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RESUMO

O método de ATP bioluminescéncia utilizado para monitoramento de higiene de
superficies depende da quantidade de matéria organica presente na superficie
avaliada. Quanto maior a quantidade de matéria organica, maior sera a
quantificacdo de Unidades Relativas de Luz (URL). A lise celular bacteriana e
subsequente liberagdo de matéria organica, resultante da utilizacdo de
sanitizantes sobre superficies higienizadas, pode influenciar no nimero de URL
medidas por um lumindmetro. O objetivo deste estudo foi avaliar a interferéncia
de cinco sanitizantes comumente utilizados na higienizagcdo de superficies em
industrias de alimentos sobre o numero de URL gerados pelo método de ATP
luminescéncia. Para isso, placas de corte de polietiieno de 32x23cm foram
divididas em 8 quadrados (5x5cm?) e artificialmente contaminadas com ~10*
UFC/mL de Listeria monocytogenes, utilizando uma esponja esterilizada para
espalhar o indculo. Quatro quadrados de cada placa foram amostrados com o
3M™ Quick Swab e os outros quatro quadrados foram amostrados com o swab
de superficie 3M™ Clean Trace, visando enumeracdo microbiana e de URL,
respectivamente. As amostras foram coletadas antes e ap6s a utilizacdo de
hipoclorito de sédio (1 % e 2%), biguanida (0,6 % e 1,2 %), alcool etilico (70 %
e 96%), quaternario de amonio (2% e 4%) e acido peracético (1 % e 2 %). As
contagens foram estatisticamente analisadas através dos testes de Wilcoxon e
Mann-Whitney e do teste T de Student, utilizando o software Minitab®. Os
resultados indicaram que ~10° UFC/cm? de L. monocytogenes aderiram as
placas de polietileno e depois da desinfec¢cdo ndo foram detectadas bactérias
viaveis. A média dos valores de URL nas placas contaminadas variaram entre
437 e 47638 URL. Os valores de URL nas placas higienizadas foram reduzidos
para contagens entre 36 e 127 URL para todos os sanitizantes e concentracdes
testadas. Comparando os valores de URL das placas higienizadas com as
controles (sem tratamento e ndo contaminadas), os resultados demonstraram
que a menor concentracdo de acido peracético causou reducdo nas contagens
de URL, enquanto todos os outros sanitizantes e concentracdes elevaram as
contagens de URL. Porém, nenhuma dessas interferéncias foi estatisticamente

significativa.



Palavras-chave: ATP bioluminescéncia. Sanitizantes. L. monocytogenes.

Superficies higienizadas.



ABSTRACT

The ATP bioluminescence system used for surface hygiene monitoring depends on
the quantity of organic matter present on a surface. The greater the amount of
organic matter, the higher the quantification of Relative Light Unit (RLU) will be. The
cell lysis resulting after the usage of sanitizers may influence in the numbers of RLU
measured by this detection system. The aim of this study was to evaluate the
interference of five commonly used sanitizers for surface disinfection in food
industries in the RLU counts generated by ATP swab detection system. So,
polyethylene cutting boards (n=3) of 32x23 cm were divided in 8 squares (5x5cm?)
and artificially contaminated with ~10* CFU/mI of Listeria monocytogenes, using a
sterile sponge to spread the inocule. Four squares of each board were swabbed with
3M™ Quick Swab and the other four squares were swabbed with 3M™ Clean Trace
Surface swabs, aiming microbial and RLU enumeration respectively. Samples were
taken before and after the use of sodium hypochlorite (1% and 2%), biguanide (0.6%
and 1.2%), ethylic alcohol (70% and 96 °GL), quaternary ammonium (2% and 4%)
and peracetic acid (1% and 2%). Counts were statistically analyzed using Wilcoxon
and Mann-Whitney and T-test, using Minitab® software. Results indicated that ~10°
CFU/cm? of L. monocytogenes were adhered to polyethylene cutting boards and after
sanitizing viable bacteria were not detected. The average of RLU values in the
contaminated boards were from 437 to 47638 RLU. In the sanitized boards RLU
counts were reduced to values ranging from 36 to 127 RLU to all sanitizers and
concentrations tested. A comparison made between the RLU values of sanitized
boards and control (untreated and uncontaminated) demonstrated that peracetic acid
at the lowest concentration caused a quenching effect on RLU counts, while all other
sanitizers and concentrations caused an enhancement effect on RLU values.

However, none of these interferences were statistically significant.

Keywords: ATP bioluminescence. Sanitizers. L. monocytogenes. Sanitized surfaces.
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1 INTRODUCAO

Garantir que as superficies de contato com alimentos estejam livres de
contaminagdo € um ponto critico de controle comum em industrias de alimentos. A
matéria organica aderida as superficies pode servir como uma fonte de nutrientes
para 0S micro-organismos. Portanto, inddstrias processadoras de alimentos
necessitam de um programa de higienizacdo eficaz para remover qualquer residuo
de alimentos e eliminar a contaminacdo microbiolégica (SHAMA & MALIK, 2013;
KUMARI & SARKAR, 2014).

Nos ultimos anos, técnicas mais rapidas para 0 monitoramento de
higienizacdo de superficies em industrias alimenticias ganharam interesse e o
método de ATP bioluminescéncia tornou-se uma escolha frequente para substituir
métodos mais demorados e tradicionais (RATPHITAGSANTI et al., 2012). De fato,
essa técnica gera resultados de forma mais agil e eficaz, levando poucos segundos
para realizar monitoramento de superficies (MOROZ, GURSKII & UGAROVA, 2008).

O método de ATP bioluminescéncia é baseado na reacéo luciferina/luciferase,
que emite luz, (STEVANI et al., 2013) e requer a presenca de: enzima luciferase,
substrato luciferina, oxigénio (0%, cation magnésio (Mg*?) e ATP (adenosina
trifosfato) (MARQUES & ESTEVES DA SILVA, 2009). O ATP é encontrado em
células bacterianas e também em alimentos e em residuos alimenticios (KIM et al.,
2011), o que o torna um marcador da presenca dos mesmos em superficies
analisadas. A quantidade de ATP presente na amostra analisada é proporcional a
quantidade de luz emitida e o resultado é expresso em unidades relativas de luz
(URL) (PARK et al., 2014).

A limitacdo desta técnica reside no fato de que quando células bacterianas
séo lisadas devido a acdo de sanitizantes, o ATP intracelular pode influenciar na
atividade enzimatica da luciferase, interferindo nas contagens de URL.
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2 OBJETIVOS

2.1 Objetivo Geral

O objetivo do presente estudo foi investigar a interferéncia de sanitizantes
comumente utilizados em industrias de alimentos na avaliacdo de superficies por

ATP bioluminescéncia.

2.2 Objetivos Especificos

e Investigar a interferéncia do hipoclorito de sédio, quaternario de aménio,
alcool etilico, acido peracético e biguanida na avaliagdo de superficies por
ATP bioluminescéncia;

e Avaliar a eficicia dos cinco desinfetantes comumente utilizados na remocao
de L. monocytogenes usando 3M ™ Clean-Trace ™ Superficie ATP System e

contagem em petrifilm.
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3 DESENVOLVIMENTO TEORICO

3.1 Método de ATP bioluminescéncia

3.1.1 Adenosina trifosfato — ATP

ATP é a sigla utilizada para se referir & adenosina trifosfato, um
composto organofosfatado presente em todos os organismos biologicamente
ativos, incluindo maior parte dos alimentos e residuos alimentares (CALVERT,
et al., 2000; KIM et al., 2011).

O ATP estd presente em reacles bioenergéticas de todas as células
vivas, sendo um importante agente na maioria das reacfes enzimaticas
bioquimicas, como sintese de proteinas, transporte ativo, movimentos e
transmissdo de impulsos nervosos, atuando como fonte priméaria de energia
para o metabolismo celular (HEUNNEKENS & WHITELY, 1960; EDWIN, TIFFT
& STUART, 1976; PACIELLO et al., 2013).

O ATP que é liberado por microrganismos destruidos (ndo viaveis) &
rapidamente ativado por outros organismos ou pelo ambiente a sua volta e
convertido em formas diferentes de fosfato. Portanto, a determinagédo de ATP
pode ser considerada a medi¢cdo dos organismos vivos de um sistema (LEVIN,
CHEN & DAVIS, 1967).

3.1.2 Bioluminescéncia

De acordo com Peng (1976), diversos processos que produzem luz séao
genericamente relacionados ao termo “luminescéncia”’. Nesse contexto, onde
ocorre a conversao de energia em luz, Kricka e Thorpe (1983) afirmam que
guimiluminescéncia € a luminescéncia que ocorre durante o acontecimento de
uma reacao quimica, e bioluminescéncia corresponde a reacdo de emissao de
luz por sistemas bioldgicos. Toda bioluminescéncia € uma reacgdo
quimiluminescente (SHIMOMURA, 2006).

Diversos organismos vivos, como bactérias, fungos, insetos, crustaceos,
moluscos, celenterados, peixes, algas primitivas e vermes terrestres e

maritimos, apresentam algumas espécies com propriedades bioluminescentes
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(STEVANI et al., 2013). Segundo Oliveira et al. (2013), tal fendbmeno ocorre

principalmente nos oceanos.

3.1.3 Luciferina e luciferase

O trabalho de Dubois (1885), no final do século 19, confirmou a ideia de
bioluminescéncia animal. Sua experiéncia consistiu em fazer uma pasta a partir
de material luminescente do besouro Pyrophorus noctilucus, que foi dividida em
duas partes. Uma parte foi aquecida proxima ao ponto de ebulicdo, quando o
brilho existente desapareceu, e a outra foi suspensa em agua fria, obtendo uma
solucao brilhosa, que desapareceu ao longo do tempo. Apéds o resfriamento da
solucdo quente, ambas as partes foram misturadas e foi observado que a
emissao de luz recomecou.

A conclusdo de Dubois foi que a bioluminescéncia era quimica e que a
parte termo-estavel era provavelmente uma molécula orgénica, a qual ele
nomeou “luciférine”. A outra parte, que precisou permanecer fria para uma
reacao efetiva, que em outras palavras era termo-labil, foi chamada de
“‘luciférase”, a qual ele acreditava ser uma enzima. Consequentemente, foi
determinado que a geragcdo de luz pela mistura das duas partes ocorreu
através de uma reacdo substrato/enzima.

De acordo com estudos de McCapra (1976), as luciferases séao
classificadas como oxigenases e pertencem a familia de proteinas formadoras
de adenilato, devido as reacdes que catalisam. J& as luciferinas, que agem
como substrato da reacédo, constituem um grupo de produtos naturais e estima-
se que séo sintetizadas durante todo o tempo de vida dos organismos.

Os termos criados por Dubois sao utilizados até hoje, mas vale ressaltar
que tanto luciferases quanto luciferinas provenientes de distintos organismos
bioluminescentes diferem entre si (DESJARDIN; OLIVEIRA & STEVANI, 2008).

O isolamento, clonagem e purificacdo de luciferases tém sido
desenvolvidos e utilizados no ramo da microbiologia para determinar a
presenca de ATP e detectar contaminacao microbiologica (THORNE, INGLESE
& AULD, 2010) e presenca de matéria organica, por exemplo, sobre

superficies.
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Atualmente, o gene da enzima luciferase obtido de vagalumes norte-
americanos Photinus pyralis, e que catalisam a geracéo de luz em organismos
bioluminescentes, sdo o0s mais estudados e utilizados (FRAGA, 2008;
OLIVEIRA et al., 2013).

3.1.4 ATP bioluminescéncia

Os trabalhos de McElroy (1947; 1951) nas décadas de 40 e 50,
reproduzindo experimentos do século passado, mostraram que o ATP € um
fator limitante e fundamental da bioluminescéncia. Desde entdo, pesquisas
levaram a um melhor entendimento e compreensédo de como a luz é produzida
pelos vagalumes.

A descoberta da alta sensibilidade do ATP a luciferase e a simples
deteccdo da atividade enzimatica levaram ao desenvolvimento de um ensaio
de ATP, um método eficiente e rapido para determinacdo de quantidade de
ATP (LEVIN et al., 1964).

Essa técnica, hoje conhecida como método do ATP bioluminescéncia, é
baseada na proporcionalidade entre luz emitida e concentracdo de ATP
(KIMMICH, RANDLES & BRAND, 1975). O processo da reagdo para emissao
de luz requer basicamente a presenca da enzima luciferase, do substrato
luciferina, oxigénio (O?), cation magnésio (Mg*?) e ATP (SELIGER, 1989).

Na primeira etapa da reacao, que ocorre na presenca de ATP e Mg2+, a
luciferase converte D-luciferina em complexo luciferil adenilato, liberando
pirofosfato livre (PPi). Esse complexo formado, ainda em catélise enzimatica,
sofre descarboxilacdo oxidativa na presenca do oxigénio molecular,
transformando-se em oxiluciferil-adenilato-enzima, eletronicamente excitado.
Ao retornar ao estado mais estavel, o complexo se dissocia, formando
luciferase, monofosfato de adenosina (AMP), dioxido de carbono (COy,),
oxiluciferina e consequente emissao de fétons de luz. (SANTOS, R.M.S;;
SANTOS, M.F. & COSTA, 1993; WILSON & HASTING, 1998).
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3.1.5 Luminbmetro

Lumindmetros s&o equipamentos capazes de medir a emissao de luz.
Tubos fotomultiplicadores sdo os mais populares tipos de detector. Os
elementos basicos desse instrumento sdo uma camara de deteccdo a prova de
luz e um detector de luz (KRICKA & THORPE, 1983).

Segundo Berthold e Tarkkanen (2013), a producgéo de bioluminescéncia
através de reacbes de ATP e luciferase, conjuntamente com outros fatores,
impulsionaram o desenvolvimento dos luminémetros. De acordo com 0s
mesmos autores, o primeiro relato cientifico da palavra data do ano de 1968
(BURR & MAUZERALL, 1968).

Antes da descoberta e utilizacdo de lumindmetros, a bioluminescéncia
era quantificada através de fluorimetros, contadores quanticos e contadores de
cintilacdo liquida (ADDANKI, SOTOS & REARICK, 1966). Essa ultima € a
adaptacdo mais sensivel do contador quéantico, descrita por Tal, Dicksteins e
Sulman (1964) e que, mais tarde daria a base para a criagdo do luminémetro.

Nos anos 70, ja havia comercializagdo de reagentes e fatores
necessarios para a medicdo de luz. Entretanto, métodos simples para o
manuseio dos reagentes, transporte e preparacdo de amostras e medi¢do de
luz ainda eram escassos (BERTHOLD & TARKKANEN, 2013). Além disso, a
obtencdo de luciferase e luciferina, necessarias para a reacdo, era feita
diretamente de insetos silvestres e devia ser congelada no momento da
captura.

Da década de 80 em diante, diversos lumindémetros foram desenvolvidos
e introduzidos no mercado, tornando o processo mais simples, rapido e
sensivel. A medicdo de luz era realizada por instrumentos leitores de URL,
método que permanece até os dias atuais. Vale ressaltar, que informacgfes
mais detalhadas a respeito de lumindmetros industriais sdo dificiimente
encontradas em literatura cientifica, visto que cada equipamento possui
caracteristicas proprias do fabricante.

Atualmente, a reacdo de luciferase/ATP ocorre instantaneamente,
possibilitando a leitura de luz gerada, proporcional a quantidade de ATP na

amostra, em poucos segundos (3M do Brasil, 2013).
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Quanto aos agentes necessarios para a reacao, eles sao obtidos através
de sintese realizada em laboratério (GRIFFITHS, 1993).

3.1.6 Aplicacdes do método de ATP bioluminescéncia

Diversas tecnologias vém sendo desenvolvidas, devido a crescente
demanda por métodos rapidos de deteccdo. Dentre os métodos existentes, a
ATP bioluminescéncia é considerada rapida e simples e tornou-se escolha para
substituir métodos mais tradicionais (LARSON et al., 2003; RATPHITAGSANTI
et al., 2012).

Métodos de bioluminescéncia tém sido largamente empregados em
microbiologia, com o objetivo de detectar a contaminac&do microbioldgica, e em
biologia celular e molecular, para monitorar expressdo génica e interacao
proteina-proteina (RODA, 2004).

A técnica tem sido utilizada para monitorar ar, limpeza de superficies e
qualidade de produtos, principalmente em industrias alimenticias, e em menor
escala em industrias farmacéuticas. Além disso, € cada vez mais utilizada em
bioguimica, medicina, biotecnologia e monitoramento ambiental (GIROTTI et
al., 1997; DOSTALEK & BRANYIK, 2005).

Desde a década de 90, o uso dessa técnica tem se tornado mais
frequente na avaliacdo de higiene em industrias de alimentos e de bebidas,
principalmente no que diz respeito a equipamentos, materiais e superficies
(DOWHANICK & SOBCZAK, 1994).

A técnica de ATP bioluminescéncia é aconselhada por diversos estudos
como indicadora de condicdes higiénicas pela presenca de matéria organica
em superficies (ZOTTOLA, 1997). Tais pesquisas trazem informacdes
importantes ja que a matéria organica presente em superficies pode facilitar o
processo de aderéncia de bactérias e a formacdo de biofimes (VERRAN &
JONES, 2000). Contudo, cabe ressaltar que contagens de URL originarias do
monitoramento de superficies ndo necessariamente significam a presenca de
microrganismos sobre as mesmas, uma vez que o ATP responsavel pelas URL
pode ter sido proveniente de matéria organica ndo microbiana.

De fato, o ATP é encontrado em todos 0s organismos vivos e também

em diferentes matérias organicas, como residuos alimentares, podendo atuar
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como indicador da presenca dos mesmos (VENKATESWARAN et al., 2003).
Isso € um beneficio, j& que a presenca de matéria organica pode indicar a
ineficiéncia de procedimentos de higienizagdo, enquanto a presenca de
microrganismos pode indicar um potencial impacto na saude publica (KOO et
al., 2013).

Os niveis de ATP presentes em células viadveis funcionam como um
indicador na reagéo que ocorre com o complexo luciferina/luciferase, ja que a
qguantidade de luz emitida € proporcional a quantidade de ATP (SUBRAMANI &
DELUCA, 1988). A luz gerada € medida por um equipamento, o luminémetro, e
o resultado é expresso em URL (CHEN & GODWIN, 2006).

Uma pesquisa realizada por Davidson et al. (1999), em meados da
década de 90 com 500 industrias alimenticias da Inglaterra, demonstrou que a
técnica mais utilizada para monitorar limpeza de superficies foi esfregaco
seguido por incubacdo em meio de cultura (48%), e que 27% dos entrevistados
faziam uso do método de ATP bioluminescéncia.

Nos ultimos anos, no entanto, a utilizacdo deste método tem aumentado
consideravelmente, embora ndo se tenha pesquisas mais recentes com 0s

dados atuais sobre a sua utilizagéo.

3.2 Listeria monocytogenes

Oito espécies do género Listeria sdo reconhecidas: Listeria
monocytogenes, Listeria seeligeri, Listeria ivanovii, Listeria innocua, Listeria
welshimeri, Listeria grayi, Listeria marthii e Listeria rocourtiae (GRAVES et al.,
2010). Dessas, apenas L. monocytogenes e L. ivanovii sdo consideradas
virulentas, sendo a Ultima raramente associada a infecgcdo humana (GUILLET,
2010).

Listeria  monocytogenes € uma bactéria intracelular gram-positiva
causadora da listeriose humana (KUSHWAHA & MURIANA, 2010).
Representa, atualmente, um dos patdgenos alimentares mais perigosos, com
taxa de hospitalizacdo de 94% e uma alta taxa mortalidade 15,9% (SCALLAN
et al., 2011). Afeta mais frequentemente imuno-comprometidos, gestantes,

bebés em gestacdo ou recém-nascidos, e idosos (NEWELL et al., 2010).
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O micro-organismo € comumente encontrado no solo, aguas superficiais,
plantas e alimentos, mas também em alimentos prontos para o consumo, ja
que é capaz de crescer em temperaturas de refrigeracdo (FRANCO &
LANDGRAF, 2002).

Essa bactéria é reconhecida por ser formadora de biofiimes que
conseguem permanecer no ambiente por longos periodos em superficies de
contato com alimentos (RENIER, HEBRAUD, & DESVAUX, 2011), sendo
capaz de aderir a superficies onde ha residuos alimentares (POIMENIDOU et
al., 2009).

Os biofilmes sdo uma associagdo de células bacterianas e material
extracelular que formam uma matriz biolégica ativa, aderida a uma superficie
(WATNICK & KOLTER ITURRIAGA, 2000; TAMPLIN & ESCARTIN, 2007). A
primeira etapa da formacédo de biofilmes é a adesdo dos micro-organismos a
superficie, que pode ocorrer em 3 a 5 segundos para algumas cepas de L.
monocytogenes (TAKHISTOV & GEORGE, 2004). Essa estrutura facilita a
persisténcia de micro-organismos no ambiente e oferece maior resisténcia
contra tratamentos de desinfeccdo (VAN DER VEEN & ABEE, 2011).

Logo, a aderéncia desse patdégeno a superficies de contato de
alimentos e a formacdo de biofilmes sdo um empecilho para a completa
eficacia do processo de higienizacdo (NORWOOD & GILMOR, 2001;
BONSAGLIA et al., 2013) e tornaram-se um problema em diversos setores da
industria alimenticia (SREY, JAHID & HA, 2013)Segundo Gram et al. (2007), a
L. monocytogenes aderida a superficies é mais resistente a sanitizantes do que
células plancténicas e essa resisténcia pode ser afetada pela matriz alimentar.

Em plantas de processamento, L. monocytogenes pode ser encontrada
em pisos, ralos e equipamentos, sendo capaz de colonizar e de se multiplicar
em superficies como aco inoxidavel, borracha, vidro, polipropileno e propileno
(VAID, LINTON & MORGAN, 2010). Esse fato colabora para sua persisténcia
em plantas processadoras de alimentos, aumentando a probabilidade de
contaminacgao pés-processo (CHAE, 2006; GOH et al., 2013).
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3.3 Higienizacédo de Superficies e Sanitizantes

Higienizacdo é um processo dividido em duas etapas: limpeza e
sanitizacdo. A primeira parte refere-se a remocédo mecanica da sujidade e dos
microrganismos de uma determinada area (KUSUMANINGRU et al., 2003),
enquanto sanitizagdo corresponde a reducdo ou eliminacdo da contaminacéo
microbiolégica a um nivel seguro (MARRIOTT & GRAVANI, 2006). Esse
procedimento € fundamental em ambientes processadores de alimentos, pois
uma higienizacdo inadequada pode contribuir com contaminagcdo cruzada,
transmissao de doencas transmitidas por alimentos (DTA) e aumento do risco
de surtos alimentares (NYACHUBA, 2010).

Apesar de a limpeza ser capaz de remover até 90% de micro-
organismos, a sanitizacdo é essencial para destrui-los e evitar sua aderéncia a
outros lugares (FUGELSANG & EDWARDS, 2007). Os objetivos da
higienizacdo em plantas processadoras de alimentos s&o proteger o
consumidor contra agentes patogénicos e garantir a qualidade dos alimentos
(CHESWORTH, 1997), pois riscos microbioldgicos nas superficies de contato
com alimentos podem ser evitados através do controle microbiologico dessas
superficies (BOLTON, 1998).

Uma boa escolha de materiais de limpeza e de agentes sanificantes sdo
essenciais para garantir uma higienizacdo eficaz. Diversos estudos citam o
uso de sanitizantes como quaternario de amoénio, hipoclorito de sédio, alcool,
biguanida e acido peracético para inativar patdégenos alimentares como
Staphylococcus aureus, Escherichia coli e Listeria monocytogenes (SOMERS &
WONG, 2004; YANG et al., 2009).

Apbs o procedimento de higienizacdo, deve haver uma avaliagdo a fim
de mensurar a sua eficacia. Essa estratégia permite tomar acbes corretivas
caso a superficie avaliada tenha uma higienizacdo insatisfatéria (OGDEN,
1993).

Os métodos mais comuns para avaliagdo da eficacia desse
procedimento sdo o esfregaco seguido por contagem em placas e o de ATP
bioluminescéncia (DUARTE, et al., 2011). O dltimo método tem sido
vastamente empregado para essa finalidade, devido a sua rapidez,

sensibilidade e simplicidade quando comparado ao primeiro. Entretanto, alguns



20

estudos relatam a influéncia de materiais de limpeza e sanitizantes no método
do ATP- bioluminescéncia, o que pode gerar resultados falso-negativos ou
falso-positivos, respectivamente (VELAZQUEZ & FEIRTAG, 1993; GREEN,
RUSSELL & FLETCHER, 1999; LAPPALAINEN, et al., 2000).
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ABSTRACT

The ATP bioluminescence system used for surface hygiene monitoring depends on
the quantity of organic matter present on a surface. The use of sanitizers may cause
bacterial cells lysis, resulting in intracellular ATP liberation, affecting Relative Light
Unit (RLU) counts. The aim of this study was to evaluate the interference of five
common food industry sanitizers in the RLU counts generated by ATP
bioluminescence method. Polyethylene cutting boards were artificially contaminated
with ~10* CFU/mI of Listeria monocytogenes, using a sterile sponge. One half of
each plate was swabbed with 3M™ Quick Swab and the other half was swabbed with
3M™ Clean Trace Surface swabs, aiming to enumerate bacterial cells and RLU,
respectively. Samples were taken before and after the use of sodium hypochlorite
(SH) (1 % and 2 %), biguanide (BI) (0.6 % and 1.2 %), ethylic alcohol (EA) (70 % and
96 %), quaternary ammonium (QA) (2 % and 4 %) and peracetic acid (PA) (1 % and
2 %). Each sanitizer was tested using the recommended-manufacturer concentration
(RMC) and a two-fold concentration. Counts were statistically analyzed using
Wilcoxon and Mann-Whitney and T-test, using Minitab® program. Results indicated
that ~10° CFU/cm? of L. monocytogenes were adhered to polyethylene cutting boards
and after sanitizing viable bacteria were not detected. The average of RLU values in
the contaminated boards were from 437 to 47638 RLU. In the sanitized boards RLU
counts were reduced to values ranging from 36 to 127 RLU to all sanitizers and
concentrations tested. A comparison made between the RLU values of sanitized
boards and control (untreated and uncontaminated) demonstrated that PA at the
lowest concentration caused a small quenching effect on RLU counts, while all other
sanitizers and concentrations caused an enhancement effect on RLU values.
However, none of these interferences were statistically significant. Therefore, the
present study concluded that SH, BI, EA, QA and PA at two different concentrations
did not significantly affect the RLU counts generated by ATP bioluminescence

method.
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4.1 Introduction

In 1885, Dubois has identified the phenomenon of animal bioluminescence
and he created the French terms “luciférin” and “luciférase”, which were adapted to a
variety of languages and remain until present. In fact, many animal species are able
to produce bioluminescence, converting biochemical energy into light energy in
biological systems (CHOLLET & RIBAULT, 2012). Currently, the North American
firefly Photinus pyralis is the most extensively studied and used bioluminescent
organism (VIEIRA, PINTO DA SIVA & ESTEVES DA SILVA, 2012).

McElroy (1947, 1951) was the first researcher who described the importance
of adenosine triphosphate (ATP) for the bioluminescence, supporting that the light
emission is proportional to the ATP quantity. These findings were the basis for the
following researches responsible for the better comprehension of bioluminescence
(SHIMOMURA, 2006) and for the ATP bioluminescence development.

The light emitted by ATP bioluminescence is measured by a luminometer and
the results are expressed in RLU (CHEN & GODWIN, 2006). This method is based
on luciferin/luciferase reaction (WILSON & HASTINGS, 1998; STEVANI et al., 2013),
requiring the presence of luciferase enzyme, luciferin substrate, oxygen (O?),
magnesium cation (Mg*?) and ATP (MARQUES & ESTEVES DA SILVA, 2009).
Indeed, ATP is found not only in bacterial cells, but also in most food and food
residues (CALVERT et al., 2000; KIM et al., 2011), because it is necessary for all
bioenergetic reactions of living cells (BERTHOLD & TARKKANEN. 2013).
Consequently, the ATP may be originated from food residues or microbial cells, both
indicating the inefficiency of hygiene procedures in food industries. While food
residues may promote microbial multiplication, microorganisms themselves can
possibly represent a potential impact on public health (KOO et al., 2013).

Several technologies have been developed in the last decades in order to
satisfy the increasing demand for rapid detection methods in food industries. ATP
bioluminescence system is fast and simple and has become a current choice to
replace traditional techniques of surface monitoring (LARSON, 2003;
RATPHITAGSANTI et al., 2012).In fact, ATP bioluminescence methods have been
used in many areas and applications, such as biochemistry, medicine, biotechnology,
bioimaging and environmental monitoring (MOROZ & GURSKII, 2008; RODA, 2012).
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In food industries, ATP bioluminescence is indicated for a quick inventory of
the cleanliness of equipments (WIRTANEN & SALO, 2005; NARSAIAH et al., 2012)
and this method has been used in combination with HACCP system, becoming well
known in the food processing plants (SHAMA & MALIK, 2013). Nevertheless, some
studies have reported the influence of sanitizing agents in the ATP bioluminescence
method, which can generate false-positive or false-negative results.

Several authors have reported the interference of sanitizers on ATP
bioluminescence signal (VELAZQUEZ & FEIRTAG, 1997; GREEN, RUSSELL &
FLETCHER, 1998; GREEN, RUSSELL & FLETCHER, 1999; TURNER et al., 2010).
However, as far as we are concerned, researches of sanitizers’ influence on this
luminescent technique have not been explored lately, as well as the effect of
biguanide, ethylic alcohol and peracetic acid, which is not well documented.
Furthermore, it has not been explored the ATP bioluminescence evaluation in
sanitizers’ efficacy against L. monocytogenes in polyethylene surfaces.

The aim of this study was to investigate the interference of five commonly
used sanitizers (SH, Bl, EA, QA and PA) in the RLU counts generated by ATP
bioluminescence system. Additionally, the efficacy of sanitizers against L.
monocytogenes contaminating polyethylene cutting boards was also evaluated, since
they have the ability to adhere to surfaces and form biofilms, being able to
contaminate finished products (BAE, BAEK & LEE, 2012; SCHOBITZ et al., 2014).

4.2 Material and methods

4.2.1 Sampling

In order to achieve a reasonable sampling to obtain accurate results and to
make this work possible to be statistically analyzed, each experiment was done in
triplicate. For that, three polyethylene cutting boards were designed for each sanitizer
at a different concentration, totaling thirty boards (5 sanitizers x 2 different
concentrations x 3 boards).

From each cutting board, four labeled samples were taken in order to be
evaluated by ATP bioluminescence analysis and other four different samples were

designed for microbial enumeration. This sampling was done in the control boards, in
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the contaminated ones and after they were disinfected. So, for each sanitizer at a
defined concentration, twelve samples were designed for each method (1 sanitizer x

1 concentration x 4 samples x 3 boards).

4.2.2 Preparation of polyethylene plates

Using a knife, the thirty new polyethylene cutting plates were divided into 8
squares of 5 x 5 cm. Before experiments, all cutting plates were washed with potable
water and neutral detergent, rinsed with sterile distilled water and dried with
disposable sterile white paper. After that, the plates were sterilized in autoclave,

under 121° C for 15 minutes, inside sterile plastic bags and stored until experiments.

4.2.3 Inoculum preparation for contamination of polyethylene plates

Listeria monocytogenes (strain J11), isolated from a bovine exporter
slaughterhouse located in Southern Brazil, was inoculated in 10 ml of TSB (Tryptic
Soy Broth, MERCK) supplemented with 0.6 % yeast extract and incubated at 37° C
for 18 h. Then, 1 ml of culture was successively diluted in tubes containing 9 ml of
0.1 % sterile peptone water, achieving ~10* CFU/ml. Bovine serum albumin was
added until a final concentration of 5 % in order to simulate the presence of organic

matter.

4.2.4 Polyethylene plate surface contamination

A quantity of 5 mL of L. monocytogenes dilution containing ~10* CFU/ml were
dispensed onto the surface of the thirty plates (area of 32 cm x 23 cm). Using a
sterile sponge, the inoculum was spread over the surface of polyethylene plates,
during 1 minute in three different directions. The plates were dried for 20 minutes at
ambient temperature of approximately 25° C and the 4 squares labeled on the
surfaces were sampled using 3M™ Clean-Trace™ Surface ATP swabs, for
enumeration of RLU, while other 4 squares were sampled with 3M ™ Quick Swab,

for enumeration of L. monocytogenes. Control polyethylene plates (uncontaminated
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and untreated with sanitizers) were also divided in 8 squares and were sampled as
the same way as the contaminated plates.

4.2.5 Sanitizers’ preparation

Five sanitizers commonly used in food industries were prepared immediately
before use. Each three contaminated plates were disinfected with a different sanitizer
and two concentrations of this sanitizer (Table 1). Plates were immersed in 1 liter of
pre-prepared solution of each sanitizer, except for EA, which disinfection occurred by
spraying the solution on the plates. The period that each sanitizer remained in
contact with surfaces were those recommended by manufacturer, meaning all
sanitizers had an action time of fifteen minutes. Then, 4 randomly chosen squares
were sampled with 3M™ Clean-Trace™ Surface ATP swabs and 4 squares were
sampled with 3M ™ Quick Swab.

Table 1 — The five sanitizers at two different concentrations used for disinfect the

contaminated cutting boards.

Sanitizer Brand Abbreviation C1 Cc2
Sodium hypochlorite Kalykim Brazil SH 1% 2%
Biguanide Kalykim Brazil BI 0,6 % 12%
Quaternary ammonium Kalykim Brazil QA 2% 4%
Peracetic acid Kalykim Brazil PA 1% 2%
Ethylic alcohol Kalykim Brazil EA 70 % 96 %

C1: concentration recommended by manufacturers; C2: two-fold of the concentration

recommended by manufacturer, except for ethylic alcohol.

4.2.6 ATP bioluminescence analysis and Microbial enumeration

3M™ Clean-Trace™ Surface ATP swabs were analyzed using the 3M™
Clean-Trace™ NG Luminometer, while 3M™ Quick Swabs were returned to a tube
containing letheen neutralizing buffer and vigorously shaken to release bacteria from
the swab tip. The contents (1 ml) of the tubes containing samples collected from
untreated and uncontaminated (control) polyethylene plates were poured onto a

3M™ Petrifim™plate for mesophilic microorganisms, while the contaminated and
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sanitized surface samples were poured onto 3M™ Petrifilm™ Environmental Listeria
Plates. The Petrifims plates were incubated at 37°C for 24 h so as to enumerate the

microorganisms.
4.2.7 Statistical Analyses

The results of each sanitizer and each concentration were organized in
graphics and graphical analyses and hypothesis testing were carried out. Statistical
analysis to compare infected and disinfected plates was made by Wilcoxon. Data
distribution were analyzed by Dotplot and Boxplot charts. It was also evaluated the
difference between the concentrations for each sanitizer, using T-test (to compare
the difference between normal data distribution) Mann-Whitney (non-parametric

method to compare medians of non-normal distributions).
4.3 Results and Discussion

It is well known that several strains of L. monocytogenes can adhere to abiotic
surfaces present in food processing facilities (CHAE AND SCHRAFT, 2000; SINDE &
CARBALLO, 2000). In our study, 5 ml of L. monocytogenes culture presenting ~10*
CFU/ml were inoculated onto surfaces of polyethylene plates, resulting in ~10°
CFU/cm? of L. monocytogenes, after 20 minutes. As shown in Figure 1, RLU counts
of contaminated plates demonstrated values that ranged from 437 to 47638 RLU,
while control plates demonstrated RLU counts ranging from 28 to 59 and no
microorganisms on that.

After contamination with L. monocytogenes, the polyethylene plates were
disinfected using SH, BI, EA, QA and PA at two different concentrations (TABLE 1).
Evaluation of sanitizers’ efficiency was measured by ATP bioluminescence method,
expressed in RLU, and by swabbing followed by petrifilm incubation, aiming microbial
enumeration expressed in CFU/cm?. According to 3M™ Company, the Pass/Fail
threshold value recommendation is that RLU counts under or equal 250 are
acceptable.

Relative light unit counts after sanitization resulted in values ranging from 36

to 127 RLU (Figure 1) to all sanitizers, and the microbiological counts were zero,
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regardless sanitizer or concentration, meaning that all treatments were effective to
remove the contamination. These results are in agreement with the ones found by
Cruz and Fletcher (2012), where SH, BI, QA and PA achieved a 5-log10 reduction of
viable cells of suspended L. monocytogenes.

Meanwhile, Bae , Baek and Lee (2012) have demonstrated that EA was
effective against attached pathogens and biofilms on the surface of stainless steel,
indicating its use on the surfaces of utensils, cooking equipment, and other related
materials to destroy or reduce microbial contamination.

Comparing results from control and disinfected plates, our findings
demonstrated a small decreasing effect on RLU counts caused by peracetic acid at
the lowest concentration, while a slight increase of the RLU signal was detected for
all other sanitizers and concentrations (Figure 2). Nevertheless, statistical analysis
was not able to confirm significant differences between control and disinfected plates
counts, regardless the sanitizer or concentration.

Velazquez and Feirtag (1997) investigated the effect of extractants, cleansers,
and sanitizers on the detection of the ATP bioluminescence signal. In their
experiments, L. monocytogenes represented one of the ATP sources. QA (six
concentrations from 25 to 800 ppm) and SH (six concentrations between 0.01 and 5
%) were surveyed. This study has deduced that the lowest QA concentration and
above 300 ppm concentration significantly enhanced effect on RLU counts. SH effect
was concentration-dependent. There was a significant increase on RLU
measurement for the lowest concentration, than an insignificant influence, followed
by a decreasing effect as the SH concentration increased (above 0.1 %).

Green, Russel and Fletcher (1998) have also studied the effect of chemical
cleaning agents, including SH (30, 50 70 ppm) and QA (10, 20, 30 ppm), on ATP
bioluminescence measurements. This study has evaluated the interference of three
sources of ATP: Escherichia coli, chicken blood and pure ATP. They found that QA
had a slight increasing effect on RLU counts, however neither QA nor SH at the
established concentrations had a statistically interference on the measurements,
regardless the ATP source. These results are in agreement with our results, since we
have not found significant interference of sanitizers on the RLU counts as well.

The same authors (GREEN, RUSSEL & FLETCHER, 1999) have done other

study investigating chlorinated sanitizers and QA. This research has used as ATP
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source a pure ATP solution (PATP) and chicken exudates (CEATP). Their results
showed that chlorinated agents decreased RLU in a dose-dependent manner for
PATP. There was a slightly decrease on RLU counts at the two lower concentrations
for the CEATP, and the higher concentration did not affect measures. Meanwhile,
RLU counts were affected by QA, significantly increasing measures at all
concentrations for CEATP and for the two higher concentrations for PATP. In
opposite, our research has only identified quenching effect on RLU counts for
peracetic acid at the lowest concentration (1 %), but it was not statistically significant.
These authors have reported significant enhancement interference of QA on
measurement by ATP bioluminescence. Our study has demonstrated a slight
increasing effect by QA, but it was not statistically significant.

Turner et al. (2010) have demonstrated that all of RLU counts for disinfectant-
solutions were lower than control ATP preparations. Their findings included the effect
caused by QA product, 10 % bleach and hydrogen peroxide—peracetic acid mixture.

However, none of these results were statistically significant.

Table 2. Mean values of RLU for control, contaminated with L. monocytogenes and
disinfected polyethylene cutting boards submitted to different sanitizers at two
concentrations (C1 and C2).

Average counts (RLU)

Contaminated Disinfected

Control Plates plates
Sanitizer Abbreviation Cc1 C2 C1 C2 Cl1 cC2
Sodium hypochlorite SH 39 43 47638 4980 45 70
Biguanide BI 45 28 2791 3877 98 108
Ethylic alcohol EA 30 28 441 437 127 94
Quaternary ammonium QA 33 31 3393 1701 48 53
Peracetic acid PA 59 33 3391 3018 39 36

C1: concentration recommended by manufacturers (SH: 1%; BI: 0,6%; EA: 70%; QA:
2%; PA: 1%); C2: two-fold of the concentration recommended by manufacturer (SH:
2%; BI: 1,2%; EA: 96%; QA: 4%; PA: 2%).
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Figure 1. Effect of five different sanitizers on the RLU counts generated by ATP
bioluminescence method. Sodium hypochlorite (SH): C1= cutting board plates
disinfected with 1% SH and C2 = cutting board plates disinfected with 2% SH;
Biguanide (BI): C1= cutting board plates disinfected with 0,6% Bl and C2 = cutting
board plates disinfected with 1,2% BI; Ethylic alcohol (EA): C1= cutting board plates
disinfected with 70% EA and C2 = cutting board plates disinfected with 96% EA;
Quaternary ammonium (QA): C1= cutting board plates disinfected with 2% QA and
C2 = cutting board plates disinfected with 4% QA,; Peracetic acid (PA): C1= cutting
board plates disinfected with 1% PA and C2 = cutting board plates disinfected with
2% PA.

The present study demonstrated that that peracetic acid at the lowest
concentration (1%) caused a quenching effect on RLU counts, while all other
sanitizers and concentrations caused an enhancement effect on RLU values.
However, none of these interferences were statistically significant, what means SH,

Bl, EA, QA and PA at two different concentrations did not significantly affect the RLU
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counts generated by ATP bioluminescence method. Besides, all sanitizers and
concentrations were efficient in combating L. monocytogenes.

It is important to note that these distinct results obtained from this study and
other researches may be due to many factors. There is a variety of luminometers
available on the market and each equipment present their own properties and
instructions. Another point is the operator, who must be trained in order to obtain
accurate results, otherwise it may compromise results. Besides, this discussion
compared results from different studies, but none of them were taken on the same
conditions, what may explain such

The current data indicates ATP bioluminescence method for monitoring
surface hygiene procedures in food industries, stressing the importance of following
manufacturer’s instructions related to equipments and sanitizers. However, the
present study suggests the integrated usage of ATP bioluminescence method and
microbiological techniques, so as to obtain results as trustworthy as possible.
Besides, further studies are needed on this field, since there are a few recent
publications and because the influence of ethylic alcohol, peracetic acid and

biguanide have not been well explored.
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5 CONCLUSOES

O presente trabalho demonstrou que hipoclorito de sédio (1 % e 2%),
biguanida (0,6 % e 1,2 %), alcool etilico (70 % e 96° GL), quaternario de amdnio (2%
e 4%) e &cido peracético (1 % e 2 %) nao interferiram significativamente nas
contagens de URL geradas pelo método de ATP bioluminescéncia, quando a
avaliacdo das placas de corte de polietiieno controle e desinfetadas foram
comparadas.

Foi observado que a menor concentracdo de acido peracético causou
diminuicdo nas contagens de URL, enquanto todos 0s outros sanitizantes e
concentragbes causaram aumento nesses valores. Contudo, nenhuma dessas
influéncias foi estatisticamente significativa. Além disso, todos os sanitizantes e
concentracbes aplicadas foram eficazes na remocdo de L. monocytogenes das
superficies avaliadas.

Davidson et al. (1999) compararam a técnica de ATP bioluminescéncia com o
teste tradicional microbiolégico e mostraram que o primeiro obteve melhor
reprodutibilidade, indicando esse sistema como método inicial de escolha em
monitoramento de higiene, especialmente como parte do plano HACCP. Os mesmos
autores sugeriram que a ocorréncia de problemas relacionados com esse teste
rapido é mais provavelmente devido ao modo de execucdo dos ensaios e da
sanitizacdo do que devido ao préprio sistema de deteccdo. Esta afirmacédo aplica-se
ao presente estudo, uma vez que os resultados obtidos diferem de diversas outras
pesquisas cientificas, especialmente em relacédo ao efeito dos sanitizantes sobre as
contagens de URL gerados. Isto pode ser devido as condicbes em que cada estudo
foi conduzido.

Desse modo, o presente estudo indica o método de ATP
bioluminescéncia para avaliagdo e monitoramento de higiene de superficies.
Entretanto, ressalta-se a importancia da realizacdo de procedimentos de higiene
adequados, seguindo as instrugdes dos fabricantes dos produtos utilizados. Indica-
se também a utilizacdo integrada desse método em conjunto com testes

microbioldgicos, a fim de adquirir resultados mais confiaveis e coerentes o possivel.
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