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NEVES, Meiriele da Silva das. Avaliacdo da atividade antimicrobiana de
nanoparticulas de prata biogénicas contra Salmonella e desenvolvimento de
embalagem biodegradavel. 2019. 74 f. Tese (Doutorado em Microbiologia).
Universidade Estadual de Londrina, Londrina, 2019.

RESUMO

Doencas de origem alimentar ainda sdo uma grande preocupacao em nivel mundial.
Tanto os paises desenvolvidos como paises subdesenvolvidos sofrem com um alto
namero de pessoas infectadas e muitos gastos com o tratamento dessas doencgas.
Um dos maiores responsaveis pela toxinfec¢cdo alimentar € a bactéria do género
Salmonella, que tem apresentado cepas multirresistentes aos antibibticos,
caracteristica que pode dificultar o tratamento. Compostos naturais, ou sintetizados
com o auxilio de microrganismos sdo uma alternativa ao combate de infec¢des
causadas por bactérias resistentes, como as nanoparticulas de prata biogénicas, as
quais tem demonstrado uma potente agao antimicrobiana. Por isso, 0 objetivo desse
trabalho foi avaliar a acao antibacteriana de nanoparticulas de prata produzidas por
Fusarium oxysporum (bio-AgNP) contra cepas de bactérias padrdo e isolados de
Salmonella, além de desenvolver uma embalagem biodegradavel incorporada com
essa nanoparticula e testar sua eficiéncia. A analise da migragéo de prata dos filmes
contendo bio-AgNP para a carne de frango foi realizada através de
espectrofotometria de absorcdo atdmica eletrotérmica, e a carne analisada foi
envolta pela embalagem e estocada em geladeira e no freezer. Os resultados
demonstraram que a bio-AgNP tem acdo contra diferentes sorotipos de Salmonella,
sendo que a faixa de concentracdo inibitéria minima foi de 4,24 a 16,98 ug/mL,
inclusive para Salmonella Saint Paul e Salmonella Enteritidis resistentes a maltiplas
drogas. As curvas de crescimento e morte mostraram que a bio-AgNP elimina a
populacdo bacteriana de Salmonella Typhimurium e Salmonella Enteritidis em 1
hora. Os filmes biodegradaveis incorporados com bio-AgNP foram capazes de inibir
0 crescimento bacteriano na area de contato direto com o0 microrganismo e
apresentaram um pequeno halo de inibicdo ao redor do filme. A quantificacdo do
namero de bactérias inibidas pelo filme incorporado com bio-AgNP, mostrou que
este apresenta a capacidade de inibir de 10° a 10° UFC de patégenos alimentares.
Os resultados da analise da migracdo da prata para o alimento indicaram a presenca
de prata na carne de frango estocada com a embalagem contendo bio-AgNP e
revelaram uma tendéncia de maior migracdo em temperaturas mais altas. Os
resultados obtidos nesse trabalho mostraram um alto potencial de utilizacdo da bio-
AgNP em filmes biodegradaveis para evitar a contaminacdo de alimentos,
principalmente por manter a migracado da prata dentro dos parametros estipulados
por lei.

Palavras-chave: Doencas transmitidas por alimento. Salmonella. Nanoparticula de
prata. Embalagem biodegradavel. Migracéo da prata.
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ABSTRACT

Foodborne diseases are still a major concern worldwide. Developed and
underdeveloped countries suffer with an elevated number of infected people and a
high cost of treating these diseases. One of the major responsible for food
contamination is the bacterium of the genus Salmonella, which has shown multidrug-
resistant antibiotics strains, a characteristic that can make treatment difficult. Natural
compounds or synthesized with the aid of microorganisms have been an alternative
against infections caused by resistant bacteria, and biogenic silver nanoparticles
have shown a potent antimicrobial action. Therefore, the aim of this work was to
evaluate the antibacterial action of silver nanoparticles produced by Fusarium
oxysporum (bio-AgNP) against standard bacteria strains and Salmonella isolates,
and develop a biodegradable packaging incorporated with this nanoparticle and test
its efficiency. Silver migration analysis of films containing bio-AgNP to chicken was
performed by electrothermal atomic absorption spectrophotometry, and analyzed
meat was wrapped by packaging and stored in the refrigerator and freezer. The
results showed bio-AgNP has action against different Salmonella serotypes, and the
minimum inhibitory concentration range was 4.24 to 16.98 ug/mL, including multi-
drug resistant Salmonella Saint Paul and Salmonella Enteritidis. Time-Kill curves
showed that bio-AgNP eliminates the bacterial population of Salmonella Typhimurium
and Salmonella Enteritidis in 1 h. Biodegradable films incorporated with bio-AgNP
were able to inhibit bacterial growth in contact microrganism area and showed a
small inhibition halo around the film. Quantification of the number of bacteria inhibited
by the bio-AgNP film showed that it has the ability to inhibit 10° to 10° CFU of food
pathogens. Results of silver migration analysis indicated the presence of silver in
poultry stored with bio-AgNP packaging and revealed a tendency for higher migration
at higher temperatures. The results obtained in this work showed a potential bio-
AgNP use in biodegradable films to avoid food contamination, mainly for keeping the
silver migration within the parameters stipulated by law.

Keywords: Foodborne diseases. Salmonella. Silver nanoparticles. Biodegradable
packaging. Silver migration.
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1. INTRODUCAO

Doencas transmitidas por alimentos acometem milhares de pessoas ao
redor do mundo todos os anos. A contaminacdo alimentar acarreta grandes
gastos econdmicos tanto pela perda do produto como pelo tratamento de
pessoas infectadas. Um dos patdgenos mais importantes e frequentes nas
doencas alimentares é a bactéria do género Salmonella. Essa bactéria
apresenta a capacidade de causar desde doencas gastrointestinais até casos
graves de salmonelose, como a febre tifoide, que podem levar a morte.

O massivo uso de antimicrobianos na medicina humana e animal,
contribuiu para a emergéncia de diversas espécias bacterianas resistentes a
multiplas drogas, inclusive Salmonella. Essas cepas multirresistentes dificultam
o tratamento das infec¢gOes e por isso pesquisas buscam desenvolver novos
antimicrobianos capazes de elimina-las. As alternativas terapéuticas incluem
compostos naturais, principalmente extraidos de plantas, e também
substancias metélicas em tamanho nanomeétrico.

Uma substancia que tem sido bastante estudada e apresenta um grande
potencial antimicrobiano €é a nanoparticula de prata (AgNP). Essas
nanoparticulas possuem acéo contra virus, fungos e bactérias, inclusive tem a
capacidade de eliminar cepas multirresistentes, sendo uma alternativa no
tratamento de infeccdo causadas por esses microrganismos.

O uso das AgNPs tem sido explorado por diversos setores industriais,
incluindo o setor alimenticio. Devido a sua capacidade antimicrobiana, as
AgNPs tém sido incorporadas em embalagens de alimentos com o objetivo de
diminuir o risco de contaminacdo e aumentar a vida util do produto. Além da
preocupacado em manter os alimentos apropriados para o consumo humano, a
industria alimentar tem buscado diminuir o uso de plasticos em sua producao,
por isso pesquisas tém sido realizadas para desenvolver embalagens ativas
utilizando polimeros biodegradaveis.

Sendo assim, o objetivo desse trabalho foi verificar a agéo antibacteriana
das nanoparticulas de prata contra o patdgeno alimentar Salmonella, incluindo
cepas multirresistentes, e desenvolver uma embalagem biodegradavel

incorporada com nanoparticula de prata, com um pontencial uso comercial.
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2. OBJETIVOS

2.1 Objetivo Geral

O objetivo da tese foi avaliar a acdo antibacteriana da nanoparticula de
prata biogénica (bio-AgNP) frente a cepas padrdes e isolados de Salmonella

sp, e desenvolver uma embalagem biodegradavel com bio-AgNP incorporada.

2.2 Objetivos Especificos

- Avaliar a acdo antimicrobiana da nanoparticula de prata biogéncia contra
cepas padroes e isolados de Salmonella;

- Determinar a concentracdo inibitéria minima e concentracdo bactericida
minima da bio-AgNP.

- Avaliar o tempo de acao da bio-AgNP em cepas de Salmonella padréo.

- Desenvolver uma embalagem biodegradavel com bio-AgNP incorporada.

- Analisar a acdo antimicrobiana da embalagem e determinar a quantidade de
bactéria capaz de ser eliminada.

- Avaliar a acdo antimicrobiana da embalagem ap6s exposicao a luz ultravioleta
e apos autoclavagem.

- Determinar a quantidade de prata capaz de migrar da embalagem para a

carne de frango.
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3. REVISAO DE LITERATURA

3.1 Nanotecnologia

A nanotecnologia envolve a producédo e estudo de materiais em escala
nanométrica. A manipulacdo dos produtos em escala atdmica e molecular
permite realizar mudancas nas propriedades fisicas e quimicas,
potencializando sua funcionalidade e reduzindo a concentracdo necessaria
para seu uso. Alteracdes na cor, combustao, eletrostatica, ponto de fuséo,
entre outras, estdo relacionadas com escalas de tamanho, e podem ser
realizadas através de procedimentos nano tecnolégicos. Nano € uma dimensao
muito pequena, sendo que 1 nandémetro (nm) equivale a um bilionésimo do
metro, e geralmente os materiais de importancia em nanotecnologia estdo
entre 1 e 100 nm (ABDI, 2010; RESCH, 2015).

As nanoparticulas, produto gerado através da nanotecnologia, estédo
amplamente distribuidas em produtos presentes no nosso cotidiano. Elas séo
utilizadas em produtos téxteis, calgados, eletrbnicos, cosméticos e na area da
saude sdo amplamente exploradas nos produtos médicos e farmacéuticos, e
em materiais de uso odontologico (KHAN et al, 2017).

A Unido Europeia (2011) considera que 0s hanomateriais s&o
constituidos por particulas de diferentes tamanhos e distribuicdo variada, por
isso, seria necessario determinar a distribuicdo numero-tamanho. Assim, a
definicdo de um nanomaterial seria um material natural ou fabricado que
contém particulas livres ou na forma de um agregado, e que em distribuicédo
namero-tamanho, 50% ou mais das particulas tenham pelo menos uma
dimenséo externa na gama de tamanhos compreendidos entre 1 nm e 100 nm.

As nanoestruturas podem ser produzidas de duas formas: “de cima para
baixo” (top-down) e “de baixo para cima” (botton-up). No top-down s&o
utilizadas partes maiores no sistema, e essas partes sdo estruturadas em
padrées definidos menores, sendo necessario o uso de maquinaria capaz de
reproduzir os padrdes, como € o caso da confeccdo de chips. O botton-up
baseia-se no comportamento quantico intramolecular, de partes atbmicas e/ou

moleculares especificamente desenhadas e sintetizadas. Neste processo
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aproveita-se da auto-organizacéo, onde inicia-se com um “bloco de constru¢ao”
e 0 sistema avanca na direcdo de sua condicdo de maior estabilidade. De
maneira geral, 0os processos top-down sdo realizados em sistemas secos,
enquanto que os botton-up sdo realizados em meio aquoso ou solvente
organico (ABDI, 2010; FARIA-TISCHER; TISCHER, 2012).

A nanotecnologia é uma ciéncia multidisciplinar que consegue estar
presente em diferentes areas como fisica, quimica, materiais, informatica,
biologia e outras, e tem contribuido para o desenvolvimento de novos produtos.
Percebendo a importancia dessa ciéncia, varios setores buscaram se adequar
a esse novo mercado e comecaram a investir em desenvolvimento e
lancamento de produtos obtidos com auxilio da nanotecnologia, e essa
mudanc¢a causou um impacto econdmico. De acordo o Ministério da Ciéncia,
Tecnologia, Inova¢gdes e Comunicacdes (MCTIC), estima-se que quase 13 mil
empresas de 56 paises utilizam nanotecnologia, movimentando cerca de US$ 3
trilnGes anuais, valor que deve aumentar para US$ 5 trilh6es até 2020. O Brasil
tem participado dessa revolucdo dentro da industria com a abertura de
empresas especializadas, que juntas apresentaram um faturamento que
ultrapassa os R$ 175 milhdes, com um crescimento de 27% ao ano (ABDI,
2018).

3.2 Nanoparticulas

As nanoparticulas apresentam diferentes formas e tamanhos, e podem
apresentar as mais variadas composicdes, como metais, lipidios, proteinas,
ceramicas, polimeros e outros. Essas propriedades sdo importantes para
definir onde essas NPs podem ser aplicadas. Um exemplo da importancia das
suas caracteristicas na aplicacdo sao as nanoparticulas utilizadas na liberacéo
controlada de farmacos, onde os principios ativos estdo incorporados de
formas diferentes. Elas podem se estruturar de duas maneiras, em nanoesferas
ou nanocapsulas. Nas nanoesferas as moléculas sédo associadas
covalentemente ou por interacbes estaveis com a nanoparticula e nas
nanocapsulas, o farmaco encontra-se disperso na matriz polimérica
(MOHANRAJ; CHEN, 2006; FARIA-TISCHER; TISCHER, 2012).
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As nanoparticulas ceramicas apresentam varias aplicacdes devido a
importantes caracteristicas como resisténcia a alta temperatura e inércia
quimica. Ela tem sido muito explorada na area biomédica por apresentar um
bom resultado como carreadoras de farmacos, genes e proteinas. Essa funcao
tem sido utilizada no tratamento de doencas como glaucomas, infeccdes
bacterianas e cancer (THOMAS et al., 2015).

As nanoparticulas poliméricas sdo produzidas utilizando polimeros
naturais ou sintéticos, e também sado utilizadas como veiculos para liberacdo
controlada de farmacos. Os polimeros naturais apresentam um nivel baixo de
toxicidade enquanto que os polimeros sintéticos apresentam uma resisténcia
mecanica maior, que reduz sua taxa de degradacdo. As nanoparticulas
poliméricas tém sido aplicadas em diferentes areas por elevar a eficacia
terapéutica dos medicamentos e reduzir os efeitos adversos. A liberacdo do
farmaco pode ser influenciada pelo ambiente, e pode ocorrer de forma
constante ou ciclica, sendo que essa liberagcdo ocorre através da difuséo,
osmose ou erosdao do polimero (SHAIK; KORSAPATI; PANATI, 2012;
MANSOOR et al., 2019).

Os lipidios também podem se comportar como nanoparticulas, pois
apresentam a capacidade de se automontar em nanofilmes ou nanoestruturas,
como micelas e lipossomas. Essas nanoparticulas sao caracteristicamente
esféricas e possuem um nucleo soélido feito de lipidios e uma matriz que
contem moléculas lipofilicas solGveis. Para estabilizar seu nucleo externo sao
utilizados surfactantes ou emulsionantes. Sua utilizagdo pode ser como
carreadores de moléculas, e tem um papel promissor no carreamento de RNA
de interferéncia, utilizado principalmente no tratamento de cancer (MASHAGHI
et al., 2013; GUJRATI et al., 2014; KHAN et al, 2017).

As nanoparticulas metéalicas e semicondutoras também apresentam uma
aplicacdo bastante explorado pela industria. Diferentes elementos metéalicos
podem ser utilizados na producdo das nanoparticulas, sendo que alguns
metais, como a prata e ouro, S0 mais estudados em comparacao com outros.
Estudos com nanoparticulas de ferro tém aumentado, devido ao seu
superparamagnetismo, baixa toxicidade e simples metodologia de separacao.
Essas caracteristicas possibilitam o uso dessa nanoparticula em imobilizacdo

de proteinas, terapia térmica e diagndstico através de imagem por ressonancia
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magnética (ALl et al., 2016). Além da area médica, a industria de cosméticos e
dermatologia também apresenta produtos com nanoparticulas implementadas.
NPs de dioxido de titanio (TiO,) e oxido de zinco (ZnO) tem capacidade de
bloquear os raios ultravioletas, UVA e UVB, protegendo a pele de danos
causados pelos raios UV (HERMAN; HERMAN, 2014).

Além das diversas propriedades e diferentes possibilidades de uso das
nanoparticulas metélicas, elas apresentam um grande potencial antimicrobiano
devido a sua extensa area superficial, onde ha uma alta quantidade de atomos,
gue permite uma melhor interacdo com o microrganismo (HERMAN; HERMAN,
2014; DURAN et al., 2016a).

3.2.1 Nanoparticulas de Prata

O efeito antimicrobiano da prata tem sido bastante explorado nas Ultimas
décadas, mas seu uso na medicina comecou por volta do século XVIII, quando
0 nitrato de prata era usado no tratamento de ulceras. Com a descoberta da
penicilina e inicio da era dos antibiéticos, o uso da prata diminuiu. No entanto, o
aparecimento de cepas resistentes aos antibiéticos comerciais, e o continuo
avanco da nanotecnologia, contribuiram para que a prata voltasse a ser
utilizada em tratamentos médicos (CHOPRA, 2007).

Pesquisas na area da nanotecnologia fizeram o uso da prata em escala
nanomeétrica se difundir para diferentes setores, e seu efeito antimicrobiano,
mesmo em baixa concentracdo, aumentasse sua utilizagcdo em produtos do
cotidiano. E possivel encontrar diversos itens de uso regular que contenham
nanoparticulas de prata, como em produtos téxteis, cosméticos, tintas,
curativos, cateteres, equipamentos odontolégicos, mamadeiras, embalagens de
comida, e outros (ECHEGOYEN; NERIN, 2013; HE; HWANG, 2016; CHOI et
al., 2018; QING et al., 2018).

As nanoparticulas de prata apresentam acgdo antimicrobiana, com a
capacidade de eliminar bactérias, fungos e virus (LARA et al., 2010; LONGHI et
al., 2016; SINSINWAR et al., 2018; BOCATE et al.,, 2019). Seu uso como
antibacteriano é muito explorado, uma vez que tem acéo contra bactérias Gram
positivas e Gram negativas, inclusive em cepas multirresistentes, como

Staphylococcus aureus resistentes a meticilina e Staphylococcus epidermidis
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resistentes a meticilina podendo ser uma alternativa no tratamento de infec¢bes
causadas por essas bactérias (CARDOZO et al., 2013; ANSARI et al., 2015;
SCANDORIEIRO et al., 2016).

O mecanismo de acdo das nanoparticulas de prata ainda nao foi
totalmente elucidado, mas os estudos mostram que elas apresentam mais de
um alvo de acdo (Figura 1). Dois importantes passos para a acédo das
nanoparticulas de prata é contato delas com a célula e a liberacdo dos ions de
prata, que podem interagir com outras estruturas celulares (LOK et al., 2007;
BONDARENKO et al., 2013). Estudos apontam que as mesmas interagem com
0 DNA, induzem a formacéo de radicais livres, danificam proteinas e enzimas
contendo enxofre, e desestabilizam a membrana celular, afetando sua
permeabilidade, e alterando o funcionamento da cadeia respiratéria (KIM, 2007;
XU, 2012; VISHNUPRIYA, 2013; YUAN, 2013; DURAN, 2016a).

Os multiplos alvos de acdo da nanoparticula de prata podem explicar a
sua rapida acdo contra bactérias, principalmente na fase de crescimento
exponencial onde o microrganismo apresenta uma elevada taxa metabdlica
(SCANDORIEIRO et al., 2016; LOO et al., 2018).

Qe
T
AgNP Membrana Plasmatica
Nucleoide Parede Celular
Ribossomos Capsula

Figura 1 — Mecanismo de a¢do antibacteriano de nanoparticulas de prata. 1 —
Atracdo eletrostatica; 2 — Producado de radicais livres; 3 — Modulacdo no perfil
de fosfotirosina da proteina; 4 — Interacdo com grupos SH; 5 — Interacdo com o
DNA.

Fonte: adaptado de Duran et al. (2016).
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As propriedades fisico-quimicas das nanoparticulas influenciam sua
acao. O formato e principalmente o tamanho delas tém um grande impacto na
quantidade necessaria para eliminar um microrganismo, uma vez que a
atividade antimicrobiana aumenta quando o tamanho diminui, porque a area de
contato com a célula € maior em particulas menores (AGNIHOTRI; SOUMYO;
SUPARNA, 2014; ZHANG et al., 2016).

As nanoparticulas de prata podem ser sintetizadas através de processos
fisicos, quimicos e biologicos (Figura 2). Normalmente o nitrato de prata é
utilizado como precursor, e agentes redutores séo adicionados para que ocorra
a sintese das nanoparticulas. Como 0s processos quimicos e fisicos sdo mais
caros e geram poluentes para o0 meio ambiente, a sintese bioldgica, utilizando
bactérias, fungos e plantas, tem sido bastante estudada e aprimorada (DURAN
et al.,, 2011; SIDDIQI et al., 2018). Esse tipo de sintese € conhecido como

“sintese verde’, uma vez que causa menos danos ao meio ambiente.

AgNPs
Métodos Métodos ndo
bioldgicos biologicos
N
Plantas Microrganismos Templates
g
Folhas, tronco, .
Leveduras, DNA, linhagem
latex, flores, ,
, fungos, celular, virus e
sementes, raizes, L
bactérias e algas etc

frutas, casca

Figura 2 — Varias abordagens para a sintese de nanoparticulas de prata.
Exemplos dos diferentes meios de se produzir nanoparticulas dentro do
processo de sintese bioldgica.

Fonte: adaptado de Ahmad et al., 2019.
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Extratos de plantas sdo muito utilizados na sintese de nanoparticulas
porque os fitoquimicos apresentam uma boa redugéo e estabilizacdo. Como
observado no diagrama sobre sintese biolégica, diferentes partes da planta
podem ser utilizados e estudados na producdo de nanoparticulas. O extrato de
folhas de pimenta atuou reduzindo e como agente estabilizador na producéo de
nanoparticulas de prata de 5 - 60 nm (MALLIKARJUNA et al, 2014). Extratos
de frutas, como de Nitraria schoberi e Adansonia digitata, atuaram como
agentes redutores na sintese das nanoparticulas (RAD et al., 2013; KUMAR et
al., 2016).

O uso de bactérias na producdo de nanoparticulas é bastante promissor,
uma vez que tais microrganismos apresentam um rapido crescimento e alto
metabolismo, além da facilidade em realizar manipulacdo génica, permitindo
ajustes e melhorias no processo de sintese. Diferentes espécies bacterianas
podem ser utilizadas na producédo de nanoparticulas, Rhodococcus foi utilizada
na sintese intracelular de nanoparticulas, enquanto Bacillus subtilis realizou a
biossintese de nanoparticulas extracelularmente (KANNAN; SUBBALAXMI,
2011; OTARI et al., 2015).

As algas também podem ser utilizadas como agentes redutores na
sintese de nanoparticulas de prata. Tanto as algas microscépicas
(picoplankton) como as macroscopicas (Rhodophyta) podem participar desse
processo. Gelidium amansii e Chaetomorpha linum sdo exemplos de
macroalgas utilizadas na sintese de nanoparticulas de prata, e Chaetoceros
calcitrans, Isochrysis galbana e Tetraselmis gracilis sdo algumas microalgas
usadas na biossintese de NPs (MERIN et al., 2010; KANNAN et al., 2013;
PUGAZHENDHI et al., 2018).

Outra alternativa para a sintese verde de nanoparticulas é o uso de
fungos, eles apresentam melhor toleréncia a bioacumulagéo de metais além de
uma econdmica producdo em larga escala. Diversos fungos apresentam a
capacidade de atuarem como agentes redutores no processo de biossintese de
nanoparticulas. Rhizopus stolonifer, Aspergillus fumigatus e Fusarium
oxysporum sédo alguns exemplos de fungos usados nesse processo (BHAINSA;
D‘'SOUZA, 2006; BANU; RATHOD; RANGANATH, 2011). Duran et al. (2005)
padronizaram o método de biossintese de nanoparticulas de prata utilizando o

fungo F. oxysporum, e sugeriram que a reducao dos ions metalicos de nitrato


https://www.sciencedirect.com/science/article/pii/S187853521200069X#!
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de prata ocorre por acdo da nitrato redutase e quinona transportadora de

elétrons (Figura 3).

Ag* AgP
OH OH
OH (o}
OH
OH
Quinona 2 H " Quinona
(forma oxidada) (forma reduzida)
CH:0 COCH CH:0 COCH
: &
REDUTASE
Nitrito Nitrato
(forma reduzida) N 02 N 03 (forma oxidada)
2H20
NADP* 2H* NADPH

Figura 3 — Mecanismo hipotético da biossintese de nanoparticulas de prata. A
presenca de antraquinona foi detectada através de cromatografia de camada
delgada e espectro de fluorescéncia e através da reacdo do nitrito com
reagente 2,3 diaminonaftaleno foi detectada a presenca de nitrato redutase.
Esses dados sugerem que a reducdo de ions de prata e sintese das
nanoparticulas ocorrem como resultado da acdo conjunta da enzima nitrato
redutase e quinona transportadora de elétrons.

Fonte: Duran et al. (2005).

Estudos recentes tém utilizado o DNA como agente redutor na sintese
de nanoparticulas. A forte afinidade das bases do DNA com a prata faz com
que ele seja também um agente estabilizador. (NITHYAJA; MISHA;
NAMPOOR, 2012; KASYANENKO et al., 2016).
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3.3 Embalagens ativas

A nanotecnologia contribuiu na expansdo do uso de nanoparticulas em
diferentes mercados. A industria alimenticia nao ficou fora dessa revolucéao, e
desenvolveu produtos utilizando as nanoparticulas, com o objetivo de aumentar
a vida util de alimentos, ou evitar a contaminagdo por microrganismos (HE;
HWANG, 2016; BAJPAI et al., 2018; CHOI et al., 2018).

Embalar os alimentos € um importante passo para a preservacdo dos
produtos, mas nenhuma embalagem tem a capacidade de impedir totalmente o
contato de substancias naturais, gases atmosféricos e vapores de agua com o
alimento (FINNIGAN, 2009). No entanto, em embalagens de frutas e hortalicas
frescas, o completo bloqueio da migracdo e permeabilidade dos gases nao é
desejavel. Em contraste, a embalagem de bebidas deve eliminar o fluxo de
oxigénio e diéxido de carbono (CO,), para evitar oxidacdo e descarbonatacéo
(ROBERTSON, 2006). Sendo assim, o emprego de nanocompostos na
producdo de embalagens pode contribuir para a resolucdo dessas
complexidades (BAJPAI et al., 2018).

O desenvolvimento de embalagens ativas tem sido amplamente
estudado, uma vez que a Organizacdo Mundial da Saude relata que uma em
cada dez pessoas no mundo apresenta uma doenca de origem alimentar, com
33 milhdes de mortes decorrentes dessas doencas (WHO, 2018a). Diversos
tipos de nanoparticulas sdo aplicadas nas embalagens alimentares, com o
objetivo de liberar compostos antioxidantes ou antimicrobianos (Tabela 1). Os
antimicrobianos diminuem o risco de contaminacgao alimentar, e muitas vezes,
também melhoram a estabilidade do alimento, através da remocé&o do oxigénio
e vapores de agua (DASGUPTA et al., 2015).

Com o objetivo de melhorar a efetividade e a funcionalidade das
embalagens, substancias bioativas sao incorporadas nessas embalagens. Elas
podem apresentar diferentes funcionalidades, como antioxidantes,
antimicrobianas, absorvedoras de umidade e outras. Algumas dessas
substancias necessitam passar por um processo de microencapsulagdo para
poder resistir ao processo de producdo de embalagens, que normalmente

envolve alta temperatura. A microencapsulacédo pode ser realizada através de
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diferentes métodos como, emulsificacdo, coacervacdo, spray-drying e outras
(SILVA et al., 2014).

Tabela 1 — Aplicacdo de nanoparticulas em embalagens de alimentos.
Fonte: adaptado de BAJPAI et al., 2018.

Tipos de Nano Matrix Aplicacao

particulas

Prata Aspargo, suco de laranja, carne de | Retarda o crescimento de

frango, melédo fresco, carne bovina psicrotréficos aerodbicos,

leveduras e bolores; efeito

antimicrobiano contra

Escherichia coli e

Staphylococcus aureus

Oxido de zinco Suco de laranja, albumina de ovo | Reduz efetivamente
liquida Lactobacillus  plantarum,
Salmonella, leveduras e
mofo sem mudangas nos

parametros de qualidade

Oxido de titanio Jujuba chinesa, morango Reduz o escurecimento,

amadurecimento lento,

senescéncia e decadéncia

Oxido de prata Pedacos de maca Retarda a deterioracdo

microbiana

Umas das substancias bioativas bastante exploradas na producéo das
embalagens, sdo 0s Oleos naturais e extratos de plantas, como 6leo de
orégano e menta, extrato de cha verde, extrato de erva-cidreira e outros. Os
beneficios das plantas sdo conhecidos a milénios, e as pesquisas mostraram
que eles atuam muito bem como antimicrobianos e antioxidantes, quando
inseridos nas embalagens (BAKRY et al., 2015; MURIEL-GALET et al., 2015).
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A atividade antimicrobiana das nanoparticulas de prata ja € bastante
estudada, e elas tém sido umas das substancias incorporadas nas
embalagens, com a finalidade de eliminar patégenos alimentares, e aumentar a
vida atil dos alimentos (NAKAZATO et al., 2016). Véarios trabalhos ja relataram
sua atividade contra fungos, bactérias e virus, entdo ela apresenta uma
abrangéncia interessante para ser utilizada comercialmente (OZAKI et al.,
2016; WYRWA,; BARSKA, 2017; SINSINWAR et al., 2018). Um ponto
importante a ser analisado no processo de incorporacdo de nanoparticulas ou
outras substancias bioativas, € como isso afeta as propriedades fisicas da
embalagem. As substancias incorporadas ndo devem causar grandes
alteracdes na matriz polimérica, para que seu uso nao seja inviabilizado
(MARTINEZ-ABAD; LAGARON; OCIO, 2012; ARFAT et al., 2017; OLIANI et
al., 2017).

As autoridades reguladoras de produtos, como FDA (Food and Drug
Administration) e a Direcdo Europeia da Saude e Defesa do Consumidor,
discutem e divulgam diversas diretrizes sobre o uso de nanoparticulas e
bioativos em embalagens de alimento, com o objetivo de prevenir os potenciais
riscos a saude humana causados por essas substancias (BAJPAI et al., 2018).
Essas diretrizes sdo importantes, uma vez que a toxicidade de Vvarios
compostos utilizados ainda ndo é totalmente esclarecida. A Direcdo Europeia
da Saude determina que o limite de migracao de substancias ativas presentes
em materiais plasticos para o alimento é de 60mg (substancia)/kg (alimento ou
simulador de alimento) (EN1186-1, 2002, Regulation N° 10/2011).

Além da preocupacdo com o desenvolvimento de embalagens ativas,
muitas pesquisas tém buscado substituir o uso dos plasticos tradicionais por
polimeros biodegradaveis. O uso massivo de plasticos e a poluicdo do meio
ambiente causada pelos mesmos tem impulsionado a busca de um polimero
biodegradavel, que ao ser usado na fabricacdo de embalagens, mantenha as
caracteristicas fisicas no devido padrdo para ser utilizado comercialmente.
Polimeros naturais como amido, celulose, lignina e outros podem ser utilizados
na fabricacdo de embalagens. Apesar de serem uma Otima alternativa, devido
ao seu baixo custo, abundancia e causar menos impacto ambiental, suas
propriedades fisicas ndo sdo tdo desejaveis em comparagdo com os polimeros

sintéticos (MEDEIROS et al., 2019). Para suprir essa deficiéncia, estudos
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utilizam esses polimeros naturais com outros polimeros biodegradaveis, como
acido polilatico (PLA), poli (adipato-co-teriftalato de butilino) (PBAT),
policaprolactona (PCL) e outros (MULLER; GONZALEZ-MARTINEZ; AMPARO
CHIRALT, 2017). Essas combina¢cdes melhoram as propriedades fisicas das

embalagens e sdo boas opcoes para a producdo de embalagens bioativas.

3.4 Salmonella sp

As bactérias do género Salmonella apresentam formato bacilar,
sdo Gram-negativas, anaerdbias facultativas, geralmente flageladas e
intracelular facultativa (WHITMAN, 2012). Esse género pertence a familia
Enterobacteriaceae, e atualmente consiste em apenas duas espécies,
Salmonella bongori e Salmonella enterica. S. enterica subdivide-se em seis
subespécies ou grupos, e na subespécie | encontram-se a maioria das
sorovariedades patogénicas para 0 homem, pois abrange as bactérias que
infectam animais de sangue quente, enquanto as outras podem infectar
somente animais de sangue frio (GARAI et al., 2012; POPOFF et al., 2004).

A deteccao dos antigenos flagelares (H), somaticos (O) e capsulares (Vi)
€ utilizada para realizar a classificacdo soroldgica de Salmonella (SHI et al.,
2013). De acordo com o sistema de classificacdo Kauffman-White, atualmente
ha mais de 2500 sorovariedades de S. enterica (TANG et al., 2019). A febre
tifoide, forma mais grave de salmonelose em humanos, é causada por
bactérias dos sorovares Typhi e Paratyphi de S. enterica. Outros sorovares,
como Typhimurium e Enteritidis, causam gastroenterites localizadas na mucosa
intestinal até infeccdes sistémicas graves, sendo que o grau de morbidade é
determinado pelo estado nutricional e imunolégico do paciente e da
sorovariedade bacteriana (ANDREWS-POLYMENIS et al., 2010; GARAI et al.,
2012).

A infecgdo por S. enterica normalmente ocorre por via oral, iniciando
com a ingestdo de agua ou alimentos contaminados. A salmonelose ocorre
ap6s a ingestdo de >5 x 10 bacterias em um produto contaminado. O processo
infeccioso ocorre no intestino e se manifesta dentro de 12 -72 horas apos a
contaminagdo. Normalmente os sintomas sao diarreia, vomito e dores
abdominais (KURTZ; GOGGINS; MCLACHLAN, 2017; CDC, 2019).


https://www.mdpi.com/search?authors=Justine%20Muller&orcid=0000-0001-5857-9957
https://www.mdpi.com/search?authors=Chelo%20Gonz%C3%A1lez-Mart%C3%ADnez&orcid=
https://www.mdpi.com/search?authors=Amparo%20Chiralt&orcid=
https://www.mdpi.com/search?authors=Amparo%20Chiralt&orcid=
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S. enterica apresenta a capacidade de resistir ao pH acido do estdmago
e aos sais biliares intestinais, propriedades indispensaveis para um patdégeno
que tem como rota de infecgcdo a via oral e entram em contato com esses
ambientes. O mecanismo de acido-tolerancia é o0 que possibilita a
sobrevivéncia destas bactérias no estbmago, para manter o pH intracelular em
valores mais elevados do que o ambiente extracelular, ele induz uma fungéao de
regulacdo da homeostase do pH (GARCIA DEL PORTILLO et al.,, 1993;
FABREGA; VILA, 2013). Para sobreviver aos sais biliares, quando a bactéria
entra nesse ambiente ocorre a inducdo do sistema SOS, responsavel por
reparar os danos no DNA causados pelos sais (ALVAREZ-ORDONES et al.,
2011).

Como as bactérias do género Salmonella s&o microrganismos
intracelulares facultativos, elas aderem e invadem as células da mucosa
intestinal, principalmente as células M. A invasdo das células M permite que as
bactérias infectem células epiteliais adjacentes através de sua superficie
basolateral. S. enterica expressa uma série de tipos diferentes de fimbrias e
sdo essas estruturas que auxiliam na adeséo inicial as células ou a matriz
extracelular, mediando a colonizacdo do trato intestinal e participando no
processo de invaséao tecidual (FIGUEROA-OCHOA; VERDUGO-RODRIGUEZ,
2005; WAGNER; HENSEL, 2011).

S. enterica tem a capacidade de causar intensa inflamagédo na mucosa
intestinal, apds passar pelo epitélio do intestino, os macréfagos da submucosa
detectam e internalizam a bactéria para elimina-la do hospedeiro (SANO et al.,
2007). Mesmo com a acdo do sistema imunologico parte das bactérias
conseguem sobreviver ativando mecanismos de viruléncia que permitem a
evasao da atividade microbicida das células fagociticas e replicagdo no interior
do vacuolo (ALPUCHE-ARANDA et al., 1994). Apés se replicar no vacuolo, a
bactéria ativa uma protease que induz a apoptose dos macrofagos infectados,
possibilitando a infecgcdo de novas células. As bactérias podem colonizar os
orgédos e alcancar a circulagdo sanguinea através da circulagéo linfatica.

S. enterica desenvolveu um mecanismo para escapar do sistema imune
e utilizar produtos gerados no processo inflamatério para seu beneficio. Essas
bactérias utilizam o tetrationato, formado apds a reacdo dos radicais reativos

de oxigénio, gerados para elimina-las, com o tiossulfato, como aceptor final de
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elétrons na cadeia respiratoria. Essa etapa € um fator essencial no processo
infeccioso, pois garante a bactéria uma vantagem adaptativa frente a
microbiota (WINTER et al., 2010; THIENNIMITR et al., 2012).

Salmonella € um dos patégenos de origem alimentar mais prevalentes,
e infeccbes causadas por essa bactéria podem estar relacionadas a
praticamente todos os tipos de alimentos, devido a capacidade de crescimento
em temperaturas que variam de 7 a 45°C (MASTROENI; MASKELL, 2006). As
fontes mais comuns de infeccdo sdo agua e alimentos contaminados,
principalmente os derivados de aves domeésticas, de carne suina ou bovina e
plantas (ALVAREZ-ORDONEZ et al., 2011; RUBY et al., 2012;).

Algumas sorovariedades s&o melhores adaptadas a hospedeiros
especificos, por exemplo, 0s principais agentes etioldégicos responsaveis por
septicemia em suinos e bovinos sao, respectivamente, S. enterica
Choleraesuis e S. enterica Dublin, mas mesmo assim também podem causar
infecgbes e diarréia no homem (MASTROENI; MASKELL, 2006; ANDREWS-
POLYMENIS et al., 2010). Os sorovares Enteritidis e Typhimurium ndo sao
adaptados a um hospedeiro especifico e por isso sdo os dois sorotipos mais
frequentes na transmissao de Salmonella entre animais e humanos na maioria
dos paises (WHO, 2018a).

A contaminacéo por Salmonella em granjas de porcos, bois e aves séo
caracterizadas por dois problemas: a presenca de sorovares patogénicos
adaptados ao animal, que provocam gastroenterites e septicemias e levam a
uma alta perda econbmica, e a presenca de sorovares que nao causam doenca
nos animais, mas sdo as principais fontes de contaminacao do alimento e que
podem infectar seres humanos.

As sorovariedades Typhi e Paratyphi sé@o restritos aos seres humanos e
causam a febre tiféide, doenca de grande preocupacéo para a saude mundial,
uma vez que € endémica em regibes do mundo onde a qualidade da agua
potavel e o tratamento de esgoto sdo precarios (GUZMAN et al., 2006; RUBY
et al., 2012).

A Organizagdo Mundial de Saude estima a ocorréncia de 11 a 20
milhdes de casos de febre tiféide no mundo, com 128 a 161 mil fatalidades
anuais (WHO, 2018b). Além disso, sorovares néo tifoides de Salmonella (NTS)

sdo um dos quatro maiores causadores de doencas diarreicas causadas por



31

contaminacgdo alimentar (WHO, 2018a). O CDC (2019) estima que Salmonella
causa aproximadamente 1,2 milhdo de infec¢des, 23 mil hospitalizacdes e 450
mortes nos Estados Unidos anualmente, além de causar elevados gastos médicos.
No Brasil, de 2009 a 2018, ocorreram 2431 surtos de Doengas Transmitidas por
Alimentos (DTA), sendo que Salmonella esteve presente em 11,3% dos casos no
qual o agente etioldgico foi identificado (MINISTERIO DA SAUDE, 2019) (Figura
4).

A salmonelose ainda apresenta alta incidéncia e devido a sua gravidade é
um dos principais problemas de saude publica a nivel mundial, tornando-se alvo de
campanhas mundiais para que os alimentos sejam cultivados, transportados e
manipulados de forma com que o risco de contaminacao seja menor. O tratamento
dessas infec¢Bes foi dificultado devido a emergéncia de isolados multirresistentes
a drogas (MDR) (MONACK, 2012; KURTZ; GOGGINS; MCLACHLAN, 2017).
Estudos associaram a multirresisténcia com a presenca de uma ilha gendmica
denominada SGI 1 (“Salmonella Genomic Island”), que apresenta os genes que
conferem a bactéria resisténcia a antibidticos de primeira geracdo, mas algumas
variantes carregam genes que codificam resisténcia a importantes antibioticos
clinicos, incluindo cefalosporinas de terceira geracdo (MULVEY et al., 2006; KISS
et al., 2012; CUMMINS et al., 2019).

Distribuicdo dos 10 agentes etiolégicos mais identificados nos surtos de DTA?
Brasil, 2009 a 2018*.

N=2.431 surtos

30%
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Figura 4 — Porcentagem da presenca dos 10 agentes etiologicos mais
identificados nos surtos de DTA que ocorrem no Brasil entre 2009 e 2018.

* Dados preliminares, sujeitos a alteracao.

Fonte: Sinan/SVS/Ministério da Saude
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A preocupacao com as doencas causadas por contaminacao alimentar e
a necessidade de diminuicdo do uso de plasticos na industria alimenticia
impulsionou as pesquisas em busca de uma embalagem ativa biodegradavel.
Portanto, esse trabalho teve como objetivo o desenvolvimento de uma
embalagem biodegradavel incorporada com nanoparticulas de prata

biogénicas, com uma efetiva agao antimicrobiana.
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5. ARTIGO CIENTIFICO

Os resultados e discussdes foram apresentados na forma de artigo. O artigo foi
submetido e segue as normas da revista “Journal of Nanobiotechnology”, e tem
como titulo: Activity of biodegradable films with bio-AgNP and silver

migration to chicken meat.
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Activity of biodegradable films with bio-AgNP and silver migration to

chicken meat

Abstract

Nanotechnology has been contributed to development of many products used in
various fields including food packaging. The new technologies are used to
improve the biological synthesis of nanoparticles, searching for a cheapest and
ecofriendly method. Concern with sustainability and renewable resources
increase the use of non-toxic materials, and nanotechnology assist the
development of products that less affects the environment. Food industry
explored the association of polymers with nanoparticles in the packaging
production. Active products are important to increase the shelf life of food and
avoid the contamination. In our study was developed a starch-poly (adipate
co-terephthalate butyl) (PBAT) films with silver nanoparticle (AgNP) produced
by Fusarium oxysporum (bio-AgNP), with the aim of eliminate the food
pathogens. The results showed a great action of bio-AgNP against different
Salmonella serotypes, with minimum inhibitory concentration ranged from 4.24
to 16.98 ug/mL, including multidrug-resistant Salmonella Saint Paul and
Salmonella Enteritidis. Biodegradable films with bio-AgNP were capable to
inhibited 10° to 10° CFU growing of food pathogens. Silver migration from the
films to chicken was analyzed using electrothermal atomic absorption
spectrophotometry and the results showed a tendency of migration but the
values obtained are lower than the allowed limits. Our work showed a high
potential use of bio-AgNP in biodegradables films to avoid food contamination,
mainly for keeping the migration of silver within the parameters stipulated by

food regulations.

Keywords: nanotechnology, biological synthesis, pathogens, biodegradable

films and silver migration.



45

Background

Nanotechnology has been used as a tool in development of many products and
in human health make a great contribution in new antimicrobials research.
Combine new technologies with active components already used is an
interesting way to advance in the search for new products [1]. Silver
nanoparticles have been explored for several applications and demonstrated
significant action as antimicrobial agent, so increase the use of this compound
in food and health care industry [2, 3, 4].

Concern about the environment and the increase of silver nanoparticles
demand influenced the development of various synthesis methods. Green
synthesis is used and is a better alternative than the physical and chemical
methods, that are expensive and environment toxic. Plants extract and fungus
proteins are efficient and explored in a green synthesis of silver nanoparticle,
and the compound showed a great efficacy against microorganism [5, 6].

Food contamination can cause big losses to food industry, so a development of
active packaging is explored and products are marketed [7]. The active
packaging with antimicrobial properties also contributed to food extension of
shelf life, reducing the microorganisms growth responsible for food deterioration
[8].

Massive use of plastic and the environment pollution, increase the search for an
alternative material to replace conventional polymers [9, 10]. Some natural
polymers do not present good physical properties and to improve these
characteristics they are combined with others biodegradable polymers [11, 12].
Studies have shown that biodegradable films with AgNP incorporated have the
potential to prevent food contamination [13, 14].

Foodborne diseases are an important public health problem, causing million
illnesses and thousand deaths per year [15]. This problem do not impact just
the developing countries, CDC [16] estimates that Salmonella causes about 1.2
million illnesses and 23,000 hospitalizations every year in the United States,
with a large cost of medical care. Salmonella are a major cause of diarrheal
diseases in the worldwide, and present over than 2,500 different serotypes. This
bacteria cause a human infection through contaminated food and water and can

survive several weeks in dry conditions [16, 17]. The uncontrolled antibiotics
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use in food production contributed with the emergence of multidrug resistant
Salmonella strains [18, 19].

The use of biodegradable films with AgNP is a great alternative to avoid the
food contamination using an ecofriendly plastic, but studies showed some cell
damages caused by silver, so it is important to analyzed the migration of this
compound from packaging to food [14, 20, 21, 22]. More data about the impact
of silver nanoparticle presence and the interaction between the nanomaterials
and the consumer are needed to evaluate the security of the products.
Therefore, the aim of our study was evaluated the action of bio-AgNP against
an important food pathogen, Salmonella sp., and develop an antibacterial

biodegradable film that present a silver migration within the stipulated limits.

Results

Characterization of bio-AgNP

The mean diameter of bio-AgNP size and its mean potential zeta value was
81.25 nm (figure 1) and - 36.4 mV (figure 2) respectively. Spherical
nanoparticles were observed in micrograph made by transmission electron

microscopy (figure 3).

Size Distribution by Intensity

0T oo R T S s

Intensity (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Record 2: AQNP 2]

Figure 1. Size distribution by intensity (%) of bio-AgNP produced by Fusarium
oxysporum.

The average diameter of bio-AgNP was 81.25 nm.
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Zeta Potential Distribution
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Figure 2. The average zeta potential of bio-AgNP was -36.4 mV.

Figure 3. Transmission electron micrograph of bio-AgNP produced by Fusarium

oxysporum.
Spherical nanoparticles were observed in this micrograph (500,000 Xx).
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Antibacterial Activity bio-AgNP

All tested bacterial strains had their growth inhibited by bio-AgNP action. MIC
for bio-AgNP ranged from 4.24 to 16.98 yg/mL, and MBC ranged from 4.24 to
16.98 ug/mL (Table 1).

Table 1. Values of minimal inhibitory and bactericidal concentrations of bio-
AgNP, MIC and MBC respectively.

Bacteria MIC (ug/mL) MBC (ug/mL)
E. coli ATCC 25922 4.24 4.24
S. aureus ATCC 25923 16.98 16.98
S. Enteritidis ATCC 13076 8.49 8.49
S. Typhimurium ATCC UK1 8.49 8.49
S. Typhimurium ATCC 13311 4.24 8.49
S. Saint Paul 08 8.49 8.49
S. Saint Paul 09 8.49 8.49
S. Saint Paul 10 8.49 8.49
S. Saint Paul 11 8.49 16.98
S. Saint Paul 12 16.98 16.98
S. Saint Paul 13 8.49 8.49
S. Enteritidis 92 8.49 8.49
S. Enteritidis 02 8.49 8.49
S. Enteritidis 06 8.49 8.49
S. Seftenberg 14 16.98 16.98
S. Seftenberg 15 16.98 16.98
S. Seftenberg 16 8.49 16.98
S. Seftenberg 17 8.49 8.49
S. Seftenberg 18 8.49 8.49
S. Seftenberg 19 8.49 16.98
S. Kentucky 20 16.98 16.98
S. Kentucky 21 8.49 8.49
S. Kentucky 22 16.98 16.98
S. Kentucky 25 16.98 16.98

Time-Kill Assay
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For all three strains tested (S. Enteritidis ATCC 13076, S. Typhimurium UK1
and S. Typhimurium ATCC 13311) the bio-AgNP showed the bactericidal
endpoint in 1 h of incubation (p < 0.05; Figure 4).
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Figure 4. Time kill curves of bacterial exposed to bio-AgNP.
S. Enteritidis ATCC 13076 (A), S. Typhimurium UK1 (B) and S. Typhimurium
ATCC 13311 (C)

Antimicrobial tests using biodegradable films with bio-AgNP

Agar diffusion assay

The result of A.D. assay showed bacteria growth inhibition in the area that were
in contact with bio-AgNP films. This inhibition was not observed in control
samples. A small clear zone around the square films can be observed in the

photos (Figure 5).
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Figure 5. Antimicrobial activity of bio-AgNP films against bacteria.

The bacteria growth was inhibited in the contact area with bio-AgNP films and
inhibition halo were observed (arrowheads). A: Control and B: Treatment; 1: E.
coli ATCC 25922; 2: S. aureus ATCC 25923; 3: Salmonella Enteritidis ATCC
13076; 4: Salmonella Typhimurium UK; 5: Salmonella Typhimurium ATCC

13311. Films without bio-AgNP were used as control.

Enumeration of bacteria inhibited by bio-AgNP films

After contact with the bacteria strains serial dilutions, bio-AgNP films showed an
inhibitory effect even in the high cellular density. Films were capable to inhibit
growth of S. Enteritidis ATCC 13076 and S. Typhimurium ATCC 13311 from 10°
to 10° CFU/cm?. Growth E. coli ATCC 25922, S. aureus ATCC 25923 and S.
Typhimurium UK1 were inhibited from 10° to 10° CFU/cm? (table 2 and figure
6).

Table 2. The concentration of bacteria (CFU/cm?) inhibited by bio-AgNP films.

Bacteria Concentration inhibited (CFU/cm?)
E. coli ATCC 25922 10°
S. aureus ATCC 25923 10°
S. Enteritidis ATCC 13076 10°
S. Typhimurium UK1 10°

S. Typhimurium ATCC 13311 10°
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Figure 6. Inhibited growth bacteria after contact with bio-AgNP films.

A: Control and B: Treatment; 1: E. coli ATCC 25922; 2: S. aureus ATCC
25923; 3: Salmonella Enteritidis ATCC 13076; 4. Salmonella Typhimurium UK;
5: Salmonella Typhimurium ATCC 13311. Films without bio-AgNP were used as
control. The bio-AgNP inhibited 10° CFU/cm? of S. Enteritidis ATCC 13076 and
S. Typhimurium ATCC 13311, and 10° CFU/cm? of E. coli ATCC 25922, S.
aureus ATCC 25923 and S. Typhimurium UK1.

Growth curve with bio-AgNP films

Films containing bio-AgNP controlled the growth of all bacteria compared with
control (film without bio-AgNP) as curves shown in the figure 7.

E. coli ATCC 25922 curve (figure 7A) showed a difference of 2.38 log (p<0.05)
between control and treatment at 2 h, and this difference increased to 4.45 log
(p<0.05) in 12 h. The bio-AgNP reduced the growth of S. aureus ATCC 25923
in 1.35 log (p<0.05) at 6h and 2.81 log (p<0.05) at 12 h, when compared with
control.

The action of bio-AgNP in S. Enteritidis ATCC 13076 was visualized at 0 h
when the difference between control and treatment was 1.15 log (p<0.05), this
antibacterial effect lasted until 12 h in which 0.97 log (p<0.05) difference is
shown; but the largest effect occurred at 6 h, time point in which there was 3.56
log (p<0.05) difference between control and bio-AgNP films.

The bio-AgNP treatment of S. Typhimurium UK1 showed 1.51 log (p<0.05)
reduction of growth compared to control at 6h, and the difference increased to
1.86 log (p<0.05) after 12h. The growth of S. Typhimurium ATCC 13311 was so
affect by bio-AgNP films, there was no detected viable cells at 2h of test, but at
10 h it was possible to count viable cells, even so bio-AgNP films caused 5.74



>

Log (CFU/mL)

52

log (p<0.05) reduction and at 12 h the difference between control and treatment

was 4.32 log (p<0.05).
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Figure 7. Growth curve of bacterial after contact with biodegradable films.
E. coli ATCC 25922 (A), S. aureus ATCC 25923 (B), S. Enteritidis ATCC 13076
(C), S. Typhimurium UK1 (D) and S. Typhimurium ATCC 13311 (E) after 24 h of

contact with biodegrable films with (treatment) and without bio-AgNP (control).

The efficacy of bio-AgNP films after UV light exposure or autoclaving

Bio-AgNP films still showed antibacterial activity after UV light exposure, but
films previously exposed to autoclaving process lost the ability of controlling
bacterial growth (S. aureus ATCC 25923, S. Enteritidis ATCC 13076 and S.
Typhimurium UK1). The bacterial growth was confirmed by plating the samples

in agar medium.

Analysis of silver migration from bio-AgNP films to chicken meat

Results showed that silver migration from films to chicken meat occurs when
they were stored in refrigerator and freezer. Chicken placed in refrigerator
showed the silver highest concentration (12.94 pg/g) after 10 days of storing.

Samples stored in freezer showed the highest silver concentration (5.43 pg/g)
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after 3 days, but after 5 days of storing silver concentration was very similar,
5.39 ug/g. Silver migration was higher in the chicken stored in refrigerator
(p<0.05) after 3, 5 and 7 days when compare with meat stored in freezer at

same time of storing.

o 1 2 3 4 5 6 7 & 9 10 11 12 13 0 1 2 3 4 5

Silver concentration (pg/g) Silver concentration (ug/g)

W AgNP Control m AgNP Control

Figure 8. Quantification of silver migration from bio-AgNP films to chicken meat

stored in refrigerator (A) and freezer (B).

Discussion

The bactericidal activity of silver nanoparticles is explored in many recent
studies, mainly nanoparticles that were obtained by green synthesis as
described in previous researches [1, 23, 24, 25, 26].

Our study showed that bio-AgNP has activity against Gram-positive and Gram-
negative bacteria. Loo, et al. (2018) [26] reported AgNP MIC values of 3.9
pg/mL to S. Typhimurium and S. Enteritidis and MIC of 7.8 ug/mL to E. coli. In
the research of Sinsinwar et al. (2018) [27] AgNP exhibited MIC values of 26
pug/ml to S. aureus, 53 pg/ml to E. coli and 106 pg/ml to S. Typhimurium. Bio-
AgNP MIC showed in our study ranged from 4.24 ug/ml to 16.98 pg/ml, which
were similar to the literature results. AQNP MBC values found by Loo, et al.
(2018) [26] were 3.9 ug/mL to S. Enteritidis and 7.8 pg/mL to S. Typhimurium
and E. coli. Results found in our study were 4.24 ug/ml to E. coli, 8.49 ug/ml to
S. Enteritidis and S. Typhimurium, and ranged from 8.49 ug/ml and 16.98 ug/ml
to S. aureus and others Salmonella serovars.

Chemical and physical characteristics of silver nanoparticles influence their
antibacterial activity; many studies reported that AgNP with different sizes
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showed a great efficacy against microorganism, but the antimicrobial activity
increases when the size decreases [3, 28, 29] because the antimicrobial area of
contact with the cell is bigger in small particles. The AgNP also presents
variation in morphology and stabilizing agent, and all these properties impact in
silver nanoparticle concentration needed to eliminate the bacteria, and are the
reason of large variation in MIC values among different studies. Furthermore, in
order to test alternative antimicrobials, sometimes it is necessary make
adaptations on standard method of evaluation, and researchers have applied
different methods to study non-conventional antimicrobial compounds, making it
difficult to compare results [23, 30].

Silver nanopatrticles biocidal effect has been explored in the last decades, once
the potential of silver to act as antimicrobial has been known since 18th century
[31]. The study described in this manuscript showed that bio-AgNP act against
different species of bacteria, but the versatility of this nanocompound can be
seen in others researches that reported the action against fungus [32] and virus
[33].

Studies that used the same bio-AgNP tested in this work present results that
corroborate ours [24, 32, 34, 35]. Searching explore the use of silver
nanoparticle, our study developed an active packing using biodegradable
polymer and bio-AgNP. This proposal was made to work around an important
public health problem, the presence of pathogens in food [36, 37, 38].
Salmonella is an important foodborne pathogen, with a large number of
infection per year, resulting in an expressive medical care costs [39]. The
contamination caused for this bacterium can occur in different steps of food
production [17], and the active packing is a good strategy to avoid consumer
contamination. In our study the bio-AgNP showed action against multidrug-
resistant Salmonella sp., and the MIC and MBC values were similar to the
sensitive strains.

Results observed in time-kill assays showed the great efficacy of bio-AgNP
against Salmonella sp., reducing about 5 log (p<0.05) of bacterial growth after 1
h treatment. Many food pathogens have rapid reproduction time, one important
cause of bacteria infectivity [40], and the fast reduction in the quantity of
bacteria can avoid an infection, once the salmonellosis occur after ingestion of

>5 x 10* bacteria in contaminated product [41]. The action of silver nanoparticle
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is also important to avoid the cross contamination and the spread of bacteria
during the food manipulation. The concentration of bio-AgNP that eliminated all
bacteria were 16.98 pg/ml to S. Enteritidis ATCC 13076 and S. Typhimurium
UK1, and 8.49 pg/ml to S. Typhimurium ATCC 13311. Loo, et al. (2018) [26]
reported that after 1 h treatment, AgNP at 15.6 pg/mL kill S. Typhimurium, and
31.2 yg/mL was the bactericidal concentration to S. Enteritidis in the same time,
similar results to those reported in this study.

Analyzing the studies of AgNP activity is possible to observe that the
concentration capable to eliminate bacteria varies even in species of the same
genus. The microorganism present metabolic and structural differences and it is
important to study which are the parameters that influence in concentration to
understand the better application of the compound. Silver nanoparticles can be
used in combination with alternative or commercial antibiotics to prevent the
selection of AgNP resistant strain and to decrease the concentration needed to
kill the microorganism. The efficacy of these combinations already were related
[24, 34, 35] and can be more explored, especially against multidrug resistant
strains.

Several silver-based products were developed, especially materials containing
silver nanoparticles [4, 42, 43]. Active packaging is a concept explored to
increase the shelf-life food and decrease the risk of contamination [44]. The
environmental problems about massive use of plastics in industry showed the
necessity to expand the biodegradable polymers studies. Several studies aim to
develop a biodegradable plastic with active compound that do not change
physical-chemical properties of polymer and maintain the action of implanted
substance [11, 45, 46].

According different methodologies, such as qualitative method as disk diffusion
agar or broth quantitative assays, the biodegradable film containing bio-AgNP
developed in our study showed antibacterial activity for all bacteria tested.
Results of agar diffusion assay showed that inhibition of bacteria occurred in
area of contact with AgNP films and small clear zone was observed. Abreu et al
(2015) [47] reported the inhibition of bacteria in contact area with AgNP films,
but no inhibition halo was observed. Small or absent inhibition halo were also
noted in tests with silver nanoparticles in suspension [26, 48], showing that the

film polymer do not influence the presence or size of inhibition halo. The silver
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nanoparticles showed a difficult to migrate in agar plates and caused a variation
of the results reported in literature [30]. Quantitative tests, as used in this work,
are a great alternative to analyze films, they give more information to discuss
and understand how this product act and can be used.

The release of AgNP present in polymer matrix is important to compound act
against microorganism, mainly in liquid environment, once the contact with the
cell membrane is an essential step to kill bacteria. Enumeration of bacteria
inhibited by bio-AgNP films was performed in nutrient broth and showed 5 log
inhibition growth for E. coli ATCC 25922, S. aureus ATCC 25923 and
Salmonella Typhimurium UK1, and 6 log for Salmonella Enteritidis ATCC 13076
Salmonella Typhimurium ATCC 13311. Results suggest that the bio-AgNP film
can avoid an infection caused by Salmonella sp, because it eliminated more
bacteria (10° and 10°) than needed to cause an infection (>5 x 10%).

The fisical alteration of plastic with AgNP can influence antimicrobial action of
nanometal compound; this was observed in our study when autoclaving process
made the bio-AgNP film lose the capacity to stop bacteria growth. Visually the
process altered the film structure; its size reduced and became drier. These
alterations maybe decrease bio-AgNP concentration in the film and the amount
of antimicrobial in plastic after the process was not enough to inhibit the
bacteria. Probably, autoclaving do not alter action of AgQNP, once this process
can be used in synthesis of silver nanoparticles [49] and the liquid AgNP after
autoclaving maintain the bactericidal effect (data not shown). The maintenance
of silver nanoparticle activity after decontamination process is important, once
this compound is used in many active products that can pass to different
physical process during fabrication.

Results of bacterial growth curve with bio-AgNP films showed significant
(p<0.05) log reduction compared to control even in high bacterial concentration.
Analyzing the curve, it is possible to observe reduction mainly in the Log phase
of growth. More studies about bacterial kinetics associated with the films
antibacterial activity are needed, as well as the establishment of standard
techniques for product tests.

Silver nanoparticle mechanism of action is still studied because the exact
antibacterial activity is unknown. Researchers showed that the silver

nanoparticles present many targets in bacteria. Nanopatrticles interact to cell by



57

different ways, Bondarenko et al. (2013) [50] showed the importance of cell-NP
contact to AgNP action, but DNA interaction [51], free radical generation [52],
ROS formation [53] and interaction with sulfur-containing proteins and enzymes
[50, 54, 55], also have important role in AgNP mechanism of action. These
multiples targets can explain the fact of the highest activity of silver nanopatrticle
was observed in a Log phase of growth, phase of high metabolic activity.

The Ag® ions release of silver nanoparticle is an important step to this
compound antimicrobial action [56], but it is also a concern when the AgNP is
applied in materials that make contact with human body or food. The migration
of silver from silver-based materials has been studied, our research showed
presence of 12.94 ug silver/g chicken meat stored for 10 days in refrigerator,
and 5.43 ug/g in chicken meat stored for 3 days in freezer. Abreu et al. (2015)
[47] reported migration of 0.70 mg/g (Ag/meat) and 0.40 mg/g of Ag from silver
nanoparticles/starch nanocomposite to food simulant. Echegoyen and Nerin
(2013) [57] reported silver migration values ranging from 1.66 to 31.46 ng/cm
from commercial plastic bags to food simulants, showing a tendency of silver
migration. Gallocchio et al. (2016) [58] reported no migration of silver from
commercial plastic bag to chicken meatball but had no effect against the
bacteria tested, these results suggest that migration is important to antimicrobial
action. Our results showed silver tendency to migration under high temperature
that corroborate with other studies [20, 57]. Migration values obtained in our
study are in the limit determinate by European directives on food packaging
(EN1186-1, 2002, Regulation N° 10/2011) [59], which is 60 mg (substances)/kg
(foodstuff or food simulant) of migration from plastic materials.

Evaluate silver nanoparticles migration is necessary, once the cytotoxicity of
AgNP is still unclear. Through an in silico screen of literature data analyzing
cytotoxic effects of AQNP in HEpG2 cells, Sooklert et al. (2019) [22] indicated
that most genes affected by AgNP are located in the nucleus and was involved
in transcriptional control. They found that genes responsible for oxidative stress,
inflammation, and cell death were also affected by AgNP exposure. Some
researchers suggest that silver nanoparticles induce morphological alterations
in hepatic and lung cells, using in vitro cells models [22, 60]. Filon et al. (2015)
[61] observed that the skin penetration of nanoparticle is size-dependent; NPs

<4 nm can penetrate the intact skin while nanoparticles larger than 45 nm
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cannot penetrate nor permeate trought the the skin. Wang et al. (2017) [60] also
reported that damages in cells were dose-dependent, so in any product
development is important analyze the size and concentration of AGQNP used.

Conclusion

The biogenic and ecofriendly silver nanoparticles produced in this study showed
a great action against an important foodborne pathogen, Salmonella sp.,
including multidrug resistant strains. This work showed a quantitative test of bio-
AgNP films and how it affects the bacterial kinetics, this is an important
information to analyze the application of the product. The obtained results
indicate a high potential of using bio-AgNP in biodegradables films to avoid food
contamination, mainly for keeping the migration of silver within the parameters

stipulated by food regulation.

Materials and Methods

Bacterial Strains

The antimicrobial assays were performed using reference strains from
American Type Culture Collection (ATCC) provided by the Laboratory of Basic
and Applied Bacteriology of Londrina State University (Londrina, Parand,
Brazil), and poultry farms strains provided by Laboratory of Genomics and
Bacterial Molecular Biology of The University of Campinas (Campinas, Sao
Paulo, Brazil) (Table 3). The standard bacterial strains used were as follows:
Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Salmonella enterica serovar Enteritidis ATCC 13076, Salmonella enterica
serovar Typhimurium ATCC 13311 and Salmonella enterica serovar
Typhimurium UK1 ATCC 68169 (provided by Dr. Roy Curtiss lll, Arizona State
University, Tempe, AZ). The bacterial strains were stored at —80°C in Brain-
Heart Infusion Broth (BHI, Acumedia, USA) with 25% glycerol (Merck, USA).
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Table 3. Antibiotics resistance of Salmonella sp. isolates from poultry farms

provided by The University of Campinas.

Bacteria Resistance

S. Saint Paul 08 AMP, PEN, ERY, OXA

S. Saint Paul 09 AMP, PEN, ERY, OXA, AMX, CEF, CET, CRO, CFZ,
CTX

S. Saint Paul 10 AMP, PEN, ERY, OXA, NAL, AMX, CEF, CFZ, FOX

S. Saint Paul 11

NAL, PEN, ERY, OXA

S. Saint Paul 12

AMP, PEN, ERY, OXA, AMX, CEF, CET, CRO, CFZ,
CTX

S. Saint Paul 13 ERY, OXA

S. Enteritidis 92 NAL, CHL

S. Enteritidis 02 NAL, ERY, OXA

S. Enteritidis 06 AMP, PEN, NAL, ERY, OXA
S. Seftenberg 14 NAL, ERY, OXA

S. Seftenberg 15 NAL, ERY, OXA, AMX, CET, CRO, CFZ, CTX
S. Seftenberg 16 NAL, ERY, OXA

S. Seftenberg 17 NAL, ERY, OXA

S. Seftenberg 18 NAL, ERY, OXA

S. Seftenberg 19 PEN, NAL, ERY, OXA

S. Kentucky 20 AMP, PEN, NAL, ERY, OXA
S. Kentucky 21 PEN, NAL, ERY, OXA

S. Kentucky 22 PEN, NAL, ERY, OXA

S. Kentucky 25 PEN, NAL, ERY, OXA

AMP- ampicillin; AMX — amoxicillin; CEF — cephalothin; CET — ceftiofur; CFZ — cefazolin; CHL-
chloramphenicol; CRO- ceftriaxone; CTX — cefotaxime; ERY — erythromycin; FOX — cefoxitin;
NAL - nalidixic acid; OXA — oxacillin; PEN — penicillin.

Biogenic Silver Nanoparticles

Biogenic silver nanoparticles preparation (bio-AgNP) was according to a

previously established method [62] that has been patented (Patent, 2006, PI
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0605681-4A2; http://www.inpi.gov.br). The principle of this method is the
production of bio-AgNP after silver nitrate reduction by Fusarium oxysporum
enzymes (strain 551), from Molecular Genetics Laboratory of ESALQ-USP
culture collection (Piracicaba, Sao Paulo, Brazil). F. oxysporum was cultivated
on Malt agar 2 % (Difco®, USA) containing 0,5 % (w/v) yeast extract (BD, USA)
for 7 days at 30 °C. After growth, fungal biomass was scraped off the plate
using a sterile loop and added to distilled water at 0.1 g/mL and incubated with
agitation (150 rpm) at 30°C for 72 h. Afterwards, the solution components were
separated by vacuum filtration. Silver nitrate (Sigma Aldrich®, USA) at 1 mM
was added to solution, and the system was incubated for 15 days at 30 °C in
the dark. After bio-AgNP preparation, diameter and zeta potential were
determined using ZetaSizer NanoZS (Malvern, UK) and the shape was
observed using Transmission electron micrograph (model JEM-1400, Jeol,

Japan).

Antibacterial Activity bio-AgNP

Minimum inhibitory concentration (MIC) was determined in triplicate by broth
dilution method in 96-well plates (KASVI, Brazil), according to the Clinical and
Laboratory Standards Institute guidelines [63]. The tested concentrations of bio-
AgNP ranged from 1.06 to 67.92 ug/mL. Mueller-Hinton broth (MHB, Difco®,
USA) alone was used as negative control, and the strains used for test were
growth in MHB without bio-AgNP as positive control. The bacteria tested were
primarily cultivated in Mueller-Hinton agar (MHA, Difco®, USA), and incubated
at 37 °C for 24 h. Each bacterial strain was suspended in sterile saline and
adjusted to 1.5x 108 CFU/mI using McFarland scale. After the bio-AgNP plus
MHB were added to microplate, the bacterial suspensions were previously
diluted in MHB (1:100) and inoculated into the plate at final density of 5.0 x 10°
CFU/ml. The plates were incubated at 37 °C and after 24 h, the lowest
concentration of bio-AgNP that inhibited visible growth was defined as MIC. To
determine the Minimal Bactericidal Concentration (MBC), 10 yL from the broth
dilution MIC were plated in MH agar and the lowest concentration that kills

299.9% of bacteria after the treatment was defined as MBC [64].
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Time-Kill Assay

Kinetics of bio-AgNP-treated bacterial populations were studied by viable cells
count method with final construction of time-response growth curve [64].
Bacteria sample was prepared as described in antibacterial activity assay
previously. Each culture was inoculated at a final cell density of 10° CFU/ml in
two tubes containing MHB, one that includes bio-AgNP and other with MHB
alone used as growth control. These cultures were incubated at 37°C and
aliquots of 10 puL were collected at 7 different times of incubation (O h, 1 h, 2 h,
4 h, 7 h, 10 h, and 24 h), serially diluted and plated on MHA. The CFU/mL was
determined after growth at 37 °C for 18 h. Three bacterial strains were used in
this assay (S. Enteritidis ATCC 13076, S. Typhimurium ATCC 13311 and S.
Typhimurium UK1), and the strains were treated with bio-AgNP at 16.98 ug,
8.49 ug and 16.98 ug, respectively.

Preparation of biodegradable films with bio-AgNP

To incorporate bio-AgNP in biodegradable films, the suspension of
nanoparticles was transformed in powder by frozen and lyophilization. For the
lyophilization process a lyophilizer (Model LP3, JOUAN, USA) was used for 48
h at -30 °C. To produce the biodegradable films, a formulation was prepared
using 30% (w/w) of poly (adipate co-terephthalate butyl) (PBAT) (Ecoflex®,
BASF, Germany) and 51.10% (w/w) of starch. As control was used 18.90%
(w/w) of glycerol, without nanoparticle, and in bio-AgNP films was added
17.40% (w/w) of glycerol and 1.50% (w/w) of lyophilized bio-AgNP. The
ingredients of formulations were manually mixed and extruded in a pilot single-
screw extruder (BGM, EL-25 model, Brazil) to produce the pellets. The extruder
had a screw diameter (D) of 25 mm, screw length (L) of 750 mm (L/D ratio of
30), five heating zones and a matrix with six 2mm-holes, and the barrel
temperature profile was set at 90/120/120/120 °C with a screw speed of 35 rpm.
Pellets were extruded in the same extruder to produce three-layer films by blow
extrusion, operating same operating conditions but with a different matrix

specific for balloon formation.
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Antimicrobial test using biodegradable films with bio-AgNP

Agar diffusion assay

This assay was performed based on disk diffusion method recommended by the
Clinical and Laboratory Standards Institute (2013) [65], with modifications.
Bacterial strains were grown in MHA at 37 °C for 24 h. After this incubation
time, each bacterial strain was suspended in sterile saline and concentration
was adjusted to 1.5x 10® CFU/ml, using the McFarland scale. Bacterial
suspension was spread in MH agar plates and a square (1cm) of the films,
control and with bio-AgNP, were put in contact with the bacteria. Plates were
incubated at 37 °C for 24 h and the growth was observed.

Enumeration of bacteria inhibited by bio-AgNP films

Bacterial strains, S. aureus ATCC 25923, E. coli ATCC 25922, S. Enteritidis
ATCC 13076, S. Typhimurium ATCC 13311 and S. Typhimurium UK1, were
inoculated in Nutrient Broth and incubated at 37 °C for 24 h. Cultures reached a
concentration of 10° CFU/mI. After the growth, the bacterial strains were serially
diluted in saline ten-fold solution up to 107 and dilution was plated in Nutrient
agar to confirm the total CFUs. A volume of 10 uL of each dilution were placed
on the films square with and without bio-AgNP and stored in a sterile Petri dish
at room temperature for 24 h. The initial cellular density in contact with films
ranged from 10° CFU/cm? to 10° CFU/cm?. After contact with bacteria, film
samples were inoculated in Nutrient Broth and placed at 37 °C for 24 h.
Bacterial growth was confirmed by samples plating in agar medium, E. coli in
MacConkey Agar (Acumedia, USA), S. aureus in Mannitol Salt Agar (Difco®,
USA) and Salmonella sp in SS Agar (Difco®, USA).

Growth curve with bio-AgNP films

This assay was performed to observe bacterial population kinetic when they

were in contact in the film with bio-AgNP. 10 pL volume of the bacterial strain
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(10° CFU ml™) was placed on the films square with and without bio-AgNP and
stored in a sterile Petri dish at room temperature for 24 h. After 24 h of contact
between film and bacteria, the films squares were inoculated in Nutrient Broth
(1 % peptone, 1% meat extract, 0,1% glucose and 0,5 % sodium chloride) and
incubated at 37 °C for 12 h, with constant stirring at 160 rpm. Aliquots of 10 uL
were collected every two hours, serially diluted and plated on Nutrient agar with
post incubation at 37 °C for 24. The CFU was determined and a curve of time x

viable cells was constructed.

The efficacy of bio-AgNP films after UV light exposure or autoclaving

To observed if these physical decontamination methods used regularly in the
laboratory routine can affect the effectiveness of bio-AgNP films, this assay was
developed. A square (1 cm) of the film were exposed in UV light for 40 min, 20
min each side, or submitted to autoclaving for 15 min at 121 °C. After this
process, a volume of 10 uL of the bacterial strain were placed on the films
square (control that do not pass for any process, films exposed to UV light and
autoclaving films) and stored in a sterile Petri dish at room temperature for 24 h.
Bacterial concentration inoculated in the films square was determined by
previous test quantification of bacteria inhibited by bio-AgNP films. After
bacterial-films contact, film samples were inoculated in Nutrient Broth at 37 °C
for 24 h. Bacterial growth was confirmed by plating the samples in agar

medium, such as MacConkey agar, Mannitol salt agar and SS agar.

Analysis of silver migration from bio-AgNP films to chicken meat

Silver migration was analyzed after chicken meat contact with the bio-AgNP
films. A commercial chicken was cut into pieces of approximately 1 g. The
pieces were involved by rectangle of films with and without bio-AgNP (2,5 cm x
4 cm) and stored in refrigerator (4 — 8 °C) for 1, 3, 5, 7 and 10 days, or in the
freezer (-20 °C) for 1, 3, 5, 7, 10 and 15 days. Each day had three samples of
chicken in contact with films with and without bio-AgNP. After contact time with

films, the chicken meat was dried at 60 °C for 48h. The acidic digestion of dried
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chicken pieces was performed using an ultrapure nitric acid 5 N (Merck, USA)
at 60 °C for 48 h, according to Alves and Wood (2006) [66]. Quantification of Ag
in chicken meat was performed through electrothermal atomic absorption
spectrophotometry (AAnalyst 700, Perkin Elmer, USA).

Statistical Method

Analyses were performed using R Statistical Software, version 3.6.1, to time Kkill
assay results, growth curve with bio-AgNP films and silver migration to chicken
meat. Means were analyzed using Student’s t-test, or ANOVA followed by

Tukey’s post-hoc test. Values of p <0.05 were considered significant.
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6. CONCLUSOES

A nanoparticula de prata biogénica apresentou acao antibacteriana contra
todas as cepas testadas, inclusive os isolados de Salmonella multirresistentes,
e o tempo de acdo contra cepas padrdes foi de 1 hora.

Mesmo apds a incorporacdo da nanoparticula de prata em uma matriz
polimérica biodegradavel sua acdo antibacteriana foi observada e a
embalagem foi capaz de eliminar uma quantidade maior de bactéria do que &
necessaria para causar uma infeccdo. Processos fisicos podem alterar a
capacidade da embalagem em eliminar os microrganismos, mas possivelmente
isso ocorre por alteracdo na matriz polimérica e diminuicdo na concentracao do
ativo, e ndo por perda de acdo da nanoparticula de prata. Apesar dos
resultados mostrarem a migracdo de prata da embalagem para a carne de
frango, a quantidade estd dentro do padrdo permitido pelos 6rgdos
reguladores.

Dessa forma, os resultados sugerem que a embalagem biodegradavel
incorporada com nanoparticulas de prata biogénica pode ser uma boa
alternativa para evitar a contaminagcédo de alimentos e causar menor poluicéo

no meio ambiente.



