can be applied to the surface of snack foods and crackers to serve as a
foundation or adhesive for seasoning [9]. Active compounds (antimicrobials, antioxidants
and nutrients) can be added to food coatings in order to extend the shelf life, preserve the
color and improve the nutritional value of foods. Edible coatings also have the potential
for maintaining the quality of food after the packaging is opened by protecting against
moisture change, oxygen uptake and aroma loss [10].

The film and coating requirements for food are complex. Unlike inert packaged
commodities, foods are often dynamic systems with limited shelf-life and very specific
packaging needs. In addition, since foods are consumed to sustain life, the need to
guarantee safety is a critical dimension of their packaging requirements. While the issue
of food quality and safety is first and foremost in the mind of the food scientist, a range of
other issues surrounding the development of any food package must be considered before
a particular packaging system becomes a reality. Secondary packaging is often used for
physical protection of the product. It may be a box surrounding a food packaged in a
flexible plastic bag. It could also be a corrugated box containing a number of primary
packages in order to ease handling during storage and distribution, improve stackability,
or protect the primary packages from mechanical damage during storage and distribution.

Due to the barrier properties of edible films secondary packaging may not require high-
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barrier packaging materials. Therefore, the entire packaging structure can be simplified,
while satisfying the barrier requirement. The barrier functions concern oxygen, moisture
and aroma blocks, as well as physical damage prevention. Edible film and coating must
meet the criteria that apply to conventional packaging materials associated with foods.
These relate to barrier properties (water, gases, light, aroma), optical properties (e.g.
transparency), strength, welding and moulding properties, marking and printing
properties, migration/scalping requirements, chemical and temperature resistance
properties, disposal requirements, antistatic properties as well as issues such as the user-
friendly nature of the material and whether the material is price-competitive. Edible film
materials must also comply with food and packaging legislation, and interactions between
the food and packaging material must not compromise food quality or safety. In addition,
intrinsic characteristics of edible film materials, for example whether or not they are

biodegradable or edible can place constraints on their use for foods [11].

Antimicrobial Properties of Edible films and Coating Containing
Essential Oils
Contamination by pathogens is a great concern in food sciences. Most of the class I

recalls result from postprocessing contamination during subsequent handling and
packaging [12]. Organic acids, essential oils, salts, lipids, spices and bacteriocins (nisin)
have been largely studied for their efficiency to control microbial growth and pathogenic
bacteria in foods [1, 13-16].

Edible films and coating containing natural antimicrobials may provide protection for
perishable foods but also for the packaging itself during storage. In active packaging
systems, the choice of incorporative components is often limited by the incompatibility of
the component with the packaging material or by the heat liability of the component with
the packaging material {17]. It has been demonstrated that whey protein isolate or soya
protein — based films have great potential for acting as an excellent carrier for bioactive
compounds in active food packaging systems [18, 19]. Disulfide crosslinking induced by
thermal denaturation is an essential step in these investigations [19, 20]. The use of y-
irradiation in order to produce cross-linking between the protein chains has permitted a

significant increase of the mechanical properties of the films [21, 22, 23]. Moreover,
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glycerol was found to play a double role in enhancing the formation of cross-links within
casein chains [24]. The development of new technologies (functionalization, cross-
linking, immobilization etc.) to improve the film properties (control release of active
molecules, bioactivities protection, resistance to water, etc.) of edible films and coatings
represents a need for the future. One strategy to reduce the rate of diffusion is to entrap
the antimicrobial in the polymeric matrix [12]. Essential oils from spices or herbs can be
entrapped into films to modify the flavour but also to introduce antimicrobial and
antioxidant properties. The use of these compounds are however limited to their strong
flavour. The selection of extracts active at low concentrations represents an interest for

the food industry.

In vitro Assay
The most popular assay used to verify the antimicrobial activity of edible films is the agar

diffusion assay (ADA) (Figure 1). This assay consists of placing a circular piece of film,
usually around 5 to 10 mm in diameter, on the center of an agar plate already inoculated
with the indicating microorganisms. After an incubation period to allow the
microorganisms to replicate on the agar plate, the results can then be reported as the
diameter of the growth inhibition of the bacterium around the film. Since, the size and the
thickness of the films, the bacterial strain and the agar medium used are not standardized
in between each experiments, it is hard to compare results between the different
publications. Although, it is still a good screening experiment to select the best

formulation for further studies in situ.
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Figure 1: Agar diffusion assay of edible films containing cinnamon essential oils against A) E. coli O157:H7, B)

S. Typhimurium and C) S. aureus (unpublished data Dussault and Lacroix).

Alginate

Alginate, a polysaccharide derived from brown seaweed known as Phaeophyceae, is
comprised of (1-> 4) linked polyuronic containing three types of block structure: 3-D-
mannuronic acid (M block) and poly o-L-guluronic acid (G block) residues and MG
block containing both polyuronic acids. Alginates produce uniform, transparent and
water-soluble film. Divalent cations are used as gelling gents in alginate film formation to
induce ionic interactions followed by hydrogen bonding [25]. Alginates possess good film
forming properties but tend to be quite brittle when dry but may plasticize by the
inclusion of glycerol. Alginate based films are impervious to oils and fats but are poor
moisture barriers. However, alginate gel coatings can significantly reduce moisture loss
from foods by acting sacrificially. Moisture is lost from the coating before the food
dehydrates significantly. Also, alginate coatings are good oxygen barriers and can retard
lipid oxidation in foods [11]. A film-forming solution made from apple puree and alginate
containing oregano, lemongrass or cinnamon essential oils was found to be bactericidal
against E. coli O157:H7 when assayed in vitro. When the film-forming solution was
casted into a free standing film, these films still had antimicrobial activity when tested in

the ADA (7, 26, 27].
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Agar

Agar, a gum derived from a variety of red seaweeds and like carrageenan, is a galactose
polymer. It forms strong gels characterized by melting points (85°C) far above the initial
gelation (40°C) temperature [28]. Edible films made from algal extracts (Gelidium
corneum) containing 0.4 to 1 % carvacrol showed antimicrobial activity on the ADA

against E. coli O157:H7 and L. monocytogenes [29].

Carboxymethyl Cellulose

Edible coatings made from carboxymethyl cellulose (CMC) have been applied to a
variety of food to provide a moisture, oxygen or oil barrier and to improve batter
adhesion. CMC can be solubilised in aqueous or aqueous-ethanol solutions and the films
obtained present good film-forming properties but are soluble in water. These cellulose
ether films are generally transparent, flexible, odourless, tasteless, water-soluble and
resistant to oils and fat [11]. Film-forming solution of chitosan or carboxymethyl
cellulose containing 1 % olive, rosemary or capsicum oleoresin showed antimicrobial
activity in the ADA against L. monocytogenes and native microflora of butternut squash

[30].

Chitosan

Chitosan is a polysaccharide derived from chitin and found in abundance in the shells of
crustaceans. Chitosan is mainly composed of 2-amino-2-deoxy-S-D-glucopyranose
repeating units but still retaining a small amount of 2-acetamido-2-deoxy-3-D-
glucopyranose residues. Chitosan with a high amino content is water-soluble in aqueous
acids [31]. Chitin and chitosan are natural antimicrobial compounds against different
groups of microorganisms such as bacteria, yeast and fungi [32].

Edible films made from chitosan containing Mexican oregano (Lippia berlandieri
Schauer) and bergamot essential oils could inhibit the growth of moulds like Aspergillus
niger and Penicillium spp. at 0.5 % concentration using the ADA [4, 33, 34]. Also
chitosan-based films containing cinnamon essential oil at levels of 0.4 to 2 % showed
antimicrobial activity in the ADA against L. monocytogenes, L. plantarum, L. sakei, P.

Sfluorescens and E. coli [35].
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Gelatin

Collagen is a constituent of skin, tendon and connective tissues. It is a fibrous protein and
represents about 30% of the total mass of the body. Hydrolysis of collagen results in
gelatin. Gelatin has been known to form clear, flexible, strong and oxygen-impermeable
films when cast from aquous solutions in presence of plasticizers [8]. Edible films made
with fish-skin gelatin incorporated with chitosan and clove essential oil showed growth
inhibition of Shewanella putrifaciens, Photobacterium phosphoreum, L. acidophilus, P.

Sfluorescens, L. innocua and E. coli on the ADA [7,36 ,37].

Pectin

Pectin, is a complex anionic polysaccharide composed of f-1, 4-linked D-galacturonic
acid residues, wherein the uronic acid carboxyls are either fully (high methoxy pectin) or
partially (low methoxy pectin) methyl esterified. These films are solution cast by air-
drying at ambient temperature [11]. In order to detect an antimicrobial property in the
ADA against E. coli O157:H7 for edible films made from tomato puree and pectin a
minimum concentration of 0.75% of carvacrol should be added. It was also noticed that
carvacrol concentrations and antimicrobial properties were stable for up to 98 days at 5
and 25 °C in film made from tomatoes [38]. Films from tomato puree and pectin
containing allspice, garlic and oregano essential oils from 0.5 to 3% showed antimicrobial
efficiency with the ADA and vapor diffusion assay against Salmonella enterica, E. coli
O157:H7 and L. monocytogenes. Garlic essential oils containing films were only
inhibitory to L. monocytogenes as compared to oregano and allspice that also inhibited
Gram negative bacteria [39].

Edible film prepared from apple puree and pectin containing 1% carvacrol showed
antimicrobial properties against E. coli O157:H7 in the ADA. Antimicrobial properties
and carvacrol concentrations were stable for up to 7 weeks in edible film made from
apple puree and pectin [40]. Films from apple puree and pectin containing 0.5 to 3 % of
cinnamon, allspice and clove bud essential oils showed antimicrobial efficiency with the

ADA and vapor diffusion test against S. enterica, E. coli O157:H7 and L. monocytogenes.
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These films showed a greater antimicrobial activity towards L. monocytogenes than
Salmonella enterica, E. coli O157:H7 [41].

Soy Protein

Soy protein films are clear in appearance and contain insoluble particles. Antibacterial
activity of soy protein edible films incorporated with 1 to 5 % oregano or thyme essential
oils showed growth inhibition activity on the ADA against E. coli, E. coli O157:H7 and S.
aureus, although Lactobacillus plantarum and Pseudomonas aeruginosa seemed to be

more resistant to the film than the previous microorganisms [42].

Starch

Biodegradable films made from cellulose and starches have been the most common
cellulose-based polymer. Starch-based polymers will swell and deform when exposed to
moisture. Edible films made from starch containing 0.5% Mexican oregano (Lippia
berlandieri Schauer) could inhibit the growth of two types of moulds: Aspergilus niger
and Penicillium spp. when tested in the ADA[33]. Starch-chitosan films containing 0.1 to
1 % oregano essential oils showed antimicrobial activity in the ADA against Bacillus

cereus, E. coli, S. enteritidis and S. aureus [43].

Whey Protein Isolate

Milk proteins, such as whey and caseinate proteins were extensively studied, owing to
their excellent nutritional value and their numerous functional properties, which are
important for the formation of edible films. Caseinates can easily form films from
aqueous solutions due to their random-coil nature and ability to form extensive
intermolecular hydrogen, electrostatic and hydrophobic bonds, resulting in an increase of
the interchain cohesion. Moreover, edible films based on milk proteins were reported to
be flavourless, tasteless and flexible, and depending on the formulation, they varied from
transparent to translucent. Whey and caseins are the main milk protein fractions. Caseins
and whey proteins represent respectively 80% and 20% of the total composition of cow
milk proteins with a combined concentration of 3% in milk [8]. Films prepared with whey

protein isolate are flexible, transparent, and flavourless and have excellent barrier
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properties for oxygen, oils and aromas. Whey protein isolates film containing 1 to 4 %
oregano, garlic and Zataria multiflora Boiss. essential oils showed antimicrobial activity
against L. innocua, S. aureus and S. enteritidis E. coli O157:H7, L. monocytogenes and L.

plantarum in the ADA [44-46].

Zein

Zein, the major storage protein of corn (Zea mays L.), has been extensively used to
produce biodegradable films. Zein can form tough, glossy, hydrophobic, greaseproof
films that are resistant to microbial attack, with excellent flexibility and compressibility
[47]. Zein based-films were used to immobilize thymol and these films were evaluated
against Bacillus cereus, Pseudomonas sp., Candida lusitaniae and Streptococcus
thermophilus. In vitro results showed that the films were effective in inhibiting the growth
of the investigated spoilage and pathogen microorganisms during more than 5 days but

did not affect the growth of S. thermophilus [47].

In situ Experimentation
The previous section has demonstrated the antimicrobial efficiency of edible films and

coatings containing essential oils in vitro. Even if the ADA is a reliable tool to screen for
antimicrobial activity, it is not clear if this property could translate to the food model.
This section will present the few studies that presented microbiological results on this

subject.

Agar

When agar edible films made from algal extracts (Gelidium corneum) containing 0.6 %
carvacrol are applied to artificially contaminated ham it allowed a reduction of 0.75 and
1.65 log for E. coli O157:H7 and L. monocytogenes respectively over 9 days of storage at
4 °C [29].

Alginate
An edible coating made from a combination of alginate and apple puree containing 0.5 to

1 % oregano or 1 to 1.5 % lemongrass essential oils significantly reduced or stopped the
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growth of psychrophilic aerobes, yeast and moulds when applied to fresh-cut “Fuji”
apples for 21 days at 4°C. When the same coating with essential oils was applied on
artificially contaminated fresh-cut “Fuji” apples with L. monocytogenes, a reduced
microbial count or no growth of the pathogen could be observed over the shelf-life of the
product [26]. Alginate containing cinnamon, palmarosa or lemongrass essential oils with
malic acid was also used to coat fresh-cut melons (Cucumis melo L.). This coating
increased the shelf-life by 21 days. In addition, on artificially contaminated melon with S.
entereitidis, this coating also reduced the pathogen concentration. Coatings containing 0.3
% palmarosa essential oil were the most promising and the sensorial evaluation of this
product displayed a good level of acceptance by the panellists [48].

Alginate-based edible films containing 1 % Spanish oregano, Chinese cinnamon and
winter savory essential oils were applied to contaminated bologna and ham slices. Films
containing essential oils showed a good ability to reduce S. Typhimurium concentration
on ham and bologna after 5 days of storage at 4 °C. However, L. monocytogenes was
more resilient to the films and remained almost unaffected by it [49]. Alginate-based
edible films containing 1 % Spanish oregano, Chinese cinnamon and winter savory
essential oils were applied to contaminated whole beef muscle. Films containing essential
oils showed a good ability to reduce S. Typhimurium and E. coli concentration after 5

days of storage at 4 °C [50].

Chitosan

Chitosan coatings containing rosemary or olive oleoresin at a concentration of 1 % and
applied to butternut squash did not produce any significant antimicrobial effect [30].
Artificially contaminated strawberries coated with chitosan or palmitoylated chitosan
containing red thyme, peppermint or limonene essential oil at 0.2 % have shown a
reduced decay rate over 14 days of storage [51]. Another study used chitosan and
palmitoylated chitosan based coatings containing limonene and peppermint essential oil
to cover the surface of papaya (Carica papaya L.). Native chitosan coatings containing
peppermint essential oil showed the most promising results by reducing the spoilage of

the papaya [52].
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Gelatin

Fresh catfish coated with catfish gelatin containing 0.5 to 2 % origanum essential oil
showed a reduction of S. Typhimurium and E. coli O157:H7 during storage at 4°C and
10°C up to 12 days. Reductions of bacterial populations caused by the coating with
essential oils compared to the control were more significant for S. Typhimurium than E.
coli at both temperatures [53]. When fish skin gelatin containing clove essential oils was
applied to raw sliced salmon stored at 2°C a reduction of 2 log in total bacteria, 4 log in
Pseudomonas spp., 2 log in lactic acid bacteria and 8 log in enterobacteria was observed

after 11 days of storage compared to the control fish without film [36, 37].

Mesquite Gum

Coating papayas with a mesquite gum emulsion containing thyme or Mexican lime
essential oils at 0.1 and 0.5 % respectively could reduce incidence of Colletotrichum
gloeosporioides by 100% thus reducing the severity index of fruit degradation from 3 to
0.2 [54].

Pectin

Apple-based edible films with pectin containing 0.5 to 3 % cinnamaldehyde or carvacrol
showed antimicrobial activity on raw chicken breast innoculated by S. enterica and E.
coli O157:H7 stored at either 4 or 23 °C for 72h. The log reduction was ranging from 0.1
to 4.6 for S. enterica and 0.2 to 6.8 for E. coli O157:H7 as compared to the control
depending on the concentration of the essential oil used. The films were more
antimicrobial at 23 than at 4°C and carvacrol compared to cinnamaldehyde at the same
concentration seemed to be more efficient at reducing the microbial count. When apple-
based edible films containing pectin and 0.5 to 3 % cinnamaldehyde or carvacrol were
applied to ham inoculated with L. monocytogenes stored at 4 and 23 °C for 72 h a
reduction up to 3 log could be observed [55].
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Soy Proteins
On freshly-ground beef, soy protein films containing 5 % oregano or thyme essential oils
showed a reduction in coliforms and Pseudomonas spp. but did not have any effect on

total viable counts of lactic bacteria and Staphylococcus spp [42].

Whey Protein Isolate

Fresh cut beef wrapped in sorbitol-plasticized whey protein isolate film containing 0.5 to
1.5 % oregano essential oil had significantly lower specific growth rate (jtmax) for the total
aerobe mesophile bacteria, Pseudomonas spp. and lactic acid bacteria over 12 days of
storage at 5°C [56]. Ouattara et al. [13] have demonstrated that the use of an edible
coating based on milk proteins containing thyme essential oil and frans-cinnamaldehyde
and applied by immersion on shrimps was able to extend the shelf life by 12 days. It was
also demonstrated that a synergistic inhibitory effect can be obtained by using a

combination of coating with irradiation [57].

Future Trends for Edible Films and Coating and Recommendations.

Since in most solid foods, contamination occurs on the surface of the foods, the use of
edible coatings can target the pathogens during the food post processing [12]. The control
of the diffusion of the active molecules to the food is very important and depends of many
factors such as electrostatic interactions, interaction between the active molecules and the
polymer, ionic osmosis and structural changes induced by the presence of active
compounds in the polymer formulation [12]. These parameters should be considered in
future research and developments. Another aspect of the research that is often ignored by
most researchers is the impact on the organoleptic properties of the food. Since edible
coatings are going to be eaten by the consumers special attention to this topic should be
taken. Also, essential oils haven strong impact on the taste and the odour of the product
and if the concentrations used are too high, it might impair the food to a point where it
won’t be eaten by the customer where it nullifies all the efforts to extend the shelf life of

the produce. Biodegradable and edible films are very promising packaging for the
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improvement of food quality and preservation during processes and storage, and appear to
be a successful key for tomorrow’s food packaging [58]. Compared to plastic packaging,
their cost is higher (10-50 times more) than those made from synthetic-based films.
However this should not be a handicap to their development since the quantity used is
low and these types of films are especially used for very specific goals in value-added
products. Knowledge of edible polymers and that of synthetic materials should be used
synergistically for the development of new applications, new biodegradable materials and
new environmental approaches [58]. Finally, polymers produced by microorganisms or
genetically modified bacteria like bacterial cellulose or polylactic acids are in progress

[58].

Conclusion
This chapter showed that various edible films and coatings were evaluated to control the

growth of bacteria and pathogens. The development of new technologies in order to
improve the water resistance of biodegradable or edible films and the control of the
release of compounds is a priority for the future in order to commercialize these types of
films. Functionalization, crosslinking, immobilization and new formulation development
will allow us to reach these objectives. The efficiency of the combined treatments in order
to increase the bacterial sensitivity to the treatment in order to reduce the time of the

treatment and enhance the protection of the nutrients will be also a priority in the future.
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Résumeé en francais
Contaminant d’origine alimentaire : En dépit des nouvelles technologies et des concepts

de sécurité modernes tel que le HACCP, le nombre de maladies d’origine alimentaire est
toujours croissant. Selon Santé Canada, le cofit annuel pour traiter les maladies d’origine
alimentaire est estimé a 1 milliard de dollars au Canada et entre 5 et 86 milliard au Etats-

Unis. Cette section présentera les bactéries responsables des contaminations des aliments.

Antimicrobiens naturels : Les huiles essentielles servent depuis longtemps comme
additifs de saveurs dans les aliments et breuvages. Vu leur composition variée en agents
antimicrobiens et antioxydant, ces extraits ont un potentiel pour devenir des agents de
conservation naturels pour les aliments. Les bactéries lactiques peuvent aussi produire des
métabolites antimicrobiens tels que les acides organiques et les bactériocines. Certains
acides organiques sont déja utilisés a grande échelle dans I’industrie alimentaire. Cette
section présentera I’application de ces composés naturels dans les systémes alimentaires

afin de détruire les pathogénes et augmenter le temps de conservation des aliments.
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Emballage actif biodégradable : Les composés actifs des huiles essentielles peuvent étre
ajoutés a I’emballage des aliments pour augmenter le temps de conservation, conserver la
couleur et augmenter les qualités nutritionnelles. L’utilisation de films comestibles offre
la possibilité d’augmenter I’efficacité des composés antimicrobiens et de prolonger la
conservation en assurant un relargage controlé des molécules actives dans 1’aliment. Cette
section discutera des applications dans les systémes alimentaires et des perspectives

futures des emballages actifs antimicrobiens.
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Abstract

Food contamination

In spite of modern technologies and safety concepts, such as HACCP, the reported
numbers of food-borne illnesses and intoxications are still increasing. According to
Health and Welfare Canada, the annual costs to treat foodborne illness are estimated at $1
billion in Canada and from $5 to $86 billion in the United States. This section will present

the most important bacteria responsible for food contaminant.

Natural antimicrobials

Essential oils have long served as flavouring agents in food and beverages, and due to
their versatile content of antimicrobial and antioxidant compounds; they possess potential
as natural agents for food preservation. Lactic acid bacteria can also produce important
antimicrobial metabolites called organic acids and bacteriocins. Other organic acids are
also widely used in food systems. This section will review some applications of these
natural compounds in food system in order to eliminate pathogens in food and also to

increase the shelf life.

Biodegradable active packaging

Active compounds can be added to food packaging in order to extend the shelf life,
preserve the color and improve the nutritional value of foods. The use of active packaging
offers the possibility to improve the efficiency of the antimicrobial compounds and
prolong the shelf life of foods by assuring a controlled release of the active compounds.
This section will discuss the methods to produce antimicrobial polymers, the major
applications in food system and the future perspectives in the field of antimicrobial
packaging.

Keys words: active food packaging, natural antimicrobials, food innocuity
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Introduction
In spite of modern technologies and safety concepts, such as HACCP, the reported

numbers of food-borne illnesses and intoxications are still increasing (O’Sullivan et al.,
2002). According to the United Nations, more than 30% of the mortality rate world-wide
is caused by alimentary diseases. According to Health and Welfare Canada, the annual
costs to treat foodborne illness are estimated at $1 billion in Canada and from $5 to $86
billion in the United States (Anon, 1994). Campylobacter, Listeria, Shigella, Escherichia
coli and Salmonella are the most important bacteria responsible for foodborne illness in
Canada. However, Salmonella, Campylobacter jejuni, E. coli 0157:H7, Listeria
monocytogenes, Staphylococcus aureus and Clostridium botulinum can contaminate meat,
poultry, eggs, and seafood and dairy products. The desire of most countries to make food
safer for consumption requires better food preservation and production techniques. In this
regard, the use of natural antimicrobial compounds is an interesting alternative to be

considered.

The use of natural products as antimicrobial compounds seems to be an interesting way to
control the presence of pathogens in food. Spices are rich in phenolic compounds such as
flavonoids and exhibit a large range of biological effects, including antimicrobial and
antioxidant properties. Lactic acid bacteria (LAB) have been also used for centuries to
preserve food using fermentation. Antimicrobial activities of LAB have been
demonstrated in various species and their antagonistic actions have been demonstrated
against numerous intestinal and food-borne pathogens. The preservative ability of LAB in
foods is attributed to the production of anti-microbial metabolites. One of the more
important antimicrobial metabolites proced by LAB are bacteriocins, which are
comprised of small peptides. Bacteriocins have attracted attention as potential substitutes
for antibiotics to cure and/or prevent bacterial infections and are widely employed in food
preservation. The inclusion of essential oils and bacteriocins in food packaging should
lead to beneficial effects such as improved safety, quality and flavour; and potential in the

biopreservation of food (Lacroix, 2008).
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Critical review

Essential oils
Essential oils are secondary metabolites of plants and are used in many applications of the

spice and food industry. Each variety of plant has different enzymatic fonctions,
genetically codified, which directs biosynthesis by a preferential formation of the
components (Russo et al., 1998). They are commonly concentrated in one particular
region of the plant such as leaves, bark or fruit, and when they occur in various organs in
the same plant, they frequently have different composition profiles. Essential oils have
long served as flavouring agents in food and beverages, and due to their versatile content
of antimicrobial compounds, they possess potential as natural agents for food preservation
(Conner, 1993). The major active compounds present in essential oils are terpenoids and

phenolic compounds (Oussalah ez al., 2007a).

Essential oils from spices and herbs have been shown to possess antimicrobial functions
and could serve as a source of antimicrobial agents against food pathogens (Kim et al.,
1995; Deans and Ritchie, 1987). More particularly, essential oils and their components
are known to be active against a wide variety of microorganisms, including Gram-
negative bacteria (Helander et al., 1998, Skaltsa et al., 2003) and Gram-positive bacteria
(Kim et al., 1995). The use of essential oils as natural antibacterial compounds seems to
be an interesting way to control the presence of pathogenic bacteria and to extend the
shelf life of food (Cragg, 1997; Jantova et al., 2000).

Several studies have been done on the antimicrobial activity of essential oils (Araujo et
al., 2003; Burt and Reinders, 2003; Delaquis et al., 2002; Helander ef al., 1998; Panizzi et
al., 1993). According to these studies, the antimicrobial activity of essential oils is
assigned to a number of small terpenoids and phenolic compounds, which also in pure
form have been shown to exhibit higher antibacterial or antifungal activity (Suppakul et
al., 2003; Conner, 1993). The antibacterial properties of these compounds are normally
associated with their lipophilic character, leading to accumulation in membranes and to

subsequent attack of the integrity of the membrane, energy depletion (Conner, 1993;
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Sivropoulou et al., 1996), significant damage of external envelope (Rhayour et al., 2003)

or plasma membrane (Lambert et al., 2001).

Chemical analysis of the most efficient oils like thyme, oregano and cinnamon had shown
that the principal active constituents are principally carvacrol, thymol, citral, eugenol, 1-8
cineole, limonene, pinene, linalool and their precursors (Demetzos and Perdetzoglou.

2001; Juliano et al., 2000; Sikkema et al., 1995).

Clove, coriander (Coriandrum sativum L.Vernacular), cinnamon, cardamom (FElettaria
cardamomum L.), thyme, tea tree (Melaleuca alternifolia), marjoram (Pelargonium spp.),,
ho leaf (Acanthopanax sieboldianus), rosemary, peppermint (Mentha X piperita),
palmarosa (Cymbopogon martinii), lemon grass (Cymbopogon citratus) and sage EOs in
the range of 50 — 500 pg/ml possessed stronger antimicrobial activity against yeast than
bacterial cultures (Hili et al. 1997). Vanillin (2000 ppm), a major constituent of vanilla
beans, has a significant inhibitory effect against spoilage yeast like Saccharomyces
cerevisiae, Zygosaccharomyces rouxii, Debaryomyces hansenii in apple puree (Cerutti
and Alzamora 1996). Garlic culture inhibits the growth of Candida, Cryptococcus,
Thodotorula torulopsis and Trichosporon (Moore and Atkins 1977). The addition of
ground oregano, thyme and their extract in growth media inhibit the production of
aflatoxins (B and Gi) of 4. parasiticus (Salmeron et al. 1990). Thymol and carvacrol
(0.0025 and 0.05%) at pH 5.5 can inhibit completely the growth of A. flavus, A. niger,
Geotricum candidum, Mucor spp., Penicillium spp. in potato dextrose agar (Akgul and
Kivanc 1988). Cinnamon at 0.02, 0.2, 2.0 and 20% inhibited the growth of A. parasiticus
by 16, 23, 31 and 100% and aflatoxin production by 25, 68, 97, and 100%, respectively
(Bullerman 1974). Mustard oil can inhibit the growth of Saccharomyces ellipsoideus, S.
cerevisiae and Mycoderma vini in pickles and sauerkraut (Shelef et al., 1984). EOs of
spices damages the structural and metabolic enzymes, and inhibits the repair of heat-

injured yeasts (Conner and Beuchat 1984).

Oussalah ef al. (2006a) evaluated the mechanism of the antimicrobial action of Spanish

oregano, Chinese cinnamon and savory (Satureja montana) EOs. The integrity of cell
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membranes and walls of bacteria was studied by the measurement of the intracellular pH
(pHin) and ATP concentration, the release of cell constituents and the electronic
microscopy observations of the cells when these EOs at their minimal inhibitory
concentration (MIC) were in contact with E. coli O157:H7 and L. monocytogenes.
Treatment with these EOs at their MIC (from 0.025 to 0.05%) was able to affect the
membrane integrity of bacteria and to induce depletion of the intracellular ATP
concentration. An increase of the extracellular ATP concentration was observed only
when Spanish oregano and savory oils were in contact with E. coli O157:H7 and L.
monocytogenes. Also, a significantly higher (P < 0.05) release of cell constituents was
observed in the supernatant when E. coli O157:H7 and L. monocytogenes cells were
treated with Chinese cinnamon and Spanish oregano oils. Chinese cinnamon oil was more
effective in significantly reducing the pHin of E. coli O157:H7, whereas Chinese
cinnamon and Spanish oregano more significantly decreased the pHin of L.
monocytogenes. Electron microscopy observations revealed that except for the cells
treated with cinnamon, the cell membranes of both treated bacteria was significantly
damaged. These results suggested that degradation of the cytoplamic membrane involves
the toxic action of EOs. The concentration of hight molecular weight membrane
muropeptide was 6 times higher in the murein of cells treated with EOs. Also, the
concentration of lower molecular weight muropeptide in the presence of the EOs at their
MIC was 2 times weaker than in the presence of 0.5 of the MIC concentration (Caillet et
al. 2005, Caillet and Lacroix, 2006). Transmission electron microscope observations
revealed that EOs significantly affect the cell wall structure. The authors concluded that
the murein was not disrupted by antimicrobial treatments, but the composition and
relative percentage of muropeptides were severely modified so that they become critical

for the physical integrity of the cell wall.

There are often large differences in the reported antimicrobial activity of oils from the
same plant. The reasons of this variability can be due to the different geographical
sources, the harvesting seasons, the genotype, the climate, the drying procedure and the
distilled part of the plant. All of these variabilities influence the chemical composition

and the relative concentration of each constituent in the essential oils (Juliano et al.,
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2000). A number of essential oils constituents exhibit significant antimicrobial properties
when tested separately (Lambert et al., 2001; Ultee et al., 2000a,b). However, there is
evidence that essential oils are more strongly antimicrobial than is accounted for by the
additive effect of their major antimicrobial components; minor components appear,

therefore, to play a significant role (Lataoui and Tantaoui-Elaraki, 1994).

Essentials oils are considered as safe (GRAS) food additives (Lambert et al., 2001),
however, their use is often limited to organoleptical criteria. For this reason, it is
necessary to determine the minimal concentration necessary to inhibit (MIC) the growth
of pathogenic bacteria. The essential oils which exhibit a low MCI have a potential to be
added to food as an antimicrobial compound without affecting the sensorial quality of the
food. Oussalah et al. (2007a) have evaluated twenty eight essential oils for their
antibacterial properties, against four pathogenic bacteria Escherichia coli O157:H7,
Listeria monocytogenes 2812 1/2a, Salmonella Typhimurium SL 1344 and
Staphylococcus aureus. Between them, Corydothymus capitatus, Cinnamomum cassia,
Origanum heracleoticum, Satureja hortensis, Satureja montana, and Cinnamomum
verum (bark) showed the lowest MIC (< 0.05 %) for all bacteria tested. Thymus vulgaris
thymoliferum, Thymus serpyllum, Thymus satureioides, Cymbopogon martinii, Pimenta
dioica, Cinnamomum verum (leaf), Eugénia caryophyllus showed a lower antimicrobial
activity showing a MIC ranging between 0.05% and 0.4% (vol/vol) against the four
bacteria tested. Also thirteen others essential oils were less active showing a MIC value 2

0.8% (vol/vol) (Table 1).
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Tablel: Minimal inhibitory concentrations and maximum tolerated concentrations of selected essential oils against pathogenic bacteria.

Fluspecias S i Msin compounds (%) [E. coli O157H7 .ﬁﬂhﬂ F (S..?ow 1. monoqyogere:
Cirnamomam cas:tq China Leafbranch | Cmnamaldehyde (65). methoxy-<mnsmaldehvds (1) 0.050.013 0.025'0.013 | 0.025.0.013 0.05.0.025
Cnmamomesm verum Skxi Lanka Bark Conraldebyde (87) 0.0250.006 0.059.025 0.025.0.013 0.050.013
Cirnamonaim verum Madagascar Leaf Eugenol (63). f-caryophyllene (5) 0.10.013 0.10.013 0.050013 0.20.006
Coriandrum sarhum Bussta Fruit Linalool (70). e-pinene (6) 0.2.0.0086 0.20.003 0290.1 0.80.2

Conydothymus capitanc Spain Flowenne plant Carvacrol (76) 0.025:0.003 0.025/0.006 0.013.9.006 0.0250015
Cymbopozon citranis Guatamala Herb grass Gerzmial (45). neval (32). lomonene (9) 0801 0.80.1 0.10.05 0.40.006
Cimbopogon flexuosus Tndia Hearb grass Gerzmial (46). necal (31) 0804 04101 0.10.025 0401
Cimbopogon marninii var. mona India Herb grass Gerantol (80). geranyl acetste (9) 0.201 0.20.025 0.10.025 020013
Qmbopogon narduz Skzt Lanka | Herb grass Geramiol (19). mnonene (10). camphene (9) 080.1 0.80.013 040.1 0.80.013
Cymbopogon winterianus Viemam Hed grass Cirompellal (34). garanjol (21). Cironrellsl (11) 0.8:0.05 0490.1 0.050.025 0402
Eugenia caryopkyilus Madagascar| Flowerbud Engenol (78). eugenyl scerste (14) 0.10.015 0.10.025 0.050.025 0.20.006
Inuia granveolens France | Flowermgpiant| Boruyt acetate (51). bomeol (23). camphene (7) 0.80.013 0.304 2:0.1 0.80.1
Lavandula inbrida reydovan France | Flowerng plant Lmalocl (51). lipalyl scetate (19). camphear (3) 080.1 0.490.1 08904 0.80.2
Lovandula larifoiia spica cineoliftra | France | Flowering plant Limaloo] (34). 1.8-cdnecle (22). camphar (15) 0.80.025 0802 0291 0804
Meigleuca lmarigholia Anstratia Leaf Terpme-t-ol (30). y-tespimene (19). 1.8 apeole (14) 0.80.025 0804 0402 0.80.1
Origanum compacnim Morocco | Flowering plant Carvacgol (22). y-terpinene (23). thymol (19) 0.025:0.006 0.05.0.006 0.0130.006 0.1,0013
Crigariom heracicoticum France | Flowemgplant| Carvacrol (34). paracymene (14). y-tepmene (14) 0.025.0.006 0.050.013 0.013.0.006 0.05.0.006
Origamum majorana Egnvpt | Flowerng plant | Tespmene-4-ol (26). y-terpinene (12). thuyanol (10) 080013 0.40.025 0.2005 0808
Pimenta diorca Antifles Leaf Engenol (48). mrcene (27). geramol (10) 0.1.0.025 0.10.025 0.10.025 0.20.006
Sanrgia hortenziz France | Flowenng plant Carvacrol (41). y-terpmene (33). p-cymene (6) 0.05,0.006 0.05:0.005 0.013.0.006 0.1.:0.006
Serurgja montana Slovenia | Fiowenng plamt Thymol (43). pcymene (12). yrerpmene (9) 0.05:0.013 0.050.015 0.015.0.006 0.050.013
Ty mastichina Span | Flowenng plant 1.8 cnecle (47). kinalool (24). limonene (7) 0.8:0.003 03804 0804 0.8:0.006
Tiymus sanureoides Morocco | Flowenng plant Baomeol (26). canphene (9). carvagol (7) 0.20.05 0.29.025 0.050.025 0401
s serpyilum Albania | Flowemgplant|  Cavacrol (23). p-cymene (20). terpiene (18) 0.10.025 0.10.05 0.050.025 0.2:0.006
Thymes vulgaris carvacrokiforum France | Flowenng plant Cavagol (32). pcymeee (24). thymol (12) 0.050.003 0.05.0.006 0.025.0.015 0.10.013
Tiyrms vulgarts imaloliferum Fronce | Flowenme plant Limaloal (60). lmaly acetate (10) 0.80.025 02901 0.1:0.05 0.804
Tinmus vulgariz fuyanoliferum France | Flowering plant Thujanol 4 (44), mycene 8-01 (13) 0.80.05 0401 0.40.2 0804
Tomne vuigaris fugenolifrum France | Flowenng plant Thymel (38). p~cymene (19). y<arpinene (17) 0.05/0.003 0.10.013 0.025.0.006 0.20013

Data from OQussalah et al. (1007a). MTC= maximum tolerated concenrranon: MIC= minimum inhibitery conceataton




Bacteriocins
Fermentation is a well known process that is used in order to preserve food quality. Lactic

acid bacteria (LAB) have been used for centuries in the fermentation of variety of dairy
products (O’Sullivan et al. 2002). LAB include the genera Lactococcus, Streptococcus,
Lactobacillus, Pediococcus, Leuconostoc, Enterococcus, Carnobacterium and
Proprionibacterium (Savadogo et al. 2007). Antimicrobial activities of LAB have been
demonstrated in various species and their antagonistic actions are demonstrated against
numerous intestinal and food-borne pathogens such as Escherichia coli, Listeria
monocytogenes, Staphylococcus aureus, Clostridium difficile and others (Mahoney and
Henriksson 2003; Millette et al. 2007a). The preservative ability of LAB in foods is
attributed to the production of anti-microbial metabolites. These metabolites include
organic acids, diacetyl, carbone dioxide, hydrogen peroxide, reuterin, derivatives of lactic
acid such as hydroxyl lactic acid and also small peptides designated bacteriocins (Millette
et al. 2007b).

Bacteriocins have been shown to have potential in the preservation of different types of
foods (Chen and Hoover 2003). When screened for food applications, the producing
strain should be GRAS; the bacteriocin should have a broad spectrum of inhibition; the
bacteriocin should be heat-stable and have no associated health risks; the inclusion of the
bacteriocin in the food products should lead to beneficial effects such improved safety,
quality and flavour; it should have high specificity and potential in the biopreservation of
food (Cotter et al. 2005).

The incorporation of bacteriocins as a biopreservative ingredient into model food systems
has been studied extensively and has been shown to be effective against the growth of
pathogens and spoilage microorganisms in foods. Numerous bacteriocins with potential
biopreservatives are produced by LAB (Twomey et al. 2002; Ennahar and Deschamps,
2000; Duffes et al. 1999). Millette et al. (2007c, 2008) were the first to isolate
bacteriocin-producing strains of P. acidilactici MM33 and Lactococcus lactis subsp.

lactis MM 19 from human intestine. Their study showed that the supernatant of the culture
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have important antimicrobials properties. The antimicrobial metabolites were heat-stable,

and were active at a large pH range (2-10).

Nisin is an antimicrobial peptide or Class Ia bacteriocin, produced by several strains of
Lactococcus lactis. This bacteriocin is approved for use in over 40 countries and has been
in use as a food preservative for more than 50 years (Cleveland et al. 2001). Nisin is also
recognized as GRAS by the United States Food and Drug Administration as stated in the
Code of Federal Regulations (CFR section 184.1538). Nisin is now known to form
poration complexes in target cell membranes through a multi-step process that includes
binding of the C-terminal via electrostatic interaction, then, the N-terminal part of nisin is
inserted into the lipid phase of the bilayer. A depletion of the transmembrane potential
(Ay) and /or the pH gradient, result in the leakage of cellular materials (Okereke and
Montville 1992). It then results in the rapid efflux of small cytoplasmic compounds, e.g.
amino acids, potassium, inorganic phosphate, and ATP, and finally to the cell death

(Bauer and Dicks 2005).

The effectiveness of nisin on meat is dependent on the meat system and the type of micro-
organisms (Davies ef al. 1997). The antimicrobial efficacy of nisin is dependent upon
numerous factors including salt and fat content, basic pH, presence of curing agents and
food particle size (Jung et al. 1992). The binding of nisin to food components makes it
unavailable to inhibit the groeth of microorganisms or reduces its solubility and its
dispersion throughout the foodstuff resulting in a decrease in its antimicrobial capacity.
Nisin is also relatively insoluble due to its hydrophobic nature and loses its efficacy at pH
>5 (Pol and Smid 1999). Storage temperature, modified atmosphere packagaging (MAP),
state of the meat (raw or cooked) and the presence of other preservatives can also affect
nisin efficacy (Murray and Richards 1998). According to Rose et al. (1999), nisin could
be inactivated by the presence of small amounts of glutathione, a low molecular mass
thiol compound present in fresh raw ground beef. Cutter and Siragusa (1996) observed a
lack of effectiveness to control the growth of Brochothrix thermosphacta when nisin was
applied directly on beef carcass surfaces for a long period of storage. Nisin can also bind

sulfhydryl groups or meat particles and interacts strongly with phospholipids which limits
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its activity in meat with a high fat content (Chung et al., 1989). However, nisin is stable at

low temperature and could be used for meat preservation.

Organic acids
Organic acids such as lactic and acetic acids are widely used especially in processed meat

and remains the most effective hurdle against Listeria monocytogenes (Shelef, 1994).
However, research on the potential use of organic acids as post-processing antimicrobial
solutions has been limited (Samelis et al., 2005). According to the same authors,
concentrations of 2.5-5 g/100 ml in dipping solutions, lactic acid, acetic acid, sodium
acetate, sodium diacetate, potassium sorbate and potassium benzoate may provide
extensive inhibition of Listeria monocytogenes in refrigerated bologna (Samelis et al.,
2001). A combination of 5000 IU/ml of nisin in combination with acetic acid or sodium
diacetate (3-5 g/100 ml), or 3 g/100 ml of potassium benzoate was able to inhibit the

growth of Listeria monocytogenes for more than 90 days.

Antimicrobial compounds in combination
Some compounds are not effective alone, however, when combined together, a

synergistic effect could be found. The addition of essential oils under acidic conditions
can dissolve and/or attack to the lipid phase of the bacterial membrane (Skandamis and
Nychas 2000). p-Cymene is not an effective antimicrobial compound, however, when
combined with carvacrol, synergism has been observed against B. cereus (Ultee et al.
2000a, 2000b). It seems that p-cymene, incorporated in the lipid bilayer of bacteria,
facilitates transport of carvacrol across the cytoplasmic membrane (Ultee et al. 2002).
Furthermore, most of the EOs are slightly more active against Gram-positive than Gram-
negative bacteria (Lambert et al. 2001). It is proposed that the outer membrane
surrounding the cell wall of Gram-negatives restricts the diffusion of hydrophobic
compounds through its lipopolysaccharide covering (Ratledge and Wilkinson 1988).
Another study carried out by Mangalassary et al. (2008) showed that the combination of
nisin (2 mg) with lysozyme (10 mg/ml) applied in package just before the pasteurization
of ready to eat turkey and bologna (65°C, 32 s) was able to reduce Listeria
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monocytogenes below the level of detection. When pasteurisation was applied without
antimicrobial agents, this treatment was able to reduce the levels of this microorganism

by only 50%.

Pre-treatment with natural antimicrobials can also increase the susceptibility of nisin to
inhibit the growth of pathogen when used in combination. The antimicrobial activity of
organic acids was increased upon addition of nisin to fresh sausage formulations (Buncic
and Arendt, 1997). Increased inhibition of Listeria monocytogenes on fresh meat treated
with lactic acid or sorbate has been also reported (Ariyapitipun et al., 2000; Avery and
Buncic, 1997).

Lysozyme

Lysosyme is another popular natural antimicrobial. This molecule is an enzyme of 129
amino acids that is cross-linkes with four disulfide bonds. Egg white is a good source of
lysosyme. This enzyme is stable at 100°C at pH 5.3 and is more active against Gram-
positive bacteria (Cagri et al., 2004). Rao et al. (2008) have evaluated the efficiency of
lysozyme in presence of chitooligosaccharides produced by the irradiation of chitosan.
The combination of these compounds showed synergistic effects between the compounds
when evaluated in meat system. These compounds were efficient against Escherichia
coli, Pseudomonas fluorescens and Bacillus cereus and resulted in an increase of the shelf

life of meat for more than 15 days.

Lactoferrin and Lactoferrin hydrolysate

Lactoferrin, lactoferrin hydrolysate and lactoperoxidase were found to exhibit
antimicrobial properties (Shah, 2000). Lactoferrin is a single-chain glycoprotein with a
molecular weight of about 80 kDa (Baker et al, 2002). This compound inhibits
microorganisms by binding iron and making this essential component unavailable to
microorganisms (Tomita et al., 2002). Lactoferrin hydrolysate produced by an enzymatic
reaction using pepsin contains an antimicrobial peptide named lactoferricin which has
greater antimicrobial activity than lactoferrin (Tomita et al., 2002). It is believed that this

compound can inhibit microorganisms by damaging the outer cell wall (Murdock and
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Matthews, 2002; Yamuchi et al., 1993). Andersson et al.(2000) have also reported
antifungal properties of lactoferrin hydrolysates.

Lactoperoxidase

Lactoperoxidase is another natural antimicrobial. This compound catalyzes the oxidation
of thiocyanate ion (SCN’) and iodide (I'), generating oxidizing products such as
hypothiocyanite and hypoiodite, which inhibit the growth of microorganisms. This
compound is also known for its antifungal properties (Kussendrager and van Hooijdonk,

2000).

Since the active compounds are not stable over time and during processes, some studies
have evaluated the possibility of protecting the compound during storage and also to
assure a controlled release during storage time. The inclusion of natural antimicrobial
compounds in food systems should also lead to beneficial effects such as improved safety,

quality and flavour, and potential in the biopreservation of food.

Packaging formulation

The principal role of food packaging is to protect food products from outside influences
and damage, to contain the food and to provide consumers with ingredient and nutritional
information (Coles, 2003). Food packaging can also maintain the quality and the safety of
the food and provide protection against chemical, biological and physical external

influences (Marsh and Bugusu, 2007).

The use of plastics in food packaging is very popular due in part for the low cost of
materials and its functional advantages (Lopez-Rubio et al., 2004). Polyethylene and
polypropylene are the two most widely used plastics in food packaging. They are flexible,
strong, light, stable, resistant to moisture and chemicals, permeable to gas and easy to
form and process. Plastics are made by condensation polymerization or addition

polymerization of monomer units (Marsh and Bugusu, 2007).
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Biodegradable films are derived from replenishable agricultural feedstock, animal
sources, marine food processing industry wastes, or microbial sources (Marsh and
Bugusu, 2007). Edible films typically contain three major components: proteins,
polysaccharides and lipids. These composite films may be of heterogenic nature and be
formed via a mixture of protein/polysaccharide/plasticizer and lipid (Lacroix and
Cooksey, 2005). This approach allows a better exploitation of the functional properties of
each of the film’s components. Edible films are freestanding structures, first formed and
applied to foods. They are formed by casting and drying film-forming solutions on a
levelled surface, drying a film-forming solution on a drum drier or using traditional
plastic processing techniques, such as extrusion. The film requirements for food are
complex. Unlike inert packaged commodities, foods are often dynamic systems with
limited shelf-life and very specific packaging needs. In addition, since foods are
consumed to sustain life, the need to guarantee safety is a critical dimension of their
packaging requirements. While the issue of food quality and safety is first and foremost in
the mind of the food scientist, a range of other issues surrounding the development of any
food package must be considered before a particular packaging system becomes a reality.
Secondary packaging is often used for physical protection of the product. It may be a box
surrounding a food packaged in a flexible plastic bag. It could also be a corrugated box
containing a number of primary packages in order to ease handling during storage and
distribution, improve stackability, or protect the primary packages from mechanical
damage during storage and distribution. Due to the barrier properties of edible films; they
may not require high-barrier packaging materials. Therefore, the entire packaging
structure can be simplified, while satisfying the barrier requirement. The barrier functions
include oxygen, moisture and aroma blocks, as well as physical damage prevention.
Edible film and coatings must meet the criteria that apply to conventional packaging
materials associated with foods. These relate to barrier properties (water, gases, light,
aroma), optical properties (e.g. transparency), strength, welding and moulding properties,
marking and printing properties, migration/scalping requirements, chemical and
temperature resistance properties, disposal requirements, antistatic properties as well as
issues such as the user-friendly nature of the material and whether the material is price-

competitive. Edible film materials must also comply with food and packaging legislation,
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and interactions between the food and packaging material must not compromise food
quality or safety. In addition, the intrinsic characteristics of edible film materials, for
example whether or not they are biodegradable or edible can place constraints on their use

for foods (Lacroix and Le Tien, 2005).

Edible films based on proteins were found to possess satisfactory mechanical properties
(Peyron, 1991). However, their predominantly hydrophophilic character results in poor
water barrier characteristics (Mc Hugh, 2000). The increase of cohesion between protein
polypeptide chains was thought to be effective for the improvement of the barrier
properties of the films. For instance, the cross-linking of proteins by means of chemical,
enzymatic (transglutaminase) or physical treatments (heating, irradiation) was reported to
improve the water vapor barrier as well as the mechanical properties and the resistance to
proteolysis of films (Sabato et al., 2001; Ouattara et al., 2002a; Ressouany et al., 2000;
Ressouany et al.,1998; Brault et al., 1997). When entrapment in cellulose of cross-linked
whey proteins is done, this combined treatment generate insoluble films with good
mechanical properties, high resistance to attack by proteolytic enzymes and a decrease in
water vapor permeability (Le Tien es al., 2000). The addition of lipids in the film
formulations can act as a good moisture barrier (Mc Hugh, 2000). Although interesting,
protein-lipid films are often difficult to obtain. For example, bilayer film formation
requires the use of solvents or high temperatures, making production more costly.
Furthermore, separation of the layers may occur with time. For films cast from aqueous,
lipid emulsion solutions, the process is complex and the incorporation of lipids is limited.
However, the addition of emulsifying agents or surfactants can improve the emulsion
stability (Everett, 1989). Finally, decreased mean particle diameters of the emulsion
resulted in linear decreases in water vapor permeability values (Mc Hugh et al., 1994).
The addition of a polysaccharide in a film formulation could improve the moisture
barrier, the resistance and the mechanical properties of the films (Letendre et al., 2002a;
Ressouany et al., 1998). It is believed that some polysaccharides such as
carboxymethylcellulose, alginate and pectin form charge-charge electrostatic complexes
with proteins (Letendre et al., 2002a; Sabato et al., 2001; Thakur et al., 1997; Shih, 1994,

Imeson et al., 1977). Under certain conditions, polysaccharides like pectin may form
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cross-links with proteins (Thakur et al., 1997). Heat treatment may enhances protein-
polysaccharide interactions resulting in a three dimensional network with improved
mechanical properties. Untreated polysaccharides keep their ordered structure, thus
preventing any unfavourable interactions between their functional groups and those of the
proteins (Letendre et al., 2002a). The addition of starch in film formulation can improve
the oxygen and oil barrier (Kroger and Igoe, 1971). Alginate can reduce dehydration and
retard oxydative off-flavors in meat (Wanstedt et al., 1981). Pectin and chitin can also

reduce bacterial growth in food (Chen et al., 1998).

Milk proteins, such as whey and caseinate proteins were extensively studied, owing to
their excellent nutritional value and their numerous functional properties, which are
important for the formation of edible films (Chen, 1995). Caseinate can easily form films
from aqueous solutions due to their random-coil nature and ability to form extensive
intermolecular hydrogen, electrostatic and hydrophobic bonds, resulting in an increase of
the interchain cohesion (Mc Hugh and Krochta, 1994). Moreover, edible films based on
milk proteins were reported to be flavourless, tasteless and flexible, and depending on the
formulation, they varied from transparent to translucent (Chen, 1995). Whey and caseins
are the main milk protein fractions. Caseins represent 80% of the total composition of

milk proteins with a mean concentration of 3% in milk (Dalgleish, 1989).

Collagen is the most popular film used commercially. The film forming collagen has been
traditionally used in the meat industry, for example, in the production of edible sausage
casing. Collagen is the most commercially successful edible protein film. This protein has
largely replaced natural gut casings for sausages. Collagen films are not as strong and
tough as cellophane but have a good mechanical properties (Hood, 1987). Collagen film
is an excellent oxygen barrier at 0% relative humidity, but oxygen permeability increases
rapidly with increasing relative humidity in a manner similar to cellophane (Lieberman
and Gilbert, 1973). Different crosslinking chemical agents have been used to improve the
mechanical properties, reduce the solubility and improve the thermal stability of films.
Carbodiimide, microbial transglutaminase or glutaraldehyde are most widely used (Taylor

et al., 2002; Takahashi et al., 1999). Gelatin has been known to form clear, flexible,
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strong and oxygen-impermeable films when cast from aqueous solutions in presence of

plasticizers (Gennadios et al., 1994).

Myofibrillar proteins represent the main component of muscles (>50% of the total muscle
weight) (Cuq, 2002). The use of myofibrillar from under-utilized fish for edible film
development was proposed to identify new applications particularly for meat and fish but
particularly for fish surimi (Cuq et al., 1998a). Myofibrillar proteins can only be used for
film forming applications after purification and concentration from meat or fish (Cugq,
2002). Modification of the physico-chemical properties is possible by using a
combination of glycerol and PEG as plasticizers in film formulations based on
myofibrillar proteins (Tanaka et al., 2001). However, high molecular weight proteins are
generally insoluble or only slightly soluble in water. Despite this shortcoming, these films
are transparent and the oxygen permeability is excellent representing a potential for

forming a good water-resistant films (Cuq, 2002; Cugq et al., 1998b).

The use of egg white surplus product from egg-breaking food industry for edible films
and coatings development was proposed to identify new applications in food industry.
Edible packaging from egg white is clear and transparent and their properties are similar
to other proteins (Gennadios et al., 1996). Formation of cross-linked films was also
observed when proteins were treated under UV resulting in lower total soluble matter and

better mechanical properties (Rhim ef al., 1999).

Gelatin has been also evaluated for the film-forming capacity. The physico-chemical
properties of these films depend in part of the composition of amino acid composition of

the substrate used (Gémez-Guillén et al., 2009).

The use of polysaccharides presents advantages due to their availability, low cost and
their biodegradability. However, due to the hydrophilic nature of polysaccharides,
polysaccharide based films exhibits limited water vapour barrier ability (Gennadios and
Kurth, 1997). Also, films based on polysaccharides like alginate, cellulose ethers,

chitosan, carrageenan or pectin exhibit good gas barrier properties (Baldwin ez al., 1995).
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The gas permeability properties of such films result in desirable modified atmospheres,
thereby increasing product shelf life without creating anaerobic conditions (Baldwin et
al., 1995). Polysaccharide films are used in Japan for meat products, ham and poultry
packaging before smoking and steaming processing. The film is dissolved during the
process and the coated meat exhibits improved yield, structure and texture and reduced

moisture loss (Stollman et al., 1994).

Polysaccharides are obtained from a variety of sources such cellulose derivatives
(carboxymethylcellulose, methylcellulose, hydroxypropyl cellulose, hydroxypropyl
methyl cellulose, microcrystalline cellulose) seaweed extracts (agar, alginates,
carrageenans, furcellaran), various plant and microbial gums (arabic, ghatti, karaya,
tragacanth, guar, locust bean, xanthan, gellan, pullulan, levan, elsinan), to connective
tissue extracts of crustaceans (chitosan) (Nisperos-Carriedo, 1994) and they are used
mostly as stabilizers, emulsifiers and texturizers (Tharanathan and Kittur, 2003).
Biodegradable films made from cellulose and starches are is the most common cellulose-
based polymers. Starch-based polymers, which swell and deform when exposed to
moisture, include amylose, hydroxypropylated starch and dextrin. Other starch-based
polymers are polylactide, polyhydroxyalkanoate (PHA), polyhydroxybuterate (PHB) and
copolymer of PHB and valeric acid (PHB/V) (Marsh and Bugusu, 2007). Fermentation of
starch derivatives by bacterial action can produce polylactide (Auras et al., 2004). PHA,
PHB and PHB/V can also be produced by bacterial action on starches (Krochta and
DeMulder-Johnston, 1997).

Chitin is one of the most abundant biopolymers in nature (Kenawy et al., 2007). It is
found in the shells of crustaceans, the cuticles of insects and the cell walls of fungi (Cho
et al., 1999). Chitosan is a deacetylated product of chitin and this polymer has interesting
antimicrobial properties and is nontoxic. According to Dutta et al. (2009), the
antimicrobial activity of chitosan was observed against a wide variety of microorganisms
including fungi, and some bacteria. The antimicrobial efficiency of chitosan is influenced
by many factors such as the type of chitosan, the degree of chitosan polymerization, the

natural nutrient constituency and the environmental conditions. Chitosan was grafted on a
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modified poly (ethylene terephthalate) (PET) polymer, and it was shown that this new
polymer had a high antimicrobial property against Staphylococcus aureus. 1t seems that
the antimicrobial properties could be attributed to the timed-release of the chitosan during

long incubation periods (Huh et al., 2001).

Chitin and chitosan are natural antimicrobial compounds against different group of
microorganisms such as bacteria, yeast and fungi (Ouattara et al., 2000). Also, the
efficiency of the antimicrobial properies of chitosan depends of the degree of
polymerization and the degree of acetylation (Chen et al., 1998). Sulfonated chitosan has
a minimal inhibitory concentration (MIC) of 100 ppm for Staphylococcus aureus, Listeria
monocytogenes, Escherichia coli and Vibrio parahaemolyticus. A MIC of 200 ppm was
observed for Pseudomonas aeruginosa and Shigella dysenteriae (Chen et al., 1998).
Chitosan can also reduce the growth of numerous fungi. Chitosan with an —-NH2 content
of 7.5% markedly reduces the radial growth of Botrytis cinerea and Rhizopus stolonifer in
strawberries (El Ghaouth et al., 1991). Coatings and films based on chitosan and its N,O-
carboxymethyl derivatives was used to reduce water loss, respiration, and fungal infection
in peaches, Japanese pears, kiwi-fruits, strawberries, tomatoes, bell peppers, cucumbers,
banana and mangoes (El Ghaouth e al., 1991). Sebti et al. (2005) have shown that
chitosan can inhibit Aspergillus niger growth at a concentration as low as 0.1%. A
concentration of 3% could also inhibit Clostridium perfringens growth in cooked ground
beef and turkey (Juneja et al., 2006). Chitosan has good mechanical properties, flexibility,
and is difficult to tear. Chitosan films also have a moderate water vapour permeability
and are good barriers to the permeation of oxygen (Tharanathan and Kittur, 2003).
Makino and Hirata (1997) have shown that a biodegradable laminate consisting of
chitosan-cellulose and polycaprolactone can be used in modified atmosphere packaging
of fresh produce. Chitosan was incorporated in Konjac glucomannan (a polysaccharide
derived from the konjac tuber) based-films and these films showed antibacterial effects
against Staphylococcus aureus, Listeria monocytogenes and Bacillus cereus (Li et al.,

20063).
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Chitosan could also be modified with biologically active moieties by grafting onto its
amino groups. Kenawy et al. (2005) have observed that these new polymers can be
effective against fungi like Aspergillus flavus and bacteria such as Escherichia coli and
Staphylococcus aureus. Acidic solutions of chitosan were also used as a dipping solution
for irradiated polypropylene films. Carboxymethyl chitosan and carboxymethyl chitin
were found to adhere to the irradiated polypropylene films; increasing the amount of
chitosan increased the antimicrobial property of the film. These films were used for
tomato packaging and were able to keep the produce almost intact with no apparent
rotting infection for more than 13 days (Elsabee et al., 2008). Chitosan chemically
modified to produce quaternary ammonium salts derivatives was carried out to produce
(N, N, N-trimethylchitosan TMC). Hydroxypropylcellulose with chitosan or with TMC
exhibited a total inhibition of Listeria monocytogenes and Salmonella Typhimurium
(Belalia et al., 2008). Octyl gallate and dodecyl gallate grafted on chitosan based films
showed antimicrobial properties against Listeria monocytogenes and Staphylococcus
aureus (Vartiainen et al., 2008) with an observed reduction of 1.4 and 4.9 log,

respectively observed.

Generally, polymers in the native state are sensitive to the humidity and soluble to water
and consequently, certain modifications are necessary to improve these properties. In
certain formulations of film or coating, a functionalization agent is included to increase
the hydrophobicity of the polymer in order to improve its moisture barrier properties (gas
and water vapour permeability). It is also possible that polymer functionalization permit
an increase of the mechanical properties of the film or coating. The functionalization
agent can be defined as a substance that it is covalently linked to a polysaccharide matrix,
with or without the help of a coupling agent. It generally includes glyceraldehyde, acyl
chlorides, fatty acids and anhydrides. Covalent modifications of the polysaccharide for
the coating formulations can be obtained by esterification, etherification,
carboxymethylation, etc. (Mulhacher et al., 2001; Brode, 1991; Brode et al., 1991,
Rutenberg and Solarek, 1984).
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Cross-linking between proteins and polysaccharides or treatments used to improve
interactions between proteins and polysaccharides may be used to improve functional
properties and the resistance of films (Letendre et al., 2002a; Le Tien et al., 2000;
Ressouany et al., 2000; Mezgheni et al., 1998a,b). Pectin may form cross-links with
proteins under certain conditions (Thakur et al., 1997). Autoclaving enhances protein-
polysaccharide, pectin-protein or agar-protein interactions, resulting in a three
dimensional network with improved mechanical properties. Letendre et al. (2002b) have
pointed out the interaction of pectin with calcium and whey proteins after heating

treatments.

A major challenge for the material manufacturer is the improvement of water vapour
barriers for food applications. When comparing the water vapour transmittance of various
polysaccharides to materials based on mineral oil, it becomes clear that it is difficult to
produce an edible film or coating with water vapour permeability rates comparable to the
ones provided by some conventional plastics. However, if a high water vapor barrier
material is required, very few biomaterials could be applied. Consequently, developments
are currently focusing on this problem and future biomaterials must also be able to mimic

the water vapour barriers of the conventional materials known today (Butler et al., 1996).

The application of nanocomposites also promises to extend the uses of edible and
biodegradable films (Sinha and Bousmina 2005). Until now, only few studies have
suggested the possibility of incorporating nanoparticles to improve the physical properties
of food packaging. This new generation of composite films exhibits significant
improvements in modulus, dimensional stability and solvent or gas resistance with respect
to the pristine polymer. Nanocomposites also offer extra benefits like low density,
transparency, good flow, better surface properties and recyclability (Lacroix, 2009).
Various inorganic nanoparticles have been recognized as possible additives to enhance
polymer performance. Some examples of these particles are synthetic polymer nanofibers,
cellulose nanowhiskers and carbon nanotubes. However, until now, only the layered
inorganic solids like clay have attracted some attention (Sorrentino et al. 2007).

Nanocomposite films prepared from gelatin and montmorillonite exhibit significantly
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improved mechanical properties (Zheng et al. 2002). The incorporation of Cu
nanoparticles in chitosan matrix was able to improve the barrier properties of films,
decreasing the oxygen permeability as well as water vapour permeability and increasing
the protection against UV light. It was also observed that this new composite film has an
improved antimicrobial activity against Staphylococcus aureus and Salmonella enterica
serovar Typhimurium. A 4 and 3 log (CFU/ml) reduction was respectively observed as
compared to only 1 log (CFU/ml) reduction for the chitosan —based film for the same

bacteria (Cardenas et al., 2009).

Analysis

Natural antimicrobials and active packaging
Contamination by pathogens is a great concern in food sciences. Most of the class I

recalls result from postprocessing contamination during subsequent handling and
packaging (Cagri et al., 2004). Organic acids, essential oils, salts, organic acids, lipids,
spices and bacteriocins (nisin) have been largely studied for their efficiency to control
microorganism growth and pathogenic bacteria in foods (Ouattara et al., 2002b, 2001;
Padgett et al., 1998; Ming et al., 1997; Siragusa and Dickson, 1992).

Various kinds of packaging used to protect the food against bacterial contamination can
be sterilized by irradiation treatment (Brault et al., 1997). Active packaging containing
natural antimicrobials may provide protection of perishable foods but also of the
packaging itself during storage. In active packaging systems, the choice of incorporative
components is often limited by the incompatibility of the component with the packaging
material or by the heat liability of the component with the packaging material (Lee et al.,
2003). It has been demonstrated that whey protein isolates or soya protein — based films
have great potential for acting as an excellent carrier for bioactive compounds in an active
food packaging system (Lee et al., 2008; Sabato et al., 2001). Disulfide crosslinking
induced by thermal denaturation is an essential step in these investigations (Sabato et al.,
2001; Chen 1995). The use of y-irradiation in order to produce cross-linking via the

formation of bi-tyrosine between the protein chains has permitted a significant increase of
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the mechanical properties of the films (Ciesla et al., 2006; Mezgheni et al., 1998b;
Ressouany et al., 1998). Moreover, glycerol was found to play a double role in enhancing
the formation of cross-links within casein chains (Brault et al., 1997). Whey proteins can

also be enzymatically crosslinked to form films using transglutaminase (Chen, 1995).

The development of new technologies (functionalization, cross-linking, immobilization
etc.) to improve the film properties (controlled release of active molecules, bioactivities
protection, resistance to water etc.) of active packaging and coatings represent a need for
the future. One strategy to reduce the rate of diffusion is to entrap the antimicrobial in the

polymeric matrix (Cagri et al., 2004).

The coverage of Chitosan/layered films with organosillicic was demonstrated to increase
their stability during storage (Darder et al., 2003). These nano-particles also can be used
to stabilize food additives and efficiently control their diffusion into the food. The
controlled release of these compounds is important for long term storage of foods or for
imparting specific desirable characteristics, such as flavour, to a food system (Sorrentino
et al., 2007). The development of this technology will likely further facilitate
development of stable functional and intelligent packaging systems. Also, the use of
nanomaterials will most likely enhance the ability to produce more efficient active
packaging systems. For example, Rhim ef al (2006) found that chitosan-based
nanocomposite films blended with some organically modified montmorillonite exhibited
antimicrobial activity against Gram-positive bacteria. Whey protein isolate-based
nanocomposite films showed also beneficial bacteriostatic effect against Gram-positive

bacteria like Listeria monocytogenes (Sothornvit et al., 2009).

Plant extracts and active packaging
Essential oils from spices or herbs or liquid smoke can be added to films to

modify the flavour but also to introduce antimicrobial properties. The use of these
compounds are however limited to their strong flavour. The selection of extracts active at

low concentrations represents an interest in food system.
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Ouattara et al. (2001), have demonstrated that the use of an edible coating based on milk
proteins containing natural antimicrobial compounds (e.g. thyme oil and trans-
cinnamaldehyde) and applied by immersion on shrimps was able to extend the shelf life
by 12 days. It was also demonstrated that a synergistic inhibitory effect can be obtained
by using a combination of coating with irradiation (Lacroix and Ouattara, 2000). The
incorporation of antimicrobial compounds extracted from spices in edible films reduced
lipid oxidation and —SH radical production during post-irradiation storage of ground beef
(Ouattara et al., 2002b). Salmieri and Lacroix (2006) have incorporated Spanish Oregano,
Chinese cinnamon or winter savory as natural antioxidant and antimicrobial agents in
alginate/polycaprolactone-based films. The antioxidant properties have shown that the
oregano-based films had the highest antiradical properties. Oregano-based films showed
also a better level of active compounds in films during storage of whole beef, ham and
bologna as compared to cinnamon or savory based-films (Oussalah et al. 2006b, 2007b).
These results mean a better controlled release of the active compounds during storage.
Zein based-films were used to immobilize thymol and these films were evaluated against
Bacillus cereus, Pseudomonas sp., Candida lusitaniae and Streptococcus thermophilus.
Results showed that the films were effective in inhibiting the growth of the investigated
spoilage and pathogen microorganisms during more than 5 days but did not affect the
growth of S. thermophilus (Del Nobile et al., 2008). Carvacrol was immobilized in apple-
based films and the efficiency of the films was evaluated against Escherichia coli
0157:H7 as well as the stability of the films (Du ef al., 2008). A concentration of 1% of
carvacrol was able to inhibit the growth of this pathogen over a period of storage up to 49
days. The results also showed that the carvacrol had a dual benefit. It could be used to
both impart antimicrobial activities and enhance barrier properties of edible films (Du et
al., 2008). Gelidium corneum-gelatin blend films were used to immobilize grapefruit seed
extract (GFSE) or tea extract (GTE) and these films were evaluated on pork loin
inoculated with E. coli and Listeria monocytogenes. Films containing 0.08% (GFSE) or
GTE (2.8%) showed a decrease of the microbial population from 0.69 to 1.11 log CFU/g
for E.coli and from 1.05 to 1.14 log CFU/g for L. monocytogenes after 4 days of storage
and improved the quality of the pork (Hong et al., 2009). Chlorophyllins are semi-
synthetic porphyrins obtained from chlorophyll and used as food colorants and dietary
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supplements. These compounds were incorporated inside gelatin as a polymer matrix for
film development (Lopez et al., 2008). This study demonstrated that the film containing
sodium magnesium chlorophyllin and water soluble copper chlorophyllin reduced the
growth of Staphylococcus aureus and L. monocytogenes by 5 log and 4 log respectively.
Films containing sodium magnesium chlorophyllin were assessed on cooked frankfurters
showed that it was possible to reduce by 1 log, the level of S. aureus and L.

monocytogenes after 15 min of contact with the product (Lépez et al., 2008).

Synthetic based-films were also used to develop active packaging. For example, low-
density polyethylene-based films were used to immobilize linalool or methylchavicol as
antimicrobial compounds. Cheddar cheese, wrapped with films containing
methylchavicol or linalool, showed a dramatic reduction in the bacterial population.
During the first two days of storage, a 1.90 and 2.14 log units reduction of total
mesophilic aerobic bacteria was observed. Also, on inoculated cheese, a decrease by a
factor of 47 and 28 was respectively observed for the content of E. coli after 15 days of
storage at 4°C. For the presence of L. innocua a decrease by a factor of 3.4 and 2.7 was
observed during storage for the same respective active films (Suppakul et al., 2008). Low
density polyethylene / polyamide films were used to immobilize sorbic acid, carvacrol,
trans-cinnamaldehyde, thymol and rosemary oleoresin. All films showed inhibition zones
in an agar diffusion test against L. innocua and E. coli. Moreover, irradiation treatment of
the film (1-3 kGy) was able to improve the moisture barrier functionality of the films
(Han et al., 2007). Polyamide-coated low density polyethylene films were also used to
immobilize trans-cinnamaldehyde. This film was then irradiated to induce the
crosslinking in the polymer. This new crosslinked polymer was then able to assure a
controlled release of the compound during time. This study demonstrated that irradiation
could be used as a controlling factor for the release of active compounds and potential
applications in the development of antimicrobial packaging system (Han et al., 2008).
Lemon extract was also tested on mozzarella cheese in an immobilized alginate based-
film. A 1 and 2 log reduction was respectively observed for Pseudomonas and coliforms
during storage (10 days at 15 °C). Moreover, a prolongation of the lag time was recorded

on coliforms (Conte et al., 2007a).

66




Farmhouses without refrigerated storehouses have been suffering losses of agricultural
products due to the putrefaction related to respiration, transpiration and microbial attack
(Kim et al., 2005). The same authors have coated packaging papers with zeolite and a
botanical antimicrobial agent containing grapefruit seed extracts. It was found that the
zeolite was able to adsorb the gases and that the botanical extract was able to significantly
reduce significantly the microbial growth during storage at 15 °C. Cinnamaldehyde and
carvacrol were also immobilized in soy protein isolates (SPI) and octenyl-succinate
modified starch (OSA) based coating to develop antimicrobial paper. SPI based coatings
showed a better ability to retain the active compound on the surface of the paper. Also, a
quantity of 5 mg of carvacrol or cinnamaldehyde resulted in E. coli growth inhibition

from 4-5 log and a growth delay of Botrytis cinerea for up to 21 days (Arfa et al., 2007).

Bacteriocins and active packaging
Nisin is the first bacteriocin used in the food industry. This bacteriocin is recognized as a

safe biological food preservative. Nisin is a protein of 34 amino acids produced by
Lactococcus lactis subsp. lactis and is inhibitory to a wide range of gram-positive bacteria
including Listeria monocytogenes and could be efficient against some gram-negative
bacteria when a chelating agent is added (Cagri et al., 2004). Nisin is also heat stable,
targets Gram-positive bacteria, disrupting their membranes and also interferes with
peptydoglycan synthesis (Holzman, 2008). Nisin is one of the most heavily investigated
bacteriocins in antimicrobial edible film studies (Jin et al., 2009; Nguyen et al., 2008;
Sebti et al., 2007; Li et al., 2006b; Cooksey, 2005).

In order to protect nisin against deleterious agents in fresh beef and to improve the
efficiency of this bacteriocin, nisin (500 or 1000 IU/mL) was immobilized into
palmitoylated alginate-based films or in activated beads in order to control a pathogen in
meat products. Results demonstrated a 2 log reduction of S. aureus after one week of
storage of sliced meat covered by the film containing 1000 IU/mL of nisin (Millette ez al.
2007b). The palmitoylation of alginate can be used to produce hydrophobic and water-

vapor resistant beads and films. These matrices act also as a control delivery vehicle or to
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protect the bioactivity of the immobilized compound (Le Tien et al., 2004). Nisin was
also immobilized in plastic film for food application. Nisin was also incorporated into
polylactic acid (PLA) polymer in order to control food pathogens i.e. L. monocytogenes,
E. coli 0157:H7 and Salmonella Enteritidis. The incorporation of nisin in PLA films
reduced pathogens from 2 to 4 log for up to 72 hours (Holzman, 2008, Jin and Zhang,
2008). According to Jin et al. (2009), pectin allowing higher amounts of nisin adherence
and enhancing the bacteriocin activity against L. monocytogenes. Pectin and polylactic
based films were able to reduce by 2, 4 and 3.7 log the level of L. monocytogenes in
pectin plus broth, liquid egg white and orange juice (Jin et al., 2009). Also, a reduction of
more than 7.5 log of E. coli was observed in orange juice and a 2 log reduction of
Staphylococcus aureus was observed in liquid egg white when packed in polylactic acid
package containing nisin (Jin and Zhang, 2008). Nisin (2500 and 7500 IU/ml) was also
found to be an effective antimicrobial against L. monocytogenes on processed meats when
immobilized in cellulose based-films and have shown, for example a 2 log/g reduction
after 14 days of storage as compared to the control (Cooksey, 2005; Nguyen et al., 2008).
Guerra et al. (2005) have observed a 1.5 log units reduction of the total aerobic count on
chopped meat, resulting of a shelf life extension of more than 12 days at 4°C. Scannell et
al. (2000) investigated the immobilisation of nisin in polyethylene-polyamide based films
to form a stable bond with the bacteriocin and the activity was maintained for three
months. This active packaging was able to extend the shelf life of ham and reduce the
level of L. innocua and S.aureus. Hydroxypropylmethylcellulose containing nisin (250
pg/mL)-based film was efficient in inhibiting Aspergillus niger and Kocuria rhizophila
food deterioration microorganisms (Sebti et al., 2007). Chitosan was incorporated in films
based on glucomannan and chitosan. A concentration of 42 000 IU/g nisin in film was
found to have antimicrobial activity against S. aureus, L. monocytogenes and Bacillus
aureus. However, in this study, the addition of nisin did not have a synergistic effect with
chitosan (Li et al., 2006b). Nisin (2000 IU/cm?) was also used to coat plastic films in
order to control L. monocytogenes on vacuum-packaged cold-smoked salmon. This film
was able to reduce by 3.9 log CFU/ cm? the level of Listeria when compared to the

control (Neetoo ef al., 2008).
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Pediocins are another commonly studied group of bacteriocins for edible film due in one
part for their wide spectrum of antimicrobial activity and their effectiveness over a wide
range of pH values and temperature (Cagri et al., 2004). Films based on cellulose acetate
containing 50% of pediocins were able to reduce by 2 log cycles the level of L.
monocytogenes and a slight reduction of Salmonella after 15 days of storage at 12°C was

observed (Santiago-Silva et al., 2009).

Enterocins A and B and sakacin K are bacteriocins whose antilisterial activity has been
shown in a meat homogenate and have been applied experimentally as ingredients in
several meat products (Aymerich er al., 2005, 2000). The antimicrobial packaging
containing one of these bacteriocins, nisin, potassium lactate with nisin or lactate alone
was applied on ham and then the product was treated with 400 MPa high hydrostatic
pressure treatments. The product was analyzed to verify the efficiency of the combined
treatment to inhibit Salmonella. 1t was found that nisin was the only treatment that
completely inhibited Sa/monella 24 h after pressurisation and was the most effective
treatment to achieve growth inhibition absence when high level inocula is considered
(Jofré et al., 2008). Enterocins were immobilized in alginate —based films. These films
were used to package cooked ham artificially inoculated with L. monocytogenes and the
product was treated with high-pressure processing. Packaging with films containing
2000AU/cm? of enterocins significantly delayed (P < 0.05) the growth of L.
monocytogenes at 6 °C, extending the lag phase for more than 8 days and the level of the
pathogen was reduced by around 1 log (from 4 to 3 log CFU/g) during this time period.
The combined treatment with high pressure was however able to reduce the level of

microorganisms to 0.6 logs CFU/g in L. monocytogenes and allowed an extension of the

lag phase of L. monocytogenes until day 22 (Marcos et al., 2008).

Organic acid and active packaging
Organic acids like acetic acid, lactic acid or sodium diacetate can be incorporated in films

preparation. Lactic acid was evaluated on meat carcasses and has shown that this
compound is more effective on gram-negative psychrotrophs. This organic acid can be

used also as an acidulant in chitosan and collagen based films or to modify the tensile
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strength and antimicrobial properties (Cagri et al., 2004; Dickson and Anderson, 1992).
Chitosan based films containing lactic acid or citric acids are soft and elastic, however,
the addition of formic or acetic acid make them hard and brittle (Cagri et al., 2004). Ye et
al. (2008a) have incorporated sodium lactate, sodium diacetate, potassium sorbate, and
sodium benzoate in chitosan based films. According to his study, the film incorporating
sodium lactate was the most effective and was able to inhibiting the growth of L.
monocytogenes during ten days of storage on cold-smoked salmon. When applied on
ham, a growth inhibition was observed for more than 12 weeks of storage (Ye et al.,
2008b). Sodium benzoate, nisin and lysozyme were immobilized in swellable polymers
based films for their potential to inhibit the growth of Micrococcus lysodeikticus and
Saccharomyces cerevisiae. A growth inhibition of M. lysodeikticus was observed at
around 10 h in presence of 500 mg of lysozyme and the growth inhibition for S.
cerevisiae was observed after 200 hours in presence of sodium benzoate (100 mg) in the
films. Also results indicated that the release kinetics of the compound could be modulated
through the degree of cross-linking of the polymer matrix and a multilayer structure need

to be used to control the release of sodium benzoate (Buonocore et al., 2004).

Enzyme and active packaging
Lysozyme is one of the most frequently used antimicrobial enzymes. This enzyme is

active mainly against gram-positive bacteria by splitting the bonds between N-
acetylmuramic acid and N-acetylglucosamine of the peptydoglycan in their cell walls
(Giigbilmez et al., 2007). Zein based films containing partially purified lysozyme in
combination with chickpea albumin extract have shown to be effective against the growth
of E. coli and B. subtilis (Giigbilmez et al., 2007). Cellulose acetate was also used to
immobilize lysozyme. A concentration of 1.5% of lysozyme in presence of EDTA was
able to inhibit the growth of E. coli and assure a controlled release of the active
compound during more than 25 hours (Gemili et al., 2009). Polyvinylalcohol- based film
containing immobilized lysozyme was tested against Alicylobacillus acidoterrestris,
which is recognized as a cause of spoilage of acidic beverages. Results showed that this
film was able to slowing the growth of this bacteria and spores (Conte et al., 2006) and

the antimicrobial activity increased as the amount of enzyme incorporated increased

70




(Conte et al., 2007b). Chitosan- lysozyme composite film was applied on inoculated
mozzarella cheese with E. coli, Pseudomonas fluorescens, mold and yeast. This film was

able to completely inhibit the growth of these microorganisms (Duan et al., 2007).

Lactoferrin and active packaging

Lactoferrin is an iron-binding glycoprotein present in bovine milk. This molecule
contains 25 amino acid residues and can inhibit bacteria at concentrations of 0.3 - 150
pg/ml (Cagri et al., 2004). Edible whey protein isolate based-films were used to
immobilize lactoferrin (LF), lactoferrin hydrolysate (LFH) and lactoperoxidase (LPOS).
A concentration of > 10 mg/ml of LF or LFH were able to inhibit the growth of
Penicillium commune in potato broth and films containing LF and LFH were not effective
against this microorganism. However, films containing LPOS containing 59 mg/g film

inhibited the growth of P. commune (Min and Krochta, 2005).

Future perspectives and conclusions
This review showed that various active packaging were evaluated to control the growth of

bacteria and pathogens. Since in most solid foods, contamination occurs on the surface of
the foods, the use of active packaging can target the pathogens during the food post
processing (Cagri et al., 2004). Controlling the diffusion of the active molecules to the
food is very important and depends of many factors such as electrostatic interactions,
interaction between the active molecules and the polymer, ionic osmosis and structural
changes induced by the presence of active compounds in the polymer formulation (Cagri
et al., 2004).

Biodegradable and edible films are very promising packaging for the improvement of
food quality and preservation during processes and storage, and appear to be a successful
key for tomorrow’s food packaging (Daraba, 2008). Compared to plastic packaging, their
cost is higher (10-50 times more) than those made from synthetic-based films. However,
according to the same author, cost is not a handicap to their development because the
quantity used is low and these types of films are especially useful for very specific goals

in value-added products. Knowledge of edible polymers and that of synthetic materials
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should be used synergistically for the development of new applications, new
biodegradable materials and new environmental approaches (Dabara, 2008). However,
the development of new technologies in order to improve the water resistance of
biodegradable or edible films and the control of the release of compounds is a priority for
the future in order to commercialize these types of films. Functionalization, crosslinking,
immobilization and new formulation development is undergoing. The efficiency of the
combined treatments in order to increase the bacterial sensitivity to the treatment in order
to reduce the time of the treatment and enhance the protection of the nutrients will be also
a priority in the future. Finally, polymers produced by microorganisms or genetically
modified bacteria like bacterial cellulose or polylactic acids are in progress (Dabara,

2008).
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Mise en contexte du projet de doctorat

Le présent projet de recherche a été réalisé en collaboration avec la compagnie Les
Ingrédients alimentaire BSA. J’ai été récipiendaire de la bourse BMP innovation pour les
trois premiéres années du doctorat ce qui impliquait une collaboration en industrie pour la
majeure partie de mon doctorat. Il est a noter que les décisions au niveau du projet de
recherche ont été prises en étroite collaboration entre ma directrice de recherche, Prof.
Monique Lacroix, les membres de la compagnie BSA responsables du projet, Nathalie
Rivard, Claude Benoit et Jocelyn Piette, et ainsi que moi-méme. La recherche réalisée
devait répondre aux critéres d’innovation, de faisabilité industrielle, de colits et des

intéréts commerciaux de 1’industriel.

La problématique

La sécurité alimentaire est un enjeu prenant de plus en plus d’importance dans
notre société. Ainsi, la problématique principale est de développer et caractériser une
solution antimicrobienne d’origine naturelle empéchant la croissance des bactéries

pathogénes dans les aliments.

Hypotheése

L’hypothése de travail stipule que I’incorporation de certains composés d’origine
naturelle a I’intérieur d’aliments & base de viande peut limiter la croissance de Listeria
monocytogenes et autres pathogénes présents dans les alimetns au cours de 1’entreposage
de I’aliment tout en n’affectant pas les propriétés organoleptiques et en respectant la

législation canadienne.

Objectifs

a) Sélectionner In vitro des molécules pour leurs propriétés antimicrobiennes contre les
bactéries Escherichia coli O157:H7, Salmonella Typhimurium, Bacillus cereus,

Pseudomonoas aeruginosas, Staphyloccocus aureus et Listeria monocytogenes.
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b)

d)

Evaluer I’effet antimicrobien des molécules sélectionnées précedemment contre les

bactéries de la flore totale de la viande dans un modéle in situ.

Evaluer I’effet antimicrobien d’extraits de plantes et de métabolites bactériens dans

un modele in situ de viande prét-a-manger contre la bactérie L. monocytogenes.
