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ABSTRACT

LEE, S. H. I. Staphylococcus aureus and Listeria monocytogenes Isolated from
Dairy Plants: Occurrence, Evaluation of Biofilm Formation Ability and
Inactivation by Peracetic Acid and Cold Plasma. 2015. 97p. Thesis (PhD) —
Faculdade de Zootecnia e Engenharia de Alimentos, Universidade de Sao Paulo,
Pirassununga, 2015.

In the present study, a set of three experiments were conducted aiming to evaluate the
occurrence of Staphylococcus aureus and Listeria monocytogenes in three dairy plants
(A, B and C) from Southeast region of Brazil from December 2013 to April 2015
(Experiment 1), the efficiency of peracetic acid (PAA) and cold plasma (CP) jet
treatment to inactivate the isolates at different times (Experiment 2) and the ability of
the isolates to produce biofilms on polystyrene and stainless steel surface, along with
inactivation and removal of biofilms by PAA (Experiment 3). In Experimentl,
samples of milk and cheese, food contact surfaces and non-food contact were
analyzed. L. monocytogenes was isolated in only one sample (0.3%, N=349) of drain
sponge swab in dairy plant B, while 6 (1.7%, N=349) S. aureus strains were isolated
from handlers’ glove in dairy plant A, brine in dairy plant B and cheese surface,
cheese utensil, worker’s boot and worker’s left hand in dairy plant C. Although the
incidences of those two food-borne pathogens in the dairy plants evaluated were low,
their presence also indicates the need for control strategies to prevent their persistence
and cross-contamination. In Experiment 2, PAA (0.5%) and CP jet treatment were
applied directly on suspensions of S. aureus and L. monocytogenes strains. Reduction
of bacterial load (nearly 7 log cycles) was achieved with 15 sec. of PAA treatment of
all strains, whereas CP treatment reduced approximately 2 log cycles after 2 min.
Hence, plasma treatment has a potential for reducing the bacterial load on surfaces,
although further studies using longer CP treatment times are necessary to fully
describe the kinetics of this technology for inactivation of important food pathogens.
In Experiment 3, PAA (0.5%) treatment at different times (0-control, 15, 30, 60 and
120 sec.) was evaluated for removing of adherent cells of 4 strains of S. aureus and
one strain of L. monocytogenes on polystyrene plates, as well as for inactivation of
biofilms of those strains on stainless steel. PAA treatment removed (p<0.05) all the S.
aureus cells from the surface, with no difference (p>0.05) in the reduction of the
biofilm-forming index at the treatment times. However, no effect (p>0.05) was
observed on L. monocytogenes adhered cells. Epifluorescence microscopy showed
that all bacterial strains tested were partially and completely inactivated after 15 sec.
and 30 sec., respectively. Results indicate a potential use of PAA against biofilms
formed by S. aureus and L. monocytogenes, and the need of further studies with CP to
determinate the ideal parameters for inactivation of food-borne pathogens.

Key Words: plasma jet, farms, dairy plant, PAA, pathogenic bacteria.



RESUMO
LEE, S. H. I. Staphylococcus aureus e Listeria monocytogenes lIsolados de
Laticinios: Ocorréncia, Avaliacdo da Capacidade de Formacdo de Biofilmes e
Inativacdo por Acido Peracético e Plasma a Frio. 2015. 97p. Tese (Doutorado) —
Faculdade de Zootecnia e Engenharia de Alimentos, Universidade de S&o Paulo,
Pirassununga, 2015.

No presente estudo, um conjunto de trés experimentos foram conduzidos com o
objetivo de avaliar a ocorréncia de Staphylococcus aureus e Listeria monocytogenes
em trés lacticinios (A, B e C) localizados na regido sudeste do Brasil de dezembro
2013 a abril de 2015 (Experimento 1), a eficiéncia do tratamento com acido peracético
(APA) e jato de plasma a frio (PF) para inativar os isolados em diferentes tempos
(Experimento 2) e a capacidade dos isolados produzir biofilmes na superficie de
poliestireno e de aco inoxidavel, juntamente com inativacdo e remocdo de células
aderidas pelo APA (Experimento 3). No Experimento 1, foram analisadas amostras de
leite e queijo, superficies com e sem contato com alimentos. L. monocytogenes foi
isolada em apenas uma amostra (0,3%, N = 349) de ralo no laticinio B, enquanto seis
(1,7%, n = 349) S. aureus foram isolados de luvas de manipuladores em laticinio A,
salmoura no laticinio B e superficie do queijo, utensilio, bota e mdo esquerda de
trabalhador no lacticinio C. Apesar das incidéncias desses dois agentes patogénicos de
origem alimentar nos lacticinios avaliados foram baixo, sua presenca também indica a
necessidade de controle estratégias para impedir a sua persisténcia e contaminacao
cruzada. No Experimento 2, tratamento com APA (0,5%) e jato de PF foram aplicados
diretamente sobre suspensbes de isolados de S. aureus e L. monocytogenes. A
inativacdo bacteriana (aproximadamente de 7 ciclos log) foi alcancada em 120 seg.
com o tratamento com APA para todos os isolados, enquanto que o tratamento com
plasma a frio reduziu aproximadamente 2 ciclos log nas superficies. Outros estudos
usando tratamentos de plasma a frio mais longos sdo necessarios para a total descricao
da cinética desta tecnologia para a inativacdo de importantes patdgenos de origem
alimentar. No Experimento 3, o tratamento com APA (0,5%) em diferentes tempos (0-
controle, 15, 30, 60 e 120 seg.) foi avaliada para a remocdo de células aderidas de
quatro isolados de S. aureus e um isolado de L. monocytogenes em microplacas de
poliestireno, assim como para a inativacdo de biofilmes dos isolados em aco
inoxidavel. O tratamento com APA removeu (p<0,05) celulas aderidas de todos o0s
isoladoas estudados S. aureus da superficie; sem diferencas (p> 0,05) no indice de
formacdo de biofilmes nos tempos de tratamento. No entanto, nenhum efeito (p> 0,05)
foi observado em células aderidas de L. monocytogenes. A microscopia de
epifluorescéncia mostrou que todas as bactérias testadas foram parcialmente e
completamente inativadas apds 15 seg e 30 seg.—respectivamente. Os resultados
indicam um potencial para a utilizagdo de APA contra biofilmes formados por S.
aureus e L. monocytogenes, e da necessidade de novos estudos com a PF para
determinar os parametros ideais para a inativacao dos patdgenos de origem alimentar.

Palavras chave: APA, biofilme, laticinios, Listeria monocytogenes, plasma a frio,
propriedades leiteiras, S. aureus
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LIST OF ABREVIATION AND ACRONYMS

ANVISA Agéncia Nacional de Vigilancia Sanitaria
APA acido peracético

APP atmospheric pressure plasma

ATB Leibniz Institute of Agricultural Engineering Potsdam-Bornim
BFI biofilm-forming index

BHI brain heart infusion broth medium

BHIYE brain heart infusion with yeast extract
CDC Centers for Disease Control and Prevention
cFDA 5(6)-carboxyfluorescein diacetate mixed isomers
CFU colony-forming unit

CLSI Clinical and Laboratory Standards Institute
CP cold plasma

Ccv crystal violet

DiOC 3,3'-diethyloxacarbocyanine iodide

ECDC European Centre for Disease Prevention and Control
GMP Good Manufacturing Practices

IMI intramammary infection

LM Listeria monocytogenes

L. monocytogenes Listeria monocytogenes

MAPA Ministério da Agricultura, Pecuaria e Abastecimento
MIC bacterial minimum inhibitory concentration
MTP microtiter plate

PAA peracetic acid

PBS sterile phosphate-buffered saline

PEF pulsed electric fields

PF plasma a frio

Pl propidium iodide

PSW peptone saline water

RDC Resolucédo da Diretoria Colegiada

SA Staphylococcus aureus

S. aureus Staphylococcus aureus

SCP Staphylococcus coagulase positive

SE staphylococcal enterotoxin

sec. second

SFP staphylococcal food poisoning

TO thiazole orange

TSA tryptone soya agar

TSAYE tryptone soya agar with yeast extract

TSB tryptone soya broth

TSBYE tryptone soya broth with yeast extract
uUvM University of Vermont medium

VBNC viable but nonculturable bacteria
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1. INTRODUCTION

Staphylococcus aureus is a Gram- positive cocci, non-sporulating and non-
motile. This aerobic, catalase positive bacterium belongs to the commensal microbiota
of several animal species. This bacterium is not only a nosocomial pathogen but also
is one of the greatest common causes of food illness outbreaks. S. aureus is also the
most common agent causative of bovine mastitis;

Listeria monocytogenes is also an important food-borne pathogen. The
presence of L. monocytogenes in the environment of the dairy plants can be a potential
source of contamination of the final product, especially when it is protected by milk
solids and spread from the processing environment to the final product through the
ventilation system, dripping and splashing, or by workers.

The persistence of biofilm on food contact surfaces, and equipment, may
constitute a continuous source of contamination. Moreover, several reports have
already shown the ability of S. aureus and L. monocytogenes to produce biofilms on
materials commonly encountered in food industry, such as the stainless steel, glass,
rubber, polystyrene, titanium, aluminum, and ceramic. Polystyrene and stainless steel
are the most widely used materials in the food sector. Biofilm formation in dairy
equipment can lead to economic loss due to the deterioration of food and equipment.

Food-borne disease can be transmitted by surface contamination of equipment
and utensils; this risk can be effectively reduced by washing and sterilization with a
disinfection agent. Sanitizer’s effectiveness on bacterial reduction has many factors
depending on the product type, target microorganisms, time interval between
contamination and washing, and treatment time. Peracetic acid is a strong disinfectant

with a wide spectrum of antimicrobial activity that was introduced to wastewater
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treatment several years ago, and currently is one of the most common sanitizers used
in food processing plants.

Cold plasma (CP) is an emerging nonthermal technology that could potentially
decontaminate the surfaces of fresh produce. CP can efficiently kill or inactivate
bacteria, yeasts and molds and other hazardous microorganisms, as well as spores and
biofilms that are generally very difficult to inactivate. There are only theories about
the mechanism action of the CP, probably the decontamination happens due to the
formation of free radical components.

With regard to these aspects, this study evaluated the occurrence of S .aureus
and L. monocytogenes in dairy plants, the ability of strains to produce biofilms on
polystyrene and stainless steel surface, and the efficiency of peracetic acid and cold

plasma jet treatment to inactivate the isolates at different times.



2. LITERATURE REVIEW

2.1 Staphylococcus aureus

Staphylococcus aureus is a Gram- positive cocci, non-sporulating and non-motile.
This facultative anaerobic, catalase positive bacterium (HENNEKINNE; DE
BUYSER; DRAGACCI, 2011) belongs to the commensal microbiota of humans and
various animal species (VANDERHAEGHEN et al., 2010b). This bacterium is not
only an established as a nosocomial pathogen but also one of the great common
causes of food illness outbreaks (ABDALLAH et al., 2014b) and is the most common
etiological agent of bovine mastitis (PERILLO et al., 2012).

This bacterium is responsible for a great number of human infections all around
the world (CIRKOVIC et al, 2015). A typical series of events leading to a
Staphylococcal food poisoning (SFP) are: a) The organism is turned out from a host
into a food source; b) When temperature abuse and/or inappropriate storage occurs
contamination happens; c) The organism multiply and reach a high cell density, which
triggers staphyloccoal enterotoxin, SE(s), production; and d) Poisoned food is
ingested and the symptoms occur hours later (GUSTAFON et al., 2015). Typical
symptoms are nausea, abdominal pain, vomiting, myalgia, diarrhea, dizziness, fever,
headache and prostration (HENNEKINNE; DE BUYSER; DRAGACCI, 2012).

S. aureus has an ability to survive defending itself against exogenous stress
(BUI et al., 2015) or to adapt to different environments and it represents a primary
cause of infection both in humans and in several animal species (ZECCONI, SCALI,
2013). In dairy cows, a high prevalence of S. aureus udder infections is observed
worldwide. Intramammary mastitis infections caused by S. aureus are reported in all
the countries with prevalence from 5% up to 70% of cows and 90% of herds

(ZECCONI, SCALLI, 2013). About one third of cases of clinical mastitis or subclinical
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is caused by the pathogen (BOTREL et al., 2010; BRADLEY et al., 2007). Moreover,
livestock can also act as a reservoir for the emergence of new human bacterial clones
with potential for pandemic spread, highlighting the necessity for preventing the
emergence of new human pathogens (SPOOR et al., 2013).

In the food industry S. aureus can spread from food handlers and food-contact
surfaces to food products (SOSPEDRA, MANES, SORIANO, 2012) it may occur
when people colonized with S. aureus asymptomatically, who handle food, introduce
the bacteria into the food chain (ARGUDIN et al., 2010). Since 30-50 % of
individuals carry these organisms in their nasal passages and throat or on their hands,
so any time a food is exposed to human handling, asymptomatic food handlers can
contaminate food during preparation (TANG et al., 2014). Many other sites are also
colonized by S. aureus, such as the axillag, groin, and gastrointestinal tract.

Stainless steel, a common material in food processing facilities, can serve as an
important reservoir for S. aureus in the food industry (VAZQUEZ-SANCHEZ et al.,
2014). In Brazil, sale of raw milk is not allowed, and restrictive rules and guidelines
were published to provide proper monitoring of its quality (BRASIL, 2002, 2011).
Yet, it can be observed the consumption of raw milk and its products is common in
distinct Brazilian regions (CRUZ; MENASCHE, 2014; NERO et al., 2003; OLIVAL
et al., 2002). Previous studies isolated 56 (6.6%) S. aureus strains from 849 dairy farm
samples (LEE et al., 2012). Veh et al. (2015) characterized genotypically and
phenotypically a total of 285 S. aureus strains isolated from subclinical intramammary
infection (IMI). Angelo, Arcuri, Andrade (2014) studied the toxic shock syndrome
toxin gene in 221 S. aureus isolated from milk of cows with subclinical IMI. In
Northern Italy, 85 out of 197 samples (43.1%) were tested positive for S. aureus

isolated from bulk tank milk samples from dairy goat farms (CORTIMIGLIA et al.,
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2015). Regarding pasteurized milk, the occurrence of S. aureus is usually associated
with post-processing contamination (ABDEL; DARDIR, 2009).

In Brazil the exact incidence rate of food poisoning caused by S. aureus is
unknown, previous studies indicate that the raw milk and dairy products have great
contribution in foodborne disease in humans (TONDO et al., 2000). Additionally, the
reporting of foodborne disease outbreaks in Brazil only became compulsory in
outbreaks occurring on ships or aircraft (BRASIL, 2011).

Sabioni et al. (1988) investigated an outbreak occurred in 1987 in Minas
Gerais, suspected of cheese Minas consumed by a family. Microbiological analysis
resulted in isolation of Staphylococcus coagulase positive and thermonuclease
positive of 9,3x10" CFU/g. Carmo et al. (2002) described two poisoning outbreaks in
Minas Gerais, in 1999. In the first outbreak, 50 people showed symptoms of vomiting,
diarrhea, cramps, chills and headache after consuming Minas cheese. In another
outbreak investigated, involving 328 people who reported symptoms of diarrhea and
vomiting, were collected samples of raw milk from bulk tanks and tap water. The

analysis resulted in coagulase negative Staphylococcus, producer of SEC and SED.

2.2 Listeria monocytogenes

The genus Listeria has fifteen species (BERTSCH et al.,, 2013; DEN
BAKKER et al., 2014) being L. monocytogenes and L. ivanovii considered pathogenic
to humans and animals (L1U, 2006). L. monocytogenes is a rod-shaped Gram-positive,
non-spore bacterium that can be widely distributed in the environment, including soil
and surface water used for agricultural purposes, wildlife feces, and other environment
(IVANEK et al., 2009; SAUDERS et al., 2012, STRAWN et al., 2013) and food

(CASARIN et al., 2014). L. monocytogenes can survive in wide ranges of pH (4.0-



12
9.5), temperature (1-45 °C) and can survive at a water activity as low as 0.92
(CARPENTIER; CERF, 2011, LIANOU; KOUTSOUMANIS, 2013).

Listeriosis, which is caused by L. monocytogenes, primarily affects pregnant
women, newborns and immunocompromised adults may cause sepsis, abortion and
infection of the central nervous system and resulting in high morbidity and mortality
(ALLENBERGER; WAGNER, 2009). Although having a low incidence compared to
other foodborne diseases, such as salmonellosis or campylobacteriosis (CDC, 2011), it
is considered as a major public health issue due to its high hospitalization rate (94%)
and a high case-fatality rate (12.8 to 17% of cases) (CDC, 2011; ECDPC, 2013).

Both pathogenic and nonpathogenic species of Listeria have been isolated
from raw milk samples (AURORA et al., 2009; JAMALI et al., 2013; JAMI et al.,
2010; NERO et al., 2008; RAHIMI et al., 2010; SARANGI et al., 2009; SONI et al.,
2013; VANEGAS et al., 2009), milk products (BARANCELLI et al., 2011; MOLLA
et al.,, 2004) and its processing environments (BARANCELLI et al.,, 2011;
CHAMBEL et al., 2007; DOIJAD et al., 2011). Temporal breakdowns in hygiene
barrier efficiency, poor hygiene practices and unhygienic design of equipment may
trigger L. monocytogenes food plant contamination (ALMEIDA et al., 2013;
CARPENTIER; CERF, 2011; FOX et al., 2011a; IBBA et al., 2013).

The presence of L. monocytogenes in the environment of the dairy plants can be a
potential source of contamination of the final product, especially when it is protected
by milk solids and spread from the processing environment to the final product
through the ventilation system, dripping and splashing, or by workers (KELLS;
GILMOUR, 2004).

Pasteurization does not eliminate further risks of dairy products contamination

by L. monocytogenes (GOULD et al.,, 2014; OLIVER; JAYARAO; ALMEIDA,
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2005). Contamination with L. monocytogenes may occur at several stages of cheese
production and originate from multiple sources, including starter cultures, brine,
drains, floor, packaging material, cheese vat, shelves, cheese cloth, curd cutting knife,
brushes and coolers (ALMEIDA et al., 2013; BARANCELLI et al., 2011; BRITO et
al., 2008; CHAMBEL et al., 2007; LOMONACO et al., 2009; LONGHI et al., 2003;
PARISI et al., 2013).

Cheeses are mostly ready to eat products, which do not have any step of
thermal treatment before consumption and are usually conserved at refrigeration
temperatures that allow the survival and growth of psycrothrophic bacteria, such as L.
monocytogenes (JASSON et al., 2010). Different L. monocytogenes strains have been
recurrently found on surfaces of food industry equipment despite regular cleaning and
disinfection practices (ALMEIDA et al.,, 2013; BARANCELLI et al., 2011;
LATORRE et al., 2009; PARISI et al., 2013).

Notably, many L. monocytogenes strains are capable of adhering to various
both biotic (e.g. animal tissues) and abiotic (e.g. stainless steel, plastic) surfaces and
produce biofilm (RENIER; HEBRAUD; DESVAUX, 2011). Attachment to surfaces
is believed to be important for survival and persistence of this pathogen in food
processing environments, with some strains being able to remain on equipment
surfaces even for several years (CARPENTIER; CERF, 2011; HOLLAL; BIRD;
HALL, 2004; M@RETRJ; LANGSRUD, 2004).

In Brazil, human listeriosis is underdiagnosed and underreported (SILVA et
al., 2010), and there is no evidence of foodborne transmission (BLUM-MENEZES et
al., 2013; BRITO et al., 2008; MARTINS; GERMANO, 2011). In most countries,
including Brazil, risk assessments are difficult to undertake due to numerous

knowledge gaps (RISTORI et al., 2014).
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2.3 Biofilm production by pathogenic bacteria

Biofilms are large, complex, and organized bacterial ecosystems in which
water channels are dispersed providing passages for nutrient, metabolite, and waste
product exchange (SAUER et al., 2007). These architecturally complex assemblies of
microorganisms can be form on biotic or abiotic surfaces or at interfaces (JAHID et
al., 2013). When the contamination of food products occurs, the biofilms are the
major source of contamination the persistence of biofilm on food contact surfaces, and
equipment, may constitute a continuous source of contamination (ABDALLAH et al.,
2014a). Many pathogenic or spoilage bacteria can be found attached to surfaces in the
form of planktonic cells or sessile cells or in a biofilm (BRAGA et al., 2005).

Several studies have shown the ability of S. aureus to attach on food contact
surfaces such as metal, rubber, polypropylene, glass, wood and food products
(SIMOES et al., 2010). The persistence of biofilms on these surfaces presents a
continuous source of food contamination resulting in food poisoning (ABDALLAH et
al., 2014a) and is believed to have a significant public health impact (BRIDIER et al.,
2015).

In the food industry, factors such as pH, temperature changes, surface type and
nutrient availability and among other factors influence the biofilm formation of S.
aureus (HERRERA et al., 2007; MARQUES et al., 2007; MEIRA et al., 2012). These
factors may also enhance the resistance of sessile cells to disinfecting agents
(BELESSI et al., 2011; BRIDIER et al., 2011a; MEIRA et al., 2012) which makes
biofilm elimination from food processing facilities a big challenge (GILBERT,;

ALLISON; McBAIN, 2002).
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Foodborne pathogens can enter the milk processing equipment by direct
contact with contaminants in the dairy farm environment (SIMOES et al., 2010) and
also through the water used in the milking machines (OLIVER; JAYARAO;
ALMEIDA, 2005). Several bacteria are known to form biofilms on different materials
(DI CICCIO et al., 2012). Bacillus cereus, Escherichia coli, Shigella spp. and
Staphylococcus aureus have been detected in biofilms developing in the dairy and egg
processing industries (JAN et al., 2011; SHI, ZHU, 2009). The presence of Listeria
monocytogenes, Yersinia enterocolitica, Campylobacter jejuni, Salmonella spp.
Staphylococcus spp. and Escherichia coli O157:H7 have been related to outbreaks
associated with biofilms in dairy industry (AARNELA et al., 2007; DANIELSSON-
THAM, 2002; DYKES; SAMPATHKUMAR; KORBER, 2003; ROMLING;
YARON, 2006; SHARMA; ANAND, 2002a; WAAK; THAM; LAPIDOT).

Besides bacteria genus and species, extrinsic factors also play a major role
influencing the degree of attachment and biofilm formation. Contact surfaces with
food were postulated to have a large effect on the level of attachment and biofilm
formation (SREY et al., 2013) due to the interaction between the microbial cell and
the surfaces. The attachment of microbial cells on the substratum surface can be
influenced by the electrostatic charge, hydrophobicity, composition, surface roughness
and surface conditioning of the surface (TEH et al., 2014). Several reports have
already shown the ability of bacteria to produce biofilms on materials commonly used
in food industry, such as the stainless steel, glass, rubber, polycarbonate, polyurethane,
polystyrene, polypropylene, titanium, aluminum, and ceramic. (SIMOES et al. 2010,
VAZQUEZ-SANCHES et al., 2013; HAMADI et al., 2014).

Biofilm growth on surfaces in the dairy environment can result in economic losses

(BREMER, FILLERY, MCcQUILLAN, 2006; GRAM et al., 2007) because of the
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release of bacteria into the dairy product, issues related to food spoilage and safety,
and difficulties in cleaning and maintaining hygiene on the dairy farm or in dairy
manufacturing plants (THE et al., 2014). Also, the existence of biofilms on heat
transfer surfaces reduces the performance of heat exchangers, is a serious problem in
many industrial and smaller scale processes (POGIATZIS et al., 2015).

Simdes et al. (2010) affirm that ideally, preventing biofilm formation would be
more logical than treating it. However, current biofilm control methods including high
temperature and chemical methods have their own limitations due to sensitive
substances that may be damaged by the heat and hydrolytically and also some
chemically control methods may represent an environmental hazard (WHITE et al.,

2006; MUN et al., 2009; SIMOES et al., 2010).

2.4 Methodologies for assessing biofilms

Besides the food industry, biofilms also cause severe problems in many other
industries, such as paper production, petroleum, nuclear power plants, and marine
industries (BIXLER; BHUSHAN 2012; FLEMMING et al., 2013). The settlement and
persistence of food-borne pathogens in food processing environment is closely related
to their response to both biotic and abiotic factors (WINKELSTROTER et al., 2014).

Most of the pathogens involved in food-borne diseases are able to adhere to
and produce biofilms in the majority of materials encountered in food production
plants. Polystyrene and stainless steel are the most widely used materials in the food
sector (DI CICCIO et al., 2015). Stainless steel material is traditionally selected for
food equipment because it is durable, resistant to corrosion, and it is easily cleaned

(SHI; ZHU, 2009).
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Static biofilm systems may be preferable to continuous flow methods for a
number of reasons which are the simplicity of experimental procedures, the adaptation
to a variety of conditions, and a high screening capacity (ABDALLAH et al., 2014a).
Microtiter plate (MTP)-based assays are among the most common systems used for
the study of biofilm formation and resistance toward disinfectants (THERAUD et al.,
2004). In MTP assay the biofilm is either grown on the bottom or on the walls of
wells. Crystal violet (CV) staining is a colorimetric method that has been used widely
to measure biofilm formation in part because of its amenability to large screening
procedures (O’TOOLE; KOLTER, 1998; PITTS et al., 2003) and this staining is one
of the first methods adopted for biofilm biomass quantification (CHRISTENSEN et
al., 1985; STEPANOVIC et al., 2000). The advantage of this method is the high
number of conditions that can be analyzed in one experiment and the low cost of
experiments (ABDALLAH et al., 2014a). Despite the advantages of the above-
described, static biofilm systems are limited by nutrient availability, due to this
limitation continuous flow systems were developed in order create a continuous or
semi-continuous medium flow (ABDALLAH et al., 2014a).

A number of microscopic techniques have been used for examination of
biofilm, such as scanning electron microscopy (BUI et al., 2015; CASARIN et al.,
2014; DI CICCIO et al., 2015; JONGSMA et al., 2015; SOUZA et al., 2014),
fluorescence microscopy (JUNG et al., 2015; LUTSKIY et al., 2015; SAKIMURA et
al., 2015; SEYEUX et al., 2015) and confocal laser scanning (ARIAS-MOLIZ et al.,
2014; CARCAMO-OYARCE et al., 2015; JIN et al., 2005; KAMJUNKE,
HERZSPRUNG; NEU, 2015; KHALIFA 2015; LI et al., 2014; QUINTAS et al.,

2015; TAMURA et al., 2015; TIMMERMANS et al., 2015; ZHANG et al., 2014).
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LIVE/DEAD® BacLight assay is method based on two different nucleic acid
binding stains. The first dye is Syto9 (green fluorescent) is able to cross bacterial
membranes and bind to DNA of both Gram-positive and Gram-negative bacteria, the
second dye is propidium-iodide (red fluorescent) that crosses only damaged bacterial
membranes (PANTANELLA et al., 2013). The stained samples are observed using a
fluorescent optical microscopy to evaluate live and dead bacterial population. The
main drawback of this method is the need of observing statistically relevant portion of
the sample to be representative (PANTANELLA et al., 2013). In any case the method

provides only semi-quantitative results (BOULOS et al., 1999; JIN et al., 2005).

2.5 Cleaning and disinfection of surfaces in the dairy plant

Food-borne disease can be transmitted by surface contamination of equipment and
utensils, this risk can be effectively reduced by washing and sterilization with a
disinfection agent (LI, KUDA, YANO, 2014). The persistence of pathogenic bacteria
in food represents a great risk for public health. In fact, infections with pathogens may
lead to serious human diseases worldwide (HOTA 2004; NEWELL et al., 2010). The
regular action of cleaning and disinfection procedures is a common strategy used to
control pathogen implantation on either industrial equipment or the products
themselves (JAHID; HA, 2012). The effectiveness of a cleaning method is often
determined by the state of the fouling layer (POGIATZIS et al., 2015). Prolonging
cleaning can result in aging, which may convert the fouling layer from a readily
removable form to one harder to remove (SOMMER; MARTIN-ROUAS;
METTLER, 1999).

Most of the clinical guidelines of biocides have been developed for planktonic

microorganisms (CERF; CARPENTIER; SANDERS, 2010). However, most of the
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microorganisms live as surface-adherent communities. In addition, considerable
works have already shown that the cells living under a biofilm state can be up to
1,000-fold more resistant to disinfectant products than their planktonic counterparts
(BELESSI et al., 2011; BONEZ et al., 2013). Also these procedures are not fully
effective on biofilm structures and can induce the selection of resistant phenotypes
(SIMOES et al., 2010).

The effectiveness of sanitizers on bacterial reduction has many factors
depending on the product type, target microorganisms, time interval between
contamination and washing, and treatment time (GIL et al., 2009). Effective control of
biofilms can be achieved by understanding the type and nature of the contaminating
residue materials (carbohydrates, fat, proteins, mineral salts) and the microorganisms
to be removed from the surfaces (SIMOES et al., 2010). Furthermore, the selection of
detergents and disinfectants depends on their efficacy, safety and ease of removal;
specifically relating to the corrosive nature of the chemical treatments and the
subsequent sensory value effects on the final products (WIRTANEN; SAARELA;
MATTILA-SANDHOLM, 2000). Usually the efficacy of disinfectants against
biofilms increases with the increase in both biocide concentration and time of
treatment (BELESSI et al., 2011; SURDEAU et al., 2006). Sanitizers are usually
regarded as effective when they can reduce the targeted organism by at least 3 log
(99.9%) in their numbers (PARK et al., 2013).

Peracetic acid (CH3CO3H) (PAA) is known as sanitizer and has proven to be
effective on vegetative bacteria (FROHLING, 2011). PAA is a strong disinfectant
with a wide spectrum of antimicrobial activity that was introduced to wastewater
treatment several years ago (ANTONELLI et al., 2006; FALSANISI et al., 2006;

KITIS, 2004; KOIVUNEN; HEINONEN-TANSKI, 2005).
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PAA is active at low temperatures (0-25 °C), in a pH range of 3-7.5, and it
does not produce mutagenic by-products, as it happens with chlorine and its derivate
(OLMEZ; KRETZSCHMAR, 2009). The mechanism of action of PAA against micro-
organisms is based in the denaturation of proteins and enzymes and increased cell wall
permeability by oxidizing sulfhydril and disulfide bonds (KITIS, 2004).

PAA may be used as a sanitizer because this agent decomposes into safe and
environmental friendly residues (acetic acid and hydrogen peroxide), hence it can be
applied without rinsing risks of food contamination by toxic residues and its efficacy
is not affected by protein residues (SOUZA et al., 2014). In addition, there are no
reports in the literature pointing PAA as carcinogenic or that it presents toxicity in the
reproduction and human development (SOUZA et al., 2014). PAA has been used as a
disinfectant for many years in the food, beverage, and paper industries (RASIMUS et
al., 2011).

In addition to biological and/or chemical alternatives, new physical processes
(e.g. pulsed-light or laser decontamination devices) are a promising option for
industrial applications. Plasma, the fourth state of matter, is an ionized gas and can be
generated using a range of gases or gas mixtures, typically argon, helium, nitrogen, air
or oxygen (MAI-PROCHNOW et al., 2014). Plasmas can be divided into thermal
plasma and non-thermal plasma (KEENER, 2008; MOREAU; ORANGE;
FEUILLOLEY, 2008). Cold plasma (CP) is an emerging nonthermal technology that
could potentially decontaminate the surfaces of fresh produce (LACOMBE et al.,
2015). This emerging technology offers the advantage of being chemical and water-
free, also the possibility of being operated openly and continuously at atmospheric
pressure (NIEMIRA, 2012a; NIEMIRA,; SITES, 2008; NORIEGA et al., 2011). CP

can efficiently kill or inactivate bacteria, yeasts and molds and other hazardous
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microorganisms, as well as spores and biofilms that are generally very difficult to
inactivate (KAMGANG et al., 2007; KAMGANG-YOUBI et al., 2009; NIEMIRA,
2012a). Previous studies have been done with the treatment of food surfaces
associated microbial contaminations (BAIER et al., 2013; FROHLING et al., 2012).
By definition microorganism can be classified as resistant, intermediate and sensitive
to antibiotics or sanitizers, this classification is based on an in vitro response of an
organism to an antimicrobial agent. A microorganism is considered resistant when it
shows continued growth, even in the presence of antibiotic.

The parameters for evaluation of antimicrobial susceptibility are proposed by
the Clinical and Laboratory Standards Institute (CLSI, 2012). The CLSI consists of an
interdisciplinary subcommittee, with one of the objectives to continuously improve
the standards used to evaluate the antimicrobial susceptibility of microorganisms,
detect emerging resistance mechanisms by reviewing and developing new methods,
and promote the education of users by sharing standardized processes and manuals
(CLSI, 2012). Either broth or agar dilution methods can be used to measure
quantitatively the in vitro activity of an antimicrobial agent against a given bacterial.
To perform the tests, a series of tubes or plates is prepared with a broth or agar
medium to which various concentrations of the antimicrobial agents are added (CLSI,
2012).

Sanitizers are considered as agents or products that reduce the number of live
bacteria in the environment or in a product, to safe levels, according to health
standards (BRASIL, 2007). The ideal sanitizer should be approved by the competent
organs, has a wide spectrum of antimicrobial activity, be able to destruct
microorganisms within a short period time and be stable, and present low toxicity and

corrosivity (ANDRADE; PINTO; ROSADO, 2008). In conclusion it’s important to
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notice the presence of the pathogenic bacteria in the dairy industry, their ability to
produce biofilm and the need to avoid this structure within the cooperation between
the academic field and industry. Different types of inactivation technologies such as
PAA treatment and CP treatment have to be established to fulfil the requirements of

food safety.
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3. OBJECTIVES

3.1 General

To evaluate the occurrence of S. aureus and L. monocytogenes in dairy plants,
the ability of strains to produce biofilms on polystyrene and stainless steel surface, and
the efficiency of peracetic acid and cold plasma jet treatment to inactivate the isolates

at different times.

3.2 Specifics

e To investigate the occurrence of S. aureus and Listeria monocytogenes in raw
milk, pasteurized milk, cheeses, non-food contact surfaces, food contact
surfaces in 3 dairy plants located in Southeast region of Brazil.

e To determine the efficiency of peracetic acid and cold plasma jet at different
treatment times to inactivate planktonic cells of S. aureus and L.
monocytogenes strains using flow cytometric measurements and plate counts.

e To determine the ability of S. aureus and L. monocytogenes strains to produce
biofilms on polystyrene microplates and stainless steel surfaces, taking into
account that they are commonly used in dairy equipment and utensils.

e To assess qualitatively, by epifluorescence microscope, the inactivation of
mono-species biofilms of S. aureus or L. monocytogenes by peracetic acid at
different treatment times.

e To determine the efficiency of peracetic acid to remove adherent cells of S.

aureus or L. monocytogenes in polystyrene at different treatment times.
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In summary, the experimental activities can be observed in Figure 1.

Selection of 3 dairy plants

L

Sampling (5 times) in each dairy plant (A and B) from December 2013 to July
2014 and one sampling in dairy plant C in April 2015

Environmental samples: Food surface
a) Non-food contact surfaces Food samples
b) Food contact surfaces

Isolation of
S. aureus and L. monocytogenes Chapter 1
Selection of 5 strains to treat with Selection of 5 strains to treat with cold
peracetic acid (0.5%) plasma
Times: 0, 5, 10, 15, 30, 60, 120 sec. Times: 0, 5, 10, 15, 30, 60, 120 sec.
1 Chapter 2
Biofilm production assay on polystyrene microtiter
plate and stainless steel by the 5 selected strains
Treatment of bacterial biofilm with
peracetic acid (0.5%)
Times: 15, 30, 60, 120 sec.
Chapter 3
Quantitative evaluation of biofilm Visualization of biofilms on stainless
removal on polystyrene microtiter plate steel after peracetic acid treatment

by peracetic acid treatment

Figure 1. Flowchart with the organization of the experiment.
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This thesis is divided in 3 independent experiments, which will be presented in
three chapters formatted as scientific articles. The first experiment (Chapter 1)
describes the incidence of S. aureus and Listeria monocytogenes in dairy plants from
Southeast Brazil. From December 2013 to April 2015, samples were collected in 3
dairy plants, totaling 11 visits. During each sampling procedure, the following
samples were collected in sterilized containers during cheese production: raw and
pasteurized milk, brine, recently prepared cheese, and packaged Minas Frescal cheese
from one batch. Swab samples from food contact utensils and of non-food contact
surfaces were also collected. The lateral and upper surfaces of Minas Frescal cheese
and other cheeses’ surface were also collected.

The second experiment (Chapter 2) was conducted in the Leibniz Institute of
Agricultural Engineering Potsdam-Bornim (ATB), Germany, from September 2014 to
December 2014. Due to the low incidence of the pathogens as described in Chapter 1,
two S. aureus previously isolated from dairy farms as described by Lee et al. (2012)
were added to the experiment. In this study, peracetic acid treatment was performed
directly on liquid phase (bacterium suspensions). Atmospheric plasma jet was tested
on polysaccharide gel inoculated with the pathogens. Treatment times chosen were 5,
10, 15, 30, 60 and 120 sec. Results were obtained using plate count method and flow
cytometry.

The third experiment (Chapter 3) was conducted in Brazil, aiming to evaluate the
efficiency of peractic acid at different treatment times on biofilms prepared with S.
aureus strains isolated as described in Chapter 1 and from dairy farms (LEE et al.,
2012), and another L. monocytogenes strain previously isolated from brine as

described by Barancelli et al. (2011).



41

7. GENERAL CONCLUSION

Taking into account the objectives and the results of this Thesis, the following
conclusions can be drawn from the present study:
. The low incidence of L. monocytogenes and S. aureus in the dairy plants
studied indicates a concern of the industry to improve quality, but still the presence of
the pathogens shows the importance of the use cleaning and sanitizing.
. Results of PAA and plasma treatments can not be compared due the different
surface tested. PAA presented higher effectiveness as a disinfectant against S. aureus
and L. monocytogenes, reaching almost 100% of inactivation of suspended microbial
population within 120 sec. CP showed a reduction of up to 2 log cycles of S. aureus
and L. monocytogenes on gel discs after 120 sec.
. The high effectiveness of PAA (0.5%) as a sanitizer to inhibit the bacterial
growth in suspension was confirmed by the MIC values (78.1-156.2 mg/L). PAA was
also effective against the mono species biofilms formed by S. aureus and L.
monocytogenes on stainless steel, with nearly 100% inactivation after 30 sec.
Although PAA reduced significantly (p<0.05) the BFI of all S. aureus strains tested, it
was not able to reduce the BFI of L. monocytogenes on polystyrene microtiter plate,
which indicates that L. monocytogenes can attach more to polystyrene than S. aureus.
o PAA was able to remove and inactivate biofilms formed by all the S. aureus
strains tested on stainless steel and polystyrene. Further studies are necessary to
determinate the ideal PAA treatment for removing biofilms of L. monocytogenes.
J CP treatment has a potential for reducing the bacterial load on surfaces and
could be used in the future in the industry as it has been used in hospital environment.
However, experiments with longer CP treatment times should be conducted to fully

describe the kinetics of this technology for inactivation of important food pathogens.



