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RESUMO

A carie dentaria ¢ um problema de saude publica, que estd associada ao aumento de
Streptococcus mutans e Lactobacillus acidogénicos, envolvidos no inicio e progressao das
lesdes, respectivamente. Os antimicrobianos padrao-ouro no combate a essas bactérias vém
apresentando efeitos adversos que incentivam o estabelecimento de estudos para
identificacdo de substancias alternativas para a prevencdo da doenca. O objetivo deste
trabalho foi avaliar o potencial antimicrobiano de extratos de Caryocar villosum contra
bactérias responsaveis pela doenca carie, Streptococcus mutans e Lactobacillus sakei.
Extratos de polpa, semente e casca de C. villosum, obtidos com diferentes solventes (etanol,
hidroalcdolico, hexano e metanol) em concentragdes que variaram de 5 a 0,009 mg/mL,
foram testados. Para determinar a Concentracao Inibitoria Minima (CIM), foi adicionado
a placa de 96 orificios 50 pL das solugdes dos extratos ou clorexidina em diferentes
concentragdes juntamente com 50 pl. de cultura bacteriana. Como controle negativo foi
utilizado Caldo Infusdo Cérebro e Coracao (BHI) estéril ao invés da solugao dos extratos.
Apo6s incubagao a 37° C por 48 horas, foi acrescentado resazurina para avaliar a viabilidade
celular. A natureza da atividade antimicrobiana, foi avaliada através do tempo de morte dos
micro-organismos desafiados a concentragdes de 2 CIM e CIM dos extratos, incubadas a
37°C. Aliquotas de 10 pL foram plaqueadas, em intervalos de tempo crescentes até 24 horas,
em placas de Petri com agar BHI, incubadas a 37° C por 24 horas para contagem das
unidades formadoras de colonias (UFC/mL). A liberagdao de proteinas intracelulares das
bactérias foi avaliada para avaliagdo de possivel agdo dos extratos sobre a parede celular
bacteriana, ap6s incubagdo a 37°C por 5 horas. Para a avaliacao da interferéncia dos extratos
na capacidade de aderéncia a superficie pelas bactérias, concentragcdes entre 0,312 a 5
mg/mL foram utilizadas em placas de microtitulagdo com as culturas das duas bactérias, e
incubadas a 37° C por 24 horas. Apos esse periodo os pocos foram lavados com agua
destilada, e adicionados metanol, cristal violeta e por ultimo acido acético glacial. A
quantidade de micro-organismos aderidos a placa foi medida por absorbancia a 540nm. Os
extratos apresentaram atividade antimicrobiana em CIM variando entre 1,25 ¢ 2,5 mg/mL,
para as duas bactérias testadas. Todos os extratos testados contra L. sakei apresentaram agao
bactericida, ja contra S. mutans a atividade variou entre bacteriostatica e bactericida. Mesmo
resultados apontando capacidade bactericida para alguns extratos, no teste de liberagdo de
proteinas, ndo houve indicativo de comprometimento da parede celular, sugerindo que o

mecanismo de acao dos extratos sobre as bactérias seja em outro alvo celular. A capacidade



de reduzir a aderéncia bacteriana a superficie foi observada em todas as concentracdes
testadas, inclusive as subinibitdrias, sendo um resultado importante, visto que a carie ¢ uma
doenca biofilme-dependente. Os resultados do presente estudo sdo relevantes para o uso dos
diferentes extratos de C. villosum no combate e prevengdo da cérie. Novos estudos devem
ser conduzidos para identificagdo dos compostos ativos presentes nos extratos, além da

avaliacdo da toxicidade e danos @ mucosa oral para o uso seguro.

Palavras-chave: Frutos amazonicos. Extratos naturais. Carie dental.



ABSTRACT

Dental caries is a public health problem that is associated with an increase in acidogenic
Streptococcus mutans and Lactobacillus, involved in the onset and progression of lesions,
respectively. The gold standard antimicrobials in combating these bacteria have shown
adverse effects that encourage the establishment of studies to identify alternative substances
for the prevention of the disease. The objective of this work was to evaluate the
antimicrobial potential of Caryocar villosum extracts against bacteria responsible for caries
disease, Streptococcus mutans, and Lactobacillus sakei. Pulp, seed and peel extracts of C.
villosum, obtained with different solvents (ethanol, hydroalcohol, hexane and methanol) at
concentrations ranging from 5 to 0.009 mg/mL, were tested. To determine the Minimum
Inhibitory Concentration (MIC), 50 pL of extract solutions or chlorhexidine at different
concentrations was added to the 96-well plate along with 50 puL of bacterial culture. As a
negative control, sterile Brain and Heart Infusion Broth (BHI) was used instead of the extract
solution. After incubation at 37° C for 48 hours, resazurin was added to assess cell viability.
The nature of the antimicrobial activity was evaluated through the death time of the
microorganisms challenged at concentrations of 2 MIC and MIC of the extracts, incubated
at 37° C. Ten pL aliquots were plated, at increasing time intervals up to 24 hours, in Petri
dishes with BHI agar, incubated at 37° C for 24 hours to count colony forming units
(CFU/mL). The release of intracellular proteins from bacteria was evaluated to assess the
possible action of the extracts on the bacterial cell wall, after incubation at 37°C for 5 hours.
To assess the interference of extracts on the ability of bacteria to adhere to the surface,
concentrations between 0.312 and 5 mg/mL were used in microtiter plates with cultures of
the two bacteria and incubated at 37° C for 24 hours. After this period, the wells were washed
with distilled water, and methanol, crystal violet and finally glacial acetic acid were added.
The number of microorganisms adhered to the plate was measured by absorbance at 540nm.
The extracts showed antimicrobial activity in MIC varying between 1.25 and 2.5 mg/mL,
for the two tested bacteria. All extracts tested against L. sakei showed bactericidal action,
whereas against S. mutans the activity varied between bacteriostatic and bactericidal. Even
though results indicate a bactericidal capacity for some extracts, in the protein release test,
there was no indication of cell wall impairment, suggesting that the mechanism of action of
the extracts on bacteria is in another cell target. The ability to reduce bacterial adhesion to
the surface was observed at all concentrations tested, including sub-inhibitory ones, being

an important result, since caries is a biofilm-dependent disease. The results of the present



study are relevant for the use of different extracts of C. villosum in combating and preventing
caries. New studies must be conducted to identify the active compounds present in the

extracts, in addition to the evaluation of toxicity and damage to the oral mucosa for safe use.

Keyword: Amazonian fruits. Natural extracts. Dental caries.
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1. INTRODUCAO

A carie dentaria, um problema de satide publica que acomete entre 60 e 90% das criangas,
além de grande parte dos adultos (ROCHA, 2017). A carie se apresenta como uma doenga
cronica, multifatorial, sacarose dependente e associada ao aumento de Streptococcus mutans e
Lactobacillus acidogénicos, que estdo envolvidos no inicio € na progressao das lesoes,
respectivamente. Esses micro-organismos tem a capacidade de metabolizar carboidratos em
acidos, desencadeando a desmineralizacao do esmalte dental (PORTO et al., 2018).

Essa doenca ¢ biofilme-dependente, sendo o biofilme uma comunidade de micro-
organismos aderidos a superficie, que geralmente sdo encapsulados e protegidos por uma matriz
extracelular composta por varios biopolimeros, fazendo com que a elimina¢do nao seja uma
pratica simples (JUN et al.,2018; PORTO et al., 2018). A principal medida efetiva para a
prevengdo da carie ¢ justamente a remog¢ao mecanica do biofilme com uso de escovas e fio
dental. Porém, a remog¢do mecanica do biofilme é dependente da destreza do operador e
qualidade dos produtos utilizados. Para contornar essa limitagdo, métodos quimicos sdo
propostos para complementar a higienizagao bucal (JAIN e JAIN, 2016; JUN et al., 2018). Na
Odontologia o digluconato de clorexidina é considerado a substincia antimicrobiana padrao-
ouro. Entretanto, esta substidncia apresenta efeitos adversos como escurecimento dental,
hipersensibilidade, alteracdo do paladar, formacao de calculo supragengival e descamagdo da
mucosa oral. Com isso, verifica-se a importancia do estabelecimento de estudos que busquem
novos tratamentos alternativos a clorexidina para o combate e prevencdo as infeccoes
bacterianas orais causadoras de enfermidades orais como a carie (TAKENAKA,OHSUMI,
NOIRI, 2019; JAIN e JAIN, 2016).

Como opgao de superar a problematica da resisténcia, cientistas buscam nas plantas opgdes
aos antimicrobianos convencionais, com intuito de diminuir seus efeitos adversos (NAZZARO
et al., 2013). Os extratos obtidos de plantas ja sdo incorporados na odontologia através de
produtos de higiene oral, como exemplo, os cremes dentais e enxaguantes a base de propolis,
carvao, cravo, Azadirachta indica (JANAKIRAM et al., 2020), Melaleuca alternifolia
(PIEKARZ et al., 2017) e Carica papayaextrato (SALIASI et al., 2018).

Os compostos naturais utilizados na prevencdo da carie normalmente sdo metabolitos
secundarios necessarios para sobrevivéncia da planta e que possuem atividades bioldgicas. Os
metabolitos utilizados mais comuns sdo alcalodides, fenois, flavonoides e dcidos organicos, que
além de ser uma alternativa econdmica, tem sua eficacia comprovada (CHEN et al., 2020).

As espécies do género Caryocar, sdo conhecidas popularmente como piquia, pequi ou piqui

de acordo com a espécie e local onde ¢ encontrada. Dentre as espécies que possuem maior



12

estabelecimento de estudos cientificos se encontram Caryocar brasiliense, Caryocar villosum
e Caryocar coriaceum (NASCIMENTO-SILVA e NAVES, 2019). As arvores deste género sao
encontradas nas Américas Central e do Sul, e especialmente no territério brasileiro sdo
encontradas na regido Centro Oeste, regido ocidental do estado de Minas Gerais, no Nordeste e
na regiao Amazonica (TORRES et al., 2018).

As frutas de Caryocar sao fontes ricas em componentes nutricionais importantes como
acidos graxos monoinsaturados (MUFA), fibras, minerais, compostos bioativos (TORRES et
al., 2018) e carotendides (NASCIMENTO-SILVA e NAVES, 2019). As quantidades desses
diferentes componentes, podem variar dependendo da espécie, de condigdes ambientais das
regides nas quais as arvores estao inseridas, parte da fruta analisada e o tipo de andlise feita
(TORRES et al., 2018). Além das caracteristicas nutricionais importantes, os frutos também se
apresentam como potenciais fontes de compostos bioativos com diversas atividades biologicas
(Quadro 1).

Quadro - Atividade bioldgica de espécies do género Caryocar spp.

Atividade Biolégica Espécie Parte da planta Referéncias
C. coriaceum | Polpa FIGUEIREDO et al., 2016
- . NASCIMENTO-SILVA ¢
C. brasiliense | Améndoa NAVES, 2019
C. brasiliense
Agdo anti-inflamatéria C. coriaceum | Polpa TORRES et al., 2018
C. villosum
C. villosum Polpa e Casca YAMAGUCHI et al., 2017
C. villosum Polpa XAVIER et al., 2011
NASCIMENTO-SILVA e
Acdo anticancerigena C. brasiliense |Polpa NAVES, 2019
TORRES et al., 2018
Acao hepatoprotetora C. brasiliense | Améndoa EQE/%ISI\,/IS é\gO-SILVA ©
Casca ALVES et al., 2017
Ac¢ao lishmanicida C. coriaceum TOMIOTTO-PELLISSIER
Folhas
etal., 2018
. o . NASCIMENTO-SILVA e
Antigenotoxico C. villosum Polpa N AE/CES, 20190 S
C. brasiliense | Améndoa PASSOS et al., 2002
Antifungico C. coriaceum | Casca ALVES et al., 2017
C. villosum Polpa GRENAND et al., 2003
C. brasiliense | Polpa FERREIRA et al., 2011
) ) Casca ALVES et al., 2017
Antibacteriano )
C. coriaceum Polpa COSTA et al., 2011
SARAIVA etal., 2011
Nematicida C. coriaceum | Polpa ALVES et al., 2017
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C brasili Pol NASCIMENTO-SILVA e
. brasiliense | Polpa NAVES, 2019
C. villosum Polpa
— - TORRES et al., 2018
C. brasiliense | Polpa e améndoa
. Lo C. villosum Polpa e Semente YAMAGUCHI et al., 2017
Efeito antioxidante
CHISTE et al., 2012
Poloa CHISTE e MERCADANTE,
C. villosum P 2012
BARRETO et al., 2009
Casca ROXO et al., 2020
NASCIMENTO-SILVA e
Solipidem C. coriaceum | NAVES, 2019
Hipolipidemico Polpa FIGUEIREDO et al., 2016
C. brasiliense TORRES et al., 2018

Fonte: Elaborado pelo autor (2021).

Tipicas da floresta amazonica brasileira, as arvores da espécie C. villosum, o “piquid”,
apresentam frutos ricos em carboidratos, aminoacidos, minerais e oligoelementos (CHISTE e
MERCADANTE, 2012), baixo teor de agua e alto teor de gordura (MAGID et al., 2006)
(Figural).

Figura 1 — Caryocar villosum.

Fonte: Arquivo pessoal dos autores (2021).

A composi¢ao nutricional e a presenca de compostos bioativos em C. villosum, oferecem a
fruta atividades bioldgicas importantes. Uma avaliagdo dos compostos bioativos presentes no
“piquid” realizada por Yamaguchi et al. (2017), verificou a presenca de compostos fenolicos e
flavonoides na casca e polpa da fruta. A presenga desses compostos, ¢ indicativa de atividade
antioxidante e anti-inflamatoria, as quais foram confirmadas, pois os extratos de polpa e casca
mostraram alta capacidade de eliminar espécies reativas de oxigénio ¢ 6xido nitrico, que estdo

presentes no processo inflamatorio, em baixas concentragdes variando de 2 -50 pg/mL, com
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baixo potencial toxico.

A presenca de acidos graxos no o6leo de C. villosum também foi associado a atividade anti-
inflamatoria por Xavier et al. (2011), tendo sua atividade comparada com a dexametasona, um
corticosteroide que modula a resposta de linfocitos. Em outro estudo (ROXO et al., 2020), o
extrato da casca de C. villosum, mostrou alta capacidade em eliminar radicais livres, com
resultados compativeis com o acido ascorbico, um potente antioxidante. Os autores também
sugeriram que essa acdo esteja relacionada com a presenca de acidos graxos, principalmente
galico e elagico.

A atividade antioxidante e anti-inflamatoria é bem relatada na literatura, conforme Quadro
1. J& quanto a atividade antimicrobiana, os estudos sao restritos, sendo encontrada apenas
atividade antifungica (GRENAND et al., 2003). Outras espécies do gé€nero, apresentaram
atividade importante contra bactérias Gram-positivas (COSTA et al., 2011; SARAIVA et al.,
2011) e Gram-negativas (FERREIRA et al., 2011; SARAIVA et al., 2011).

De forma a buscar alternativas benéficas e acessiveis para o combate a problematica da
carie dental, alguns estudos tém apresentado potencial de algumas plantas para obten¢do de
compostos antimicrobianos no emprego de terapia e prevencao desta enfermidade. Assim,
levando em consideragdo, a alta incidéncia da carie e a atividade antimicrobiana apresentada
por extratos de Caryocar, especialmente aqueles com acao sobre bactérias Gram-positivas, que
¢ o caso daquelas com importancia na etiologia da carie, torna-se relevante o estudo do potencial
antimicrobiano de extratos da espécie Caryocar villosum. Nao héa registros na literatura
relatando atividade antibacteriana desta espécie em bactérias envolvidas na doenca carie, sendo
esse um trabalho inédito na avaliacdo destes extratos sobre essas bactérias, na busca de

alternativas a clorexidina para o combate da carie dental.
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2. OBJETIVOS
2.1 OBJETIVO GERAL

Avaliar o potencial antimicrobiano de extratos de Caryocar villosum contra as bactérias

envolvidas na doenga cérie, Streptococcus mutans € Lactobacillus sakei.

2.2 OBJETIVOS ESPECIFICOS

e Avaliar as concentragdes inibitdrias minimas dos extratos de Caryocar villosum;

e Avaliar atividade bactericida e/ou bacteriostatica dos extratos de Caryocar villosum;

e Avaliar a atividade de diferentes concentracdes dos extratos de Caryocar villosum
sobre a capacidade de aderéncia das estirpes de Streptococcus mutans e

Lactobacillus sakei.

e Avaliar a possivel atividade dos extratos de Caryocar villosum sobre a parede

bacteriana de Streptococcus mutans e Lactobacillus sakei.
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3. ARTIGO CIENTIFICO

Artigo cientifico enviado para publicagcdo no periédico Archives of oral biology, Qualis
CAPES Interdisciplinar B1. A estruturagdo do artigo baseou-se nas instrugdes aos autores

preconizadas pelo periodico (ANEXO A).

“Antimicrobial properties of Caryocar villosum (Aubl.) Pers. against bacteria involved in

dental caries”

Pamella Buenos Aires Domingues?, Fernanda Venturato Roquim®, Jalio Silvio de Sousa Bueno
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Governador Valadares (Minas Gerais, Brazil). Avenida Moacir Paleta, 1173, Sdo Pedro,
Governador Valadares, Minas Gerais, Brasil. fabio.pieri@ufjf.br

ABSTRACT

Caries is a multifactorial oral disease associated with microorganisms. Chlorhexidine
gluconate is the main antimicrobial used to control cariogenic bacteria, however it has side
effects. The products based on natural compounds present broad biological activity, including
those related to oral diseases. Caryocar villosum, as species with economic and nutritional
importance in the Amazon region, has bioactive compounds with important biological
activities. Belonging to this genus are found species that present antimicrobial activity against
other Gram-positive bacteria, but C. villosum do not present any scientific evidence about its
effect on bacteria involved in caries. The objective of this study was to evaluate the
antimicrobial potential of C. villosum extracts against caries etiologic agents, Streptococcus
mutans and Lactobacillus sakei. The Minimum Inhibitory Concentration (MIC) of the extracts

was evaluated by microdilution. Complementary evaluations of time to death and protein
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release were performed, besides the evaluation of the interference of the extracts in the ability
of the bacteria to adhere to the surface. The extracts presented MIC between 1.25 and 2.5
mg/mL, some suggesting bacteriostatic potential, others bactericidal. Even with some extracts
suggesting bactericidal capacity, in the protein release test, there was no indication of cell wall
compromise. The ability to reduce bacterial adherence to the surface was observed in all
concentrations tested, including the subinhibitory ones, being an important result, since caries
is a biofilm-dependent disease. The results of the present study indicate C. villosum extracts
as a potential alternative in preventing caries disease. Further studies are needed to evaluate

the compounds present in the extracts, besides the evaluation of toxicity for safe use.

Keywords: Natural extracts, amazon fruits, biological activity, Streptococcus mutans,

Lactobacillus sakei

1. Introduction

Caries is an oral disease with high incidence worldwide, affecting children and adults (Jeon
et al., 2011; Ribeiro et al., 2019). It is the main pain-causing oral disease, which limits
masticatory functions, and impacts people's aesthetics and quality of life (Bud et al., 2021).
Caries is a chronic, multifactorial, sucrose dependent and infectious disease. The
microorganisms involved in its progression metabolize carbohydrates into acids, affecting
calcified tissues through enamel demineralization (Porto et al., 2018). Several microorganisms
are associated with its development, including Streptococcus mutans, which plays a key role in
the initiation of biofilm installation due to its acidogenic, aciduric and extracellular matrix-
producing nature (Jeon et al., 2011; Ribeiro et al., 2019) and Lactobacillus spp., involved in
disease progression (Bud et al., 2021).

The prevention of caries is through the mechanical removal of bacterial biofilm, through
brushing and flossing. However, this practice depends on the operator's dexterity, the amount
of daily brushing and the quality of the products used, given these limitations, chemical agents
are proposed as aids in cleaning (Jain & Jain, 2016; Jun et al., 2018). Chlorhexidine digluconate
is an antimicrobial with high efficacy against oral infections with adsorption capacity in oral
tissues and residual effect, which is considered the gold standard in dentistry (Hortense et al.,
2010). However, its use is restricted and cannot be used daily for long periods, as it has adverse
effects such as tooth darkening, hypersensitivity, taste alteration, formation of supragingival
calculus and desquamation of the oral mucosa (Takenaka et al., 2019; Jain & Jain, 2016). Such
effects search for therapeutic alternatives to control cariogenic bacteria and the onset of the

disease essential.
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There is an interest from researchers and industry in the development of new products based
on natural products (Ribeiro et al., 2019). These products are important sources of bioactive
compounds that offer broad biological activity, including oral diseases (Jeon et al., 2011), in
addition to having fewer adverse effects when compared to conventional substances (Nazzaro
et al., 2013). A promising but still poorly studied botanical genus is Caryocar, which is easily
found in Central and South America, in Brazil it is present in the Midwest, Western region of
Minas Gerais, Northeast and Amazon region (Torres et al., 2018). The species of the genus have
important biological activities, such as improvement in cardiac activity, anticancer,
hepatoprotective, anti-inflammatory, antioxidant, antigenotoxic and antimicrobial action
(Nascimento-Silva & Naves, 2019; Torres et al., 2018).

Caryocar villosum, popularly known as “piquid”, is native to the Amazon and is used in
local cuisine, industry and culture (Yamaguchi & Souza, 2021). The fruits of the species are
round, irregular, with an average of seven to nine centimeters in diameter. The fruit pulp is rich
in fatty acids (Lorenzo et al., 2021), low in the water, sugars and organic acids (Magid et al.,
2006). Both the pulp and the peel have considerable amounts of total phenolic compounds,
flavonoids (Yamaguchi et al., 2017) and carotenoids (Chiste & Mercadante, 2012; Chiste et al.,
2012). The presence of these bioactive compounds indicates their use as a nutritional
supplement and promising herbal medicine. In the literature, there are reports of biological
activities such as antioxidant (Chisté et al., 2012; Lorenzo et al., 2021), anti-inflammatory
(Xavier et al., 2011) and antifungal (Grenand et al., 2004), however, there are still no records
regarding the antimicrobial activity against bacteria associated with caries.

Studies in the literature have shown the correlation of bioactive natural products of the
genus Caryocar and the antimicrobial capacity of fruits, as for example, the antimicrobial
activity of Caryocar coriaceum pulp oil against Gram-positive bacteria, Staphylococcus aureus
and Streptococcus pneumoniae (Costa et al. 2011). Thus, the composition rich in bioactive
compounds and the records of promising activities for other species of the genus Caryocar, are
fundamentals that make the establishment of the use of C. villosum in research in the search for
effective and accessible alternatives to combat and prevent caries disease (Ferreira et al. 2011;
Costa et al. 2011; Saraiva et al. 2011).

Given the above, this study aimed to evaluate the antimicrobial potential of Caryocar
villosum extracts against bacteria involved in development of dental caries, for use in combating

and preventing the public health problem that caries represents.

2. Materials and methods
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2.1 Strains, culture media and storage conditions

The strains used of Streptococcus mutans (UA159) and Lactobacillus sakei (ATCC
15521) are part of the bacteriotheca of the Federal University of Juiz de Fora — Campus
Governador Valadares (UFJF-GV). They are stored in microtubes containing Man Rogosa
Sharpe broth (MRS) (HiMedia, Marg, Munbai, India), added with 20% glycerol (v/v) at -20°C,

for activation throughout the experimental process.
2.2 Preparation of C. villosum extract solutions

The extracts of C. villosum were extracted by ultrasound in partnership with the Federal
University of Amazonas (ISB/UFAM), Coari — Amazonas, from different parts of the fruit,
pulp, seed and peel, obtained with different solvents, hydroalcohol, ethanol, hexane and
methanol. After processing the extraction of compounds by different solvents, they were
evaporated to obtain the mass of different extracts of C. villosum. The extract solutions were
obtained and solubilized with dimethylsulfoxide (DMSO) (Exodus scientific, Sumar¢, Sao
Paulo, Brazil) at the proportion of 10 mg/mL. A serial dilution was then established in Brain
Heart Infusion Broth (BHI) (Titan Biotech LTD. Bhiwadi, Rajasthan, India), from 5 mg/mL
to 0.009 mg/mL. The extracts were coded according to Chart 1.

2.3 Establishment of Minimum Inhibitory Concentrations (MIC)

The strains were subjected to the MIC test according to CLSI (2015) with modifications.
The extracts were tested at different concentrations ranging from 5 to 0.009 mg/ml. For this,
50uL of culture in BHI broth (Titan Biotech LTD) of each strain at 1.5x10° CFU/mL were
inserted into 96 orifices microtiter plates plates along with 50uL of the solutions of the extracts
at different concentrations. As a positive control, 50uL of the culture of each strain plus S0uL
of a known effective antimicrobial solution, in this case 2% chlorhexidine digluconate, was
used. For the negative control, 50uL of culture from each strain plus 50uL of autoclaved BHI
(Titan Biotech LTD) was used. In addition to the extracts, chlorhexidine was also tested at
concentrations from 2% to 0.003% as an additional form of control. The plates were incubated
at 37° C in a bacteriological oven for 48 hours.

After the 48 hours incubation time, 50uL of 0.01% resazurin solution (InLab Confianca,
Diadema, Sao Paulo, Brazil) was added to each hole to verify the presence of cell viability. The
orifices where there was a reduction of resazurin (blue color) into resorufin (pink color)
indicated bacterial viability (Palomino et al., 2002). The MIC was defined as the lowest

concentration of the solutions with the ability to prevent bacterial growth during 48h.
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2.4 Time kill curve

The test was performed according to CLSI (2015) with modifications. Previously, a serial
dilution was performed in base 10 of the inoculum in BHI (Titan Biotech LTD) to evaluate the
possible concentration for colony counting.

Were used MIC and 2 MIC of extracts and concentrations of 0.12% and 2% for
chlorhexidine gluconate. Bacterial cultures standardized to the concentration of 5.5x10°
CFU/mL, at the same volumes of the MIC assay, were incubated at 37°C in BHI broth (Titan
Biotech LTD). At predetermined times (0, 4, 8, 10, 12 and 24h), a 10uL aliquot was obtained
for plating on Petri plates with BHI agar (Titan Biotech LTD). Then, the Petri plates will be
incubated at 37°C. The reading was performed 24 hours after each collection and plating time,
for colony counting and obtaining the respective number of colony forming units (CFU/mL).
The tests were performed in duplicate and the result considered, the calculation of the average

of each sample.

2.5 Protein Release Test

Protein quantification was obtained from the suspension of bacterial cells treated with the
extracts obtained from Caryocar villosum. The assay was performed according to Bradford
(1976) with modifications. For the test, the concentration of MIC and 2MIC were used for the
extracts and 1.5x10° UFC/mL for the strains. The samples were incubated at 37°C for 5 hours,
then underwent agitation in a centrifuge (Nova Instruments, Piracicaba, Sdo Paulo, Brazil) at
3000 RPM (revolutions per minute) for 30 minutes. A 5SuL aliquot of the supernatant was
obtained and 250 pL of Bradford's reagent (Sigma Life Science, Sao Paulo, Sdo Paulo, Brazil)
was added to determine the release of intracellular protein content. Protein quantification was
determined by spectrophotometry with A of 594nm (Thermo Scientific, Waltham,
Massachusetts, United States of America). BHI (Titan Biotech LTD), BHI added with each of
the extracts, and BHI added with bacteria were used as controls. The standard curve was
established with bovine serum albumin (BSA) (Sigma Life Science, Sao Paulo, Sao Paulo,

Brazil) diluted in BHI broth (Titan Biotech LTD) at concentrations of 0.1 pg/mL to 0.5 pg/mL.

2.6 Assessment of Interference on Bacterial Adhesion

In this step, the concentrations between 0.312 to 5 mg/mL obtained for each extract were
considered. Following protocol by Stepanovic et al., (2000) with modifications, 190 pL of
diluted culture of each strain was plated at 1.5 x10°UFC/mL along with 60 uL of each
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antimicrobial in 96 orifices microtiter plates. For the positive control, autoclaved distilled water
was added along with 190 pL of culture and for the negative control, autoclaved BHI (Titan
Biotech LTD) without the addition of the strains. The plates were incubated at 37°C for 24h,
after this period three washes with distilled water were done and dried at room temperature.
Then 250 pl of methanol (Panreac Quimica SLU, Castellar dell Vallés, Barcelona, Spain) was
added and left for 15 minutes. After removal of the methanol and natural drying, the holes were
stained with crystal violet (Scientific Exodus, Sumar¢, Sdo Paulo, Brazil) for 10 minutes and
washed with autoclaved distilled water, and again, dried at room temperature. Finally, 250l of
glacial acetic acid (Sciavicco Comércio e Industria LTDA, Sabara, Minas Gerais, Brazil) 33%
per orifice was added.

The adhesion capacity was measured by absorbance in a spectrophotometer (Thermo
Scientific) with A of 540nm, comparing the optical density (OD) of the treatment with that of

the controls. All procedures were performed in duplicate.

2.7 Statistical Analysis

The results obtained in the protein release test and adherence evaluation underwent a
statistical analysis that initially consisted of a descriptive analysis of the data, by means of
measures of central tendency, variability and shapes. The measures of shape, such as
asymmetry, refer to the shape of the data distribution. The variables used for both tests were
optical density data, plate factor, controls, concentrations, solvents, plant part, bacteria and
treatments.

After the descriptive analysis, regression models were adjusted to explain and quantify the
relationship between variables. To determine the standard curve of albumin, in the protein
release test, the simple linear regression model was used, represented by Y=Xp+¢, where Y is
the dependent variable, X the explanatory variables,  is the angular coefficient and €
represents all residual factors plus possible measurement errors (Reencher & Achaalje, 2008).

To analyze the results of the adherence and protein release tests, the mixed model and
analysis of variance (ANOVA) were used, considering a significance level of 5%. In this
model, besides the fixed effects, random effects are also evaluated, in this case the plate effect.
The notation of the mixed model is represented by Y=Xp+Zy+ €, where Z is the random effects
and y are the parameters associated with it (McCulloch & Searle, 2001).

The intercept is the value at which the fitted line crosses the y-axis (y, x=0). Due to the

methodological limitations of the impossibility of randomizing the treatments in 96 orifices
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microtiter plates, the estimates of some factor levels were omitted, because it generated a
collinearity problem and confounding of effects. These values that were omitted are included
in the value of the intercept so that it was possible to perform the estimation.

All analyses and results were obtained using the R programming language (R Core Team,

2021).

3. Results
3.1 Minimum Inhibitory Concentrations (MIC)

The antimicrobial evaluation of the extracts of Caryocar villosum fruit parts and their
respective solvents against S. mutans showed the same MIC value, 1.25 mg/mL, as represented
in Table 1. The MIC results of the extracts against L. sakei ranged from 1.25 mg/mL to 2.5
mg/mL, as represented in Table 1.

Chlorhexidine, the gold standard in dentistry, up to the time of the reading in all

concentrations tested, from 2% to 0.003%, showed no viable bacterial cells.

3.2 Time kill curve

The death time curve test will suggest the nature of the action of the extracts according to
the concentration tested. The extracts PPE, PPHx, PPHi, CPHi, SPM and CPM, at MIC
concentration suggest bactericidal action on S. mutans bacteria, according to Figure 1. Except
for PPE, that the activity conferred complete inhibition starting at T8, the others promoted
inhibition of the viable bacterial load starting at TO, with no growth of any colony until the last
evaluated time. On the other hand, extracts PPM, SPHx, and SPE, at MIC concentration,
showed inhibition for a certain time, with growth returning after T4, T8, and T12, respectively,
suggesting a bacteriostatic nature of their activity. When evaluated at /2 MIC concentration, the
SPE, SPHx, PPM and SPM extracts showed a behavior very similar to the control, in other
words, no antimicrobial action, whereas the PPHx, CPHi and CPM extract according to their
behavior suggests a bacteriostatic nature, and the PPHx among them showed the longest

inhibition time.

The extracts obtained from C. villosum when tested against L. sakei, except for PPM, all
showed suggestive activity as bactericidal at MIC concentration. The %2 MIC concentration of
PPHi, SPM and PPM behaved very similarly to the control, whereas PPE, SPE, PPHx, SPHx

and CPHi appeared to have bacteriostatic activity, with inhibition of bacterial activity for up to
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8 hours, according to Figure 2.

Both 0.12% and 2% chlorhexidine inhibited the growth of L. sakei strains until the last time
point evaluated (T24) (Figure 3). Against S. mutans, the 0.12% concentration inhibited the
bacteria until reading T4, while the 2% concentration inhibited them until T8. This suggests
that the standard antimicrobial used in dentistry is bactericidal against L. sakei and bacteriostatic

against S. mutans.

3.3 Protein Release Test

The cell membrane integrity was determined by treating the bacterial cells with different
concentrations of the plant extracts (control, MIC and 2 MIC) and measuring the amount of
proteins released from the supernatant of the tested bacteria. When analyzing the optical density
variable did not show normal distribution, and therefore the Box-Cox transformation was
applied to the data to stabilize the variance and make the data more similar to the normal
distribution (Box & Cox, 1964).

Two models were performed, in the first, represented in Table 2, the significance of the
effects was evaluated. In this model, it was observed that only the controls and the bacteria
showed a significant difference (p<0.05).

In another model, the combinations of treatments whose effects were significant were
evaluated (Table 3). Only 2% chlorhexidine was capable of damaging the cell wall of S. mutans
and causing protein leakage up to the time of reading (Table 3, Graph 1). The other treatments,
even though they presented a significant difference (p<0.05), presented negative estimates, that
is, did not increase the release of protein.

The standard protein used as bovine serum albumin (BSA) (Sigma Life Science), at

concentrations ranging from 0 to 50 ug/mL. The recorded OD generated the following equation:

_y—0.416
*=70.005
Where 0.416 is the intercept and 0.005, the angular coefficient.

3.4 Assessment of Interference on Bacterial Adhesion

The optical density variable did not show normal distribution, and the Box-Cox
transformation of the data was performed (Box & Cox, 1964). In the adherence evaluation
assay, two models were also performed, and Table 4 shows the significance of the effects.
When the adherence capacity of S. mutans and L. sakei was evaluated, there was no statistical

difference between the two bacteria or between the different concentrations tested (p<0.05)
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(Table 4).

After analyzing the significance of the effects, each treatment was verified among those
with significant effects (Table 5, Chart 2). Among the extracts evaluated, PPE, PPHx, SPE and
SPHi showed significant difference (p<0.05), with the pulp extracts (PPE and PPHx) reducing
the adherence of bacteria to the surface (negative estimate), and the seed extracts (SPE and
SPHi) inducing bacterial adherence (positive estimate). Chlorhexidine at both concentrations
showed p<0.05, with estimates higher than the positive control. Suggesting that this

antimicrobial at the different concentrations induces the adherence of bacteria to the surface.
4. Discussion

The genus Caryocar, in addition to its nutritional importance, the plants of the genus are
used sustainably, all their parts are used. In French Guiana, Colombia, Venezuela and the
central-western and northern regions of Brazil they are used in cooking and the cosmetic

industry and are part of the culture of these places (Magid et al., 2006).

The fruits of C. villosum, popularly called “piquia”, are considered interesting sources of
bioactive compounds. The fruits of this species, have phenolic compounds (Chiste et al., 2012),
being the most abundant the gallic acid, rhamnoside ellagic acid and ellagic acid (Chiste &
Mercadante, 2012). Twelve carotenoids are founding according to Chiste et al. (2012) and
Chiste & Mercadante (2012). Boy et al., (2021) evaluated the efficiency of the extraction of
phenolic compounds using two methods, agitation and ultrasound. The highest values were
found for ultrasound extraction, the same method as in the present study. Phenolic compounds
are involved with the ability to reduce oxidative stress and antioxidant activity (Hirata et al,
2004; Campos & Frasson, 2011), with anti-inflammatory, estrogenic, enzyme inhibition,
antiallergic, vascular activity, cytotoxic antitumor activity (Cushine & Lamb, 2005), besides
the antimicrobial activity well reported in the literature (Hintz et al., 2015; Ribeiro et al., 2019;
Jeon et al., 2011; Cushine & Lamb, 2005). This activity is justified by the ability of these
compounds to bind to soluble extracellular proteins, in addition to forming complexes with the
bacteria cell wall (Ribeiro et al., 2019; Cowan, 1999). These authors even reported flavonoid
activity against S. mutans.

The extracts tested against S. mutans showed the same Minimum Inhibitory Concentration
(MIC) of 1.25 mg/mL for all treatments with extracts obtained from C. villosum. Against L.
sakei, the MIC values varied between 1.25 and 2.5 mg/mL, as shown in Table 1. The extracts
that presented MIC 1.25 mg/mL were very close to the limit considered by Rios & Recio (2005),

which is 1 mg/mL for extracts and 0.1 mg/mL for isolated compounds. The MIC test is a
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preliminary analysis, requiring a further evaluation to assess other parameters, mechanisms and
specificities.

Thus, to evaluate the nature of the activity of the extracts at different concentrations, the
time kill curve test was performed. All extracts tested against L. sakei in MIC concentration
suggest a bactericidal activity because until the last moment evaluated there was complete
inhibition of bacteria, being that SPE and SPM inhibited the growth completely since the first
evaluated time (T0), and PPHi took more time to start the process of bacterial inhibition, having
the complete inhibition in T8. For the other extracts, there was complete inhibition from T4
until the last reading, taken 24 hours after plating.

For the extracts tested against S. mutans, only SPE, SPHx and PPM are suggested to possess
bacteriostatic activity nature. Among these, PPM showed inhibition of bacterial growth only 4
hours (from TO to T4), while the others, inhibition occurred during 8 hours. The SPHx inhibition
happened from the first reading until T8, while the SPE interaction of the extract with the
bacteria took a little longer, with complete inhibition happening from T4 to T12. The other
extracts tested against this bacterium suggest that they are bactericidal because they inhibited
the growth of the bacteria until the last reading.

For cases in which the concentrations of /2 MIC and MIC behaved similarly in the time kill
curve, as in the case of PPE and PPHi against S. mutans and CPM against L. sakei, one might
think that in the previous evaluation of minimum inhibitory concentration made in
microdilution at the time of the 48 hours reading the MIC would be 1.25 mg/mL for the
mentioned extracts. However, in the methodology of the time to time kill curve, until the 24
hours reading the bacteria did not show growth, suggesting that the real MIC is 0.625 mg/mL,
according to Holetz et al., (2002) with weak antimicrobial activity.

The bacterial cell wall when exposed to antibacterial agents can be compromised.
Extravasation of cytoplasmic contents is an indication of damage to this structure (Wang et al.,
2015). No studies evaluating the mechanism of action of C. villosum in bacterial cell walls were
identified. However, studies showed that Gram-positive bacteria, such as Staphylococcus
aureus, had the amount of protein release increased when compared to amoxicillin when treated
with compounds from isolated Gycosmis pentaphylla (Murugan et al., 2020), when treated with
oil of Abelmoschus moschatus seed, the result did not show higher protein release than the
control (Arokiyaraj et al., 2015). This difference in activity can be explained by the difference
in the composition of the analyzed products. In the present study, although there was evidence
of extracts with bactericidal activity, there was no increase in protein release (p<0.05) when the

cariogenic bacteria were treated with the “piquid” extracts. More studies need to be done to
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evaluate if the extracts have an alternative action mechanism to the cell wall or if the protein
leakage would happen in a longer time than the one evaluated in this study (5 hours). What can
be noticed was a significant protein release (p<0.05) for S. mutans when treated with 2%
chlorhexidine. However, the same antimicrobial in a lower concentration of 0.12%, did not
show protein release in any of the treated bacteria, corroborating with Cieplik et al. (2019) that
presents the activity of this antimicrobial as concentration-dependent, in other words, in lower
concentrations, it presents itself as bacteriostatic and in higher concentrations, bactericidal with

extravasation of intracellular components.

Natural oils are expected to have better activity on Gram-positive bacteria due to their cell
wall structure composed of up to 95% peptidoglycan, which enables the entry of lipophilic
molecules. In contrast, Gram-negative bacteria have a thinner peptidoglycan layer and an outer
membrane composed of a double layer of phospholipids bound internally by
lipopolysaccharides (LPS). The outer membrane has many porins, which function as
hydrophilic transmembrane channels, the set of these characteristics are responsible for the

relative resistance of these bacteria to natural extracts (Costa et al., 2011; Orchard & Vuuren,

2017; Nazzaro et al., 2013).

Caries is disease dependent on biofilm formation. This physical-chemical process is
formed by a mixed community of bacteria, S. mutans being the primary bacteria. The initial
attachment and accumulation of microorganisms on the tooth surface is sucrose dependent.
When the biofilm is not removed from the surface, they are exposed to carbohydrates from the
diet that are metabolized by the bacteria into organic acids and synthesized into
polysaccharides. The greater the number of extracellular polysaccharides, the greater the
bacterial adhesion, biofilm cohesion, and the formation of a structure necessary for the
establishment of this adhered biofilm. The biofilm matrix is an acidic environment, granting a
competitive advantage to acidophilic bacteria such as S. mutans and Lactobacillus spp. (Jeon
etal., 2011). Given the biofilm-dependent nature of caries disease, the need to search for agents
capable of inhibiting or reducing the ability of bacteria to adhere to the tooth surface is a reality.
Of the extracts obtained from C. villosum tested, the concentrations did not interfere in the
capacity of adherence (p<0.05), however, the part of the plant and the solvent used for
extraction, was significant. The extracts obtained from the pulp, PPE and PPHx, that in the
time kill curve suggest to be bactericidal in MIC concentration, showed ability to reduce the
adherence of bacteria to the surface, including in sub-inhibitory concentrations. This behavior

may be attributed to the compounds present, being necessary studies for the identification and
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quantification of these compounds and their ability to inhibit bacteria adherence to the surface.

Despite its advantageous antimicrobial properties, chlorhexidine has adverse effects that
contraindicate its daily use, such as staining of the teeth, alteration in the taste buds with
consequent taste alteration, scaling of the oral mucosa, and formation of supragingival calculus
(Zanatta & Rosing, 2007). In the adherence evaluation test, an increase in adherence of S.
mutans and L. sakei to the surface was observed in the presence of chlorhexidine at the two
concentrations evaluated. This result is consistent with the study by Zannata et al. (2010),
which showed the paradoxical behavior of the antimicrobial, even with properties that reduce
plaque formation, the increase in calculus formation is a reality when chlorhexidine is used as
a mouthwash in concentrations from 0.12%, especially if the surfaces already have stains and
plaque. This influence on the process of supragingival calculus formation is not fully
understood, according to the authors. Biofilm is formed when bacteria are under stress as a
defense mechanism. Environmental, nutritional and antimicrobial factors in sub-inhibitory
concentrations can induce the formation of this biofilm (Costa et al., 2014). Therefore, one
hypothesis is that chlorhexidine gluconate causes a stress on bacterial cells before inhibiting

them.

The antibacterial activity of other species of the genus Caryocar is described in the
literature, such as the pulp of C. coriaceum, with activity against S. aureus (Costa et al., 2011;
Saraiva et al., 2011), Gram-positive bacteria, as well as cariogenic bacteria. According to
Freese et al., (1973), this action is justified by the presence of high levels of fatty acids,

compounds that are also present in C. villosum (Xavier et al., 2011; Roxo et al., 2020).

In the preliminary test of antimicrobial activity evaluation, MIC, C. villosum extracts
presented inhibitory concentrations between 1.25 and 2.5 mg/mL and the results of the time
kill curves showed that the extracts can moderate the growth of the main bacteria responsible
for the development of caries. Moreover, the ability to reduce adherence to surfaces at
concentrations starting at 0.312 mg/mL is important considering the pathophysiology of caries
disease as dependent on the formation of bacterial biofilm. Considering the set of results found
in this study, PPE was the extract considered the most promising with low MIC against S.
mutans and L. sakei, suggesting that it has bactericidal activity in addition to reducing
adherence at low concentrations. However, peel and seed extracts require special attention, as
they are parts of the plant that would normally be discarded. The sustainable use of these by-
products would add social value to the use of these extracts. The results of this study are

relevant and innovative, however, further studies are needed to evaluate the active compounds



28

present in the extracts, in addition to the evaluation of toxicity and damage to the oral mucosa

for the safe use and possible development of a product for use in dentistry.
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Table 1- The minimum inhibitory concentration of Caryocar villosum extracts obtained
from different parts of the plant with four solvents against Streptococcus mutans and
Lactobacillus sakei, in mg/mL.

Ethanol Hydroalcohol Hexane Methanol
Streptococcus mutans
Pulp 1.25 125 1.25 1.25
Seed 1.25 1.25 1.25 1.25
Peel * 1.25 * 1.25
Lactobacillus sakei
Pulp 1.25 2.5 2.5 1.25
Seed 25 1.25 25 1.25
Peel * 1.25 * 1.25

Source: Prepared by the author. * There was no extract with the solvent

Table 2- Analysis of variance protein release in caries-causing microorganisms
(Streptococcus mutans and Lactobacillus sakei) treated with different concentrations and

extracts of Caryocar villosum fruit parts produced from different organic solvents.

SumSq MeanSq  NumDF Pr(>F)
Control 0.113 0.028 4 =0
Concentration 0.005 0.005 1 0.312
Solvent 0.020 0.007 3 0.231
Part of the plant 0.019 0.009 2 0.130
Bacteria 0.447 0.447 1 =0




Table 3- Estimates of the coefficients of the treatments for protein release.
Estimate  Std. Error Pr(>|t])

Intercept 0.681 0.038 =0

Chlorhexidine 0,12% (L. sakei) -0.141 0.053 0.009
Chlorhexidine 0,12% (S. mutans) 0.029 0.053 0.584
Chlorhexidine 2% (L. sakei) -0.049 0.053 0.365
Chlorhexidine 2% (S. mutans) 0.198 0.053 =0

CPHi (L. sakei) -0.108 0.046 0.021
CPHi (S. mutans) -0.048 0.046 0.299
CPHXx (S. mutans) 0.013 0.046 0.775
CPM (L. sakei) -0.144 0.046 0.002
Positive (L. sakei) -0.006 0.053 0.905
PPE (L. sakei) -0.166 0.046 =0

PPE (S. mutans) -0.036 0.046 0.443
PPHi (L. sakei) -0.129 0.046 0.017
PPHi (S. mutans) -0.099 0.046 0.035
PPHXx (L. sakei) -0.119 0.053 0.028
PPHXx (S. mutans) -0.037 0.046 0.430
PPM (L. sakei) -0.132 0.046 0.005
PPM (S. mutans) -0.043 0.046 0.356
SPE (L. sakei) -0.141 0.053 0.009
SPE (S. mutans) -0.035 0.046 0.449
SPHi (L. sakei) -0.157 0.046 =0

SPHi (S. mutans) -0.029 0.046 0.532
SPHXx (L. sakei) -0.173 0.053 0.001
SPHx (S. mutans) 0.008 0.046 0.833
SPM (L. sakei) -0.145 0.046 0.002
SPM (S. mutans) 0.044 0.046 0.345

Table 4- Analysis of variance of the adhesion evaluation of caries-causing
microorganisms (Streptococcus mutans and Lactobacillus sakei) treated with different
concentrations and extracts of Caryocar villosum fruit parts produced from different
organic solvents.

Sum Sq  Mean Sq NumDF Pr(>F)

Control 14.347 3.587 4 =(

Concentration 0.365 0.365 1 0.101
Solvent 1.161 0.387 3 0.037
Part of the plant 3.249 1.625 2 0.018
Bacteria 0.631 0.316 2 0.106




Table 5- Estimates of the coefficients of the treatments in the adherence evaluation.

Estimate Std. Error Pr(>t))
Intercept 0.975 0.094 =0
Chlorhexidine 0,12% 1.639 0.199 =0
Chlorhexidine 2% 1.687 0.199 =0
CPHi -0.092 0.113 0.417
CPM -0.076 0.113 0.500
Positive 0.750 0.078 =
PPE -0.334 0.108 0.002
PPHi 0.040 0.108 0.707
PPHXx -0.252 0.108 0.020
PPM -0.150 0.108 0.168
SPE 0.418 0.108 =
SPHi 0.268 0.108 0.014
SPHx 0.092 0.108 0.398

SPM 0.335 0.108 0.002
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Chart 1- Codes are used for naming the extracts obtained from different parts of the fruit

of Caryocar villosum (piquid) with different solvents by ultrasound.

Plant part Solvents Code
Ethanol PPE
Hydroalcohol PPHi
Pulp Hexane PPHx
Methanol PPM
Ethanol SPE
Hydroalcohol SPHi
Seed Hexane SPHx
Methanol SPM
Hydroalcohol CPHi
Peel
Methanol CPM

Figure 1- Time kill curve of Streptococcus mutans when treated with different concentrations,
ranging from MIC to 2 MIC, of the Caryocar villosum extracts.
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Source: Prepared by the author. *In the T12 reading of the PPHi extract and T24 of the CPM, it was a

lost plot. A trend line was made at these times.
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Figure 2- Time kill curve of Lactobacillus sakei when treated with different concentrations,
ranging from MIC to 2 MIC, of the Caryocar villosum extracts.
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Source: Prepared by the author. *On the T18 reading of the SPM extract, it was a lost plot, and a trend
line was performed at that point. There was not enough PPM extract to perform the test.

Figure 3- Time kill curve of Lactibacillus sakei and Streptococcus mutans when treated with
chlorhexidine at 0.12% and 2% concentration.
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Source: Prepared by the author.

Figure 3- a) L. sakei time kill curve tested with 0.12% and 2% chlorhexidine. b) S. mutans time kill
curve tested with 0.12% and 2% chlorhexidine.
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Graph 1- Estimated coefficients of the protein release test on caries-causing
microorganisms (Streptococcus mutans and Lactobacillus sakei) treated with different
concentrations of extracts obtained from Caryocar villosum fruit parts, produced by
different organic solvents and with chlorhexidine at 0.12% and 2% concentration, with
significance, p<0.001.
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Graph 2- Estimation of adhesion evaluation coefficients on caries-causing
microorganisms (Streptococcus mutans and Lactobacillus sakei) treated with different
concentrations of extracts obtained from Caryocar villosum fruit parts, produced by
different organic solvents and with chlorhexidine at 0.12% and 2% concentration, with

significance, p<0.001.
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4. CONCLUSAO

Os extratos de C. villosum, apresentaram potencial antimicrobiano em concentragdes a
partir de 1,25 mg/mL, tanto para S. mutans quanto para L. sakei. A atividade dos extratos contra
L. sakei, se apresentou bactericida até o ultimo momento avaliado inibindo o crescimento das
bactérias. Ja para S. mutans, a maioria dos extratos também apresentaram natureza bactericida,
com excecao apenas do SPE, SPHx e PPM, os quais inibiram a multiplicagdo microbiana até
um determinado periodo, apds o qual houve retorno do crescimento bacteriano. Mesmo para
aqueles extratos que sugerem ter a¢do bactericida, ndo houve extravasamento de proteinas
intracelulares, sugerindo que acdo deles seja alternativa a parede celular ou que a destruicao da
parede ocorra em um tempo maior ao avaliado nesse estudo. Outra vantagem identificada para
os extratos, foi a capacidade de reduzir a aderéncia das bactérias em superficies, inclusive em
baixas concentragdes, o que impediria a formagao do biofilme, sem o qual ndo ocorreria a
formacao das caries. A partir dos resultados desse trabalho, pode-se concluir que os extratos de
C. villosum apresentam potencial antimicrobiano relevante sobre bactérias cariogénicas, e sao
promissores fontes de compostos para serem utilizados na prevengao da doenca carie.
Considerando o conjunto de resultados encontrados neste estudo, o PPE foi o extrato
considerado o mais promissor com baixa CIM contra S. mutans e L. sakei, sugerindo que possui
atividade bactericida além de reduzir a aderéncia em baixas concentragdes. No entanto, os
extratos da casca e da semente requerem atengdo especial, pois sdo partes da planta que
normalmente seriam descartadas. O uso sustentavel desses subprodutos agregaria valor social
ao uso desses extratos. Sugere-se, que novos estudos sejam conduzidos, para identificacdo dos
compostos ativos, e para avaliar a toxicidade dos mesmos, para o seu adequado e seguro

emprego na prevencao da doenca carie.
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ANEXOS

ANEXO A - Instrugdes aos autores preconizadas pelo periodico Archives of oral
biology

ARCHIVES OF ORAL BIOLOGY

A Multidisciplinary Journal of Oral & Craniofacial Sciences

I AUTHOR INFORMATION PACK

TABLE OF CONTENTS -

[ Description p.1
. Audience p:1
L] Impact Factor p.1
. Abstracting and Indexing p.2
. Editorial Board p.3
. Guide for Authors p.4
DESCRIPTION

Archives of Oral Biology is an international journal which aims to publish papers of the higheskt scientific
guality in the oral and craniofacial sciences including:

Cevelopmental biolegy Cell and molecular biclogy Molecular genetics Immunology Pathogenesis
Microbiology Biology of dental caries and perindontal disease Forensic dentistry Neuroscience Salivary
biology Mastication and swallowing Comparative anatomy Paelecdontology Archives of Oral Biology
will also publish expert reviews and articles concerned with advancement in relevant methodologies.
The journal will only consider clinical papers where they make a significant contribution to the
understanding of a disease process.lJournal Metrics

AUDIENCE

Oral biologists, physiologists, anatomists, pathologists.

IMPACT FACTOR

2020: 2.633 © Clarivate Analytics Journal Citation Reports 2021
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GUIDE FOR AUTHORS

Editors-in-Chief:

Professor S W Cadden, Dundee, Scotland
Dr Fionnuala T. Lundy, Northern Ireland, UK

Archives of Oral Biclogy is an international journal which aims to publish papers of the highest scientific
guality reporting new knowledge from the orofacial region including:
= developmental biology

= cell and molecular biology

= molecular genetics

= immunology

= pathogenesis

= microbiology

» biology of dental caries and periodontal disease

= forensic dentistry

= neuroscience

» salivary biclogy

= mastication and swallowing

= comparative anatomy

= paeleodontology

Archives of Oral Biology will also publish expert reviews and articles concermed with advancement in
relevant methodologies. The journal will consider clinical papers only where they make a significant
contribution to the understanding of a disease process.

These guidelines generally follow the Uniform Regquirements for Manuscripts Submitted to Biomedical
Journals

Types of Contribution

Original papers and review articles are welcomed. There will be no differentiation on the basis of
length into full or short communications. Editorial commentaries will also be considered but only by
invitation. All submissions will be refereed.

Page charges
This journal has no page charges.

Submission checklist
You should use this list to carry out a final check of your submission before you send it to the journal
for review. Please check all relevant sections in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
# E-mail address
= Full postal address

All necessary files have been uploaded:

Manuscript:

= Include keywords

= All figures (include relevant captions)

= All tables {including titles, description, footnotes)

= Ensure all figure and table citations in the text match the files provided
= Indicate clearly if color should be used for any figures in print
Graphical Abstracts {(where applicable)

Highlights (where applicable)

Supplemental files (where applicable)}

Further considerations
#» Manuscript has been 'spell checked' and "grammar checked'
= All references mentioned in the Reference List are cited in the text, and vice versa



+ Permission has been obtained for use of copyrighted matenal from other sources (including the
Internet)

+ Relevant declarations of interest have been made

= Declarations of authors' contributions have been made if there are four or more authors

= Journal policies detailed in this guide have been reviewed

+ Referee suggestions and contact detzils provided, based on journal requirements

For further information, visit our Support Center

BEFORE YOU BEGIN

Ethics in publishing
Please see our information on Ethics in publishing.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
{Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence {or association) of sex on the results of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file {if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
‘Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
dedared in both places and that the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously {except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication’ section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically, without the written consent of the copyright-holder. To
verify originality, your article is likely to be checked by the originality detection service CrossCheck.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.9. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
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another on the grounds of age, gender, race, ethnidty, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns (“clinicians, patients/clients") as default/wherever possibie
to avoid using "he, she,” or "he/she.” We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and wvalid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

Authorship
All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes to Authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and to provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only before
the manuscript has been accepted and only if approved by the journal Editor. To request such a
change, the Editor must receive the following from the corresponding author: (2) the reason for the
change in author list and {b) written confirmation {e-mail, letter) from all authors that they agree with
the addition, removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on yvour behalf
with no need to reformat. Please note that your article will be reviewad again by the new jourmnal.
Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’ (ses
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a "Journal Publishing Agreement’ form or a link to the online version

of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions, Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
‘License Agreement’ {more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
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As an author you (or your employer or institution) have certain rights to reuse your work. More
infarmation.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor{s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access
Please visit our Open Access page for more information.

Eisevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn™ environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language {usage and editing services)

Please write your text in good English {American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mall.

PREPARATION

Queries

For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.

Feer review

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
twio independent expert reviewers to assess the scientific guality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

REVISED SUBMISSIONS
When submitting the revised manuscript, please make sure that you upload the final version of
the paper with the changes highlighted. Please remove the old version{s) of the manuscript before

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
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The electronic text should be prepared in a way very similar to that of conventional manuscripts {see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To minimize unnecessary errors you are strongly advised to use the "spell-check’ and "grammar-check’
functions of your word processor.

Article structure

Manuscript Structure

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords, Main text
{Introduction, Materials & Methods, Results, Discussion for an original paper), Acknowledgments,
Appendix, References, Tables and then Figure Captions. Do not import the Figures or Tables into your
text. The corresponding author should be identified with an asterisk and footnote. All other footnotes
{except for table footnotes) should be identified with superscript Arabic numbers.

Introduction

This should be a succinct statement of the problem investigated within the context of a brief review
of the relevant literature. Literature directly relevant to any inferences or argument presented in the
Discussion should in general be reserved for that section. The introduction may conclude with the
reason for doing the work but should not state what was done nor the findings.

Materials and Methods

Enough detail must be given here so that another worker can repeat the procedures exactly. Where
the materials and methods were exactly as in a previous paper, it is not necessary to repeat all the
details but sufficient information must be given for the reader to comprehend what was done without
having to consult the earlier work.

Authors are requested to make plain that the conditions of animal and human experimentation are
as outlined in the "Ethics” and "Studies on Animals" sections above

Results or Findings

These should be given clearly and concisely. Care should be taken to avoid drawing inferences that
belong to the Discussion. Data may be presented in various forms such as histograms or tables but,
in view of pressure on space, presentation of the same data in more than one form is unacceptable.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is occasionally appropriate. Avoid extensive citations and discussion
of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion section.

Essential title page information

= Title. Concise and informative. Titles are often used in information-retrieval systems. Awvoid
abbreviations and formulae where possible.

* Author names and affiliations. Please dearly indicate the given name(s) and family name{s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors’ affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

= Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
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» Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a "Present address’ (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retgined as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

As titles frequently stand alone in indexes, biblicgraphic journals etc., and indexing of papers is, o an
increasing extent, becoming computerized from key words in the titles, it is important that titles should
be as concise and informative as possible. Thus the animal species to which the cbservations refer
should always be given and it is desirable to indicate the type of method on which the cbservations
are based, e.g. chemical, bactericlogical, electron-microscopic, histochemical, etc. A "running title®
of not more than 40 letters and spaces must also be supplied. A keyword index must be supplied
for each paper.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a lock
at the examples here: example Highlights.

Highlights should be submitted in a2 separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet poinks {maximum 85 characters, induding
spaces, per bullet point}.

Structured abstract

The paper should be prefaced by an abstract aimed &t giving the entire paper in miniature. Abstracts
should be no longer than 250 words and should be structured as per the guidelines published in the
Journal of the American Medical Association (JAMA 19595; 273: 27-34). In brief, the abstract should be
divided into the following sections: (1) Objective; (2) Design - if clinical, to include setting, selection
of patients, details on the intervention, outcome measures, etc.; if laboratory research, to include
details on methods; (3} Results; (4) Condusions.

Keywaords

Immediately after the abstract, provide a maximum of & keywords, using British spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, ‘and', 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will
be used for indexing purposes.

Abbreviations

As Archives of Oral Biology is a2 journal with a multidisciplinary readership, abbreviations, except those
universally understood such as mm, g, min. u.v., w/v and those listed below, should be avoided if
possible. Examples of abbreviations which may be used without definition are: ADP, AMP, ATP, DEAE-
cellulose, DMNA, RNA, EDTA, EMG, tris.

Other abbreviations used to improve legibility should be listed as a footnote on the title page as well
as being defined in both the abstract and the main text on first usage. Chemical symbols may be used
for elements, groups and simple compounds, but excessive use should be avoided. Abbreviations
other than the above should not be used in titles and even these should be avoided if possible.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research {e.q., providing language help, writing assistance
or proof reading the article, etc,) but who did not meet all the criteria for authorship (see Authorship
section above).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxoox, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or crganization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
nok-for-profit sectors.
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Bacterial nomenclature

Organisms should be referred to by their scientific names according to the binomial system. When first
mentioned the name should be spelt in full and in italics. Afterwards the genus should be abbreviated
to its initial letter, e.g. 'S. aureus' not "Staph. aureus'. If abbreviation is likely bto cause confusion
or render the intended meaning unclear, the names of microbes should be speit in full. Only those
names which were included in the Approved List of Bacterial Names, Int J Syst Bacteriol 1980; 30:
225-420 and thosea which have been validly published in the Int 1 Syst Bacteriol since 1 January 1980
have standing in nomenclature. If there is good reason to use a name that does not have standing
in nomenclature, the names should be enclosed in guotation marks and an appropriate statement
conceming the nomenclatural status of the name should be made in the text (for an example see
Int 1 Syst Bacteriol 1980; 30: 547-556). When the genus zlone is used as a noun or adjective, use
lower case Roman not italic, e.g.'organisms were staphylococci’ and 'strepitococcal infection’. If the
genus is specifically referred to use italics e.g. 'organisms of the genus Staphylococcus'. For genus
in plural, use lower case roman e.g. "salmonellae’; plurzls may be anglicized e.g.'salmonellas’. For
frivial names, use lower case Roman e.q. 'meningococcus’

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

= Make sure you use uniform lettering and sizing of your original artwork.

= Embed the used fonks if the application provides that option.

= Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

= Number the illustrations according to their sequence in the text.

= Use a logical naming convention for your artwork files.

= Provide captions to illustrations separately.

= Size the illustrations close to the desired dimensions of the published version.

= Submit each illustration as a separate file.

# Ensure that color images are accessible to all, including those with impaired color vision.

A dekailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply "as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and linefhalftone combinations given below):

EPS {or PDF): Vector drawings, embed all used fonks.

TIFF {or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a8 minimum of
500 dpi.

Please do not:

= Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

= Supply files that are too low in resolution;

= Submit graphics that are disproportionately large for the content.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concemed about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a2 professional standard. Please visit the website to find out more.
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faples

Please submit tables as editable text and not as images. Tables should be placed on separate page(s)
towards the end of the manuscript (see Manuscript Structure, above). Number tables consecutively
in accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available}, year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properfy
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

APA (American Psychological Association) 7th Edition

Text: Citations in the text should follow the referencing style used by the American Psychological
Asspciation. You are referred to the Publication Manual of the American Psychological Association,
Seventh Edition, ISBN 978-1-433B-0561-5, copies of which may be ordered online or APA Order
Dept,, PO.B. 2710, Hyattsville, MD 20784, USA or APA, 3 Henrietta Street, London, WC3E BLU, UK.
List:; references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author{s) in the same year must be identified by
the letters 'a', 'b’, 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, 1., Hanraads, J. A. 1., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Sdentific Communications, 163, 51-59, https://doi.org/10.1016/j.5c.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, ]., Hanraads, ]. A. 1., & Lupton, R. A. (2018). The art of writing a scientific article.
Helivon, 19, e00205. hittps://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Ir, & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, {Chapter
43,

Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. {2009). How to prepare an electronic version of your article. In B. 5.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing
Inc.

Reference to a website:

Cancer Research UK. Cancer statistics reports for the UK. (2003). http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreporty Accessed 13 March 2003.

Reference to a dataset:

[dataset] Oguro, M., Imahiro, 5., Saito, 5., Makashizuka, T. (2015). Mortality data for Japanese
oak wilt disease and surrounding forest compasitions. Mendeley Data, v1. https://doi.org/10.17632/
¥wi9Bnb39r. 1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F, & Jarry, 1.L. (2005, November). The Body Image Behaviours Inventory-3:
Development and validation of the Body Image Compulsive Actions and Body Image Avoidance Scales.
Poster session presentation at the meeting of the Association for Behavioural and Cognitive Therapies,
New York, NY.



Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about awvailable data
visualization options and how to include them with your article.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or expenmentation that validate research findings. To facilitate
reproducibifity and data reuse, this journal also encourages you to share your software, code, medels,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References” section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Diata linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with

relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article.

When availabie, you can directly link your dataset to your article by providing the relevant information
in the submission system. For more information, visit the database linking page . For supported
data repositories a repository banner will automatically appear next to your published article on
ScienceDirect.

In addition, you can fink to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: »xxx (e.g., TAIR: AT1G0D1020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Dats. The datasets will be listed and directly accessible to readers next to your published articie online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.
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AFTER ACCEPTANCE

Online proo F correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, vou can also comment on figures/tables and answer gquestions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still cheose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published guickly and accurately. Please use this
proof anly for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the articde as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibiliby.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Statistical analysis
Authors should ensure that the presentation and statistical testing of data are appropriate and should
segk the advice of a statistician if necessary. A number of common errors should be avoided, e.g.: -

+ Use of parametric tests when non-parametric tests are required

» Inconsistencies between summary statistics and statistical tests such as giving means and standard
deviations for data which were analysed with non-parametric tests.

+ Multiple comparisons undertaken with multiple t tests or non-parametric equivalents rather than
with analysis of variance (ANOVA) or non-paramefric equivalents.

* Ppst hoc tests being used following an ANOVA which has yielded a non-significant result.

» Incomplete names for tests (e.g. stating "Student’s € test" without gqualifying it by stating "single
sampie”, "paired” or "independent sample")

= n values being given in a way which obscures how many independent samples there were (e.g.
stating simply n=50 when 10 samples/measurements were obtained from each of 5 animals/human
subjects).

« Stating that P=0.000 (a figure which is generated by some computer packages). The correct
statement {in this case) is P=0.0005.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways o get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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