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Resumo

Maia, Darla Silveira Volcan. Atividade antibacteriana de extrato de butia
(Butia odorata Barb. Rodr.): mecanismo de agao, aplicagdo em sistema
alimentar e em biofilme bacteriano. 2019. 108f. Tese (Doutorado em Ciéncia
e Tecnologia de Alimentos) — Programa de Pé6s-Graduagdao em Ciéncia e
Tecnologia de Alimentos, Faculdade de Agronomia Eliseu Maciel, Universidade
Federal de Pelotas, Pelotas, 2019.

As bactérias transmitidas por alimentos constituem um perigo a saude humana.
Consequentemente, o interesse por novos antimicrobianos € crescente. Os
objetivos deste estudo foram avaliar a atividade antibacteriana do extrato de
Butia odorata (EBO), caracteriza-lo quimicamente, e estudar o seu mecanismo
de acdo contra Staphylococcus aureus e Escherichia coli, utilizados como
modelos de bactérias Gram-positiva e Gram-negativa, respectivamente. Além
disso, objetivou-se utilizar o EBO em queijo experimentalmente contaminado
com E. coli e estudar o efeito do EBO nas células de S. aureus em biofilme. O
teste de difusdo em agar demonstrou que todas as cepas testadas, tanto
Gram-positivas como Gram-negativas (Listeria monocytogenes, S. aureus, E.
coli O157:H7 e Salmonella Typhimurium) foram inibidas (zonas de inibicdo de
30£2,0 mm, 22+0,8 mm, 16£3,9 mm e 15+3,2 mm, respectivamente). A
concentracgdo inibitdria minima (CIM) variou de 4 a 8 mg.mL™ e a concentracgéo
bactericida minima (CBM), de 16 a 33 mg.mL'. Quanto & caracterizagdo
quimica, os principais compostos presentes no EBO foram o Z-10-
Pentadecenol (80,1%) e o acido Palmitico (19,4%). Em relagdo ao mecanismo
de acao, o EBO danificou a membrana celular bacteriana de S. aureus e de E.
coli, como pode ser visualizado na microscopia eletrénica de varredura (MEV) e
na microscopia confocal de varredura a laser (MCVL), resultando em saida de
DNA para o ambiente extracelular. A analise de espectrofotometria de
fluorescéncia demonstrou que o EBO causou danos ao DNA de S. aureus e de
E. coli. No queijo contaminado experimentalmente com isolado de E. coli,
houve uma diferenca significativa (p<0,05) entre as amostras controle (2,8 log
UFC.cm™) e as amostras tratadas com a CIM, 2 x CIM, 4 x CIM e 8 x CIM (1,3,
1,4, 1,6 e 0,5 log UFC.cm™, respectivamente). Em relagao ao efeito do EBO
nas células do isolado de S. aureus em biofilme, utilizando-se 4 x CIM houve
uma diferenca significativa (p<0,05) entre o controle e as amostras tratadas em
todos os tempos avaliados (15, 30 e 60 min), sendo que com 30 e 60 min de
contato houve reducao de 99,9% no numero de células do biofilme. Com 60
min de contato e adi¢do de 2 x CIM houve um decréscimo de 4,21 log UFC.cm’
2 (99,99%) em relacdo ao controle, e adicionando a CIM a diferenca foi de 1,1
log UFC.cm? (90%). O EBO possui atividade antibacteriana contra micro-
organismos patogénicos veiculados por alimentos, tendo potencial para ser
utilizado como alternativa aos conservantes sintéticos. Além disso, este estudo
demonstrou que a atividade antibacteriana do EBO contra S. aureus e E. col,
usados como modelos de bactérias Gram-positiva e Gram-negativa, ocorre por
duplo mecanismo; causa danos na membrana bacteriana e no DNA genémico.
O EBO, consistindo principalmente de Z-10-Pentadecenol e acido palmitico,
apresentou atividade antibacteriana no queijo mussarela fatiado contaminado
experimentalmente com E. coli, indicando que pode ser uma alternativa para
inibir o desenvolvimento deste micro-organismo nesse tipo de alimento. Além



disso, o EBO reduziu o numero de células de S. aureus em biofilme, tendo
potencial para ser utilizado como sanitizante.

Palavras-chave: conservante alimenticio; DNA; integridade da membrana;
planta; sanitizante



Abstract

Maia, Darla Silveira Volcan. Antibacterial activity of butia (Butia odorata
Barb. Rodr.) extract: mechanism of the action, application in food system
and on bacterial biofilm. 2019. 108f. Tese (Doutorado em Ciéncia e
Tecnologia de Alimentos) — Programa de Po6s-Graduagdao em Ciéncia e
Tecnologia de Alimentos, Faculdade de Agronomia Eliseu Maciel, Universidade
Federal de Pelotas, Pelotas, 2019.

Foodborne bacteria constitute a danger to human health. As a result, interest in
new antimicrobials is increasing. The aim of this study was to evaluate the
antibacterial activity of Butia odorata extract (BOE) against selected foodborne
pathogens, characterize it chemically, investigate the mechanism of the action
in Staphylococcus aureus and Escherichia coli, used as Gram-positive and
Gram-negative bacterial models, as well as apply the BOE in sliced mozzarella
cheese contaminated experimentally with E. coli and study the effect of BOE on
S. aureus cells in biofilm. According to agar disc diffusion test all bacterial
strains tested, both Gram-positive and Gram-negative bacteria (Listeria
monocytogenes, S. aureus, E. coli O157:H7 and Salmonella Typhimurium) are
susceptible to the BOE (inhibition zone of 30+2.0 mm, 22+0.8 mm, 16+3.9 mm
and 15+£3.2 mm, respectively). The minimum inhibitory concentration (MIC)
varied of 4 to 8 mg.mL™" and minimum bactericidal concentration (MBC) of 16 to
33 mg.mL™". Regarding to chemical characterize, the major compounds present
in the extract were Z-10-Pentadecenol (80.1 %) and Palmitic acid (19.4 %). In
relation to the mechanism of action, BOE caused cell membrane damage,
which can be viewed in scanning electron microscopy (SEM) and confocal laser
scanning microscopy (CLSM), resulting in release of DNA to the extracellular
environment. The fluorescence spectrophotometry analysis showed that BOE
caused S. aureus and E. coli DNA damage. In cheese contaminated
experimentally with E. coli isolate, there was significant difference (p<0.05)
between control (2.8 log CFU.cm™) and treated samples with MIC, 2 x MIC, 4 x
MIC and 8 x MIC (1.3, 1.4, 1.6 and 0.5 log CFU.cm™, respectively). Regarding
the effect of EBO on S. aureus isolate cells in biofilm, when 4 x MIC was used,
there was a significant difference (p<0.05) between control and treated samples
at all evaluated times (15, 30 and 60 min), and at 30 and 60 min there was a
reduction of 99.9% in the number of biofilm cells. At 60 min of contact and
addition of 2 x MIC there was a decrease of 4.21 log CFU.cm™ (99.99%) in
relation to the control, and with addition of MIC value the difference was 1.1 log
CFU.cm? BOE showed antibacterial activity —against foodborne
microorganisms, having potential to be used as alternative to synthetic
preservatives. In addition, this study demonstrated that the mechanism of action
of BOE against S. aureus and E. coli, used as models of Gram-positive and
Gram-negative bacteria, occurs by dual mechanism, causing damage in the
bacterial membrane and in the genomic DNA. BOE, consisting mainly of Z-10-
Pentadecenol and Palmitic acid, showed antibacterial activity in sliced
mozzarella cheese contaminated experimentally with E. coli, indicating that it
can be an alternative for inhibit the growth of this microorganism in sliced
cheese. In addition, BOE reduced the number of S. aureus biofilm cells, havi
the potential to be used as a sanitizer.

Key-words: DNA; food preservative; membrane integrity; plant; sanitizer
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1 Introducgao

As doengas transmitidas por alimentos (DTA) resultam da ingestdo de
alimentos ou agua contaminados com micro-organismos ou produtos quimicos,
sendo um problema de saude publica crescente em todo o mundo. A
contaminagdo dos alimentos pode ocorrer em qualquer fase do processo,
desde a produgdo até o consumo (WHO, 2018). No Brasil, nos ultimos
dezessete anos, foram registrados mais de 12.000 surtos de DTA, sendo as
bactérias responsaveis por 92,2% destes eventos. Dentre estas, Salmonella
spp., Escherichia coli e Staphylococcus aureus sao 0s principais agentes
etiolégicos envolvidos em surtos de DTA (BRASIL, 2018).

Considerando que as bactérias transmitidas por alimentos constituem
um perigo a saude humana, é crescente o interesse por novos antimicrobianos,
bem como pelo mecanismo pelo qual essas substancias agem (CLEMENTE et
al., 2016). Além disso, ha uma preocupacgao por parte dos consumidores sobre
a seguranca dos alimentos contendo conservantes sintéticos (ALZOREKY;
NAKAHARA, 2003). Esse contexto impulsionou o desenvolvimento de
pesquisas avaliando o potencial antimicrobiano de extratos de plantas (CHEN
et al., 2018; Ll et al., 2016; SUN et al., 2018).

Butia odorata Barb. Rodr. € uma fruta nativa da América Latina que vem
sendo estudada quanto a sua composi¢ao, potencial tecnolégico e bioatividade
(BESKOW et al., 2015; CRUXEN et al., 2017; FERRAO et al., 2013). Em
pesquisas conduzidas recentemente, o extrato de B. odorata demonstrou
atividade antibacteriana contra bactérias de importancia em alimentos
(HAUBERT et al., 2018; MAIA et al., 2017). Contudo, o mecanismo pelo qual
ocorre a inibicdo, se esses resultados sao reproduzidos in situ e, se o extrato
apresenta atividade antibacteriana quando as células bacterianas estao
organizadas na forma de biofilme, ainda n&o foram estudados.

Dessa forma, os objetivos deste estudo foram avaliar a atividade
antibacteriana do extrato de B. odorata (EBO), caracteriza-lo quimicamente, e
estudar o seu mecanismo de acao contra S. aureus e E. coli, utilizados como
modelos de bactérias Gram-positiva e Gram-negativa, respectivamente. Além
disso, objetivou-se utilizar o EBO em queijo experimentalmente contaminado

com E. coli e estudar o efeito do EBO nas células de S. aureus em biofilme.



Artigo 1
Use of plant extracts to control bacterial foodborne pathogens

Capitulo publicado no livro Antimicrobial research: Novel bioknowledge and

educational programs (A. Méndez-Vilas, Ed.).

Use of plant extracts to control bacterial foodborne pathogens

D. S. Volcan Maia', G. Volz Lopes' and W. Padilha da Silva'~

'PPGCTA, UFPel, 96010-900 Pelotas, RS, Brazil
2PPGB, UFPel, 96010-900 Pelotas, RS, Brazil

Foodborne illness is a common public health problem, affecting the economic development of countries. In
the United States of America (USA) it is estimated that 39% of foodborne illness are caused by bacteria, of
which non-typhoid Salmonella, Clostridium perfringens, and Campylobacter are the main pathogens
involved. In the year 2014 the European Union (EU) reported that 20% of foodborne outbreaks were
caused by Salmonella, 16.1% by bacterial toxins, and 8.5% by Campylobacter. To ensure the production of
safe food, synthetic chemical additives are traditionally used. However, natural compounds with
preservative activity, known as green additives, have gained prominence in the field of food science as an
alternative to traditional additives. Among these antimicrobials, plant extracts have demonstrated
antimicrobial effect in vitro and in situ against foodborne pathogens. Several reports examine bioactive
compounds with antimicrobial properties usually present in plants, such as phenolics, alkaloids, terpenoids,
and saponins. In this chapter we will discuss the antimicrobial activity of plant extracts, the main subclass
of active compounds responsible for the antibacterial effect and the application of these extracts in foods.
We have analysed and critically discussed around 70 articles covering the latest improvements in the field.

Keywords: foodborne illness; synthetic preservatives; natural compounds

1. Introduction

Foodborne diseases are a serious global health problem. Each year, foodborne diseases cause about 600
million cases of illness, and 420,000 of these people die, including 125,000 children under 5 years of age
[1]. This is not just a problem in the underdeveloped world. In the USA, 864 food-borne outbreaks were
reported in 2014, resulting in 13,246 cases of illness, 712 hospitalizations, 21 deaths, and 21 food recalls
[2]. In 2015, a total of 4,362 foodborne outbreaks were reported in the EU, resulting in 45,874 cases of
illness, 3,892 hospitalizations and 17 deaths [3].

Microbial, chemical or physical agents can cause food-borne illness when ingested. Over recent years,
bacterial foodborne agents have been the most thoroughly investigated and monitored causes of intestinal
infectious disease. Throughout the last decade, Escherichia coli, Salmonella spp., Listeria
monocytogenes, and Campylobacter spp. have persisted, commanding the most research and surveillance
attention from government agencies and the most awareness from the food industry. These bacterial
pathogens together constitute the greatest burden of foodborne illness for which the etiology is known.
Examples of food-borne pathogens, clinical manifestations and associated foods are shown in Table 1 and
will be addressed below.

Synthetic chemical additives are traditionally used to control the multiplication of foodborne pathogens
[4]. Although these antimicrobials are approved for use in many countries, the recent trend has been the
use of natural preservatives due to the adverse effects of chemical additives [5]. In addition, consumer
awareness of the problems associated with synthetic additives has generated a profile of "green"
consumers who require the absence of additives in foods [4]. In order to find alternatives to synthetic
chemical additives, research studies on natural antimicrobials have appeared, and among these, in this
chapter, plant extracts stand out. Compounds from plants are divided into two categories: the products of
the primary metabolism, such as carbohydrates, proteins, and fats; and the secondary metabolites, such as
phenolics, quinones, alkaloids, and terpenoids. Many of these metabolites are involved in plant defense
mechanisms against insect and microorganism attack [6], and some secondary metabolites have shown
antimicrobial activity [7].

2. Bacterial foodborne pathogens
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2.1 Escherichia coli

There are several different categories of diarrheiagenic E. coli, and the most important or most studied are
enterohemorrhagic (EHEC), enterotoxigenic (ETEC), and enteropathogenic (EPEC) E. coli. There are
three other categories, including enteroinvasive (EIEC), enteroaggregative (EAEC), and diffusely
adherent (DAEC) E. coli [8]. The enterohemorrhagic E. coli (EHEC) is capable of causing watery or
bloody diarrhea, the latter termed hemorrhagic colitis (HC), and hemolytic-uremic syndrome (HUS).
Escherichia coli serotype O157:H7 is the most well-known EHEC strain and can produce Shiga toxin
(Stx), hence, it is known as a type of Shiga toxin-producing E. coli (STEC). Escherichia coli O157:H7
can be transmitted to humans through contaminated food and water, directly between persons, and
through contact with animals or their environment. Cattle are the main reservoir of E. coli O157:H7, and
ground beef is the most frequently identified vehicle of transmission to humans [9, 10, 11].

2.2 Salmonella spp.

The genus Salmonella belongs to the family Enterobacteriaceae, whose members are Gram-negative,
facultative anaerobic, straight rods. Within the genus Salmonella, currently three species (enterica,
bongori, and subterranea) and six subspecies (arizonae, diarizonae, enterica, houtenae, indica, and
salamae) are differentiated [12, 13, 14]. There are more than 2600 serovars belong to Salmonella enterica
subsp. enterica [15].

Bacteria of the genus Salmonella usually live in the intestinal tract of various warm- and even
coldblooded animals and humans [16]. Salmonella infection usually occurs when a person eats food
contaminated with the feces of animals or humans carrying the bacteria. Clinical salmonellosis caused by
nontyphoidal salmonellae in humans is commonly accompanied by diarrhea, abdominal cramps and fever
[17]. lllness has been linked to a wide range of food items including eggs, chicken, beef, pork, salad,
vegetables, and dairy products, and other risk factors including overseas travel [18, 19].

Table 1 Food-borne disease-causing pathogens that frequently cause illness worldwide.

Onset time after

Organism . . Signs and symptoms Duration Food sources

ngesting
Escherichia coli 1-3 davs Watery diarrhea, abdominal ~ 3-7 or Water or food contaminated
producing toxin Y cramps, some vomiting more days  with human feces

Severe (often bloody)
diarrhea, abdominal pain and
Escherichia coli vomiting. Usually, little or

0157-H7 1-8 days no fever is present. More 5-10 days  milk and juice, raw fI'UIj[S and
. . vegetables, and contaminated
common in children 4 years water
or younger.
Fever, muscle aches, and
nausea or diarrhea. Pregnant
women may have mild flu-
9-43 hqurs er like illness, and infection Unpasteurized milk, soft
L gastro-intestinal .
Listeria can lead to premature . cheeses made with
symptoms, 2-6 . oy Variable . .
monocytogenes -\ o delivery or stillbirth. The unpasteurized milk, ready-to-
) . . elderly or eat deli meats
invasive disease . .
immunocompromised
patients may develop
bacteremia or meningitis.
Eggs, poultry meat,
Salmonella spp.  6-48 hours Diarrhea, fevler, abdominal 4-7 days unpasteurized rpllk or juice,
cramps, vomiting cheese, contaminated raw
fruits and vegetables
Campylobacter 2-5 days Diarrhea, cramps, fever, and ~ 2-10 days Raw and undercooked poultry,

SPP- vomiting; diarrhea may be unpasteurized milk,

Undercooked beef (especially
hamburger), unpasteurized
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bloody contaminated water

2.3 Listeria monocytogenes

Listeria monocytogenes is a rod-shaped gram-positive and motile bacterium that is present in different
environments. This bacterium is an important human foodborne pathogen and the third leading cause of
foodborne deaths due to microbial causes in the USA [20]. Listeria monocytogenes is the etiologic agent
of listeriosis, an opportunistic, invasive illness that occurs in immunocompromised individuals, such as
HIV patients, elderly persons, infants, and pregnant women [21]. Symptoms vary from febrile
gastroenteritis and flu-like symptoms to more severe clinical symptoms, such as encephalitis, meningitis,
and bacteremia in immunocompromised individuals and spontaneous abortion in pregnant women [22]. It
is believed that the main route of L. monocytogenes transmission occurs through the consumption of
contaminated foods such as raw meats, raw vegetables, ready-to-eat seafood, raw seafood, unpasteurized
milk, soft-service ice creams, and soft cheeses [23].

2.4 Campylobacter spp.

Campylobacter are of particular research interest as they consistently cause the greatest number of
confirmed foodborne bacterial infections in developed countries. The most important species of
Campylobacter are the thermophilic species: C. jejuni, C. coli, C. lari, and C. upsaliensis. The majority
(over 90%) of the campylobacteriosis are caused by C. jejuni and to a lesser extent C. coli [24]. The
intestinal tract of food-producing animals has been considered as one of the most important reservoirs for
Campylobacter in the food supply chain. Poultry are the natural host for Campylobacter species and
broilers are often colonized, especially with C. jejuni [25]. Human exposure can come through
consumption of animal products, particularly in raw or undercooked broiler meat [3, 26].

3. Antimicrobial activity of plant extracts

Many studies report the antimicrobial activity of plant extracts, including activity against bacterial food-
borne pathogens. These studies are with different types and parts of plants, such as herbs, spices, leaves,
seeds and fruits. A study conducted by Shan et al. [27] evaluated the in vitro antibacterial activity of a
total of 46 extracts from dietary spices and medicinal herbs against five food-borne pathogens (Bacillus
cereus, L. monocytogenes, Staphylococcus aureus, E. coli and Salmonella serovar Anatum). Gram-
positive bacteria were generally more sensitive to the tested extracts than Gram-negative; S. aureus was
the most sensitive and E. coli the least sensitive. The authors reported a highly positive relationship
between antibacterial activities and phenolic content of the tested extracts against each bacterium,
suggesting that the antibacterial activity was closely associated with their phenolic constituents. On the
other hand, Weerakkody et al. [28] studied the antibacterial activity of extracts of less used herbs and
spices, and they reported a poor correlation between antimicrobial activity against food-borne pathogens
(L. monocytogenes, S. aureus, E. coli and S. Typhimurium) and phenolic compounds, demonstrating that
the antimicrobial activity was due to substances other than phenolic compounds.

Mhalla et al. [29] investigated the antibacterial activity of Rumex tingitanus leaf extracts and derived
fraction and, from their results, they found that the ethyl acetate fraction showed the most potent
antibacterial activity. This fraction eradicated the L. monocytogenes population in a concentration of 1.25
and 2.5 mg.mL™" after 20 and 10 minutes of contact time respectively. Psidium guajava L. (guava),
especially the leaves, possesses useful pharmacological activities. Extracts from leaves of this species
showed activity against Gram-positive bacteria (S. aureus MIC=100 pg.mL"') and Gram-negative
bacteria (E. coli MIC=250 pg.mL" and Pseudomonas aeruginosa MIC=500 pg.mL™) [30]. The
polyphenols from muscadine grape seed (Vitis rotundifolia Michx.) (MIC=54.8-60.1 pg.mL™") showed
stronger inhibition of S. aureus than polyphenols from muscadine grape skin (MIC=70.7-80.2 pg.mL™")
[31]. The grape seed extract inhibited the growth of E. coli 0157:H7 (MIC=4.0 mg.mL™"), and with 0.25-
2.0 mg.mL" there was a reduction of Shiga toxin production (Stx) without inhibiting the development of
the microorganism [32].

Basile et al. [33] assessed the antibacterial activity of the ethanol extract from Paullinia cupana Mart.
seeds, commonly called guarana. The extract, at a concentration between 16 and 128 pg.mL™', showed a
significant antibacterial effect against both Gram-negative and Gram-positive bacteria, in particular P.
aeruginosa (MIC=16 pg.mL™), E. coli, Proteus mirabilis and Proteus vulgaris (MIC=32 pg.mL™"), which
were the most inhibited. According to the authors, the antibacterial activity of the extract was probably
due to the polyphenols present. Medina et al. [34] evaluated the antibacterial activity of aqueous and
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acetone extracts of red and yellow aragd (Psidium cattleianum Sabine) against S. Enteritidis. All araga
extracts showed antimicrobial activity with MIC of 5% except for the aqueous extract of red araga
(MIC=16%). Shen et al. [35] examined the antimicrobial effect of blueberry (Vaccinium corymbosum L.)
extracts obtained from four cultivars on the growth of L. monocytogenes and S. Enteritidis. In general, the
extracts at 900 mg.mL™' exhibited a growth-inhibitory effect against L. monocytogenes. The Elliott or
Darrow extracts at 900 mg.mL™" reduced S. Enteritidis population to <I CFU.mL™. C6té et al. [36]
evaluated the antimicrobial effect of cranberry (Vaccinium macrocarpon) phenolic extract against seven
food-borne pathogens. The authors found the MIC values ranged from 12.6 to 50.4 ug phenol/well among
tested pathogens using methanol/water (85/15, v/v).

4. Compounds with antimicrobial activity

4.1 Alkaloids

Heterocyclic nitrogen compounds are called alkaloids [37]. These compounds are commonly found in the
Solanaceae and Fabaceae families [38]. Erdemoglu et al. [39] evaluated the alkaloid profile of the aerial
parts of Lupinus angustifolius L. and showed antibacterial activity against Bacillus subtilis, S. aureus and
P. aeruginosa (MIC=62.5 pgmL™'). In that study, the capillary GC-MS determined the 13a-
hydroxylupanine (50.78%) and lupanine (23.55%) as the two main alkaloids in the aerial parts of L.
angustifolius. According to the authors, the presence of lupanine and 13a-hydroxylupanine explains the
antibacterial activity of the extract, as described also by Tyski et al. [40] (Fig. 1). The ability of the some
alkaloids to bind tightly to DNA and inhibit topoisomerase II [41] may explain its antimicrobial capacity.

H

O

Fig. 1 13-Hydroxylupanine

4.2 Phenolics

Phenolics are one of the most abundant secondary metabolites of plants, with more than 8,000 phenolic
structures currently known. Plant phenolics are generally involved in defense against ultraviolet radiation,
aggression by pathogens, and contribute to plants color. The phenolic group includes mainly phenolic
acids, flavonoids, and tannins [42].

4.2.1 Phenolic acids

Chemically, phenolic acids have at least one aromatic ring in which at least one hydrogen is substituted
by a hydroxyl group. These compounds can be divided into two major groups, which are derived from
non-phenolic molecules of benzoic acids (hydroxybenzoic acids) and from cinnamic acid
(hydroxycinnamic acid) (Fig. 2) [43]. The antimicrobial activity of compounds from this group has been
reported [44], and variations in the structure of the compounds influence the antimicrobial potential of
phenolic acids. For example, caffeic acid is more effective than p-coumaric acid due to the number of OH
groups in the phenolic ring [45]. A possible mechanism to explain the antimicrobial action of phenolic
acids against pathogens is hyperacidification at the plasma membrane interphase, which alters cell
membrane potential, making it more permeable, as well as affecting the sodium and potassium ATPase
pump implicated in ATP synthesis [46, 47] . Lou et al. [48] demonstrated that p-coumaric acid has dual
mechanisms of bactericidal activity: disrupting bacterial cell membranes and binding to bacterial genomic
DNA to inhibit cellular functions, ultimately leading to cell death.
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Fig. 2 Chemical structures of cinnamic and benzoic acid derivatives [43]
4.2.2 Flavonoids

Flavonoids are natural pigments abundantly present in the plant kingdom. The position of linkage of the
B-ring to the C-ring is used to sort these molecules into three different classes: flavonoids, isoflavonoids
and neoflavonoids (Fig. 3). Other plant secondary metabolites containing a similar carbon skeleton, such
as chalcones, stilbenes, or aurones are considered minor flavonoids [49]. Many studies reported the
antimicrobial activity of flavonoids [50, 51]. Cushnie and Lamb [52, 53] suggested that the antibacterial
activity of flavonoids may be attributable to up to three mechanisms: cytoplasmic membrane damage
causing perforation and/or reduction in membrane fluidity, inhibition of nucleic acid synthesis caused by
topoisomerase inhibition, and inhibition of energy metabolism caused by NADH-cytochrome C reductase
inhibition.
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Fig.3  Chemical structures of flavonoids, isoflavonoids and neoflavonoids [49]
4.2.3 Tannins

Tannins are a complex group of natural polyphenols. Tannins are classified into two major groups on the
basis of their structure: the hydrolysable and the condensed tannins. Hydrolysable tannins are compounds
containing a central core of glucose or another polyol with gallic acid. Condensed tannins are oligomers
or polymers composed of flavan-3-ol nuclei (Fig. 4) [54]. The biological activity of plant extracts
containing tannins has been known for centuries, which has led to the isolation and characterization of
many representatives of this class [55]. The ability of tannins to inhibit the development of pathogenic
microorganisms has been recognized. The different mechanisms proposed so far to explain tannin
antimicrobial activity include the inhibition of extracellular microbial enzymes caused by the typical
astringent characteristic of tannins, direct action on microbial metabolism through inhibition of oxidative
phosphorylation, and a mechanism involving iron deprivation [56].
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Fig. 4 Example of hydrolysable (tellimagradin II) and condensed (1: catechin; 2: epicatechin) tannin [54]

4.3 Terpenoids

Terpenoids are a diverse group of secondary metabolites, estimated to be around 40,000 compounds (Fig.
5) [57]. Terpenoids are important constituents of essential oils [4]. Several pieces of research reported the
antimicrobial action of essential oils [58, 59, 60, 61] as well as its mechanism of action [62, 63]. Kurecki
et al. [64] tested the antimicrobial potential of five terpenoid compounds (a-bisabolol, a-terpinene,
cineole, nerolidol and terpinen-4-ol) and proved that terpinen-4-ol showed the highest activity against
Campylobacter spp. and other reference strains.

N N

Eugenol Citronellal

Fig. 5 Example of terpenoids [65]
4.4 Saponins

Saponins are molecules typically formed by an aglycone unit (sapogenin, hydrophobic) attached to a
sugar (glycone, hydrophilic) [66]. Liu and Henkel [67] considered the polyphenols and saponins as the
key ingredients in remedies used in traditional Chinese medicine responsible for most of the observed
biological effects. Saponins have been described as antimicrobial compounds, as reported by Hassan et al.
[68]. The authors evaluated the antimicrobial activity of saponin-rich extract from guar meal and showed
antibacterial effect against S. aureus, S. Typhimurium and E. coli, although the mechanism of
antibacterial action of saponins is unclear. However, increasing antibiotic activity was observed going
from the saponin extracts to the sapogenin samples, suggesting that the sugar moiety is not important for
the antimicrobial efficacy [69].

5. Potential food applications of plant extracts

Although many studies report the antimicrobial activity of plant extracts in vitro, there is some difficulty
in replicating the results in situ. According to Hayek et al. [7], foods are not sterile, so a mixed microbial
population can influence the results that are obtained by in sifu assays. Miceli et al. [70] evaluated the
antimicrobial activity of Borago officinalis and Brassica juncea aqueous extracts in vitro and in situ using
different food model systems (meat broth, fish broth and vegetable broth). The final extract concentration
that showed inhibition in vitro was not confirmed in situ; however, when added at a concentration 10-fold
higher than that in vitro (100 and 31 mg.mL™" B. officinalis and B. juncea, respectively), they inhibited the
growth of the sensitive strains. According to the authors, this was not surprising, since the activity of
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inhibitory substances in foods can be influenced negatively by several factors, such as binding of the
active compounds to additives of the food or inactivation by food inhibitors.

Zhang et al. [71] determined the effect of extracts from Eugenia caryophyllata and Rosemarinus
officinalis alone and combined in raw chicken meat during storage for 15 days at 4 °C. The bacterial
counts of the chicken samples with a combination of extracts were lower than those of control samples
during storage. The antimicrobial effect of chestnut inner shell extract was characterized against C. jejuni
strains on chicken meat [72]. The pathogen was not detected at 1 mg.g™' of extract with 3 log CFU.g"' of
inoculum after 4 days at 4 °C.

Mariem et al. [73] applied the aqueous extract of the fruits of Nitraria retusa in beef patties. In general,
there was a significant inhibition of the microbial growth in beef patties containing the fruit extract
compared with control meat (without extract of N. retusa). The antimicrobial activity of the fruit extract
against microbial proliferation was most effective on coliforms. By the end of the storage time (9 days at
4 °C), coliform populations in the control sample were 6.47 log CFU.g" and significantly lower by 4.48,
4.13 and 3.81 log CFU.g"' when the sample was treated with 0.5%, 0.75% and 1% of N. retusa extract,
respectively.

Plant extracts could be used as natural antimicrobials, but the amount required for microbial inhibition
in foods would be considerably high, adversely affecting the sensory characteristics of the food. The use
of natural compounds in combination with other natural antimicrobials or with other technologies could
produce a synergistic effect against foodborne pathogens [45]. In this context, the application of plant
extracts in films can be an alternative to increase the shelf life of foods. Choulitoudi et al. [74], for
example, applied extracts and essential oil of Satureja thymbra (L.) in edible films to prolong the shelf
life of fresh gilthead seabream (Sparus aurata) fillets. The ethyl acetate extract alone and combined with
essential oil showed the best antimicrobial effect, resulting in 25 and 35% shelf life extension,
respectively. Krasniewska et al. [75] determined the antimicrobial properties of pullulan coating enriched
with extract from Bergenia crassifolia on pepper. After 14 days of storage, the reduction of the S. aureus
population on pepper coated with pullulan and pullulan with extract was 0.74 and 1 log CFU.g",
respectively, compared to the uncoated samples.

6. Conclusions

The bioactive properties of plants have long been known. In order to find alternatives to synthetic
chemical additives, studies on the antimicrobial effect of plant extracts against foodborne pathogens are
being conducted with promising results. In recent years, advances have been made in the study of the
action mechanisms of antibacterial compounds found in the extracts. Nowadays, studies are conducted on
the application of extracts and/or compounds directly on foods or using antimicrobial films. In these
studies there was a decrease in the microbial population of foods. Therefore, the application of plant
extracts can be an alternative to synthetic preservatives to increase the shelf life of foods.
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Abstract

This study aimed to evaluate the antibacterial activity and the mechanism of
action of B. odorata extract (BOE), using Staphylococcus aureus and
Escherichia coli, as Gram-positive and Gram-negative bacterial models. All
bacterial strains tested, both Gram-positive and Gram-negative bacteria
(Listeria monocytogenes, S. aureus, E. coli O157:H7 and Salmonella
Typhimurium), were susceptible to BOE. In relation to the mechanism of action,
BOE caused cell membrane damage, resulting in release of DNA to the
extracellular  environment.  Additionally, according to fluorescence
spectrophotometry analysis, BOE caused S. aureus and E. coli DNA damage.
BOE showed antibacterial activity against foodborne microorganisms, having
the potential to be used as an alternative to synthetic preservatives. In addition,
this study demonstrated that the mechanism of action of BOE against S. aureus
and E. coli, used as models of Gram-positive and Gram-negative bacteria,
occurs by dual mechanism, causing damage in the bacterial membrane and in

the genomic DNA.

Keywords: food preservative; cell membrane; confocal laser scanning

microscopic; DNA; fluorescence spectrophotometry
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1 Introduction

Foodborne diseases are a growing public health problem worldwide. The
most common clinical presentations of these diseases are gastrointestinal
symptoms; however, complications can be triggered, culminating in deaths and
considerable rate of disability (WHO, 2018). In the United States of America it is
estimated that annually one in six Americans are affected by foodborne
diseases, resulting in 128,000 hospitalizations and 3,000 deaths (CDC, 2018).
In Brazil Salmonella spp., Escherichia coli and Staphylococcus aureus are the
main bacteria responsible for outbreaks of foodborne diseases (Brasil, 2018).

Since foodborne bacteria can be dangerous to human health, interest in
new antimicrobials and their mechanism of action is growing (Clemente, Aznar,
Silva, & Nerin, 2016). Moreover, consumers are concerned about the safety of
foods containing synthetic preservatives (Alzoreky & Nakahara, 2003), and it is
important to develop novel and safe natural antibacterial agents (Shi et al.,
2018). In this context, the development of plant-derived compounds with
antibacterial activity, to be used as natural preservatives in food applications, is
becoming increasingly attractive (Wu, Bai, Zhong, Huang, & Gao, 2017).

The antimicrobial activity of fruit extracts has been studied in recent
years (Almulaiky et al., 2018; EL-Hefny, Mohamed, Salem, El-Kareem, & Ali,
2018; Taleb, Maddocks, Morris, & Kanekanian, 2016). In this context, Butia
odorata Barb. Rodr., a native fruit of South America, showed antibacterial
activity against microorganisms of importance in food (Haubert et al., 2019;
Maia, Aranha, Chaves, & Silva, 2017), but the mechanism by which it acts is
unknown. It is known that antimicrobial agents act mainly by altering the

permeability of the cell membrane and/or causing damage to proteins and
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nucleic acids (Tortora, Funke, & Case, 2012). Thus, the aim of this study was to
evaluate the antibacterial activity of BOE against selected foodborne pathogens
and investigate, for the first time, its mechanism of action in S. aureus and E.

coli, used as Gram-positive and Gram-negative bacterial models.

2 Material and methods
2.1 Plant material

Butia odorata Barb. Rodr. fruits were harvested from a research orchard
in a germplasm collection at the Centro Agropecuario da Palma, UFPel,
Pelotas, Brazil (31° 52’ 00” S latitude, 52° 21’ 24” W Greenwich longitude and

altitude of 13.24 m) in February 2018.

2.2 Butia odorata extract preparation

The extract was prepared according to Maia, Haubert, Soares, Wiirfel, &
Silva (2019). In an Erlenmeyer flask, 30 g of lyophilized pulp B. odorata and 300
mL of acetone (Synth, Brazil) were added and placed in a SL 223 shaker (190
rom) (Solab, Brazil) for 2 h. Afterwards, this was centrifuged (7500 rpm for 20
min) and the supernatant was filtered in filter paper and rotary-evaporated (30
°C) (Heidolph Rotary Evaporator, Laborota 4000, Sigma-Aldrich, USA) until

constant weight. Next, the extract was stored at -80 °C in the absence of light.

2.3 Cultivation conditions of target microorganisms
Two Gram-positive (Staphylococcus aureus ATCC 25923 and Listeria
monocytogenes ATCC 7644) and two Gram-negative (Salmonella Typhimurium

ATCC 14028 and Escherichia coli O157:H7 NCTC 12900) foodborne bacteria
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were used as target microorganisms. The microorganisms stored at -80 °C
were cultured on Tryptic Soy agar (Acumedia, USA) with 0.6% yeast extract

(Himedia® (TSA-YE), and incubated at 37 °C for 24 h.

2.4 Agar disc diffusion method

Inoculum of each target microorganism was standardized at a
concentration of 108 CFU.mL™ and plated on Petri dishes containing Mueller-
Hinton agar (MH, Kasvi, Brazil). After that, sterile paper filter discs (6 mm)
impregnated with 20 yL of BOE were placed on the agar and the plates
subsequently incubated at 37 °C for 24 h. As control, streptomycin discs (10 ug)
and discs impregnated with water were used. The results were expressed as

mean = standard deviation of the diameter of the zones of inhibition (DIZ).

2.5 Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC)

The MIC was performed in a 96-well microplate. Firstly, BOE was diluted
in Dimethyl sulfoxide (DMSO, Synth, Brazil) for 400 mg.mL™. After that, two-fold
serial dilutions of BOE were prepared in Mueller Hinton broth (MHB, Kasvi,
Brazil), varying from 130 to 1 mg.mL™", with 10° CFU.mL™" of the bacterial
inoculum added and incubated at 37 °C for 24 h. The MIC was defined as the
lowest concentration which showed no visible growth. For MBC, from the well
where there was no visible growth, this was sown into plates containing TSA-
YE, and incubated at 37 °C for 24 h. The MBC was defined as the lowest
concentration in which 99.9 % of cells initially inoculated were dead (Maia, et

al., 2019).
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2.6 Time-kill analysis

In tubes containing Brain Heart Infusion (BHI, Acumedia, USA) or Tryptic
Soy broth (TSB, Acumedia, USA) (S. aureus and E. coli, respectively) BOE was
added in the concentrations of MIC or MBC. After that, 20 yL of bacterial
inoculum (108 UFC.mL™) was added and incubated at 37 °C with shaking (120
rom) for determined times (0, 2, 4, 8, 12, 16 and 24 h). Then, aliquots were
taken, serially diluted ten-fold and sown on plates containing TSA (37 °C/24 h).

Tubes containing only broth and bacterial inoculum were used as control.

2.7 Cell membrane integrity evaluation

To assess the cell membrane integrity, the intracellular DNA
concentration of S. aureus and E. coli was evaluated after exposure to BOE.
For this, S. aureus and E. coli cells were cultivated in BHI or TSB, respectively,
until the logarithmic phase. Next, BOE was added at concentrations of MIC and
2 x MIC, and incubated at 37 °C for 8 h. Samples without addition of the extract
were used as control. The bacterial cells were then collected by centrifugation
(13,000 g for 2 min), and genomic DNA was extracted using a Wizard®
extraction and purification DNA kit (Promega, USA), following the
manufacturer’s instructions. The quality and quantity of DNA samples were
measured in a Nanovue Plus spectrophotometer (GE Healthcare, USA) and
subjected to electrophoresis at 80 V on a 1.0% (w/v) agarose gel (Invitrogen,

USA).

2.8 Scanning electron microscopy (SEM) analysis
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The SEM was performed according to Ning et al. (2017) with
adaptations. Logarithmic growth phase cells in BHI broth or TSB (S. aureus and
E. coli, respectively) were treated with BOE at the concentrations of MIC and 2
x MIC. Treated and non-treated (without addition of BOE) samples were
incubated at 37 °C for 8 h (120 rpm). After incubation, cells were collected by
centrifugation (6000 g for 10 min), washed three times with PBS buffer, and
incubated with 2.5% glutaraldehyde in PBS (10 mM) overnight at 4 °C. After
three washes with PBS, the samples were dehydrated with ascending
concentrations of ethanol (30, 50, 70, 80, 90, and 100%), and then dried in an L
101 freeze dryer (Liotop, Brazil). Following that, the samples were fixed on SEM
support, sputter-coated with gold under vacuum and after that analyzed in JSM-

6610LV SEM (Jeol, Japan).

2.9 Confocal laser scanning microscopy (CLSM) analysis

Cells were grown to the logarithmic growth stage in BHI or TSB medium
(for S. aureus and E. coli, respectively), treated with BOE at the concentration
of MIC. and then incubated at 37 °C for 8 h. Non-treated cells were used as
control. After centrifugation (5,000 g/5 min) and washing with PBS, cells were
stained with SYTO 9 and propidium iodide according to the manufacturer's
recommendations (LIVE/DEAD™ BacLight™ - Invitrogen, USA). Next, cells
were washed twice with PBS and observed with a Leica TCS SP8 confocal

laser scanning microscope (Germany) at 100 x magnification.

2.10 Effect of BOE on bacterial DNA
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The effect of BOE on bacterial DNA was evaluated according to Ning et
al. (2017), using an F-7000 fluorescence spectrophotometer (Hitachi, Japan).
For this, the genomic DNA was extracted by Wizard® extraction and purification
kit (Promega, USA), according to the manufacturer’s instructions. The purity
and concentration of DNA was verified in Nanovue Plus spectrophotometer (GE
Healthcare, USA). DNA extracted was diluted with Tris-HCI 0.01M (pH 7.0) to
30 ug.mL™", and the same volumes of DNA and BOE in different concentrations
(MIC, 2 X MIC, 4 X MIC and 8 X MIC) were mixed. Treated and non-treated
(without addition of BOE) samples were incubated in the dark at 37 °C/10 min,
and the fluorescence was measured at room temperature, using 280 nm

excitation and 300-500 nm scanning emission with a slit width of 5 nm.

2.11 Influence of BOE in the binding capacity of the ethidium bromide

Bacterial genomic DNA was extracted and prepared according to item
2.10. The same volumes of DNA and BOE in different concentrations (MIC, 2 X
MIC, 4 X MIC and 8 X MIC) were mixed, and incubated in the dark (37 °C/10
min). After that, ethidium bromide solution at 4 pg.mL™" was added to the
mixture, and incubated again in the dark at 37 °C/10 min. Samples without
addition of BOE were used as control. The fluorescence of the mixture was
measured using 535 nm excitation, 570-645 nm scanning emission, with a slit

width of 5 nm at room temperature.

2.12 Statistical analysis
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Data were submitted to a one-way analysis of variance (ANOVA)
followed by the Tukey test (p < 0.05) using STATISTICA software version 6.1

(StatSoft, France).

3 Results and discussion

3.1 Antibacterial activity of BOE

The antibacterial activity of BOE was assessed by agar disc diffusion
test, MIC and MBC. According to the agar disc diffusion test, the BOE inhibited
all bacterial strains tested, both Gram-positive and Gram-negative bacteria
(Table 1). However, Gram-positive bacteria (L. monocytogenes and S. aureus)
were more susceptible to the extract (DIZ= 30+2.0 and 22+0.8 mm,
respectively) than Gram-negative bacteria (E. coli O157:H7 and S.
Typhimurium, DIZ=16£3.9 and 15+3.2 mm, respectively). The same behavior
was observed in the MIC test, where the values were 4 mg.mL'1 for Gram-
positive bacteria and 8 mg.mL™ for Gram-negative bacteria. Regarding MBC, S.
aureus and E. coli showed the lowest values, 16 mg.mL™", and for this reason
they were selected to be used as models of Gram-positive and Gram-negative
bacteria, respectively, in the evaluation of the mechanism of action of BOE.

Several studies reported that Gram-positive bacteria are more
susceptible to plant extract, including fruit extracts, than Gram-negative bacteria
(Morais-Braga et al., 2016; Shen et al., 2014; Yong, Dikes, Lee, & Choo, 2018).
However, the results are variable according to fruit studied. Orange, yellow
lemon and banana peel extracts, for example, showed better antibacterial

activity against Gram-negative than Gram-positive bacteria (Saleem & Saeed,
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2019). Additionally, the type of solvent used in extraction process also has an
influence because it interferes in type of compound that will be extracted. In a
previous study, for example, hexane extract of B. odorata showed better
inhibitory activity against Gram-negative than Gram-positive bacteria (Maia et

al., 2017).

3.2 Time-kill analysis

To further investigate the antibacterial activity of BOE against S. aureus
and E. coli, a time-kill analysis was carried out based on the results of MIC and
MBC assay. Figure 1 shows the effect of BOE on the viability of S. aureus and
E. coli cells. As can be observed, the addition of MIC kept the bacteria in the lag
phase in the first 8 h of contact in relation to control for both bacteria,
demonstrating bacteriostatic effect. With MBC, the S. aureus cells were

completely inactivated within 4 h, and E. coli after 12 h of contact.

3.3 Cell membrane integrity

To investigate the cell membrane damage, the intracellular concentration
of S. aureus and E. coli DNA was evaluated after exposure to BOE for eight
hours. Figure 2A shows that with addition of the extract the intracellular
concentration of S. aureus DNA decreased, which was concentration-
dependent. As can be seen in Figure 2C, the cells that were exposed to extract
showed less intense DNA bands.

For E. coli, the addition of BOE in MIC increased the DNA concentration
extracted in relation to control (Figure 2B). This is probably due to the increase

in the susceptibility of the plasmatic membrane after treatment with the extract,
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increasing the efficiency of DNA extraction. However, as can be seen in Figure
2C, the DNA was damaged. When E. coli cells were submitted to 2 X MIC, the
DNA concentration decreased in relation to control, which is also observed by
the decrease in the intensity of the band when compared to the control (Figure
2C).

When the cell membrane is damaged, large molecules, such as DNA,
leak out (Sun et al., 2018). Recent studies indicated that BOE is mainly
composed of Z-10-Pentadecenol (80.1%) (Maia et al., 2019). It is known that
alcohols act by denaturing proteins. Thus, it is suggested that BOE caused
damage to the bacterial cell membrane by denaturation of proteins, resulting in

the release of DNA into the extracellular environment.

3.4 SEM analysis

The SEM images (Figure 3) showed morphological changes in S. aureus
and E. coli cells after eight hours of exposure to BOE. Untreated S. aureus and
E. coli cells displayed a smooth and regular surface (Figure 3A and 3D).
However, when exposed to BOE at MIC, both S. aureus and E. coli showed
changes in their surfaces compared to the control. The coccus form of S.
aureus was clearly altered (Figure 3B), while E. coli demonstrated changes in
cell integrity, with loss of cell constituents (Figure 3E).

When the bacterial cells were treated with 2 X MIC, morphological
changes were even more evident. Figure 3C showed some S. aureus cells
shrinking, and Figure 3F exhibited many E. coli cells with holes, with complete
loss of cell membrane integrity. Disruption of membrane integrity results in the

leakage of cell content and consequent bacterial death (Sun et al., 2018). The
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results obtained in SEM are in agreement with what has been observed in cell

membrane integrity test.

3.5 CLSM analysis

Damages to cell membrane were verified by CLSM, using SYTO 9 and
propidium iodide fluorophores. SYTO 9 emits green fluorescence while
propidium iodide emits red fluorescence. SYTO 9 usually stains all bacterial
cells while propidium iodide penetrates only when membrane cells are
damaged (Liu et al., 2017). According to what is shown in Figure 4, the majority
of untreated cells emitted green fluorescence, whereas cells treated for 8 h with
BOE emitted red fluorescence with a small fraction emitting green fluorescence.
This result indicates that BOE caused damage to the cell membrane of S.
aureus and E. coli, which corroborates the results of cell membrane integrity
test and SEM, indicating that one of the antibacterial mechanisms of action of

BOE is the alteration of cell membrane integrity.

3.6 Effect of BOE on S. aureus and E. coli DNA

Although DNA is a potential antimicrobial target in bacteria, it has only
recently been addressed (Bolhuis & Aldrich-Wright, 2014). The effect of BOE on
S. aureus and E. coli DNA was assessed by fluorescence spectrophotometer.
As shown in Figure 5, the addition of BOE to S. aureus and E. coli DNA
decreased the fluorescence intensity, and this was concentration-dependent.
These results indicate that the extract may have triggered changes in the

structure and conformation of DNA. In a study conducted by Ning et al. (2017),
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the addition of phenyllactic acid to L. monocytogenes and E. coli DNA
demonstrated a significant fluorescence quenching. The interactions of
compounds with DNA likely interfere in transcription, replication, and cell repair,
causing cell death (Bolhuis & Aldrich-Wright, 2014).

Moreover, the influence of BOE on the binding capacity of the ethidium
bromide to S. aureus and E. coli DNA was evaluated. Ethidium bromide is a
DNA intercalator, and could emit intense fluorescence by intercalation between
the adjacent DNA base pairs (Ning et al., 2017). For S. aureus (Figure 6A), the
addition of MIC decreased the fluorescence intensity in relation to control, and
when higher concentrations were added (2 X MIC, 4 X MIC, and 8 X MIC),
drastically decreased the fluorescence. In E. coli DNA (Figure 6B), the addition
of 2 X MIC resulted in a significant decrease in the fluorescence. The same was
observed using higher concentrations (4 X MIC and 8 X MIC).

The results obtained by fluorescence spectrophotometry suggest that
BOE changed the structure of the DNA molecule of S. aureus and E. coli and, in
this way, prevented the intercalation of ethidium bromide to DNA. Therefore, the

damage to DNA is another antibacterial mechanism by which BOE acts.

4 Conclusion

BOE has antibacterial activity against foodborne microorganisms, having
the potential to be used as an alternative to synthetic preservatives. In addition,
it was observed that BOE has antibacterial activity against S. aureus and E.
coli, which were used as Gram-positive and Gram-negative bacterial models, by
dual mechanism, causing damage to the bacterial cell membrane and to the

genomic DNA.
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Table 1. Inhibition zone, Minimum inhibitory concentration (MIC) and Minimum bactericidal

concentration (MBC) of the B. odorata extract

Microorganism Inhibition MIC (mg.mL™) MBC (mg.mL™)
zone (mm)

L. monocytogenes 30+2.0° 33

S. aureus 22+0.8° 16

E. coli O157:H7 16+3.9° 16

S. Typhimurium 15+3.2° 33
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Figure 1 Time-kill curve of the B. odorata extract against S. aureus (A) and E. coli (B)
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MIC, 3 and 6: 2 X MIC).
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Figure 3 Scanning electron microscope of S. aureus (A, B, C) and E. coli (D, E, F). Control groups (A and D), B. odorata

treatments for 8 h at MIC (B and E) and 2 X MIC (C and F).
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Figure 4 Confocal laser scanning microscopic of S. aureus (A, B) and E. coli (C, D). Control
groups (A and C) and B. odorata treatments for 8 h at MIC (B and D)
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DNA.
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Research highlights
1) Escherichia coli was isolated in 5% of cheese samples
2) Escherichia coli isolates were susceptible to B. odorata extract

3) Butia odorata extract inhibited the development of E. coli in sliced cheese
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Abstract

The aims of this study were to verify the occurrence of Escherichia coli in sliced
mozzarella cheese marketed in Pelotas city, Brazil and perform the phenotypic and
genotypic characterization of the isolates. Besides that, evaluate the susceptibility of E.
coli to Butia odorata extract, characterize it chemically, and apply the extract in sliced
mozzarella cheese contaminated experimentally with E. coli. Escherichia coli was
isolated in 5% (4/80) of cheese samples, but no gene of O157:H7 E. coli or virulence
genes were detected. The isolates were susceptible to B. odorata extract (MIC 15
mg.mL" and MBC 29-58 mg.mL™"), and the major compounds present in the extract
were Z-10-Pentadecenol (80.1 %) and Palmitic acid (19.4 %). In cheese, after 72 h there
was a significant difference (p<0.05) between control (2.8 log CFU.cm™) and treated
samples with MIC, 2 x MIC, 4 x MIC and 8 x MIC (1.3, 1.4, 1.6 and 0.5 log CFU.cm'Z,
respectively). The isolation of E. coli in cheese indicates fecal contamination and poor
hygienic practices. Butia odorata extract showed antimicrobial activity against E. coli
both in vitro and in situ, indicating that it can be a good alternative for inhibiting the

growth of this microorganism in sliced cheese.

Keywords: foodborne bacteria, PCR, natural antimicrobial, Z-10-Pentadecenol,

palmitic acid
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Introduction

Escherichia coli is a commensal member of the gut microbiota (Kaper et al.
2004), and its presence in foods, such as milk and milk products, is an important
indicator of fecal contamination and hygienic practices (Ombarak et al. 2016).
However, some E. coli groups are pathogenic to humans and may cause diarrheal
diseases. Every year, 550 million people are affected by diarrheal diseases (WHO
2018). Diarrheagenic E. coli can be transmitted through contaminated food or water, or
through contact with animals or people (CDC 2019), and these bacteria are classified
according to their pathogenic features (Kaper et al. 2004; Nataro and Kaper 1998).

The pathotypes include the enteropathogenic E. coli (EPEC), enterotoxigenic E.
coli (ETEC), enteroinvasive E. coli (EIEC), enteroaggregative E. coli (EAEC),
enterohaemorrhagic E. coli (EHEC), and diffusely adherent E. coli (DAEC). Of these,
EHEC triggers an infection with more severe symptoms, such as hemorrhagic colitis,
which can progress to uremic hemolytic syndrome, of which the infectious dose is
extremely low (around 100 cells) (Kaper et al. 2004). The O157:H7 serotype is the most
important EHEC in North America (CDC 2019), the United Kingdom and Japan (Kaper
et al. 2004). In Brazil, E. coli was the most common etiological agent involved in
foodborne disease outbreaks between 2007 and 2017, responsible for more than 500
outbreaks (Brasil 2017).

Ready-to-eat (RTE) foods are consumed without further treatment that would
eliminate or reduce the microbial load (Yang et al. 2016a), and so the contamination of
these foods with pathogenic microorganisms, such as E. coli, represents a public health
problem. For this reason, studies have been carried out in recent years, based on the
application of plant extracts in RTE food with the purpose of inhibiting microbial

growth (Nikmaram et al. 2018).
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The consumption of cheese has increased significantly worldwide; consequently,
the cheese industry has evolved, and research has an important role in increasing the
product’s quality and safety (Costa et al. 2018). In this context, Butia odorata, a native
fruit of South America, showed antibacterial activity against foodborne bacteria (Maia
et al. 2017), but no study on its application in foods was performed. For this reason, the
aims of this study were to verify the occurrence of Escherichia coli in sliced mozzarella
cheese marketed in Pelotas city, Brazil, and perform the phenotypic and genotypic
characterization of the isolates. Besides that, to evaluate the susceptibility of E. coli to
Butia odorata Barb. Rodr. extract, characterize it chemically, and apply the extract in

sliced mozzarella cheese contaminated experimentally with E. coli.

Material and methods
Sampling

Samples of sliced mozzarella cheese (n=80) were collected in eight markets (A
to H) in Pelotas city, Brazil, in 10 sampling events. The samples were kept in isothermal
boxes with ice and immediately transported to the Laboratério de Microbiologia de

Alimentos at the Universidade Federal de Pelotas.

Analysis of Escherichia coli

Escherichia coli was enumerated using 3M Petrifilm EC Plates according to
AOAC 991.14 method (AOAC 2002). Briefly, 25 g of each sample was homogenized
for 1 min with 225 mL buffered peptone water (BPW, Acumedia, USA). After that,
serial dilutions were performed and 1 mL of each diluted sample was placed on
Petrifilm plates with incubation at 35° + 1°C for 24-48 h. Next, the characteristic

colonies were selected according to the manufacturer’s instructions.
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Genotypic characterization of E. coli isolates

Genomic DNA was extracted according to Green and Sambrook (2012). Firstly,
STES buffer, glass beads (Interprise USA Corporation, USA) and phenol-chloroform
(1:1) (Synth, Brazil) were added to the pellet, followed by centrifugation. Next, absolute
ethanol and 5M NaCl (Synth, Brazil) were added and, after centrifugation, the pellet
was washed with 70% (v/v) ethanol, dried at 37 °C, and resuspended with sterile
ultrapure water (Promega, USA) plus RNAse (Invitrogen, USA).

The confirmation of the species of the isolates and the detection of virulence
genes were performed by PCR assays. The uspA4 gene was used for confirmation of E.
coli at species level; for identification of E. coli O157:H7, the genes rfbEo;s57 and fliCy;
were used,; and the genes for ETEC (Lt, SY), EHEC (hlyA, stx1, stx2), EIEC (ial), EAEC
(eagg), EPEC (eae), and DAEC (daaD) were evaluated (Table 1). Moreover, tests with

antiserum E. coli O157, E. coli H7, EPEC and EIEC were performed.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed by agar disk diffusion
method according to the Clinical and Laboratory Standards Institute (CLSI 2018),
evaluating ampicillin (10 pg), cefotaxime (30 pg), cefoxitin (30 pg), cephalothin (30
ng), gentamicin (10 pg), amikacin (10 pg), streptomycin (10 pg), tetracycline (30 pg),
imipenem (10 pg), chloramphenicol (30 pg), nalidixic acid (30 pg), ciprofloxacin (5
ng), sulfonamide (300 pg), trimethoprim (5 pg), and nitrofurantoin (300 pg) (Laborclin,

Brazil).

Butia odorata extract preparation
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The Butia odorata extract was prepared in a 500 mL Erlenmeyer flask, to which
was added 30 g of lyophilized B. odorata fruit pulp and 300 mL of acetone. Then, it
was placed in a shaker (190 rpm) for 2 h, filtered in filter paper and centrifuged for 20

min (6289 g), and the supernatant was rotary-evaporated at 30 °C to constant weight.

Chemical characterization of B. odorata extract by GC-MS

For chemical characterization of B. odorata extract the sample was diluted in
ethyl acetate (2 mg.mL™") and injected by Split (1:50) in column RTx-5 with injection
temperature of 280 °C. The analysis conditions used were: 60 °C/3 min, increased by 15
°C/min to 220 °C, 220 °C/10 min, increased by 15 °C/min up to 280 °C and kept at 280
°C for 5 min. The interface temperature was 250 °C and temperature of the ion source

was 200 °C. For identification of the compounds library NIST-05 was used.

Antimicrobial activity of B. odorata extract

The isolates of E. coli and the standard strain E. coli NCTC 12900 stored at -80
°C were cultured on Tryptic Soy agar (TSA, Acumedia, USA) and incubated at 37 °C
for 24 h. Minimum inhibitory concentration (MIC) was carried out in a 96-well
microplate. For this, two-fold serial dilutions of B. odorata extract were prepared in
Mueller Hinton broth (MH, Kasvi, Brazil) from 58 to 0.45 mg.mL"; then 10° CFU.mL"
of the bacterial inoculum was added and incubated at 37 °C for 24 h. The MIC was
defined as the lowest concentration which showed no visible growth or turbidity. For
minimum bactericidal concentration (MBC), from the well where there was no visible
growth, was sown into plates containing TSA, and incubated at 37 °C for 24 h. The
MBC was defined as the lowest concentration in which 99.9 % of cells initially

inoculated were dead.



56

Application of B. odorata extract in sliced mozzarella cheese contaminated
experimentally with E. coli

The E. coli isolate from sliced cheese that was most susceptible to B. odorata
extract was selected for this experiment (lower MBC). Cheese (pH 5.3) was aseptically
cut into pieces of 1 cm?® and placed in Petri dishes. Escherichia coli was cultured on
Tryptic Soy broth (TSB, Acumedia, USA) and incubated at 37 °C for 24 h. Next, 20 uL
of diluted bacterial suspension was put onto the surface of the cheese sample (about 10*
CFU.cm™). After 20 min at room temperature, 20 pL of B. odorata extract was added
(MIC, 2 x MIC, 4 x MIC or 8 x MIC) to the surface of the cheese and incubated at 4 °C.
Cheese samples with the addition of 20 pL distilled water were used as negative control.
The analyses were conducted at times 0, 3, 24, 48 and 72 h of incubation. For this, the
samples were diluted in peptone water 0.1% (PW, Acumedia, USA), homogenized and
serially diluted (1:9). An aliquot of 0.1 mL was seeded on Petri dishes containing Eosin
Methylene Blue agar (EMB, Kasvi, Brazil) and incubated at 37 °C for 24 h. Three

replications were performed.

Statistical analysis
Data from the E. coli counts were subjected to analysis of variance (ANOVA).

Differences between treatments were assessed by Tukey test (p < 0.05).

Results and Discussion

Microbiological quality of mozzarella sliced cheese and characterization of E. coli
isolates
Escherichia coli was isolated in 5% (4/80) of the cheese samples. The

contaminated samples were obtained from market C (1/4), F (1/4), and H (2/4). Similar
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results were observed by Wang et al. (2017), which found E. coli in 5.9% of the RTE
food in Japan, while Zhang et al. (2016) found higher levels (39.2%) of E. coli in RTE
products from China. It is noteworthy that different rates of E. coli contamination in
foods can occur due to several factors, such as the type of sampling, number of samples,
sanitary quality and geographical location (Zhang et al. 2016).

The four suspected E. coli isolates (E1-E4) were confirmed at species level by
the presence of the uspA gene, although no genes from O157:H7 E. coli (rfbEo;57 and
fliCy7) or virulence genes (St, Lt, ial, eagg, eae, stxl, stx2 and hlyA) were detected.
Furthermore, the isolates were negative when tested with antiserum E. coli O157, E.
coli H7, EPEC and EIEC, suggesting that they are non-pathogenic (Kaper et al. 2004).
On the other hand, Yang et al. (2016b) reported diarrheagenic E. coli in 1.06% of the
RTE products from China. Although in this study diarrheagenic E. coli was not isolated,
the presence of generic E. coli in dairy products, such as cheese, is an important
indicator of fecal contamination and poor hygienic practices (Ombarak et al. 2016).

Regarding antimicrobial susceptibility testing, isolates E2 and E4 showed
intermediate resistance to streptomycin, and isolate E2 also showed intermediate
resistance to cefoxitin. Isolate E3 was resistant to nitrofurantoin and nalidixic acid, and
isolate E1 was susceptible to all antimicrobials evaluated (Table 2). Although the E. coli
isolates were non-pathogenic, their resistance profile is of concern, since these isolates
can harbor resistance genes that can be horizontally transferred to other bacteria in

nature, in foods or even in the food processing environment (Haubert et al. 2018a).

Antimicrobial activity and chemical characterization of B. odorata extract
The B. odorata extract showed antimicrobial activity against all E. coli isolates,

showing the MIC value of 15 mg.mL™". The MBC value was 58 mg.mL" for most
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isolates, except for isolate E3 (29 mg.mL™) (Table 2). Antibacterial activity of B.
odorata was previously described by Maia et al. (2017) and Haubert et al. (2018b), but
no study has been carried out with E. coli isolates.

The chemical characterization of B. odorata extract showed as major compounds
Z-10-Pentadecenol (80.1%) and palmitic acid (19.4%). E-10-Pentadecenol was found in
Anthemis stiparum subsp. sabulicola, a plant that presented good antimicrobial activity
against Staphylococcus aureus and Bacillus cereus (Chemsa et al. 2018), and Z-10-
Pentadecenol was found in Hypericum adenotrichum, a plant from Turkey used in folk
medicine and that showed anti-growth effects on cancer cells lines (Sarimahmut et al.
2016). The second major compound present in B. odorata extract was palmitic acid. In
a study made by Ivanova et al. (2017), palmitic acid nanostructures showed bactericidal

activity against Pseudomonas aeruginosa and S. aureus.

Application of B. odorata extract in sliced mozzarella cheese experimentally
contaminated with E. coli

The growth inhibition of E. coli in sliced cheese is showed in Figure 1. In the
first 3 h of treatment there was one log reduction in E. coli counts utilizing 8 x MIC
when compared to control. After 72 h there was a significant difference (p<0.05) in E.
coli counts between control (2.8 log CFU.cm™) and treated samples with MIC, 2 x MIC,
4 x MIC and 8 x MIC (1.3, 1.4, 1.6 and 0.5 log CFU.cm, respectively), being that with
8 x MIC there was a difference of 2.3 log CFU.cm™ in relation to control. This result is
similar to that obtained by Harich et al. (2017), in a study that evaluated the
antibacterial activity of cranberry juice concentrate in RTE foods, and observed a

reduction of 2.5 log in E. coli after 7 days of storage at 4 °C. On the other hand, Palmeri
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et al. (2018) found no significant difference in Enterobacteriaceae counts in sliced beef
when applying prickly pear fruit extract after 8 days of storage at 4 °C.

Many factors inherent to food can hinder the action of natural antibacterial
compounds, including pH and food constituents, such as fat and proteins. For these
reasons, the results obtained in vitro are often not reproduced in situ. In this study,
however, even when the lower concentrations of extract were used, such as the MIC,
inhibition of multiplication of E. coli in sliced cheese was obtained. These results are
very interesting, since this bacterium is often isolated from cheese samples and some

isolates can be pathogenic.

Conclusion

The isolation of E. coli in sliced mozzarella cheese in retail indicates fecal
contamination and poor hygienic practices. Butia odorata extract, consisting mainly of
Z-10-Pentadecenol and Palmitic acid, showed antimicrobial activity against E. coli both
in vitro and in situ, indicating that it can be a good alternative for inhibiting the growth

of this microorganism in sliced cheese.
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Target Amplicon size

Sequence (5’ —37) Reference
genes (bp)

Fw: CCGATACGCTGCCAATCAGT Chen and Griffiths
uspA 884

Rv: ACGCAGACCGTAGGCCAGAT (1998)

Fw: GCGCGAATTCGTGCTTTTGA Ateba and Mbewe
HfbEorss 239

Rv: TATTTTTCCGAGTACATTGG (2011)

Fw: GCTGCAACGGTAAGTGAT Ateba and Mbewe
SiCyz 984

Rv: GGCAGCAAGCGGGTTGGT (2011)

Fw: ATAAATCGCCATTCGTTGACTAC Ateba and Mbewe
stxl 180

Rv: AGAACGCCCACTGAGATCATC (2011)

Fw: GGCACTGTCTGAAACTGCTCC Ateba and Mbewe
stx2 255

Rv: TCGCCAGTTATCTGACATTCT (2011)

Fw: GACCCGGCACAAGCATAAGC Ateba and Mbewe
Eae 384

Rv: CCACCTGCAGCAACAAGAGG (2011)

Fw: GCATCATCAAGCGTACGTTCC Ateba and Mbewe
hlyA 534

Rv: AATGAGCCAAGCTGGTTAAGCT (2011)

Fw: TGAACGGGAGTATAAGGAAG ATG
daaD 444 Guion et al. (2008)

Rv: GTCCGCCATCACATCAAAA

Fw: GGCGACAGATTATACCGTGC
Elt 330 Pass et al. (2000)

Rv: CGGTCTCTATATTCCCTGTT

Fw: TTTCCCCTCTTTTAGTCAGTCAACTG
Est 160 Pass et al. (2000)

Rv: GGCAGGATTACAACAAAGTTCACA

Fw: CTGGTAGGTATGGTGAGG
lal 320 Nguyen et al. (2005)

Rv: CCAGGCCAACAATTATTTCC

Fw: AGACTCTGGCGAAAGACTGTATC
Eagg 194 Kong et al. (2002)

Rv: ATGGCTGTCTGTAATAGATGAGAAC
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Table 2. Antimicrobial resistance profile, minimum inhibitory concentration (MIC) and minimum

bactericidal concentration (MBC) of the Escherichia coli isolates for Butia odorata extract

Isolate ID Antimicrobial Minimum inhibitory Minimum bactericidal
resistance profile® concentration (MIC) concentration (MBC)
(mg.mL'l)
(mg.mL'l)

El - 15 58

E2 FOX (I); STR (I) 15 58

E3 NAL; NIT 15 29

E4 STR (1) 15 58

Escherichia coli O157:H7 - 15 15

NCTC 12900

"FOX: cefoxitin, STR: streptomycin, NAL: nalidix acid, NIT: nitrofurantoin.
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Figure 1 Inhibition of Escherichia coli in sliced cheese treated with Butia odorata

extract
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Abstract

The aims of this study were to verify the ability of S. aureus isolates from food
poisoning outbreaks to form biofilm, and evaluate the susceptibility of these
isolates to Butia odorata extract (BOE) and its effect on S. aureus biofilm.
Thirteen S. aureus isolates involved in food poisoning outbreaks in southern
Brazil were selected. Biofilm formation was evaluated in 96-well microplates,
and susceptibility to BOE was assessed by agar disk diffusion method,
minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC). The effect of BOE on S. aureus biofilm cells was
evaluated at 15, 30 and 60 min of contact. All 13 S. aureus isolates formed
biofilm on polystyrene; and 84.6% (11/13) carried icaA and icaB genes, 69.2%
(9/13) the icaD gene, and 61.5% (8/13) the icaC gene. All S. aureus isolates
were susceptible to BOE, with inhibition zones varying from 13 to 32 mm, MIC
values ranging from 2.8 to 11.4 mg.mL™", and MBC from 22.8 to 182 mg.mL™.
The confocal laser scanning microscopy (CLSM) analysis showed that BOE
damaged the cell membrane of S. aureus. The addition of MIC and 2 X MIC
(60 min) decreased the number of biofim cells by 99 and 99.99%,
respectively; and using 4 X MIC (30 and 60 min) the reduction was 99.9%. All
S. aureus isolates were biofilm formers on polystyrene, which causes concern
because these isolates were involved in outbreaks. On the other hand, the
isolates were susceptible to BOE, as the extract damaged the cell membrane
of S. aureus. Besides that, BOE reduced the number of S. aureus biofilm cells,
having the potential to be used as a sanitizer.

Keywords: Foodborne diseases; Plant extract; CLSM; icaADBC
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1 Introduction

Foodborne diseases (FBD) encompass a wide spectrum of illness,
constituting an increasing public health problem worldwide. Foods can be
contaminated at any stage in the process from production to consumption
(WHO, 2019). Staphylococcus aureus is a microorganism that contaminates
foods and may cause FBD. In Brazil, the health authorities were notified of
more than 12,000 FBD outbreaks between 2000 and 2017, with S. aureus
among the main etiological agents (Brazil, 2018). It is noteworthy that in the
United States of America, S. aureus is also among the main causes of FBD,
causing around 241,000 illnesses per year (CDC, 2011). In the European
Union, bacterial toxins, including toxins produced by S. aureus, were the
second most frequently cause of FBD outbreaks in 2016 (EFSA/ ECDC,
2017).

Most of the pathogens that cause FBD, such as S. aureus, are able to
form biofilm on most surfaces and under almost all the environmental
conditions found in food industries (Bridier et al., 2015). A biofilm is an
assemblage of microbial cells irreversibly associated with a surface and
embedded in a matrix of primarily polysaccharide material (Donlan, 2002). In
the process of biofilm formation, organic molecules from foods are deposited
on the surfaces of equipment, and microorganisms are attracted to these
surfaces. Next, some cells remain even after cleaning and sanitizing, and
initiate growth. The attachment of pathogenic microorganisms to food-contact
surfaces constitutes a problem, because biofims provide a source of

contamination (Shi & Zhu, 2009).
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Different sanitizers are applied in the food industry in order to control
biofilm formation and prevent food contamination (Silva, Camargo, Todorov, &
Nero, 2016). However, several isolates have shown tolerance to these
products (Haubert et al., 2018, Lee, Cappato, Corassin, Cruz, & Oliveira,
2016), and this can be one of the factors contributing to the involvement of
microorganisms in FBD outbreaks (Lee et al., 2016). In this sense, many
studies have emerged with the aim of proposing new antibacterial substances;
and in view of the importance of biofilm formation by S. aureus, numerous
studies have focused in its removal using plant extracts or individual
constituents (Engel, Heckler, Tondo, Daroit, Malheiros, 2017; Oliveira,
Fernandes Filho, Gomes, & Bergamasco, 2018; Vetas, Dimitropoulou,
Mitropoulou, Kourkoutas, & Giaouris, 2017).

In this context, Butia odorata Barb. Rodr., a fruit native to South America,
showed in vitro antibacterial activity against foodborne pathogens (Haubert et
al., 2018), including S. aureus (Maia, Aranha, Chaves, & Silva, 2017). In a
recent study, B. odorata extract inhibited Escherichia coli growth in sliced
cheese (Maia, Haubert, Soares, Wirfel, & Silva, 2019). However, until the
present moment no research has been carried out to evaluate its potential to
biofilm removal, with the aim of applying the extract on surfaces in food
processing lines. Thus, the aims of this study were to verify the ability of S.
aureus isolates from food poisoning outbreaks to form biofilm, to evaluate the
susceptibility of these isolates to B. odorata extract and to assess the effect of

the same extract on S. aureus biofilm.

2 Material and methods



71

2.1 Isolates and cultivation conditions

Thirteen S. aureus isolates involved in food poisoning outbreaks in
southern Brazil and molecularly characterized were selected (Bastos, Bassani,
Mata, Lopes, & Silva, 2017). Staphylococcus aureus strain FRI S6 (carrying
the sea and seb genes) and S. aureus FRI 361 (carrying the sed gene) were
used as reference strains. The microorganisms stored at -80 °C were cultured

on Tryptic Soy agar (TSA, Acumedia, USA) and incubated at 37 °C for 24 h.

2.2 Biofilm formation ability

The biofilm formation ability was tested in 96-well microplates according
to Stepanovic et al. (2007), with adaptations. In Tryptic Soy broth (TSB,
Acumedia, USA) supplemented with 1% (w/v) glucose (Synth, Brazil) the
bacterial inoculum (10° CFU.mL™") was added and incubated at 25 °C for 24 h.
After that, three washes with phosphate buffer solution (PBS, Laborclin, Brazil)
were carried out and fixation with methanol (Synth, Brazil) for 20 min took
place, followed by drying overnight at room temperature. Then, cells were
stained with crystal violet (Laborclin, Brazil) (15 min), resolubilized in ethanol
95% (v/v) (Synth, Brazil) and incubated for 30 min at room temperature. The

reading was performed in a microtiter-plate reader (Robonik, India) at 595 nm.

2.3 Detection of S. aureus biofilm-related genes

Genomic DNA was extracted following the protocol described by Green
and Sambrook (2012) with minor modifications. Firstly, a cell suspension was
centrifuged at 13,000 x g for 3 min, and the supernatant removed. Were added

100 pL STES buffer, 100 pL glass beads (Interprise USA Corporation, USA)
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and 150 pL phenol-chloroform (1:1) (Synth, Brazil), vortexed for 1min, followed
by centrifugation at 13,000 x g for 5 min. The supernatant was transferred to a
new microtube, containing absolute ethanol (Synth, Brazil) (2 times the
collected volume) and 5M NaCl (Synth, Brazil) (0.1 times the collected
volume), maintained at -20 °C for 1h. It was then centrifuged at 13,000 x g for
20 min and the supernatant was removed. The obtained pellet was washed
twice with 125 L of 70% (v/v) ethanol and conditioned at 37 °C until complete
drying. The pellet was then resuspended with 35uL sterile ultrapure water
(Promega, USA) plus 1uL RNAse (Invitrogen, USA), and stored at -20 °C.
Next, the presence of genes involved in biofilm formation was evaluated
by PCR, according to the referenced authors shown in Table 1. The reaction
mixtures contained 12.5 L of GoTaq® Green Master Mix 2x (Promega, USA),
1 L of each primer at a concentration of 10 pmol.uL™", 2 uL of DNA (10 ng.uL
'y and 8.5 pL of ultrapure water to a total volume of 25 uL. The mixtures were
subjected to a thermocycler MJ Research® PTC 100. Afterwards, the PCR
products were subjected to electrophoresis at 80 V for 70 min in a 1.5% (w/v)
agarose gel (Invitrogen, USA) in 0.5 Tris/Acetate/EDTA buffer (TAE) using 1
kb molecular weight marker (Invitrogen, USA). The amplified products were

visualized in an UV transilluminator (Loccus, Brazil).

2.4 Butia odorata extract preparation

The extract was prepared according to Maia, Haubert, Soares, Wiirfel, &
Silva (2019). Firstly, 30 g of Ilyophilized B. odorata and 300 mL of acetone
(Synth, Brazil) were added in an Erlenmeyer flask, and placed in a SL 223

shaker (190 rpm) (Solab, Brazil) for 2 h. Afterwards, it was centrifuged at 7500
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rom for 20 min, and the supernatant was filtered in filter paper and rotary-
evaporated (Heidolph, Laborota 4000, Sigma-Aldrich, USA) to constant

weight.

2.5 Agar disk diffusion method

The inoculum was standardized at a concentration of 108 CFU.mL™ and
plated on Petri dishes containing Mueller-Hinton agar (MH, Kasvi, Brazil).
Sterile paper filter disks (6 mm) impregnated with 20 uL of BOE were placed
on the agar, with subsequent incubation at 37 °C for 24 h. As the control,
streptomycin disks (10 ug) and disks impregnated with water were used. The
results were expressed as mean = standard deviation of the diameter of the

zones of inhibition.

2.6 Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of BOE
The MIC was performed in 96-well microplates. Two-fold serial dilutions
of BOE were prepared in Mueller Hinton broth (MH, Kasvi, Brazil), varying from
182 to 1.4 mg.mL™". Next, 10° CFU.mL™" of the bacterial inoculum was added,
followed by incubation at 37 °C for 24 h. The MIC was defined as the lowest
concentration with no visible growth. For MBC, from the well where there was
no visible growth, this was sown into plates containing TSA, and incubated at
37 °C for 24 h. The MBC was defined as the lowest concentration in which 99.9

% of cells initially inoculated were dead.

2.7 Confocal laser scanning microscopy (CLSM) analysis
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For CLSM analysis, the isolate that showed most biofilm formation ability
was selected (topic 2.2). Staphylococcus aureus cells were grown until the
logarithmic growth stage in BHI (Kasvi, Brazil), treated with BOE at the
concentrations of MIC, 2 x MIC and 4 x MIC, and then incubated at 37 °C for 8
h. Non-treated cells were used as control. After centrifugation (5,000 g/5 min)
and washing with PBS, cells were stained with SYTO 9 and propidium iodide,
according to the manufacturer's recommendations (LIVE/DEAD™ BacLight™ -
Invitrogen, USA). Next, cells were washed twice with PBS and observed with a
Leica TCS SP8 confocal laser scanning microscope (Germany) at 100 x

magnification.

2.8 Effect of BOE on S. aureus biofilm

To evaluate the effect of BOE on S. aureus biofilm cells, the isolate that
showed most biofilm formation ability (topic 2.2) was selected. To Petri dishes
was added 9 mL TSB (Acumedia, USA) supplemented with 1% glucose, 1 mL
bacterial inoculum standardized at 0.5 McFarland scale with incubation at 25 °C
for 24 h. Next, two washes with PBS were done; 10 mL distilled water and BOE
were added at concentrations of MIC, 2X MIC and 4X MIC, for incubation at 25
°C, for 15, 30 and 60 min. Petri dishes with only 10 mL distilled water added
were used as control. Then, one wash with PBS was performed and attached
cells were removed using a swab. After agitation for 1 min, serial dilutions were

performed and samples were plated in TSA and incubated at 37 °C for 24 h.

2.9 Statistical analysis
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Data were submitted to a one-way analysis of variance (ANOVA) (p <

0.05) using STATISTICA software version 6.1 (StatSoft, France).

3 Results and Discussion

3.1 Biofilm formation ability and presence of biofilm-related genes

All S. aureus isolates evaluated were biofilm-producers on polystyrene,
being S7 isolate the most producer. These results were similar to those found
by Rodrigues et al. (2017), where 97.2% of the S. aureus isolates from food-
contact surfaces were biofilm-producers on a microtiter plate. Moreover, Torlak,
Korkut, Uncu, & Sener (2017) found that 90.6% of S. aureus isolates had the
ability to form biofilm on polystyrene. In another study, 57% of the S. aureus
isolates formed biofilm on polystyrene (Naicker, Karayem, Hoek, Harvey, &
Wasserman, 2016). Biofilm formation is important for the survival of
staphylococci in a food-processing environment. The biofilm is a protection for
bacteria, and in this condition it is generally more resistant to sanitizers used in
industries than planktonic cells (Mgretrg et al., 2003). In this study, the isolates
tested for biofilm formation ability are enterotoxigenic and caused outbreaks in
Brazil (Bastos et al., 2017). It is noteworthy that biofilm capacity is a virulence
strategy, and this factor can contribute to the occurrence of FBD outbreaks.

Regarding the presence of S. aureus biofilm-related genes, 84.6%
(11/13) of isolates carried icaA and icaB genes, 69.2% (9/13) the icaD gene,
and 61.5% (8/13) the icaC gene. Besides that, 15.4% (2/13) of isolates did not
carry genes of the icaADBC locus. Colonization and biofilm formation take place
in a series of sequential stages; under experimental conditions, first the

attachment to the surface occurs, followed by intercellular adhesion (Heilmann
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et al., 1996). The importance of the ica operon is mediating the polysaccharide
intercellular adhesion (PIA) production (Chaieb, Mahdouani, & Bakhrouf, 2005).
Although the importance of ica genes locus is well known, some isolates did not
carry genes of this locus and were biofilm formers. This happens because
biofilm formation can be ica-dependent or ica-independent, where in this last
case other genes are involved in the biofilm formation process (Doulgeraki,

Ciccio, lanieri, & Nychas, 2017).

3.2 Antibacterial activity of B. odorata

According to the agar disk diffusion test, all S. aureus isolates were
susceptible to BOE, with inhibition zones varying from 13 to 32 mm. The MIC
values ranged from 2.8 to 11.4 mg.mL™", and MBC from 22.8 to 182 mg.mL"’
(Table 2). Higher MIC values were found by Zambrano et al. (2019), in a study
that tested antimicrobial activity of grape, apple and pitahaya residue extracts
with MIC values for S. aureus varying from 25 to >100 mg.mL™", while in another
study young astringent persimmon tannin showed MIC of 1000 ug.mL™" against
methicillin-resistant S. aureus (MRSA) strains (Liu et al., 2019).

Several studies reported the antibacterial activity of different types and
parts of plants, such as herbs, spices, leaves, seeds and fruits, against
foodborne bacteria (Maia, Lopes, & Silva, 2017). The extract of Morinda citrifolia
Linneo (“noni”) seeds, for example, inhibited methicillin-resistant
Staphylococcus spp. (MIC 16 mg.mL™") (Cruz-Sanchez et al., 2019), and
Psidium guajava leaf extract inhibited MRSA growth (Chakraborty, Afaq, Singh,

& Majumdar, 2018). The antibacterial activity of BOE against S. aureus
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reference strains was also reported (Maia et al., 2017); however, its
antibacterial activity against foodborne isolates was not evaluated.

With the purpose of evaluating whether BOE caused damage to the cell
membrane of S. aureus (S7 isolate), CLSM analysis was performed, using two
dyes, SYTO 9 and propidium iodide. SYTO 9 stains all bacterial cells, while
propidium iodide penetrates only where the bacterial membrane is damaged.
Then, bacterial cells with intact membranes are stained only by SYTO 9 and
emit green fluorescence, and bacterial cells with damaged membrane are
stained by propidium iodide, emitting red fluorescence (Liu et al., 2017). As
showed in Figure 1, untreated cells emitted only green fluorescence. However,
when BOE was added, the intensity of green fluorescence decreased, and the
intensity of red fluorescence increased according to increased concentration of
BOE. This result indicates that BOE caused damage to the cell membrane of S.
aureus, and this was concentration-dependent. In a previous study, it was
determined that BOE is composed of Z-10-Pentadecenol (80.1%) and palmitic
acid (19.4%) (Maia et al., 2019). It is known that alcohols have antibacterial
activity, and they act by denaturing proteins. Recently it was reported that
palmitic acid nanostructures have bactericidal activity against S. aureus
(lvanova et al., 2017). This can explain the damage to the cell membrane of S.

aureus induced by BOE observed in the present study.

3.3 Effect of BOE on S. aureus biofilm cells
The effect of BOE against S. aureus (S7 isolate) biofilm cells was
evaluated at 15, 30, and 60 min of contact using MIC, 2 X MIC and 4 X MIC.

When 4 X MIC was used, there was a significant difference (p<0.05) between
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control and treated samples at all evaluated times, and at 30 and 60 min there
was a reduction of 99.9% in the number of biofilm cells. At 60 min of contact
and addition of 2 X MIC there was a decrease of 4.21 log CFU.cm™ (99.99%)
in relation to the control, and with addition of MIC value the difference was 1.1
log CFU.cm™ (99%) (Figure 2).

According to Figure 2, although the utilization of BOE resulted in
significant reductions in S. aureus biofilm cells, no treatment fully destroyed
biofilm cells. The same behavior was demonstrated by Vetas et al. (2017),
where sage and spearmint essential oils reduced S. aureus biofilm cells by
1.9-3.0 and 0.8-1.2 log CFU.cm™, respectively. In another study, Moringa
oleifera extract (3.125 ug.mL™) reduced S. aureus biofilm by around 2 log
CFU.cm™ (30 min contact) on stainless steel and polyvinyl chloride (PVC)
(Oliveira, Fernandes Filho, Gomes, & Bergamasco, 2018). Similar to what was
observed in this study, Vazquez-Sanchez, Galvao, Mazine, Gloria, & Oetterer
(2018) tested an exposure of 30 min to Lippia sidoides, Thymus vulgaris and
Pimenta pseudochariophyllus essential oils in 24 h-old S. aureus biofilm
formed at 25 °C, and all essential oils were able to reduce the number of
biofilm cells by 99.99%.

A study evaluating the effect on S. aureus biofilm of peracetic acid (30
mg.L™") and sodium hypochlorite (250 mg.L™) , sanitizers commonly used in
food industries, demonstrated that these compounds did not fully eliminate
biofilm cells (Meira, Barbosa, Athayde, Siqueira-Junior, & Souza, 2012). This
data shows the difficulty of eradicating S. aureus biofilm in the food industry
environment and confirms that cells in sessile communities are more tolerant

to sanitizers than in planktonic form. However, the present study demonstrated
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a reduction in the number of biofilm cells, induced by BOE, indicating that it

has the potential to be used as a sanitizer.

4 Conclusion

All S. aureus isolates were able to form biofilm on polystyrene, which is a
hazard since these bacteria are enterotoxigenic and were involved in
outbreaks that have occurred in Brazil. The isolates were susceptible to BOE,
and the extract caused damage in the cell membrane of S. aureus. Besides
that, BOE reduced the number of S. aureus biofilm cells, having the potential

to be used as a sanitizer.
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Table 1 Oligonucleotides used in this study
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Target Sequence (5 - 3’) Amplicon Reference

genes size (bp)

icaA Fw: GAGGTAAAGCCAACGCACTC 151 Atshan et al., 2013
Rv: CCTGTAACCGCACCAAGTTT

icaD Fw: ACCCAACGCTAAAATCATCG 211 Atshan et al., 2013
Rv: GCGAAAATGCCCATAGTTTC

icaB Fw: ATACCGGCGACTGGGTTTAT 140 Atshan et al., 2013
Rv: TTGCAAATCGTGGGTATGTGT

icaC Fw: CTTGGGTATTTGCACGCATT 209 Atshan et al., 2013

Rv: GCAATATCATGCCGACACCT
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Table 2 Inhibition zone, minimum inhibitory concentration (MIC) and minimum

bactericidal concentration (MBC) of B. odorata extract against S. aureus

isolates causers food poisoning outbreaks

Isolate Inhibition MIC (mg.mL™") MBC (mg.mL™)
zone (mm)
S1 32+2.8 2.8 22.8
S2 32+0.0 5.7 91
S3 31x1.4 5.7 22.8
S4 30+1.4 5.7 91
S5 13+4.2 5.7 182
S6 21.542.1 2.8 91
S7 22.5+2.1 5.7 91
S8 24%0.0 5.7 91
S9 18.5+0.7 11.4 22.8
S10 24%0.0 11.4 22.8
S11 26.5+2.1 5.7 22.8
S12 17+4.2 5.7 91
S13 27+1.4 5.7 22.8
S. aureus FRI S6 27.5£0.7 5.7 5.7

S. aureus FRI 361

23.5+0.7 5.7 45.5
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Figure 1 Confocal laser scanning microscopic of S. aureus (isolate S7).
Control group (A) and B. odorata treatments for 8 h at MIC, 2 X MIC and 4 X
MIC (B, C and D, respectively)
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Figure 2 Effect of B. odorata on S. aureus (isolate S7) biofilm cells
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6 Consideracgoes finais

O EBO possui atividade antibacteriana contra micro-organismos
patogénicos veiculados por alimentos, tendo potencial para ser utilizado como
alternativa aos conservantes sintéticos. Além disso, este estudo demonstrou
que a atividade antibacteriana do EBO contra S. aureus e E. coli, usados
como modelos de bactérias Gram-positivas e Gram-negativas, ocorre por
duplo mecanismo; causa danos na membrana bacteriana e no DNA
gendémico. O EBO, consistindo principalmente de Z-10-Pentadecenol e acido
palmitico, apresentou atividade antibacteriana em queijo mussarela fatiado,
contaminado experimentalmente com E. coli, indicando que pode ser uma
alternativa para inibir o desenvolvimento deste micro-organismo nesse tipo de
alimento. Além disso, o EBO reduziu o numero de células de S. aureus em

biofilme, tendo potencial para ser utilizado como sanitizante.



Referéncias

AGRAWAL, P. K.; JAIN, D. C.; GUPTA, R. K.; THAKUR, R. S. Carbon-13 NMR
spectroscopy of steroidal sapogenins and steroidal saponins. Phytochemistry,
V. 24, p. 2479-2496, 1985.

ALMULAIKY, Y.; ZEYADI, M.; SALEH, R.; BAOTHMAN, O.; AL-SHAWAFI, W_;
AL-TALHI, H. Assessment of antioxidant and antibacterial properties in two
types of Yemeni guava cultivars. Biocatalysis and Agricultural
Biotechnology, v. 16, p. 90-97, 2018.

ALVES, M. J.; FERREIRA, I. C. F. R.; FROUFE, H. J. C.; ABREU, R. M. V,;
MARTINS, A.; PINTADO, M. Antimicrobial activity of phenolic compounds
identified in wild mushrooms, SAR analysis and docking studies. Journal of
Applied Microbiology, v. 115, p. 346-357, 2013.

ALZOREKY, N. S.; NAKAHARA, K. Antibacterial activity of extracts from some
edible plants commonly consumed in Asia. International Journal of Food
Microbiology, v. 80, p. 223 — 230, 2003.

ANONYMOUS. Validation of publication of new names and new combinations
previously effectively published outside the [JSEM. International Journal of
Systematic and Evolutionary Microbiology, v. 55, p. 547-549, 2005.

AOAC (Association of Official Analytical Chemists).Coliform and Escherichia
coli Counts in Foods, Dry Rehydratable Film (Petrifilm™ E. coli/Coliform
Count Plate™ and Petrifim™ Coliform Count Plate™). Official Method 991.14,
2002.

ATSHAN, S. S.; SHAMSUDIN, M. N.; KARUNANIDHI, A.; BELKUM, A.; LUNG,
L. T. T.; SEKAWI, Z.; NATHAN, J. J.; LING, K. H.; SENG, J. S. C.; ALI, A. M ;
ABDULJALEEL, S. A.; HAMAT, R. A. Quantitative PCR analysis of genes
expressed during biofilm development of methicillin resistant Staphylococcus
aureus (MRSA). Infection, Genetics and Evolution, v. 18, p. 106-112, 2013.

ATEBA, C. N.; MBEWE, M. Detection of Escherichia coli O157:H7 virulence
genes in isolates from beef, pork, water, human and animal species in the
northwest province, South Africa: Public health implications. Research
Microbiology, v. 162, p. 240-248, 2011.



91

AVATO, P.; BUCCI, R.; TAVA, A.; VITALI, C.; ROSATO, A.; BIALY, Z,;
JURZYSTA, M. Antimicrobial activity of saponins from Medicago sp.: structure-
activity relationship. Phytotherapy Research, v. 20, p. 454-457, 2006.

BASILE, A.; FERRARA, L.; DEL PEZZO, M.; MELE, G.; SORBO, S.; BASSI, P.;
MONTESANO, D. Antibacterial and antioxidant activities of ethanol extract from
Paullinia cupana Mart. Journal of Ethnopharmacology, v. 102, p. 32-36,
2005.

BASTOS, C. P.; BASSANI, M. T.; MATA, M. M.; LOPES, G. V.; SILVA, W. P.
Prevalence and expression of staphylococcal enterotoxin genes in
Staphylococcus aureus isolated from food poisoning outbreaks. Canadian
Journal of Microbiology, v. 63, p. 834-840, 2017.

BESKOW, G. T.; HOFFMANN, J. F.; TEIXEIRA, A. M.; FACHINELLO, J. C;;
CHAVES, F. C.; ROMBALDI, C. V. Bioactive and yield potential of jelly palms
(Butia odorata Barb. Rodr.). Food Chemistry, v. 172, p. 699-704, 2015.

BOLHUIS, A.; ALDRICH-WRIGHT, J. R. DNA as a target for antimicrobials.
Bioorganic Chemistry, v. 55, p. 51-59, 2014.

BONJEAN, K.; DE PAUW-GELLET, M. C.; DEFRESNE, M. P.; COLSON, P.;
HOUSSIER, C.; DASSONNEVILLE, L.; BAILLY, C.; GREIMERS, R.; WRIGHT,
C.; QUETIN-LECLERCAQ, J.; TITS, M.; ANGENOT, L. The DNA intercalating
alkaloid cryptolepine interferes with topoisomerase Il and inhibits primarily DNA
synthesis in B16 melanoma cells. Biochemistry, v. 37, p. 5136-5146, 1998.

BRASIL. MINISTERIO DA SAUDE, 2017.Surtos de Doengas Transmitidas
por Alimentos no Brasil. Disponivel em:
<http://portalarquivos.saude.gov.br/images/pdf/2017/maio/29/Apresentacao-
Surtos-DTA-2017>. Acesso em: 05 ago. 2018

BRASIL. MINISTERIO DA SAUDE, 2018. Surtos de Doencas Transmitidas
por Alimentos no Brasil. Disponivel em:
<http://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/17/Apresentacao-
Surtos-DTA-2018.pdf>. Acesso em: 18 out. 2018

BRIDIER, A.; SANCHEZ-VIZUETE, P.; GUILBAUD, M.; PIARD, J.-C;
NAITALI, M.; BRIANDET, R. Biofilm-associated persistence of food-borne
pathogens. Food Microbiology, v. 45, p. 167-178, 2015.


http://portalarquivos.saude.gov.br/images/pdf/2017/maio/29/Apresentacao-Surtos-DTA-2017%3e.%20Acesso%20em:%2005%20ago.%202018
http://portalarquivos.saude.gov.br/images/pdf/2017/maio/29/Apresentacao-Surtos-DTA-2017%3e.%20Acesso%20em:%2005%20ago.%202018
http://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/17/Apresentacao-Surtos-DTA-2018.pdf%3e.%20Acesso%20em:%2018%20out.%202018
http://portalarquivos2.saude.gov.br/images/pdf/2018/janeiro/17/Apresentacao-Surtos-DTA-2018.pdf%3e.%20Acesso%20em:%2018%20out.%202018

92

CDC (Centers for Disease Control and Prevention), 2011. Burden of
Foodborne lliness: Findings. Disponivel em:
<https://www.cdc.gov/foodborneburden/2011-foodborne-estimates.html#>.
Acesso em: 22 jan. 2019.

CDC (Centers for Disease Control and Prevention), 2018. E. coli (Escherichia
coli). Disponivel em: <https://www.cdc.gov/ecoli/general/index.html>. Acesso
em: 02 ago. 2018.

CDC (Centers for Disease Control and Prevention), 2018. Foodborne
Diseases Centers for Outbreak Response Enhancement. Disponivel
em:<https://www.cdc.gov/foodcore/>. Acesso em: 10 nov. 2018.

CDC (Centers for Disease Control and Prevention). Surveillance for
Foodborne Disease Outbreaks, United States, 2014. Annual Report. Atlanta,
Georgia: US Department of Health and Human Services, 2016.

CHAIEB, K.; MAHDOUANI, K.; BAKHROUF, A. Detection of icaA and icaD loci
by polymerase chain reaction and biofilm formation by Staphylococcus
epidermidis isolated from dialysate and needles in a dialysis unit. Journal of
Hospital Infection, v. 61, p. 225-230, 2005.

CHAKRABORTY, S.; AFAQ, N.; SINGH, N.; MAJUMDAR, S. Antimicrobial
activity of Cannabis sativa, Thuja orientalis and Psidium guajava leaf extracts
against methicillin-resistant Staphylococcus aureus. Journal of Integrative
Medicine, v. 16, p. 350-357, 2018.

CHEMSA, A. E.; ZELLAGUI, A.; OZTURK, M.; EROL, E.; CEYLAN, O.; DURU,
M. E.; LAHOUEL, M. Chemical composition, antioxidant, anticholinesterase,
antimicrobial and antibiofilm activities of essential oil and methanolic extract of
Anthemis stiparum subsp. sabulicola (Pomel) Oberpr. Microbial Pathogens, v.
119, p. 233-240, 2018.

CHEN, C.; LIU, C.; CAl, J.; ZHANG, W.; Ql, W.; WANG, Z.; LIU, Z.; YANG, Y.
Broad-spectrum antimicrobial activity, chemical composition and mechanism of
action of garlic (Allium sativum) extracts. Food Control, v. 86, p. 117-125,
2018.

CHEN, J.; GRIFFITHS, M. W. PCR differentiation of Escherichia coli from other
gram-negative bacteria using primers derived from the nucleotide sequences


https://www.cdc.gov/foodborneburden/2011-foodborne-estimates.html
https://www.cdc.gov/ecoli/general/index.html%3e.%20Acesso%20em:%2002%20ago.%202018
https://www.cdc.gov/ecoli/general/index.html%3e.%20Acesso%20em:%2002%20ago.%202018
https://www.cdc.gov/foodcore/

93

flanking the gene encoding the universal stress protein. Letters in Applied
Microbiology, v.27, p. 369-371, 1998.

CHORIANOPOULOS, N.; KALPOUTZAKIS, E.; ALIGIANNIS, N.; MITAKU, S;
NYCHAS, G.; HAROUTOUNIAN, S. A. Essential oils of Satureja, Origanum,
and Thymus species: chemical composition and antibacterial activities against
foodborne pathogens. Journal of Agricultural and Food Chemistry, v. 52, p.
8261-8267, 2004.

CHOULITOUDI, E.; BRAVOU, K.; BIMPILAS, A.; TSIRONI, T.;
TSIMOGIANNIS, D.; TAOUKIS, P.; OREOPOULOQOU, V. Antimicrobial and
antioxidant activity of Satureja thymbra in gilthead seabream fillets edible
coating. Food and Bioproducts Processing, 2016.
doi.org/10.1016/j.fbp.2016.06.013.

CLEMENTE, I.; AZNAR, M.; SILVA, F.; NERIN, C. Antimicrobial properties and
mode of action of mustard and cinnamon essential oils and their combination
against foodborne bacteria. Innovative Food Science and Emerging
Technologies, v. 36, p. 26-33, 2016.

CLSI (Clinical and Laboratory Standards Institute). Performance Standards
for Antimicrobial Susceptibility Testing: Twenty-eight informational
supplement.M100 - Wayne, PA, USA, 2018.

COSTA, M. J.; MACIEL, L. C.; TEIXEIRA, J. A.; VICENTE, A. A.; CERQUEIRA,
M. A. Use of edible films and coatings in cheese preservation: Opportunities
and challenges. Food Research International, v. 107, p. 84-92, 2018.

COTE, J.; CAILLET, S.; DOYON, G.; DUSSAULT, D.; SYLVAIN, J.; LACROIX,
M. Antimicrobial effect of cranberry juice and extracts. Food Control, v. 22, p.
1413-1418, 2011.

COWAN, M. M. Plant products as antimicrobial agents. Clinical Microbiology
Reviews, v. 12, p. 564-582, 1999.

CRUXEN, C. E. S.; HOFFMANN, J. F.; ZANDONA, G. P.; FIORENTINI, A. M.;
ROMBALDI, C. V.; CHAVES, F. C. Probiotic butia (Butia odorata) ice cream:
Development, characterization, stability of bioactive compounds, and viability of



94

Bifidobacterium lactis during storage. LWT — Food Science and Technology,
v. 75, p. 379-385, 2017.

CRUZ-SANCHEZ, N. G.; GOMEZ-RIVERA, A.; ALVAREZ-FITZ, P.; VENTURA-
ZAPATA, E.; PEREZ-GARCIA, M. D.; AVILES-FLORES, M.; GUTIERREZ-
ROMAN, A. S.; GONZALEZ-CORTAZAR, M. Antibacterial activity of Morinda
citrifolia Linneo seeds against Methicillin Resistant Staphylococcus spp.
Microbial Pathogenesis, v. 128, p. 347-353, 2019.

CUEVA, C.; MORENO-ARRIBAS, M. V.; MARTIN-ALVAREZ, P. J.; BILLS, G.;
VICENTE, M. F.; BASILIO, A.; RIVAS, C. L.; REQUENA, T.; RODRIGUEZ, J.
M.; BARTOLOME, B. Antimicrobial activity of phenolic acids against
commensal, probiotic and pathogenic bacteria. Research in Microbiology, v.
161, p. 372-382, 2010.

CUSHNIE, T. P. T.; LAMB, A. J. Antimicrobial activity of flavonoids.
International Journal of Antimicrobial Agents, v. 26, p. 343-356, 2005.

CUSHNIE, T. P. T; LAMB, A. J. Recent advances in understanding the
antibacterial properties of flavonoids. International Journal of Antimicrobial
Agents, v. 38, p. 99-107, 2011.

DAl J.; MUMPER, R. J. Plant phenolics: extraction, analysis and their
antioxidant and anticancer properties. Molecules, v. 15, p. 7313-7352, 2010.

DANNENBERG, G. S.; FUNCK, G. D.; MATTEI, F. J.; SILVA, W. P;
FIORENTINI, A. M. Antimicrobial and antioxidant activity of essential oil from
pink pepper tree (Schinus terebinthifolius Raddi) in vitro and in cheese
experimentally contaminated with Listeria monocytogenes. Innovative Food
Science and Emerging Technologies, v. 36, p. 120-127, 2016.

DIAO, W.; HU, Q.; ZHANG, H.; XU, J. Chemical composition, antibacterial
activity and mechanism of action of essential oil from seeds of fennel
(Foeniculum vulgare Mill.). Food Control, v. 35, p. 109-116, 2014.



95

DOMINGUES, A. R;; PIRES, S. M.; HALASA, T.; HALD, T. Source attribution of
human salmonellosis using a meta-analysis of case-control studies of sporadic
infections. Epidemiology and Infection, v. 140, p. 959-969, 2012.

DONLAN, R. M. Biofilms: Microbial Life on Surfaces. Emerging Infectious
Diseases, v. 8, p. 881-890, 2002.

DOULGERAKI, A. I.; CICCIO, P. D.; IANIERI, A.; NYCHAS, G-J. E. Methicillin-
resistant food-related Staphylococcus aureus: a review of current knowledge
and biofilm formation for future studies and applications. Research in
Microbiology, v. 168, p. 1-15, 2017.

EFSA (European Food Safety Authority); ECDC (European Centre for Disease
Prevention and Control).The European Union summary report on trends and
sources of zoonoses, zoonotic agents and food-borne outbreaks in 2015. EFSA
Journal, v. 14, p. 1-231, 2016.

EFSA (European Food Safety Authority); ECDC (European Centre for Disease
Prevention and Control). The European Union summary report on trends and
sources of zoonoses, zoonotic agents and food-borne outbreaks in 2016. EFSA
Journal, v. 15, p.1-228, 2017.

EFSA (European Food Safety Authority). Scientific opinion on quantification of
the risk posed by broiler meat to human campylobacteriosis in the EU. EFSA
Journal, v. 8, p. 1437-1526, 2010.

EL-HEFNY, M.; MOHAMED, A. A.; SALEM, M. Z. M.; EL-KAREEM, M. S. M. A;
ALI, H. M. Chemical composition, antioxidant capacity and antibacterial activity
against some potato bacterial pathogens of fruit extracts from Phytolacca dioica
and Ziziphus spina-christi grown in Egypt. Scientia Horticulturae, v. 233, p.
225-232, 2018.

ENGEL, J. B.; HECKLER, C.; TONDO, E. C.; DAROIT, D. J.; MALHEIROS, P.
S. Antimicrobial activity of free and liposome-encapsulated thymol and
carvacrol against Salmonella and Staphylococcus aureus adhered to stainless
steel. International Journal of Food Microbiology, v. 252, p. 18-23, 2017.

ERDEMOGLU, N.; OZKAN, S.; TOSUN, F. Alkaloid profile and antimicrobial
activity of Lupinus angustifolius L. alkaloid extract. Phytochemistry Reviews,
v. 6, p. 197-201, 2007.



96

FALEIRO, Maria L. The mode of antibacterial action of essential oils. In:
MENDEZ-VILAZ, Antonio. (Org.).Science against microbial pathogens:
communicating current research and technological advances. Badajoz:
Formatex Research Center, 2011.p. 1143-1156.

FERNANDES, M. R. V.; DIAS, A. L. T.; CARVALHO, R. R.; SOUZA, C. R. F;;
OLIVEIRA, W. P. Antioxidant and antimicrobial activities of Psidium guajava L.
spray dried extracts. Industrial Crops and Products, v. 60, p. 39-44, 2014.

FERRAO, T. S.; FERREIRA, D. F.; FLORES, D. W.; BERNARDI, G.; LINK, D.;
BARIN, J. S.; WAGNER, R. Evaluation of composition and quality parameters
of jelly palm (Butia odorata) fruits from different regions of Southern Brazil.
Food Research International, v. 54, p. 57-62, 2013.

GREEN, M. R.; SAMBROOK, J. Molecular Cloning: A Laboratory Manual.
Cold Spring Harbor Laboratory Press, New York, 2012.

GUIBOURDENCHE, M.; ROGGENTIN, P.; MIKOLEIT, M.; FIELDS, P.;
BOCKMUHL, J.; GRIMONT, P.; WEILL, F. Supplement 2003-2007 (No. 47) to
the White-Kauffmann-Le Minor scheme. Research in Microbiology, v. 161, p.
26-29, 2010.

GUIL-GUERRERO, J. L.; RAMOS, L.; MORENO, C.; ZUNIGA-PAREDES, J.
C.; CARLOSAMA-YEPEZ, M.; RUALES, P. Antimicrobial activity of plant-food
by products: A review focusing on the tropics. Livestock Science, v. 189, p.
32-49, 2016.

GUION, C. E.; OCHOA, T. J.; WALKER, C. M.; BARLETTA, F.; CLEARY, T. G.
Detection of diarrheagenic Escherichia coli by use of melting-curve analysis and
Real-time multiplex PCR. Journal of Clinical Microbiology, v. 46, p. 1752-
1757, 2008.

GUO, N.; ZANG, Y.; CUI, Q.; GAI, Q.; JIAO, J.; WANG, W.; ZU, Y.; FU, Y. The
preservative potential of Amomum tsaoko essential oil against E. coli, its
antibacterial property and mode of action. Food Control, v. 75, p. 236-245,
2017.



97

GYAWLI, R.; IBRAHIM, S. A. Natural products as antimicrobial agents. Food
Control, v. 46, p. 412-429, 2014.

HARICH, M.; MAHERANI, B.; SALMIERI, S.; LACROIX, M. Antibacterial activity
of cranberry juice concentrate on freshness and sensory quality of ready to eat
(RTE) foods. Food Control, v. 75, p. 134-144, 2017.

HASSAN, S. M.; HAQ, A. U.; BYRD, J. A.; BERHOW, M. A.; CARTWRIGHT, A.
L.; BAILEY, C. A. Haemolytic and antimicrobial activities of saponin-rich
extracts from guar meal. Food Chemistry, v. 119, p. 600-605, 2010.

HAUBERT, L.; CUNHA, C. E. P.; LOPES, G. V.; SILVA, W. P. Food isolate
Listeria monocytogenes harboring tetM gene plasmid-mediated exchangeable
to Enterococcus faecalis on the surface of processed cheese. Food Research
International, v. 107, p. 503-508, 2018.

HAUBERT, L.; ZEHETMEYR, M. L.; PEREIRA, Y. M. N.; KRONING, I. S;;
MAIA, D. S. V.; SEHN, C. P,; LOPES, G. V,; LIMA, A. S.; SILVA, W. P.
Tolerance to benzalkonium chloride and antimicrobial activity of Butia odorata
Barb. Rodr. extract in Salmonella spp. isolates from food and food
environments. Food Research International, v. 116, p. 652-659, 2019.

HAYEK, Saeed A.; GYAWALI, Rabin; IBRAHIM, Salam A. Antimicrobial Natural
Products. In: MENDEZ-VILAS, Antonio. (Org.). Microbial pathogens and
strategies for combating them: science, technology and education.
Badajoz: Formatex Research Center, 2013. p. 910-21.

HEILMANN, C.; SCHWEITZER, O.; GERKE, C.; VANITTANAKOM, N.; MACK,
D.; GOTZ, F. Molecular basis of intercellular adhesion in the biofilm-forming
Staphylococcus epidermidis. Molecular Microbiology, v. 20, p. 1083-1091,
1996.

HELENO, S. A.; MARTINS, A.; QUEIROZ, M. J. R. P; FERREIRA, I. C. F. R.
Bioactivity of phenolic acids: Metabolites versus parent compounds: A review.
Food Chemistry, v. 173, p. 501-513, 2015.

HERNANDEZ-MILIAN, A.; PAYERAS-CIFRE, A. What is new in listeriosis?
Biomed Research International, v. 2014, ID 358051, 2014.



98

HUMPHREY, T.; O'BRIEN, S.; MADSEN, M. Campylobacters as zoonotic
pathogens: a food production perspective. International Journal of Food
Microbiology, v. 117, p. 237-257, 2007.

IVANOVA, E. P.; NGUYEN, S. H.; GUO, Y.; BAULIN, V. A.; WEBB, H. K;;
TRUONG, V. K.; WANDIYANTO, J. V.; GARVEY, C. J.; MAHON, P. J.;
MAINWARING, D. E.; CRAWFORD, R. J. Bactericidal activity of self-assembled
palmitic and stearic fatty acid crystals on highly ordered pyrolytic graphite. Acta
Biomaterialia, v. 59, p. 148-157, 2017.

KAPER, J. B.; NATARO, J. P.; MOBLEY, H. L. T. Pathogenic Escherichia coli.
Nature Reviews Microbiology, v. 2, p. 123-140, 2004.

KARPMAN, D.; STAHL, A. L. Enterohemorrhagic Escherichia coli pathogenesis
and the host response. Microbiology Spectrum, v. 2, p. 1-15, 2014.

KHANBABAEE, K.; van REEB, T. Tannins: classification and definition. Natural
Product Reports, v. 18, p. 641-649, 2001.

KOLECKAR, V.; KUBIKOVA, K.; REHAKOVA, Z.; KUCA, K.; JUN, D.;
JAHODAR, L.; OPLETAL, L. Condensed and hydrolysable tannins as
antioxidants influencing the health. Mini-Reviews in Medicinal Chemistry, v.
8, p. 436-447, 2008.

KONG, R.Y.C,; LEE, S. K. Y,; LAW, T.W. F.; LAW, S. H.W.; WU, R. S. S.
Rapid detection of six types of bacterial pathogens in marine waters by
multiplex PCR. Water Research,v. 36, p. 2802-2812, 2002.

KRASNIEWSKA, K.; GNIEWOSZ, M.; SYNOWIEC, A.; PRZYBYT, J. L,;
BACZEK, K.; WEGLARZ, Z. The application of pullulan coating enriched with
extracts from Bergenia crassifolia to control the growth of food microorganisms
and improve the quality of peppers and apples. Food and Bioproducts
Processing, v. 94, p. 422-433, 2015.

KUREKCI, C.; PADMANABHA, J.; BISHOP-HURLEY, S. L.; HASSAN, E.; AL
JASSIM, R. A. M.; MCSWEENEY, C. S. Antimicrobial activity of essential oils



99

and five terpenoid compounds against Campylobacter jejuni in pure and mixed
culture experiments. International Journal of Food Microbiology, v. 166, p.
450-457, 2013.

LAI, P. K.; ROY, J. Antimicrobial and chemopreventive properties of herbs and
spices. Current Medicinal Chemistry, v. 11, p. 1451-1460, 2004.

LE MINOR, L. Facultative Anaerobic Gram-Negative rods. In: HOLT, J. G;
KRIEG, N. R.(Org.). Bergey’s Manual of Systematic Bacteriology. Baltimore:
Williams & Wilkims, 1984. p. 427-58.

LEE, N.; JUNG, B. S.; NA, D. S;; YU, H. H.; KIM, J.; PAIK, H. The impact of
antimicrobial effect of chestnut inner shell extracts against Campylobacter jejuni
in chicken meat. LWT-Food Science and Technology, v. 65, p. 746-750,
2016.

LEE, S. H. I.; CAPPATO, L. P.; CORASSIN, C. H.; CRUZ, A. G.; OLIVEIRA, C.
A. F. Effect of peracetic acid on biofilms formed by Staphylococcus aureus and
Listeria monocytogenes isolated from dairy plants. Journal of Dairy Science,
v. 99, p. 1-7, 2016.

LI, L.; SONG, X.; YIN, Z.; JIA, R.; LI, Z.; ZHOU, X.; ZOU, Y.; LI, L.; YIN, L.;
YUE, G.; YE, G.; LV, C.; SHI, W.; FU, Y. The antibacterial activity and action
mechanism of emodin from Polygonum cuspidatum against Haemophilus
parasuis in vitro. Microbial Research, v. 186-187, p. 139-145, 2016.

LIU, G.; REN, G.; ZHAO, L.; CHENG, L.; WANG, C.; SUN, B. Antibacterial
activity and mechanism of bifidocin A against Listeria monocytogenes. Food
Control, v. 73, p. 854-861, 2017.

LIU, M.; YANG, K.; WANG, J.; ZHANG, J.; Ql, W.; WEI, X.; FAN, M. Young
astringent persimmon tannin inhibits methicillin-resistant Staphylococcus aureus
isolated from pork. LWT - Food Science and Technology, v. 100, p. 48-55,
2019.

LIU, J.; HENKEL, T. Traditional Chinese Medicine (TCM): are polyphenols and
saponins the key ingredients triggering biological activities? Current Medicinal
Chemistry, v. 9, p. 1483-1485, 2002.



100

LOU, Z.; WANG, H.; RAO, S.; SUN, J.; MA, C.; LI, J. p-Coumaric acid kills
bacteria through dual damage mechanisms. Food Control, v. 25, p. 550-554,
2012.

MAIA, D. S. V.; ARANHA, B. C.; CHAVES, F. C.; SILVA, W. P. Antibacterial
activity of Butia odorata Barb. Rodr. extracts. Trends in Phytochemical
Research,v. 1, p. 169-174, 2017.

MAIA, D. S. V.; HAUBERT, L.; SOARES, K. S.; WURFEL, S. F. R.; SILVA, W.
P. Butia odorata Barb. Rodr. extract inhibiting the growth of Escherichia coli in
sliced mozzarella cheese. Journal of Food Science and Technology, v. 56, p.
1663-1668, 2019.

MAIA, Darla S. V.; LOPES, Graciela V.; SILVA, Wladimir P. Use of plant
extracts to control bacterial foodborne pathogens. In: MENDEZ-VILAS, Antonio.
(Org.). Antimicrobial research: Novel bioknowledge and educational
programs. Badajoz: Formatex Research Center, 2017. p. 189-197.

MARIEM, C.; SAMEH, M.; NADHEM, S.; SOUMAYA, Z.; NAJIBA, Z.;
RAOUDHA, E. G. Antioxidant and antimicrobial properties of the extracts from
Nitraria retusa fruits and their applications to meat product preservation.
Industrial Crops and Products, v. 55, p. 295-303, 2014.

MARQUES, J. L.; VOLCAO, L. M.; FUNCK, G. D.; KRONING, I. S.; SILVA, W.
P.; FIORENTINI, A. M.; RIBEIRO, G. A. Antimicrobial activity of essential oils of
Origanum vulgare L. and Origanum majorana L. against Staphylococcus aureus
isolated from poultry meat. Industrial Crops and Products, v. 77, p. 444—450,
2015.

MEDINA, A. L.; HAAS, L. I. R.; CHAVES, F. C.; SALVADOR, M.; ZAMBIAZI, R.
C.; SILVA, W. P.; NORA, L.; ROMBALDI, C. V. Araca (Psidium cattleianum
Sabine) fruit extracts with antioxidant and antimicrobial activities and
antiproliferative effect on human cancer cells. Food Chemistry, v. 128, p. 916-
922, 2011.

MEIRA, Q. G. S.; BARBOSA, |. M.; ATHAYDE, A. J. A. A.; SIQUEIRA-JUNIOR,
J. P.; SOUZA, E. L. Influence of temperature and surface kind on biofilm
formation by Staphylococcus aureus from food-contact surfaces and sensitivity
to sanitizers. Food Control, v. 25, p. 469-475, 2012.



101

MHALLA, D.; BOUAZIZ, A.; ENNOURI, K.; CHAWECH, R.; SMAQOUI, S;;
JARRAYA, R.; TOUNSI, S.; TRIGUI, M. Antimicrobial activity and bioguided
fractionation of Rumex tingitanus extracts for meat preservation. Meat Science,
v. 125, p. 22-29, 2017.

MICELI, A.; ALEO, A.; CORONA, O.; SARDINA, M. T.; MAMMINA, C;
SETTANNI, L. Antibacterial activity of Borago officinalis and Brassica juncea
aqueous extracts evaluated in vitro and in situ using different food model
systems. Food Control, v. 40, p. 157-164, 2014.

MICHAEL, G. B.; SCHWARZ, S. Antimicrobial resistance in zoonotic
nontyphoidal Salmonella an alarming trend? Clinical Microbiology and
Infection, v. 22, p. 968-974, 2016.

MORAIS-BRAGA, M. F. B.; SALES, D. L.; SILVA, F. S.; CHAVES, T. P.; BITU,
V.C.N.; AVILEZ, W. M. T.; RIBEIRO-FILHO, J.; COUTINHO, H. D. M. Psidium
guajava L. and Psidium brownianum Mart ex DC. potentiate the effect of
antibiotics against Gram-positive and Gram-negative bacteria. European
Journal of Integrative Medicine, v. 8, p. 683—-687, 2016.

M@RETR®, T.; HERMANSEN, L.; HOLCK, A. L.; SIDHU, M. S.; RUDI, K;;
LANGSRUD, S. Biofilm Formation and the Presence of the Intercellular
Adhesion Locus ica among Staphylococci from Food and Food Processing

Environments. Applied and Environmental Microbiology, v. 69, p. 5648—
5655, 2003.

NAICKER, P. R.; KARAYEM, K.; HOEK, K. G. P.; HARVEY, J.; WASSERMAN,
E. Biofilm formation in invasive Staphylococcus aureus isolates is associated
with the clonal lineage. Microbial Pathogenesis, v. 90, p. 41-49, 2016.

NATARO, J. P.; KAPER, J. B. Diarrheagenic Escherichia coli. Clinical
Microbiology Reviews, v. 11, p. 142-201, 1998.

NEGI, P. S. Plant extracts for the control of bacterial growth: Efficacy, stability
and safety issues for food application. International Journal of Food
Microbiology, v. 156, p. 7-17, 2012.

NGUYEN, T. V,; VAN, P. L,; HUY, C. L.; GIA, K. N.; WEINTRAUB, A. Detection
and Characterization of Diarrheagenic Escherichia coli from Young Children in
Hanoi, Vietham. Journal of Clinical Microbiology, v. 43, p. 755-760, 2005.



102

NIKMARAM, N.; BUDARAJU, S.; BARBA, F. J.; LORENZO, J. M.; COX, R. B;
MALLIKARJUNAN, K.; ROOHINEJAD,S. Application of plant extracts to
improve the shelf-life, nutritional and health-related properties of ready-to-eat
meat products. Meat Science,v. 145, p. 245-255, 2018.

NING, Y.; YAN, A.; YANG, K.; WANG, Z.; LI, X.; JIA, Y. Antibacterial activity of
phenyllactic acid against Listeria monocytogenes and Escherichia coli by dual
mechanisms. Food Chemistry, v. 228, p. 533-540, 2017.

NYARKO, E. B.; DONNELLY, C. W. Listeria monocytogenes: Strain
Heterogeneity, Methods, and Challenges of Subtyping. Journal of Food
Science, v. 80, p. 2868-2878, 2015.

OLIVEIRA, A. M.; FERNANDES, M. S.; FILHO, B. A. A.; GOMES, R. G;;
BERGAMASCO, R. Inhibition and removal of staphylococcal biofilms using
Moringa oleifera Lam. aqueous and saline extracts. Journal of Environmental
Chemical Engineering, v. 6, p. 2011-2016, 2018.

OMBARAK, R. A.; HINENOYA, A.; AWASTHI, S. P.; IGUCHI, A.; SHIMA, A_;
ELBAGORY, A. M.; YAMASAKI, S. Prevalence and pathogenic potential of
Escherichia coli isolates from raw milk and raw milk cheese in Egypt.
International Journal of Food Microbiology, v. 221, p. 69-76, 2016.

ORHAN, D. D.; OZCELIK, B.; OZGEN, S.; ERGUN, F. Antibacterial, antifungal,
and antiviral activities of some flavonoids. Microbiological Research, v. 165,
p. 496-504, 2010.

OZCELIK, B.; ORHAN, |.; TOKER, G. Antiviral and antimicrobial assessment of
some selected flavonoids. Zeitschrift fir Naturforschung, v. 61c, p. 632-638,
2006.

PALMERI, R.; PARAFATI, L.; RESTUCCIA, C.; FALLICO, B. Application of
prickly pear fruit extract to improve domestic shelf life, quality and microbial
safety of sliced beef. Food and Chemical Toxicology, v. 118, p. 355-360,
2018.

PANDEY, R. P.; PARAJULI, P.; KOFFAS, M. A. G.; SOHNG, J. K. Microbial
production of natural and non-natural flavonoids: Pathway engineering, directed



103

evolution and systems/synthetic biology. Biotechnology Advances, v. 34, p.
634-662, 2016.

PARSONS, B. D.; ZELYAS, N.; BERENGER, B. M.; CHUI, L. Detection,
characterization, and typing of Shiga toxin-producing Escherichia coli. Frontiers
in Microbiology, v. 7, 478, p. 1-12, 2016.

PASS, M. A.; ODEDRA, R.; BATT, R. M. Multiplex PCR for identification of
Escherichia coli virulence genes. Journal of Clinical Microbiology, v. 38, p.
2001-2004, 2000.

RAHMAN, A.; KANG, S. C.In vitro control of food-borne and food spoilage
bacteria by essential oil and ethanol extracts of Lonicera japonica Thunb. Food
Chemistry, v. 116, p. 670-675, 2009.

RODRIGUES, J. B. S.; CARVALHO, R. J.; SOUZA, N. T.; OLIVEIRA, K. S;
FRANCO, O. L.; SCHAFFNER, D.; SOUZA, E. L.; MAGNANI, M. Effects of
oregano essential oil and carvacrol on biofilms of Staphylococcus aureus from
food-contact surfaces. Food Control, v. 73, p. 1237-1246, 2017.

SAEEDI, P.; YAZDANPARAST, M.; BEHZADI, E.; SALMANIAN, A. H.;
MOUSAVI, S. L.; NAZARIAN, S.; AMANI, J. A review on strategies for
decreasing E. coli O157:H7 risk in animals. Microbial Pathogenesis, v. 103, p.
186-195, 2017.

SALEEM, M.; SAEED, M. T. Potential application of waste fruit peels (orange,
yellow lemon and banana) as wide range natural antimicrobial agent. Journal
of King Saud University. doi: 10.1016/j.jksus.2019.02.013. 2019.

SARIMAHMUT, M.; BALIKCI, N.; CELIKLER, S.; ARI, F.; ULUKAYA, E.;
GULERYUZ, G.; OZEL, M. Z. Evaluation of genotoxic and apoptotic potential
Hypericum adenotrichum Spach. in vitro. Regulatory Toxicology and
Pharmacology, v. 74, p. 137-146, 2016.

SCALBERT, A. Antimicrobial properties of tannins. Phytochemistry, v. 30, p.
3875-3883, 1991.



104

SCALLAN, E.; HOEKSTRA, R. M.; ANGULO, F. J.; TAUXE, R. V,;
WIDDOWSON, M. A.; ROY, S. L.; JONES, J. L.; GRIFFIN, P. M. Foodborne
illness acquired in the United States—major pathogens. Emerging Infectious
Diseases, v. 17, p. 7-15, 2011.

SHAN, B.; CAl, Y. Z.; BROOKS, J. D.; CORKE, H. The in vitro antibacterial
activity of dietary spice and medicinal herb extracts. International Journal of
Food Microbiology, v. 117, p. 112-119, 2007.

SHELOBOLINA, E. S.; SULLIVAN, S. A.; O'NEILL, K. R.; NEVIN, K. P;
LOVLEY, D. R. Isolation, characterization, and U(VI)-reducing potential of a
facultatively anaerobic, acid-resistant bacterium from low-pH, nitrate- and U(VI)-
contaminated subsurface sediment and description of Salmonella subterranean
sp. nov. Applied and Environmental Microbiology, v. 70, p. 2959-2965,
2004.

SHEN, X.; SUN, X.; XIE, Q.; LIU, H.; ZHAO, Y.; PAN, Y.; HWANG, C.; WU, V.
C. H. Antimicrobial effect of blueberry(Vaccinium corymbosum L.) extracts
against the growth of Listeria monocytogenes and Salmonella Enteritidis. Food
Control, v. 35, p. 159-165, 2014.

SHEPPARD, S. K.; MAIDEN, M. C. The evolution of Campylobacter jejuni and
Campylobacter coli. Cold Spring Harbor Perspectives in Biology. 2015. doi:
10.1101/cshperspect.a018119.

SHI, C.; CHE, M.; ZHANG, X.; LIU, Z.; MENG, R.; BU, X.; YE, H.; GUO, N.
Antibacterial activity and mode of action of totarol against Staphylococcus
aureus in carrot juice. Journal of Food Science and Technology, v. 55, p.
924-934, 2018.

SHI, X.; ZHU, X. Biofilm formation and food safety in food industries. Trends in
Food Science & Technology, v. 20, p. 407-413, 2009.

SILVA, D. A. L.; CAMARGO, A. C.; TODOROQV, S. D.; NERO, L. A. Listeria spp.
contamination in a butcher shop environment and Listeria monocytogenes
adhesion ability and sensitivity to food contact surface sanitizers. Journal of
Food Safety, p. 1-8, 2016.



105

STEPANOVIC, S.; VUKOVIC, D.; HOLA, V.; DI BONAVENTURA, G.; DJUKIC,
S.; CIRKOVIC, I.; RUZICKA, F. Quantification of biofilm in microtiter plates:
overview of testing conditions and practical recommendations for assessment of
biofilm production by staphylococci. APMIS, v. 115, p. 891-899, 2007.

STERZENBACH, T.; CRAWFORD, R. W.; WINTER, S. E.; BAUMLER,A. J.
Salmonella virulence 435 mechanisms and their genetic basis. In: BARROW,
P. A,METHNER, U.(Org.). Salmonella in Domestic Animals. Wallingford:
CAB International, 2013. p. 80-103.

SUN, X.; ZHOU, T.; WEI, C.; LAN, W.; ZHAO, Y.; PAN, Y.; WU, V. C. H.
Antibacterial effect and mechanism of anthocyanin rich Chinese wild blueberry
extract on various foodborne pathogens. Food Control, v. 94, p. 155-161,
2018.

SWAMINATHAN, B.; GERNER-SMIDT, P. The epidemiology of human
listeriosis. Microbes and Infection, v. 9, p. 1236-1243, 2007.

TALEB, H.; MADDOCKS, S. E.; MORRIS, R. K.; KANEKANIAN, A. D. Chemical
characterization and the anti-inflammatory, anti-angiogenic and antibacterial
properties of date fruit (Phoenix dactylifera L.). Journal of
Ethnopharmacology, v. 194, p. 457-468, 2016.

THOLL, D. Biosynthesis and biological functions of terpenoids in plants.
Advances in Biochemical Engineering/Biotechnology, 2015. DOI
10.1007/10_2014_295.

TORLAK, E.; KORKUT, E.; UNCU, A. T.; SENER, Y. Biofilm formation by
Staphylococcus aureus isolates from a dental clinic in Konya, Turkey. Journal
of Infection and Public Health, v. 10, p. 809-813, 2017.

TORTORA, Gerard J.; FUNKE, Berdell R.; CASE, Christine L.
Microbiologia.10.ed. Porto Alegre: Artmed, 2012. 894 p.

TYSKI, S.; MARKIEWICZ, M.; GULEWICZ, K.; TWARDOWSKI, T. The effect of
lupin alkaloids and ethanol extracts from seeds of Lupinus angustifolius on
selected bacterial strains. Journal of Plant Physiology, v. 133, p. 240-242,
1988.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Stepanovi%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17696944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vukovi%C4%87%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17696944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hola%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17696944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Bonaventura%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17696944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Djuki%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17696944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Djuki%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17696944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cirkovi%C4%87%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17696944
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruzicka%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17696944

106

VATTEM, D. A,; LIN, Y.; GHAEDIAN, R.; SHETTY, K. Cranberry synergies for
dietary management of Helicobacter pylori infections. Process Biochemistry,
v. 40, p. 15683-1592, 2005.

VAZQUEZ-SANCHEZ, D.; GALVAO, J. A.; MAZINE, M. R.; GLORIA, E. M.;
OETTERER, M. Control of Staphylococcus aureus biofilms by the application of
single and combined treatments based in plant essential oils. International
Journal of Food Microbiology, v. 286, p. 128-138, 2018.

VETAS, D.; DIMITROPOULOU, E.; MITROPOULOU, G.; KOURKOUTAS, Y.;
GIAOURIS, E. Disinfection efficiencies of sage and spearmint essential oils
against planktonic and biofilm Staphylococcus aureus cells in comparison with
sodium hypochlorite. International Journal of Food Microbiology, v. 257, p.
19-25, 2017.

WAHLSTROM, H.; ANDERSSON, Y.; PLYM-FORSHELL, L.; PIRES, S. M.
Source attribution of human Salmonella cases in Sweden. Epidemiology and
Infection, v. 139, p. 1246-1253, 2011.

WANG, L.; NAKAMURA, H.; KAGE-NAKADAI, E.; HARA-KUDO, Y ;
NISHIKAWA, Y. Prevalence, antimicrobial resistance and multiple-locus
variable-number tandem-repeat analysis profiles of diarrheagenic Escherichia
coli isolated from different retail foods. International Journal of Food
Microbiology, v. 249, p. 44-52, 2017.

WEERAKKODY, N. S.; CAFFIN, N.; TURNER, M. S.; DYKES, G. A. In vitro
antimicrobial activity of less-utilized spice and herb extracts against selected
food-borne bacteria. Food Control, v. 21, p. 1408-1414, 2010.

WHO (World Health Organization), 2018. Foodborne diseases. Disponivel em:
<http://www.who.int/topics/foodborne_diseases/en/>. Acesso em: 18 out. 2018

WHO (World Health Organization), 2018. Food safety. Disponivel em:
<http://www.who.int/news-room/fact-sheets/detail/food-safety>. Acesso em: 09
ago. 2018

WHO (World Health Organization). WHO estimates of the global burden of
foodborne diseases. Foodborne Disease Burden Epidemiology Reference
Group 2007-2015. 2015. 255 p.


http://www.who.int/topics/foodborne_diseases/en/
http://www.who.int/news-room/fact-sheets/detail/food-safety

107

WU, Y.; BAI, J.; ZHONG, K.; HUANG, Y.; GAO, H. A dual antibacterial
mechanism involved in membrane disruption and DNA binding of 2R, 3R-
dihydromyricetin from pine needles of Cedrus deodara against Staphylococcus
aureus. Food Chemistry, v. 2018, p. 463-470, 2017.

XU, C.; YAGIZ, Y.; ZHAO, L.; SIMONNE, A,; LU, J.; MARSHALL, M. R. Fruit
quality, nutraceutical and antimicrobial properties of 58 muscadine grape
varieties (Vitis rotundifolia Michx.) grown in United Stated. Food Chemistry, v.
215, p. 149-156, 2017.

YANG, X.; HUANG, J.; WU, Q.; ZHANG, J.; LIU, S.; GUO, W.; CAI, S.; YU, S.
Prevalence, antimicrobial resistance and genetic diversity of Salmonella
isolated from retail ready-to-eat foods in China. Food Control, v. 60, p. 50-56,
2016a.

YANG, S.; PEI, X.; WANG, G.; YAN, L.; HU, J.; LI, Y.; LI, N.; YANG, D.
Prevalence of food-borne pathogens in ready-to-eat meat products in seven
different Chinese regions. Food Control, v. 65, p. 92-98, 2016b.

YONG, Y.Y.; DYKES, G.; LEE, S. M.; CHOO, W. S. Effect of refrigerated
storage on betacyanin composition, antibacterial activity of red pitahaya
(Hylocereus polyrhizus) and cytotoxicity evaluation of betacyanin rich extract on
normal human cell lines. LWT — Food Science and Technology, v. 91, p. 491-
497.

ZAMBRANO, C.; KEREKES, E. B.; KOTOGAN, A.; PAPP, T.; VAGVOLGYI, C.;
KRISCH, J.; TAKO, M. Antimicrobial activity of grape, apple and pitahaya
residue extracts after carbohydrase treatment against food-related bacteria.
LWT - Food Science and Technology, v. 100, p. 416-425, 2019.

ZHANG, H.; WU, J.; GUO, X. Effects of antimicrobial and antioxidant activities
of spice extracts on raw chicken meat quality. Food Science and Human
Wellness, v. 5, p. 39-48, 2016.

ZHANG, S.; WU, Q.; ZHANG, J.; LAI, Z.; ZHU, X. Prevalence, genetic diversity,
and antibiotic resistance of enterotoxigenic Escherichia coli in retail ready-to-eat
foods in China. Food Control, v. 68, p. 236-243, 2016.



108

ZHANG, Y.; LIU, X.; WANG, Y.; JIANG, P.; QUEK, S. Antibacterial activity and
mechanism of cinnamon essential oil against Escherichia coli and
Staphylococcus aureus. Food Control, v. 59, p. 282-289, 2016.

ZHOU, H.; REN, J.; LI, Z. Antibacterial activity and mechanism of pinoresinol
from Cinnamomum Camphora leaves against food-related bacteria. Food
Control, v. 79, p. 192-199, 2017.

ZHU, M. J.; OLSEN, S. A.; SHENG, L.; XUE, Y.; YUE, W. Antimicrobial efficacy
of grape seed extract against Escherichia coli O157:H7 growth, motility and
Shiga toxin production. Food Control, v. 51, p. 177-182, 2015.

ZORE, G. B.; THAKRE, A. D.; JADHAV, S.; KARUPPAYIL, S. M. Terpenoids
inhibit Candida albicans growth by affecting membrane integrity and arrest of
cell cycle. Phytomedicine, v. 18, p. 1181-1190, 2011.



