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RESUMO

A Caatinga € uma formacdo vegetacional localizada na regido semiarida do Nordeste
brasileiro, que apresenta clima predominantemente seco com uma vegetacdo xerdfila
decorrente de longos periodos de seca e temperaturas altas. Devido a sua grande
biodiversidade essa regido tem sido alvo de estudos, destacando a busca de novos compostos
que inibam o crescimento de microrganismos, em vista das altas taxas de resisténcia destes
aos antibidticos tradicionais. A presente pesquisa determinou a composicdo quimica e
atividade anti-Staphylococcus aureus dos acidos graxos e Oleos essenciais extraidos das
sementes de Syagrus coronota (Mart.) Becc. (Arecaceae), conhecido popularmente por
ouricuri, uma planta endémica da Caatinga. Os 0leos essenciais das sementes foram extraidos
atraves da técnica de hidrodestilagcdo. Os acidos graxos foram extraidos com hexano a frio. Os
Oleos essenciais e acidos graxos foram diluidos em agua e Tween 80. A atividade
antimicrobiana foi realizada atravées da técnica de microdiluicdo seriada para determinacéo da
CMB e CMI de 6leos essenciais e acidos graxos de S. coronata frente a S. aureus. Os 0leos
essenciais foram identificados através de cromatografia gasosa acoplada a um espectrometro
de massas (GC/MS). Os &cidos graxos foram submetidos a uma reacdo de esterificacdo para
posterior identificacdo atraves do GC/MS. Através de andlises cromatograficas foram
encontrados 55 compostos no 0leo essencial de S.coronata sendo o a- Felandreno (26,26%),
trans- Cariofileno (18,01%) e B- Felandreno (12,93%) os compostos majoritarios. Os
principais acidos graxos identificados ambos saturados foram acido dodecandico e &cido
tetradecandico com 41,58 e 9,68%, respectivamente, seguido pelo &cido 9-octadecendico
(acido graxo monoinsaturado) com 23,81%. Apenas um acidos graxo poli-insaturado foi
identificado, o &cido 9,12-octadecadiendico com 3,59%. O 0leo essencial apresentou valores
de CIM variando de 0,02 a 0,04 pg/mL e valores de CMB de 0,04 a 0,32 pg/mL para as
linhagens de S. aureus avaliadas. Os acidos graxos apresentaram uma concentracao inibitoria
minima de 0,39 a 1,52 pL/mL e concentragdo bactericida minima de 0,32 a 3.04 puLL/mL para
os isolados avaliados. Os resultados encontrados demonstram que o 6leo essencial e os acidos
graxos extraidos de sementes de S. coronata possuem um excelente potencial antimicrobiano,

podendo ser uma alternativa no tratamento de infe¢6es causada por bactérias multirresistentes.

Palavras-Chave: Caatinga, Syagrus coronata, resisténcia microbiana, 6leo essencial e acidos
graxos.



ABSTRACT

The Caatinga is a biome located in the semiarid region of Northeast Brazil, which has
predominantly dry climate with a xerophytic vegetation due to long periods of drought and
high temperatures. Due to its great biodiversity this region has been investigated, emphasizing
the search for new compounds that inhibit the growth of microorganisms, in view of the high
rates of bacterial resistance to available drugs for the treatment of infections . This research
determined the chemical composition and anti-Staphylococcus aureus activity of fatty acids
and essential oils extracted from the seeds of Syagrus coronota (Mart.) Becc. (Arecaceae),
popularly known by ouricuri, a plant endemic to the Caatinga. The essential oils of the seeds
were extracted by hydrodistillation technique. The fatty acids were extracted with cold
hexane. The essential oils and fatty acids were diluted in Tween 80 and water. The
antimicrobial activity was performed by serial microdilution technique. The essential oils
were identified by gas chromatography coupled to a mass spectrometer (GC/MS). The fatty
acids were subjected to an esterification reaction for identification by GC/MS. GC analysis
found 55 compounds in the essential oil of S. coronatas being the a-phellandrene (26.26 %),
trans-caryophyllene (18.01%) and B-phellandrene (12.93%) were the major compounds. The
major compounds identified in the fatty acids are saturated fatty acids, the dodecanoic acid
and tetradecanoic acid with 41.58 and 9.6%, respectivily . Followed by 9-octadecenoic acid,
monounsaturated fatty acid, with 23.8 %. Only one polyunsaturated fatty acids was identified,
9,12 - octadecadienoic acid with 3.59%. The essential oils showed a minimum inhibitory
concentration from 0.02 to 0.04 pg/mL and minimum bactericidal concentration from 0.02 to
0.312 pg/mL for the strains evaluated. The fatty acids showed a minimum inhibitory
concentration from 0.04 to 0.625 pL/mL and minimum bactericidal concentration from 0.04
to 1.25 uL/mL for the strains evaluated. The results demonstrate that the essential oil and the
fatty acids extracted from seeds of S. coronata have excellent antimicrobial activity and may

be an alternative in the treatment of infections caused by multiresistant bacteria.

Keywords: Caatinga, Syagrus coronata, microbial resistance, essential oil and fatty acids.
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1- INTRODUCAO

O conhecimento sobre as propriedades e caracteristicas terapéuticas das plantas
utilizadas na medicina popular vem sendo acumulado durante os séculos, porém o uso dessas
técnicas tradicionais representa na grande maioria das vezes o Unico recurso terapéutico de
varias comunidades. O emprego e a eficicia do tratamento com plantas medicinais sdo em
parte atribuidas a observagdes vindas da populacdo, que colaboram de maneira significativa
para a divulgacdo das caracteristicas terapéuticas dos vegetais, mas apesar dos efeitos
medicinais relatados, muitas vezes os constituintes quimicos ndo sdo conhecidos (MACIEL et
al., 2002).

Apesar do amplo desenvolvimento de drogas sintéticas, a utilizacdo de plantas
medicinais permanece como uma opg¢ao no tratamento de doencas, observando que nas
ultimas décadas hd uma valorizagdo no consumo de preparagdes a base de plantas com fins
terapéuticos. Diversos fatores tém contribiuido para o aumento do uso das plantas como
recurso medicinal, entre eles: o dificil acesso da populacdo a assisténcia médica e o alto custo
dos medicamentos industrializados (BADKEL et al., 2012).

O aproveitamento de plantas com finalidade medicinal estd baseado em estudos
etnofarmacologicos, poréem ainda hd poucas pesquisas objetivando a validacdo de plantas e
muitas dessas continuam sendo utilizadas com base no conhecimento popular. Essas
informacGes advindas da populacdo sdo importantes na descoberta de espécies vegetais com
potencial para desenvolvimento de novas drogas, no entanto o uso de plantas com fins
terapéuticos sem os respectivos estudos de validacao apresenta risco de toxicidade (SCOPEL,
2005, DUTRA 2009, ALMEIDA et al., 2012).

Partes da planta como raiz, caule, folha podem fornecer substancias ativas para serem
empregadas na obtencdo de medicamentos (ROSA et al. 2012). Conguanto, apesar da
importancia conferida as plantas, o potencial relativo a essas ainda € pouco explorado.
Segundo estimativas, a quantidade de espécies de vegetais superiores pode chegar a 500.000,
porém entre 15 a 17% dessas foram investigadas quanto a sua potencialidade medicinal
(BARRQOS, 2008).

Dentre as atividades farmacoldgicas apresentadas pelos compostos encontrados nos
vegetais, a antimicrobiana tem sido amplamente estudada (OLIVEIRA et al., 2006).

As infeccBes associadas a assisténcia a salde representam uma das principais causas

de morbidade e mortalidade aos usuarios do sistema de sallde, sendo cada vez mais receadas,
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devido a dificuldade de tratamento e pelas altas taxas de resisténcia aos antimicrobianos,
consequentemente, apresentam poucas opcoes terapéuticas (GIAMARELLOU, 2010;
NOBREGA et al., 2013), desse modo é necessario a busca de novos agentes capazes de inibir
0 crescimento bacteriano.

Plantas nativas da regido semiarida tém sido utilizadas durante seculos, através da
extracdo seletiva. Algumas populacdes do Nordeste do Brasil sdo muito pobres e dependem
do uso direto dos recursos naturais para sua subsisténcia, e a utilizacdo de produtos derivados
da vegetacdo nativa, especialmente plantas medicinais, contribui significativamente para a
manutencdo da qualidade de vida dessas pessoas (LUCENA et al., 2007).

A Caatinga, regido de grande biodiversidade localizada no Nordeste do Brasil,
configura-se como um habitat especifico para plantas medicinais e aromaticas nao
encontradas em outras regides do mundo (MAIA, 2004). Diante desse enorme potencial
boténico e da necessidade de se encontrar novos compostos capazes de controlar a agdo de
microrganismos, buscou-se realizar um trabalho que viabilize um maior conhecimento da
espécie Syagrus coronota (Mart.) Becc., endémica dessa regido.

Desta forma, este trabalho teve como objetivo analisar a composicdo quimica e avaliar

a atividade antibacteriana do 6leo essencial e acidos graxos de S. coronata.
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2 - REFERENCIAL TEORICO

2.1- INFECCAO HOSPITALAR

As infecgdes relacionadas a assisténcia em saude (IRAS) representam um crescente
problema em ambientes hospitalares, devido a consequéncias na mortalidade de pacientes,
como também pelos altos custos no tratamento a estes enfermos. Atualmente, o
Staphylococcus aureus é considerado no cenario mundial um dos microrganismos mais
importantes no que diz respeito as IRAS (CORREAL et al., 2013)

As infecgdes podem ocorrer quando ha lesdo no tecido cutdneo ou na mucosa oral,
permitindo a entrada de microrganismos nos tecidos subjacentes ou na corrente sanguinea. O
risco de se obter uma infeccdo € maior em pacientes hospitalizados com queimaduras, como
também, com o uso de procedimentos invasivos (LOWY, 1998; MUTHAIYAN et al., 2012).
Além disso, o desiquilibrio dos mecanismos de defesa do paciente e o contato com a
microbiota presente no ambiente hospitalar (ROSSINI et al., 2009) sdo fatores que
contribuem para o desencadeamento da doenca.

No Brasil, cerca de 5 a 15% dos pacientes internados em centros medicos adquirem
infecbes (CATAO et al., 2013).

As infecces em Unidades de Terapia Intensiva (UTI) sdo mais facilmente
observadas, devido a aspectos como: a gravidade do estado de salde do paciente, utilizacdo
de procedimentos invasivos, hospitalizacgdo por um longo periodo de tempo, ventilacdo
mecanica, uso de imunossupressores, colonizacdo da microbiota normal por microrganismos
resistentes e uso de antibidticos inadequados que favorecem a selecdo natural de bactérias
resistentes (GUSMAO et al., 2004; ALLEN, 2005; COLPAN et al., 2005; WAGENLEHNER
et al., 2006).

O Staphylococcus aureus € um importante agente etioldgico envolvido com infecgdes
hospitalares, sendo considerado um dos principais patdégenos humanos causador de um amplo
espectro de enfermidades em individuos imunologicamente saudaveis e em
imunocomprometidos, além de ter facil disseminacdo e apresentar resisténcia aos
antimicrobianos (MARK et al., 2002; MENEGOTTO et al., 2007).

Essa bactéria tem a capacidade de invadir e causar doengas em diversos tecidos

(GORDON et al., 2008; LOWY, 2008), mas as manifestacbes ocorrem comumente no tecido
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cuténeo, sistema respiratorio, tecidos moles, o0ssos, articulacdo e infeccBes endovasculares
(BOUCHER et al., 2010).

2.2 - STAPHYLOCOCCUS AUREUS

Staphylococcus € um género de bactérias que pertence a familia Micrococcaceae,
apresentando-se sob a forma de cocos Gram-positivos, catalase-positivo, imoveis, nao
esporulado, geralmente ndo capsulado com didmetro médio entre 0,5 e 1,5um.
Morfoloficamente exibem diversas formas: isolados, aos pares, em cadeias curtas ou
agrupados irregularmente com aspecto semelhante a cachos de uva. (HARVEY et al., 1988;
TORTORA et al., 2003; CASSETARI, 2005).

Atualmente, o género Staphylococcus possui 33 especies, sendo que 17 delas ja foram
isoladas em amostras bioldgicas humanas. A espécie mais importante do género é o
Staphylococcus aureus, essa denominacdo é em decorréncia da pigmentacdo amarelada de
suas colbnias, onde aureus significa dourado (SANTOS et al., 2007), afora isso, tem a
capacidade de coagulacdo do plasma, provocar hemolise e produzir enzimas e toxinas
(SANTOS et al., 2007; BASTOS et al., 2013).

E uma bactéria comensal considerada um dos mais importantes microrganismos
envolvidos na microbiota humana, geralmente encontrada colonizando as fossas nasais, pele,
axilas, vagina, faringe e intestino de pessoas saudaveis (MENEGOTTO et al., 2007;
BOUCHER et al., 2010; MARQUES et al., 2012).

2.3 - DOENCAS OCASIONADAS POR S. AUREUS

Apesar de ser encontrado na microbiota humana colonizando principalmente a pele e
as cavidades nasais, S. aureus pode provocar doencgas que vao desde uma simples infeccéo
(espinhas e furunculos) até enfermidades mais graves, como: pneumonia, meningite,
endocardite, sindrome do choque toxico, septicemia, abseccos e lesdes necréticas graves
(SANTOS et al., 2007, FERREIRA et al., 2013).

As infecgdes geralmente ocorrem quando ha a entrada do microrganismo em sitios

previamente estéreis (tecidos adjacentes e corrente sanguinea) mediante lesdes na pele ou na



14

mucosa e em procedimentos cirrgicos, tendo o risco aumentado com o uso de cateteres
(MENEGOTTO et al., 2007; BOUCHER et al., 2010).

O S. aureus apresenta uma alta capacidade adaptativa e quando infecta o organismo
humano pode provocar uma ampla variedade de manifestacGes em sitios como a pele, tecidos
moles, 0ssos, articulagdes, sistema respiratério, gerando quadros de septicemia (BOUCHER
et al., 2010, MUTHAIYAN et al., 2012; MARQUES et al., 2013,), além de doencas
invasivas e sistémicas com significativas taxas de morbidade e mortalidade (GALBUSERA et
al., 2011).

Entre as doencas causadas por S. aureus a piomiosite é uma infeccdo muscular
subaguda profunda que pode originar abscessos intramusculares unicos ou multiplos,
caracterizada clinicamente por febre, dor muscular localizada, rigidez e edema. Essa
enfermidade esta associada a infecches sistémicas, diabetes mellitus, terapia
imunossupressora, AIDS e mieloma maltiplo (REZENDE et al., 2012).

A espondilodiscite séptica consiste numa infeccéo bacteriana do espaco intervertebral,
originaria por disseminacdo bacteriana via hematogénica, apresentando altas taxas
morbimortalidade, diagnostico tardio e associacdo a comorbidades, como: imunodepressao,
diabetes mellitus e alcoolismo. Geralmente, é uma infeccdo monobacteriana, sendo o
Staphylococcus aureus o0 micro-organismo mais prevalente (MORELLI et al.,, 2001;
DORNELES, et al., 2011).

As espécies do género Staphylococcus sdo capazes de desencadear infec¢des cutaneas
e nas mucosas, além de infeccBes septicémicas, viscerais e 6sseas. Em ambientes hospitalares
e em profissionais da area da salde esse microrganismo tem sido isolado com elevada
frequéncia e a sua transmissao para 0s pacientes ocorre através do contato direto ou indireto
com esses trabalhadores, tornando assim, um fator de risco para o desenvolvimento de
infeccdes oportunistas. (WACLAVICEK, et, al., 2009; DIAS et al., 2012).

Essa bactéria ainda pode gerar surtos de intoxicacdo alimentar, mas esses podem ser
controlados recorrendo a medidas educativas direcionadas a profissionais que trabalham na
manipulacdo de alimentos (SOUSA et al., 2008).
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2.4 — FATORES DE VIRULENCIA DE S. AUREUS

Entre os fatores de viruléncia presentes em S. aureus destacamos: Polissacarideos
capsulares, peptoglicano, &cidos teicdicos, proteina A, Enzimas, Hemolizinas, toxinas e
superantigenos (WINN et al., 2010).

A producdo do exopolissacarideo capsular por S. aureus pode impedir a fagocitose do
microrganismo por células polimorfonucleares do hospedeiro, esse efeito é conhecido como
antifagocitico. Estudos apontam que o polissacarideo capsular tipo 5 e o tipo 8 estdo
associados com a producdo da toxina da sindrome do choque toxico ( SCHAECHTER et al.,
2009; WINN et al., 2010).

A parede celular de S. aureus é caracterizada por conter moléculas de peptideoglicano
e &cidos teicdicos, que possuem propriedades que contribuiem com a viruléncia bacteriana
desencadeando respostas no sistema imune do paciente, gerando: aumento da quimiotaxia das
ceélulas polimorfonucleares, ativacdo do complemento, estimulacdo de anticorpos opsdnicos e
inducdo da producéo de interleucina-1(WINN et al., 2010).

A proteina A é encontrada na parede celeular bacteriana e tem a capacidade de se ligar
a regido Fc das subclasses da imunoglobulina G humana, exceto a IgG de classe 3,
interferindo na opsonizacao e na ingestdo do microrganismo pelas células polimorfonucleares
(SCHAECHTER et al., 2009; WINN et al., 2010).

A producdo de enzimas sintetizadas por S. aureus, como a catalase, atua inativando o
perdxido de hidrogénio e os radicais livres toxicos formados pelo sistema mieloperoxidase no
interior das células fagociticas, apds a ingestdo do microrganismo. Outra enzima produzida
por S. aureus é a coagulase, essa enzima se liga a protrombina tornando-a ativa, que atua
catalisando a conversao de fibrinogénio em fibrina. O produto dessa reacdo cobre a superficie
bacteriana deixando-a mais resistente a opsonizacdo e a fagocitose (SCHAECHTER et al.,
2009; WINN et al., 2010).

2.5 — RESISTENCIA BACTERIANA AOS ANTIBIOTICOS
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A microbiota normal é caracterizada por estar presente em sitios corporeos do
hospedeiro, que em condi¢des normais do organismo ndo sdo patogénicas. A relacdo entre o
individuo com os microrganismos da microbiota normal da membrana de revestimento, das
mucosas e da pele admite que eles sobrevivam em associagdo sem efeitos negativos sobre os
ciclos de vida de ambos (MIMS et al., 2002; BONATO et al., 2007).

O diagnostico das infeccBes bacterianas é realizado através de técnicas que permitem a
visualizacdo da morfologia bacteriana, identificacdo de seus antigenos, isolamento bacteriano,
dosagem de anticorpos séricos, pesquisa da hipersensibilidade tardia e deteccdo de outras
substancias bacterianas contidas nas secrecdes e fluidos do organismo. Os métodos rapidos de
diagndstico utilizam de forma direta a amostra clinica do paciente para a identificacdo
bacteriana e seus antigenos (TRABULSI, 2011).

Os termos antimicrobiano, antibiotico e anti-infeccioso compreendem uma ampla
variedade de agentes farmacéuticos que incluem: drogas antivirais, antifungicas,
antiparasitarias e antibacterianas. Destes, o ultimo é o mais frequentemente utilizado e,
portanto, é o objetivo de varios trabalhos cientificos (LEEKHA et al., 2011).

Em 1942, Selman A. Waksman, definiu antibidtico como qualquer produto
microbiano capaz de ser antagbnico ao crescimento de microrganismos (HUGHES et al.,
2010), porém atualmente os agentes bacterianos sdo classificados em bactericidas e
bacteriostaticos. Os bactericidas provocam a morte e a degradacdo celular, compreendendo
principalmente as drogas que atuam sobre a parede celular, membrana ou DNA bacteriano. Ja
o0s bacteriostéaticos inibem a replicacdo celular sem matar o microrganismo, sendo geralmente
drogas que atuam na sintese proteica. Essa diferenciacéo entre bacteriostaticos e bactericidas
ndo € absoluta, pois alguns antimicrobianos sdo bactericidas para determinados
microrganismos e mostram-se bacteriostaticos para outros e assim vice-versa. Em infeccoes
graves como endocardite e meningite as drogas bactericidas sdo as preferidas (LEEKHA et
al., 2011).

Os antimicrobianos sdo divididos em varias classes compreendendo os B-lactamicos,
aminoglicosideos, glicopeptideos, macrolideos, tetraciclinas, rifamicinas, quinolonas,
lincosamidas, sulfonamidas, estreptograminas, oxazolidinonas, gramicidinas e outros. Cada
classe tem suas especificidades, incluindo inibicdo da replicacdo de DNA, da transcricdo, do
metabolismo do acido folico, da sintese de proteinas e sintese/ integridade da parede celular.
(MARQUES et al., 2007).
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Os mecanismos de resisténcia aos antimicrobianos podem ser intrinsecos ao
microrganismo, adquiridos por transmissdo de material genético ou, através de mutacdo
(BAPTISTA, 2013).

2.5.1 — Aspectos geneticos da resisténcia aos antibidticos

A resisténcia bacteriana aos antimicrobianos ocorre atraves de dois principais
mecanismos: mutagdo no loci do cromossomo ou por meio da transferéncia horizontal de
genes (DZIDIC et al., 2008). As mutacdes podem ser classificadas em dois grandes grupos:
induzidas e espontaneas (VERMELHO et al., 2008).

As mutacdes espontaneas sdo as que ocorrem sem a participacdo de um elemento
externo e sdo comumente decorrentes de erros causados pelas DNA-polimerases, enzimas que
sintetizam DNA durante a duplicacdo, como também por danos espontaneos sofridos pelo
DNA a partir de desaminagéo e hidrolise (VERMELHO et al., 2008).

As mutagOes induzidas ocorrem devido a agentes externos, classificados em fisicos
(radiacdo UV ou ionizante) ou quimicos (hidroxilamina, nitrosoguanidina, éxido nitroso, etil-
metano-sulfonato, entre outros), que sdo capazes de introduzir danos ou alteracdes nos acidos
nucléicos (VERMELHO et al., 2008, BAPTISTA et al., 2013).

A transferéncia horizontal de genes é um processo de aquisicdo de material genético
entre bactérias da mesma espécie ou especies diferentes. Ha trés mecanismos de transferéncia:
transformacéo, transducéo ou conjugacao (BAPTISTA, 2013).

A transformacao consiste na troca de material genético entre bactérias através do DNA
presente no meio envolvente. A porcdo de DNA incorporada ao material genético da bactéria
receptora deve ter ao menos 500 nucledtidos para que possa integrar a0 DNA, esse processo
resulta na morte ou lise da bactéria doadora (SCHAECHTER et al., 2009, BAPTISTA, 2013).

A transducdo envolve a presenca de bacteriofagos ou fagos, que funcionam como
vetores, transferindo DNA da célula doadora para a receptora. Cada fago transporta uma
pequena porcdo de DNA da bactéria destruida, protegendo a integridade do DNA das
nucleases existentes no meio (BAPTISTA, 2013).

A conjugacéo é a terceira forma de absorcdo de DNA exdgeno, esse processo pode
ocorrer entre células bacterianas da mesma espécie ou diferentes, que ao entrarem em contato
direto trocam pequenas porcdes de material genético, tais como o0s plasmideos
(SCHAECHTER et al., 2009, BAPTISTA, 2013).
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A resisténcia natural ocorre devido a caracteristicas intrinsecas presentes em
determinada espécie bacteriana, acontecendo mesmo sem a exposicdo previa do
antimicrobiano. A auséncia de um processo metabdlico influencidvel pelo antibiético,
existéncia de enzimas capazes de inativar a droga e presenca de caracteristicas especificas a
morfologia bacteriana séo fatores responsaveis pela resisténcia natural (BAPTISTA, 2013).

H& quatro tipos principais mecanismos de resisténcia de forma adquirida aos
antibidticos: sintese de bombas de efluxo, alteracdo do sitio alvo, alteracdo da permeabilidade

celular e mecanismos enzimaticos que alteram a estrutura quimica do antibiético, figura 1.
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Figura 1 — Representacdo dos mecanismos de resisténcia adquirida.
FONTE: BAPTISTA, 2013 MODIFICADO

2.5.2 — Resisténcia do S. aureus a Meticilina

Antes da descoberta dos antibioticos a taxa de mortalidade dos pacientes
acometidos com infeccdes causadas por S. aureus era superior a 75%. Em 1942 a penicilina
foi introduzida no mercado com o objetivo de tratar pacientes acometidos com infeccGes
originarias de S. aureus, porém em 1943 foram encontradas cepas resistentes a penicilina,
PRSA, em vista disso em 1959 foi posto em comercializacdo a Meticilina para tratamento de

pacientes infectados com PRSA, sendo que em 1961 nos Estados Unidos ja se tinham
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descritos microrganismos resistentes a esse medicamento (IPPOLITO et al., 2010; ASKARI
etal., 2012).

As infecgbes hospitalares sdo consideradas um dos fatores responsaveis pela
elevacdo nas taxas de morbidade e mortalidade em pacientes internados, além de gerar um
aumento significativo no custo da internagdo hospitalar e prolongacdo do periodo com a
terapia antibiética (JARVIS, 1987; DHAND et al., 2012).

Outro fator agravante em infeccGes relacionadas a MRSA é que esses isolados
mostram-se resistentes a outras classes de antimicrobianos (NOSTRO et al., 2009),
dificultando assim o tratamento, devido a diminuicdo das opcOes terapéuticas para o
tratamento da doenga.

A sintese de peptideoglicano, principal constituinte da parede celular bacteriana,
envolve varias etapas iniciando com a conversdo da L-Alanina em D-Alanina, através de uma
racamase. A proxima fase € juncao de dois aminoacidos D-Alanina formando o dipeptideo, D-
Ala-D-Ala, que se liga tripeptideo Uracil difosfato-N-acetilmuramico formando o
pentapeptideo Uracil difosfato-N-acetilmuramico que fica ligado ao transportador lipidico
Udecaprenol. Apds essas etapas, a adicdo da N-acetilglicosamina (GlcNac) do Uracil
difosfato-GIlcNac permite a translocacdo dos precursores para a superficie externa da
membrana citoplasmatica, onde o pentapeptideo N-acetilmurdmico sera adicionado ao
peptideoglicano por transglicosilacdo, formando ligagdes cruzadas por transpeptidacédo
(REYNOLDS, 1989; COURVALIN, 2006), figura 2.

Os antibioticos p-lactdmicos atuam na parede celular bacteriana ligando-se a
proteinas ligadoras de Penicilina (PBP) que sdo responsaveis pela ligacdo cruzada no estagio
final de formacdo da parede celular, inibindo assim sua sintese, devido ao impedimento da
ligacdo entre as cadeias de peptideoglicano, depois dessa fase € ativado autolisinas que
degradam a parede celular (MIMS et al., 2005; MURRAY et al., 2006).

A resisténcia dos isolados de S. auerus a Meticilina esta associada a mudanca da
Proteina Ligadora de Penicilina (PBP), por PBP2’ ou PBP2a, que apresenta baixa afinidade
de ligacdo aos antibioticos B-lactdmicos. Essa proteina é codificada pelo gene mecA, que é
carreado em um elemento mével chamado Staphylococcal cassette Chromosome (SCCmec),
onde em infec¢bes hospitalares resistentes a meticilina predominam os subtipos de SCCmec I,
I1, 11l e na comunidade o SCCmec tipo IV (NOSTRO et al., 2004, IPPOLITO et al., 2010).
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Figura 2 — Sintese de peptideoglicano
FONTE: COURVALIN, 2006 MODIFICADO

2.6 — A CAATINGA

A Caatinga é uma formacédo vegetacional exclusivamente brasileira, localizada na
regido semiarida do Nordeste brasileiro, que apresenta clima predominantemente seco com
uma vegetacdo xerofila decorrente de longos periodos de seca e altas temperaturas, composta
por arvores arbustivas, vegetacdo espinhosa, florestas secas (sazonal), cerrados (savana) e
com algumas areas de florestas tropicais. Apesar da ampla diversidade vegetal ha poucos
estudos relacionados metabolitos de plantas originarias dessa regido (BASSO et al., 2005;
MORAIS et al., 2006; TRENTIN et al., 2011; FRASSON et al., 2012).

Caracterizada pela baixa umidade e com média de temperatura anual de 27,5°C (a
estacdo de seca tem duracdo de sete meses ou mais), a caatinga tem média de precipitacdo
anual de 250-500 mm, extenséo territorial de aproximadamente 734.478 km?, exibindo solos
férteis, drenados e oxigenados. Essa regido abrange grande parte dos estados da regido

Nordeste incluindo Paraiba, Pernambuco, Alagoas, Piaui, Ceard, Rio Grande do Norte,
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Sergipe, Bahia, além de parte do Nordeste de Minas Gerais (BASSO et al., 2005; TRENTIN
et al., 2011; FRASSON et al., 2012)

2.7 — PRODUTOS NATURAIS

O metabolismo das plantas é dividido em dois tipos: o primario e o secundario. O
metabolismo primario é responsavel por produzir as substancias essenciais para a manutencdo
da vida da célula, compreendendo a sintese de aminoacidos (FILHO, 2010), proteinas,
lipidios e outras moléculas responsaveis pela manutencgdo das reacGes vitais da célula.

Os metabolitos secundarios (MS) tém a funcdo de participar das interacdes extra e
intercelular da propria planta ou com outros organismos, ocorrendo por meio de MS
guimioatraentes, como 0s monoterpenos em processos de polinizagdo (WINK, 2003; FILHO,
2010).

Os Metabolitos secundarios estdo distribuidos em todas as plantas superiores
abrangendo uma diversidade de produtos. A figura 3 apresenta os principais metabdlitos
encontrados.

Em vista de serem organismos que ndo tem a capacidade de se mover, nem terem
um sistema imunoldgico, os metabdlitos secundéarios (alcaloides, cianogénios, glicosideos,
terpenos, taninos, saponinas, glicosinolatos, antraquinonas, poliacetilenos) auxiliam na defesa
contra pestes e outras doencas (WINK, 2003; FILHO, 2010).

A concentracdo desses metabdlitos na planta ira depender de variaveis como o solo,
temperatura, pluviosidade, sazonalidade, radiacdo UV, composi¢do dos gases atmosféricos,
altitude, nutrientes, agua, patdgenos, ataque de predadores e estdgio evolutivo da planta
(GOBBO-NETO et al., 2007; MACIAS et al., 2007).
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Figura 3 — Estrutura e diversidade dos metabdlitos secundarios em plantas.
Fonte: WINK, 2003 MODIFICADO.

2.7.1 — Acidos Graxos

Os é&cidos graxos (AG) sdo considerados como &cidos monocarboxilicos
alifaticos, amplamente distribuidos em vegetais, onde geralmente estdo ligados a aculcares,
glicerol e grupos fosfatos para formar lipidios (DESBOIS et al., 2010; RUIZ-RODRIGUEZ et
al., 2010; LIMA et al., 2011).

Os AG comumente estdo ligados a lipidios e para sua remocao € necessario o uso
de enzimas. A catalise dessas moléculas gera os acidos graxos livres, que sdo cadeias de
carbono ligadas a atomos de hidrogénio. O nimero de dtomos de carbonos dos AG variam
entre 4 e 28, tendo em uma de suas extremidades um grupo carboxila e na outra o grupo
metila. (DESBOIS et al., 2010; RUIZ-RODRIGUEZ et al., 2010), Figura 4.
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Figura 4 — Estrutura de um &cido graxo livre. a) Acido graxo livre saturado, acido caprico, com
10 atomos de carbono. O comprimento da cadeia pode variar mas em uma extremidade ha um
grupamento carboxila (-COOH) enquanto que na outra extremidade ha um grupamento metil (-
CHj3). O grupamento carboxila é hidrofilico e ionizado quando solubilizado em &gua, enquanto
que o grupamento metil é hidrofébico, tornando a molécula inteira amfipatica. b) Acido graxo
livre instaturado, tem uma ou mais duplas liga¢6es (C=C) e, aqui, 0 acido graxo estad metilado,
grupamento carboxilico tem um grupamento adicional — CH,. Este &cido graxo tem 10 atomos
de carbono, duas duplas ligacGes das quais a primeira dessas estd localizada no terceiro
carbono (DESBOIS et al., 2010).

Os &cidos graxos sédo classificados de acordo com o tipo de ligagcdes entre &tomos
de carbonos, quando possuem apenas ligacdes simples sdo referidos como saturados, ja se
tiverem ligacbes duplas sdo designados de acordo com o numero destas, sendo
monoinsaturados (uma ligacdo dupla em toda a molécula) e poli-insaturados, quando
apresentam mais de uma ligacdo dupla (DESBOIS et al., 2010; RUIZ-RODRIGUEZ et al.,
2010).

Outra classificacdo é baseada de acordo com o niumero de atomos de carbono na
estrutura dos acidos graxos, onde cadeias com numero inferior a oito carbonos séo referidos
como acidos graxos de cadeia curta e acima de 16 carbonos sdo designados acidos graxos de
cadeia longa (DESBOIS et al., 2010).

Os acidos graxos apresentam varias atividades biologicas, incluindo
antimicrobiana, citotdxica, antioxidante e sinalizacdo (DESBOIS et al., 2010; MEZNI et al.,
2012).
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A atividade antibacteriana de cada acido graxo é influenciada por sua estrutura e
forma, onde o comprimento da cadeia e a presenga, 0 nimero, posicdo e orientacdo das
ligagdes duplas interferem na atividade (DESBOIS et al., 2010).

2.7.2 — Oleos Essenciais

Tem-se verificado um grande avanco cientifico envolvendo os estudos quimicos e
farmacoldgicos de plantas, visando obter novos compostos com propriedades terapéuticas
(FILHO et al., 1997). Neste sentido, dentre os agentes terapéuticos provenientes de plantas
destacam-se 0s 6leos essenciais, também denominados de 6leos volateis ou 6leos etéreos.

Os 0leos essenciais do ponto de vista quimico sdo misturas complexas de substancias
volateis, lipofilicas, geralmente odoriferas e liquidas. S&o extraidos de diversas partes das
plantas (flores, inflorescéncias, sementes, folhas, gravetos, cascas, frutos e raizes) por
processos especificos. Sdo dotados de aroma geralmente agradavel, ligeiramente amarelado
de aparéncia oleosa e incolores quando recentemente extraidos. Tem como caracteristica
principal a volatilidade, que os difere dos 0leos fixos que sdo misturas de substancias lipidicas
obtidas geralmente de sementes (SIMOES et al., 2007).

As substancias quimicas encontradas nos 0leos essenciais sao formadas por ésteres de
acidos graxos, terpendides, fenilpropanonas, alcoois, aldeidos e em alguns casos, por
hidrocarbonetos alifaticos. No entanto, 0leos essenciais sdo constituidos principalmente de
terpenos, sesquiterpenos, esteres, alcoois, fendis, aldeidos, cetonas e acidos organicos
(ROCHA & SANTOS, 2007). Os compostos terpénicos mais frequentes nos 6leos sdo 0s
monoterpenos (cerca de 90%) e o0s sesquiterpenos, podendo também estar presente 0s
diterpenos (SIMOES et al., 2007).

A composicdo e a concentracdo das substancias que constituem os dleos essenciais
podem sofrer influéncia de fatores como a radiacdo, temperatura, precipitacéo, ventos fortes,
altitude, solo, época de coleta, entre outros (GOUINGUENE et al., 2002).

Os Obleos essenciais demonstram uma imensa variedade de acdes farmacoldgicas,
tornando-os potenciais fontes para o desenvolvimento de novas drogas. Dentre estas ac6es
estdo a antiparasitaria, antimicrobiana, analgésica, diurético, antimalarico, antihemorroidario,
mio relaxante, anti-inflamatério, anticonvulsivante e gastroprotetora (OLIVEIRA et al., 2001,
ABDON et al., 2002), também tendo grande aplica¢do na industria de perfumaria, cosmética,

alimentos e como coadjuvantes em medicamentos (BIZZO et al., 2009).
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Estudos apontam que existem aproximadamente 3000 dleos essenciais, desses cerca de
10% tem importancia comercial (NERIO et al., 2010). O Brasil ocupa grande influéncia no
mercado internacional na produgdo de dleos essenciais, tendo como produtos principais 0s

6leos de laranja, limdo e lima, além de outros gerados de citricos (BI1ZZO et al., 2009).

2.8 - GENERO SYAGRUS

As espécies pertencentes a familia Arecaceae (Palmae) sdo comumente chamadas de
palmeiras, sendo muito interessantes em vista das suas caracteristicas quimicas e
farmacoldgicas. Essas palmeiras estdo largamente difundidas nas zonas temperadas, em
especial em regides onde o indice pluviométrico é alto (CRUZ, 1965; ZOFEMLER, 1994).

Do ponto de vista quimico, as plantas dessa familia s&o comumente ndo cianogénicas.
Os alcaloides (ocasionalmente pirimidinicos) e proantocianidinas podem estar presentes
nessas espécies. Os flavonoides sdo raramente encontrados, mas quando presentes Sdo
derivados do tricina, kaempferol, luteolina e quercetina. Saponinas e sapogeninas estdo
ocasionalmente presentes. Eteres metilicos de triterpenos ja foram isolados dos frutos de
algumas espécies de palmeiras (HEIN DE BALSAC et al., 1931; SHIMOKOMAKI et al.,
1975; HARBORNE et al., 1994; LUBRANO et al., 1994; BROTONS et al., 1995; GARCIA
et al., 1995; LUBRANO, 1997; ROBIN, 1997; LEWIS, 2000; ZONA, 2000).

Syagrus é um género muito variavel morfologicamente, quase exclusivo da America
do Sul (exceto por Syagrus amara (Jacq.) Mart., que ocorre no Caribe), representado até o
momento por 53 espécies, das quais 47 ocorrem no Brasil (NOBLICK, 2010; LEITMAN et
al., 2013). E composto por palmeiras monoicas, policarpas, de pequeno ou grande porte,
solitarias ou entouceiradas, com estipe subterraneo ou elevado, raramente estolonifero
(Syagrus campylospatha Barb. Rodr.), liso ou coberto pelos remanescentes das bainhas das
folhas ja caidas (DRANSFIELD et al., 2008; NOBLICK, 2010). A maioria das espécies
acaulescentes e de pequeno porte esta confinada as areas semiaridas ou de cerrado, enguanto
um menor nimero de espécies de porte arboreo é comumente encontrado nas areas tropicais
ou subtropicais umidas, sendo componentes bastante conspicuos em varias formacdes vegeta-
cionais do Brasil (BARBOSA RODRIGUES, 1903; BONDAR, 1964; DRANSFIELD et al.,
2008).

Algumas espécies do género sdo muito valorizadas localmente, em vista dos produtos

extraidos como: palmito, améndoas, polpa dos frutos e folhas para o artesanato; é o caso da
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guariroba (Syagrus oleracea (Mart.) Becc.), do ouricuri (Syagrus coronata (Mart.) Becc.) e do
geriva (Syagrus romanzoffiana (Cham.) Glassman) (BONDAR, 1964; NOBLICK, 2010);
outras espécies vém sendo recentemente introduzidas com sucesso no paisagismo
(NOBLICK, 2010). No entanto, a maioria das espécies encontra-se bastante ameacada pela

expansdo da agricultura, especialmente as de pequeno porte, comuns nos cerrados e caatingas.

2.8.1 — Syagrus coronata

Syagrus coronata (Mart.) Becc. (Figura 5) é uma palma pertencente a familia
Arecaceae, subfamilia Arecoideae, tribo Cocoeae, subtribo Butineae (CREPALDI et al., 2001;
SALLES et al.,, 2010; BELVISO et al., 2013). Com 115 géneros e 1500 espécies a subfamilia
Arecoideae é a maior entre a familia Arecaceae (CREPALDI et al., 2001).

S. coronata é popularmente conhecido por: licuri, ouricuri, aricuri, coqueiro
cabecudo, licurizeiro, nicuri, urucuri e coqueiro dicori (DRUMOND, 2007; SALLES et al.,
2010; BELVISO et al., 2013). Essa palmeira é comumente encontrada em regides secas e
aridas da Caatinga ocupando a parte oriental e central da Bahia até o Sul de Pernambuco, o
norte de Minas Gerais e areas de Alagoas e Sergipe (CREPALDI et al., 2001; BELVISO et
al., 2013).

O ouricuri se propaga de forma exclusivamente sexuada, desenvolvendo-se em solos
ferteis e profundos, mesmo em afloramentos rochosos, porém nédo se adapta a solos alagados e
permanentemente imidos (DRUMOND, 2007).

O tamanho da palmeira é cerca de 6 a 10 metros, com folhas grandes que chegam a
medir de 2 a 3 metros de comprimento, distribuidas em espiral ao longo do fuste
(DRUMOND, 2007, CREPALDI et al., 2001).

As flores do ouricuri sdo pequenas, amarelas e reunidas em cachos. Os frutos quando
verdes possuem o endosperma liquido e a medida que atingem o processo de amadurecimento
ficam soélidos originando as améndoas. As tonalidades dos frutos maduros alternam de
Amarelo Claro ao Laranja, dependendo do estagio de maturacdo, com cachos apresentando
aproximadamente 1450 frutos. A média do comprimento e didmetro dos frutos ficam em
torno de 1,4 cme 2 cm (CREPALDI 2001; BELVISO et al., 2013, DRUMOND, 2007), figura
5.
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Figura 5 — Detalhe da infrutescéncia do ouricuri.
Fonte: BELVISO et al., 2013.

Os frutos sdo produzidos anualmente, no entanto, ha um maior rendimento nos meses
de marco, junho e julho (CREPALDI et al., 2001; SALLES et al., 2010).

O ouricuri tem grande importancia social e econbmica para a regido, ja que envolve a
participacdo da comunidade local na colheita dos frutos e processamento das sementes, que
pode ser consumida crua, cozida ou torrada ou utilizada para a obtencdo de 6leo que é
consumido pela culinaria local (BELVISO et al., 2013). As folhas servem para a alimentacéo
de gados, aves e animais silvestres (DRUMOND, 2007).

Além dos pontos acima mencionados, a semente de ouricuri tem um grande valor
nutricional (49.2% de lipidios, 9.7% de Carboidratos, 11.5% de proteinas; 2.6x10°3/100g)
(CREPALDI et al., 2001; BELVISO et al., 2013;).

2.8.2 — Constituintes quimicos e atividades biologicas de Syagrus spp.
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Alguns estudos ja foram conduzidos a cerca dos constituintes quimicos de S. coronata,
porém todos no sertdo baiano e mineiro (CREPALDI et al., 2001, SEGALL et al., 2004,
BELVISO et al., 2013).

Os lipidios, proteinas, carboidratos, nitrogénio e vitaminas sdo0 componentes quimicos
encontrados em améndoas e frutos de S. coronata. As améndoas contém maior teor de lipidios
e proteinas, ja na polpa ha maior presenca de carboidratos.

Estudo realizado para analisar a composi¢cdo fendlica de sementes de S. coronata
constatou a presenca de 13 compostos fendlicos, entre eles Procianidina B1, Catequinas,
Procianidina B2, Epicatequinas, Quercetina-3-O-glicosideo, Rutinas, Miricetinas, Quercetina-
3-O-raminosideo (BELVISO et al., 2013).

Em relacdo a composicdo dos acidos graxos do Gleo extraido das sementes de S.
coronata, estudo comprovou a presenca de acido laurico, miristico, palmitico, estearico e
linoleico (SEGALL et al, 2004).

BELVISO e colaboradores (2009) relataram que o Oleo de S. coronata apresenta
capacidade antioxidante.

Ha escassos trabalhos na literatura que abordam os éleos essenciais da familia
Arecaceae. Apenas um Unico trabalho estudou os compostos volateis dos frutos de S.
coronata (BELVISO et al. 2013).

As atividades bioldgicas registradas para as espécies de Syagrus sao escassas, sendo S.
coronata e S. oleraceae as espécies mais estudadas (SILVEIRA et al., 2005; HUGHES et al.,
2013).

Silveira et al. (2005) avaliaram a atividade antimicrobiana do extrato etanolico (e suas
particbes em hexano e acetato de etila) do epicarpo/mesocarpo dos frutos e do extrato
hexanico das améndoas (endosperma) frentes as bactérias Staphylococcus aureus,
Enterococcus faecalis, Pseudomonas aeruginosa e Escherichia coli através da técnica de

microdiluicdo seriada.

Observou-se que para o epicarpo/mesocarpo de S. oleracea, de uma maneira geral, a
atividade antimicrobiana aumenta com a diminuicdo da polaridade dos extratos, ocorrendo
uma excecao apenas no teste realizado com S. aureus, onde 0 extrato etandlico obteve
percentual de inibicdo microbiana superior a particdo em acetato de etila. Estes resultados
sugerem que as substancias presentes nos extratos hexanicos provavelmente sdo as principais

responsaveis pela atividade antimicrobiana de S. oleracea. Os &cidos graxos presentes,
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principalmente nos extratos lipofilicos, podem ser o0s responsaveis pela atividade

antimicrobiana.

Hughes et al. (2013) avaliaram a atividade antimicrobiana dos extratos aquoso e
metandlico (e suas fracGes) das folhas, inflorescéncias, endosperma liquido e endosperma
solido frentes as bactérias Bacillus cereus, Escherichia coli, E. coli sensivel a trimetoprima e
resistente a sulfonamida, Pseudomonas aeruginosa, Salmonella choleraesuis, Staphylococcus
aureus, S. aureus resistente a estreptomicina e diidroestreptomicina, S. aureus resistente a
novobiocina e contra os fungos Candida albicans, C. albicans resistente a amfotericina B e
fluconazol e Malassezia furfur. A técnica utilizada foi o teste em disco. O extrato aquoso da
inflorescéncia foi o Unico entre 0s extratos aquosos que apresentou atividade antimicrobiana,

particularmente contra B. cereus e S. aureus.

Bora e Moreira (2003) analisaram composicdo quimica dos acidos graxos dos frutos
de guariroba (S. oleraceae). Os autores identificaram 15 e 19 &cidos graxos na polpa e na
améndoa, respectivamente. Esses dleos contém 48,9 e 73.2% de acidos graxos saturados,
respectivamente. O &cido oleico foi o principal &cido graxo monoinsaturado em ambos 0s

Oleos.

Coimbra e Jorge (2011) tambeém analisaram os acidos graxos dos frutos de guariroba e
do jeriva (S. romanzoffiana). Foram registrados 16 acidos graxos na polpa, sendo o acido
palmitico predominante. Para as améndoas foram encontrados nove acidos graxos para
guariroba e 10 &cidos graxos para o jerivd. Os principais acidos graxos foram o laurico,

miristico e oleico, os quais representaram cerca de 70% dos acidos graxos.
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3-OBJETIVOS

3.1 - OBJETIVO GERAL

Analisar a composicdo quimica e avaliar a atividade antibacteriana do 6leo essencial e
de acidos graxos extraidos das sementes de uma palmeira endémica, S. coronata, coletadas

em uma area prioritaria para conservacao da Caatinga.

3.2 - OBJETIVOS ESPECIFICOS

e Extrair e caracterizar 6leos essenciais das sementes de S. coronata;
e Extrair e caracterizar os &cidos graxos das sementes de S. coronata;

e Avaliar a atividade antimicrobiana contra isolados clinicos de Staphylococcus aureus

resistentes a antibidticos, dos 6leos essenciais e acidos graxos de S. coronata.
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ABSTRACT

The aim of this study was to investigate the chemical composition and anti-Staphylococcus
aureus effect of the seeds essential oils and fatty acids of Syagrus coronata in experimental
models. The chemical composition of the essential oils and fatty acids were analysed by
GC/MS. In vitro anti-microbial activity of the essential oils and fatty acids were determined
by broth microdilution method. The major compounds identified in the essential oils were a-
phelandreno (26.26%), trans-Caryophyllene (18.01%), and B-phelandreno (12.93%). The
major compounds identified in the fatty acids were the saturated fatty acids, dodecanoic acid
and tetradecanoic acid with 41.58 and 9.68%, respectivily. Following by 9-octadecenoic acid,
a monounsaturated fatty acid, with 23.81%. The only polyunsaturated fatty acid presentes in
the chemical composition of the fatty acids was 9,12-octadecadienoic acid with 3.59%. The
essential oil was dominated by sesquiterpene constituents and fatty acids were dominated by

saturated fatty acids and have some interesting antimicrobial activity. Essential oil shows a
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very strong activity against the standard S. aureus strain. The values of MIC against clinical S.

aureus strains ranged from 0.002 pL/mL to 0.09 uL/mL.

Keywords
Syagrus coronata, Arecaceae, Essential oil, Fatty acids, Chemical compostion, Antimicrobial
activity

1. Introduction

The rapid development of antimicrobial drug-resistant of pathogens and their spread
around the world are amongst the most serious threats to public health and to successful
antibacterial treatment. In recent years, the emergence of bacterial resistance against multiple
antibiotics has accelerated dramatically (Grundmann et al 2011; Lai et al. 2011). Community
and hospital acquired pathogens, including Staphylococcus aureus, Salmonella, Shigella,
coagulase-negative Staphylococcus, Enterococcus sp., Escherichia coli, and Pseudomonas
aeruginosa, are some of the main multi-drug-resistant bacteria. In particular, S. aureus has the
capability to express a variety of virulence factors that are considered medically relevant
when encountered in clinical specimens. Although antibiotic vancomycin has been used as the
drug of last resort for MRSA infections, the emergence of vancomycin resistant strains have
been reported worldwide (Tenover et al., 2004; Sibanda et al., 2010). Thus, there is a growing
interest for search of new agents against resistant strains of S. aureus, in particular from
medicinal plants (Da Silva et al., 2012; Silva et al. 2013).

The use of higher plants and preparations made from them to treat infections is an age-
old practice in a large part of the world population, especially in developing countries, where
there is dependence on traditional medicine for a variety of diseases (Cox 1990; Cassady et al.
1999) Interest in plants with antimicrobial properties has revived as a consequence of current
problems associated with the use of antibiotics (Potterat & Hamburger 2008; Chaudhary et al.
2010; Vieira 2010; Silva et al. 2013).

Brazil is fifth largest country in the world but it is the most megadiverse. There is a
great diversity of biomes and a particularly stands out for being exclusively distributed in
Brazil: the Caatinga. This region is marked by an accentuated dryness (rainfall is usually less
than 900 mm/year). The Caatinga is also named as Semi-arid region and occupies a large
portion of Brazil's Northeast, comprising several plant species (Albuquerque et al., 2012). As
a result of the environmental conditions to which they are exposed, the Caatinga plants have

developed interesting chemical features and they have been described as excellent weapons
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against microorganisms (Almeida et al., 2012; Silva et al., 2012; Da Silva et al., 2012; Tretin
et al., 2013).

Among the alternative therapeutic arsenal, the essential oils and fatty acids could be an
interesting choice against this pathogen; the antiseptic properties essential oils and fatty acids
have been demonstrated, at least in vitro (more than 4000 publications about antimicrobial
activity of EOs referenced in PubMed since 2002).

Fatty acids are ubiquitous molecules typically found bound to other compounds such
as glycerol, sugars or phosphate headgroups to form lipids. Lipids are integral components of
cell structures, e.g. membranes, which are made up of phospholipids, and energy stores that
are often composed of triglycerides. Fatty acids can be released from lipids, typically by
enzyme action, to become free fatty acids, which have diverse and potent biological activities.
Free fatty acids consist of a chain of carbon atoms attached to hydrogen atoms. The number of
carbon atoms varies, but those in biological systems usually have an even number between 10
and 28. At one end of the carbon chain is a carboxyl group (-COOH) and, at the other end, is
a methyl group (—CH3). The carboxyl group is hydrophilic and ionised when solubilised in
water, whereas the carbon chain is hydrophobic, making the entire molecule amphipathic.
FAs with <8 carbon atoms are considered short chain, whereas those with >16 carbon atoms
are regarded as long chain. Unsaturated FAs have one or more C=C double bonds in the
carbon chain, while the carbon atoms in saturated fatty acids are all joined by C-C single
bonds.

Essential oils are volatile, natural, complex compounds characterized by a strong
odour and are formed by aromatic plants as secondary metabolites. They are liquid, volatile,
limpid and rarely coloured, lipid soluble and soluble in organic solvents with a generally
lower density than that of water. They can be synthesized by all plant organs, and are stored
in secretory cells, cavities, canals, epidermic cells or glandular trichomes. Essential oils are
very complex natural mixtures which can contain about 20-60 components at different
concentrations. They are characterized by two or three major components at fairly high
concentrations (20—-70%) compared to others components present in trace amounts. Generally,
these major componentes determine the biological properties of the essential oils. The
components include two groups of distinct biosynthetical origin (Croteau et al., 2000; Betts,
2001; Bowles, 2003; Pichersky et al., 2006). The main group is composed of terpenes and
terpenoids and the other of aromatic and aliphatic constituents, all characterized by low

molecular weight.
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The aim of this study was to examine the content and composition of the essential oil
and fatty acid obtained from seeds of S. coronata, a endemic palm to the Caatinga and
evaluate the antmicrobial activity against different Staphylococcus aureus strains isolated
from clinical samples, which presented diferente profiles of resistance to various antibiotics
conventionally applied in clinical therapy.

2. Material and methods

2.1. Plant material

The samples (Fig. 1) of fruits were collected at Catimbau National Park (Pernambuco,
Northeastern Brazil in mature fruit stage, during the month of March, 2013, identified by
Agronomic Institute of Pernambuco and a voucher specimens/(IPA 86950) was deposited.
The region was characterized by annual precipitation of 600-900 mm/annual and mean annual
temperature of 23.5°C in which the highest (36.2°C) being in January and the lowest (18.3°C)
in June. The seeds were removed from matured fruits and dried (33°C) at open area with
active ventilation until attained constant weight (three weeks). The seed kernels were removed
from the seed and then grind to the small pieces using domestic grinder.

2.2. Essential oil extraction

Samples of seeds (250 g) of S. coronata were submitted to hydrodistillation for 4 h, in a
Clevenger-type apparatus. The oils were dried over anhydrous Na,SO,4 and their percentage
contentes were calculated on the basis of the dry weight of plant material. The oils were
stored at 4°C until further analysis.

2.3. Fatty Acids extraction

Samples of seeds (200g) of S. coronata were dried at room temperature for 5 days and and the
powder transferred to a 1-liter round bottom flask. To the flask was added sufficient hexane
(Acros Organics) to bring the volume of the mixture to ca. 500 mL. The flask was sealed,
transferred to a rotary shaker (Thermolyne AROS 160) and the contents mixed for 72 hours.
The mixture was then allowed to settle for several hours and then twice vacuum filtered
through Fisher Scientific P5 (Atlanta, GA) filter paper. The filtrates were concentrated by
rotary evaporation, yielding light yellow oils.

2.4. Microorganisms

S. aureus strains used as test microorganisms were isolated from clinical material (Table 1) by
standard procedures (Murray, 1999; Konneman, 2001). The most strains presented resistance
profile to some antibiotics applied in clinical therapy (Table 2). Antibiotic resistance study

was carried out according to NCCLS (2011). Stock cultures were maintained on Muller-
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Hinton agar slants at 7°C (x 1°C). Overnight cultures inoculated in Muller-Hinton agar slants
at 37 °C were used to prepare the bacterial inoculum used in the antimicrobial assays. The
inoculum was of 1,5x10° colony forming units per mL (CFU/mL) prepared in sterile saline
solution (0.85%) and standardized according to the turbidity of McFarland scale 0.5 tube and
adjusted for presenting the wished microbial population. Essential oil solutions and fatty acids
solutions used in antimicrobial assays were obtained according to the following procedure:
400 pL of the essential oil or fatty acid, 40 pL of Tween 80 and g.s.f. 5 mL of sterile water
were added in sterile assay tube and shaken for 5 minutes using Vortex (Fanem), obtaining a
solution with final essential oil concentration of 80 uL/mL. Following serial dilution
technique, it was obtained solutions with concentrations of 40, 20, 10, 5, 2.5, 1.25, 0.625,
0.312, 0.156, 0.08, 0.04, 0.02, 0.01, 0.005 and 0.002 pL/mL (Allegrine et al. 1973 with
adaptation).

2.5. Determination of minimal inhibitory concentration (MIC) and the minimum bactericidal
concentration (MBC)

MIC was determined by the microdilution method (CLSI, 2011). A twofold serial dilution of
the solution containig esential oil/fatty acids was prepared in Mueller Hinton Broth (MHB)
and 100 pl (approximately 1.5 x 108 CFU/mI) of bacteria suspension was added. The samples
were incubated for 24 h at 37°C. Resazurin solution (0.01%) was used as an indicator by color
change visualization: any color changes from purple to pink were recorded as bacterial
growth. The lowest concentration at which no color change occurred was taken as the MIC.
Afterwards, cultures were seeded in MHA medium and incubated for 24 h at 37°C to
determine the MBC which corresponds to the minimum concentration of extract/fractions that
eliminated the bacteria.

2.6. Evaluation of bactericidal and bacteriostatic capacity

The action of an antibacterial on the bacterial strains can be characterized with two
parameters such as Minimum inhibitory concentration (MIC) and Minimum bactericidal
concentration (MBC). According to the ratio MBC/MIC, we appreciated antibacterial activity.
If the ratio MBC/MIC = 1 or 2, the effect was considered as bactericidal but if the ratio
MBC/MIC = 4, 8, 16 or 32, the effect was defined as bacteriostatic (Berche et al. 1988,
Oliveira et al., 2012).

2.7. Analysis of fatty acids

The fatty acids composition of oils was determined by converting into fatty acids methyl
esters followed by gas chromatography (GC). Samples of 50 mg oil were accurately weighed

in thick-walled 15 ml glass tubes. The tubes were prepared in advance with an accurately
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determined amount of the saturated fatty acids, nonadecanoic acid, 19:0 as internal standard.
This was added to the tubes by pipetting 50.0 pl of a solution of 19:0 in chloroform into the
tubes, and then allowing the chloroform to evaporate. This pipetting was carried out with the
handystep electronic, motorized repetitive pipette. Anhydrous methanol, 750 ul, containing
hydrogen chloride in a concentration of 2 mol/L, was added, the tubes were securely closed
with teflon-lined screw caps and placed in an oven at 90°C for 2 h. The lipids were
methanolysed, leaving all fatty acids as fatty acids methyl esters. After cooling to room
temperature, approximately half the metanol was evaporated under a stream of nitrogen after
which 0.5 mL distilled water was added.

The fatty acids methyl esters were extracted 2 times from the methanol/water phase
with 1 ml hexane by vigorous shaking by hand for 1 min each time, followed by
centrifugation at 3000 rpm. Analysis was carried out with a Hewlett-PaCkard 5890A gas
chromatograph and Hewlett-PaCkard 7673A auto-sampler. A fused silica capillary column
with polyethylene glycol as the stationary phase with a thickness of 0.2 um (CP-WAX 52CB
from Chrompac, 25m x 0.25mm) was used. The carrier gas was helium at a flow rate of
1,7ml/min at 40°C. One microliter of the combined fatty acids methyl esters extracts was
automatically injected splitless (the split was opened after 4 min), on a capillary column. The
temperature program was 90°C for 4 min, 90 to 165°C with 30°C/min, 165 to 225°C with
3°C/min, 225°C for 10 min, total run time 43 min, cooling included. Injector and detector
temperatures were 260 and 330°C, respectively.

Samples were chromatographed in random order with a standard solution, GLC 68D
containing 20 FAMEs, for each 8th sample. The quantitatively most important FAs were
identified in the samples by way of the standard mixture and by using previous experience
(Grahl-Nielsen et al., 2000) of relative retention times of fatty acids methyl esters and mass
spectrometry.

The response factors for the fatty acids methyl esters for which there were no
standards, were estimated by comparing with the standard fatty acids methyl esters which
resembled each of those most closely in terms of chain length and number of double bonds.
The relative amount of each fatty acids in a sample was expressed as a percentage of the sum
of all fatty acids in the sample. Three replicate analyses were carried out for all samples.
Analysis of variance (ANOVA) was performed for fatty acids composition of seeds from all
plant species using GenStat Statistical Computer Package (GenStat Release 7.1, 2003) and the
means were separated using LSD (P< 0.05).

2.8. GC/MS analysis of essential oil
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The GC/MS analyses were performed in ElI mode on a Hewlett Packard-6890 GC
system with a fused capillary column (30 m x 0.25 mm x 0.25 Im, HP-5MS, Crossbond 5%
phenyl-95% dimethylpolysiloxane) directly coupled to on Hewlett Packard 5973 selective
mass detector. The conditions of injection were the same as described above. The mass
spectrometer was operated at 70 eV. The constituents of the essential oils were identified by
comparison of their mass spectral pattern and retention indices (RI) with those given in the
literature (Adams 2007). The retention indices (RI) were calculated according to van den
Dool and Kratz (1963).

3. Results and Discussion

The fatty acid composition from S. coronata seeds kernel oils is shown in Table 3.
Nineteen fatty acids were detected including 7 in trace concentrations. The distribution of
fatty acids was: 72.3% saturated, 23.9% monounsaturated and 3.6% polyunsaturated fatty
acids. Normally, odd carbono numbered fatty acids are not reported in oils, but kernel oil
showed the presence of C7, C9, C11, C13 and C15 fatty acids, though at trace concentrations.
Among saturated fatty acids, C12 (lauric acid) as its principal acid (41.58%), while C14
(9.68%), C16 (7.19%), C8 (5.32%), C10 (4.54%) and C18 (3.54%) were also present in
appreciable concentrations. Oleic acid (C18:1) was the dominant monounsaturated fatty acid
constituting about 84,9% of mono-unsaturated fatty acids with concentration of 16.9% of total
fatty acids in kernel oils.

Lauric acid was detected by Coimbra and Jorge (2011) in the three kernel oils of
Arecaceae plants (S. oleraceae, S. romanzoffiana and Acrocomia aculeata) as the major
saturated fatty acid, in contents ranging from 325.8 to 424.3 g kg *. The predominance of
saturated fatty acids with medium chain length, such as lauric acid, is also a characteristic of
other oils from the Palmae family species, such as coconut (Laureles et al. 2002) and palm
tree kernel (Bora et al. 2003).

Research indicates that in some products the presence of solid fat is essential for
maintaining the texture and consistency, the replacement of hydrogenated vegetable fat, with
high trans fatty acids levels, by saturated fat, with high lauric acid content, seems be an
interesting alternative, since this type of fat results in a more favorable blood lipid profile than
a solid fat rich in trans fatty acids (Mensink et al. 2003; Ros et al. 2001). Furthermore, some
oils rich in lauric acid have antibacterial activity, inhibit protozoa, reduce methane production
and ammonia concentration, and thus are successfully used in the enrichment of diets rich in

maize grains (Yabuuchi et al. 2006).
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The fatty acid profile presented by the Chilean palm (Jubaea chilensis) was very
similar to the ouricuri kernel. The saturated fatty acids of Chilean palm (Masson et al. 2008)
totaled 84.78% and the majority of fatty acids were lauric, caprylic and oleic acids, with
levels of 428.2, 130.1 and 121.5 g kg7, respectively; these values are very close to those
presented by ouricuri kernel and others palms of Syagrus.

The fatty acids obtained from S. coronata show a very strong activity against the
standard S. aureus strain (UFPEDA 02) and also against the examined S. aureus strains
obtained from the clinical materials. The values of MIC against clinical S. aureus strains
ranged from 0,156 uL/mL to 2,5 uL/mL. The growth of the standard S. aureus strain,
UFPEDA 02, was inhibited by 1,56 uL/mL of the tested oil. The majority of S. aureus strains
studied: eight out of 16, were sensitive to the oil concentrations of up to 0,625uL/mL or lower
and eight were sensitive to the oil concentrations of up to 1,25 uL/mL (Table 5). These strains
were isolated from blood, oropharynx nasal, wound secretion and eye discharge (Table 1).
The MBC values to fatty acids were ranged from 0.156 to 2.5 uL/mL. The bactericidal and
bacteriostatic effect of the fatty acids was determined using the ratio MBC/MIC (Table 5).

The data analysis indicates that the tested fatty acids showed the significant results
when compared with the control. This may be due to the fact that the bioactive constituents
such as saturated fatty acids and monounsaturated fatty acids compounds were responsible for
the antimicrobial activity. In effect, some previous studies showed
that saturated fatty acids and monounsaturated fatty acids compounds cause inhibition of a
wide range of microorganisms.

From the chromatographic and spectrometric analyzes is possible to observe the
presence of 55 compounds in the formation of the essential oil from the leaves of S. coronata
of which 46 were identified. The major constituent of the essential oil of S. coronata is a-
phellandrene, about 26% of the oil but can also evidence the presence of trans-caryophyllene
(18.01%) and B-phellandrene (12.93%) in concentrations prominent. Among the compounds
lower proportion we highlight the germacrene D (5.99%) and a-Humulene (5,46). About 11
constituents are present in proportions between 1 and 3% of the oil content; and 39 less than
1%. The whole chemical composition of the tested oil is shown in Table 4.

The compounds are distributed between six classes, the dominant class sesquiterpenes
41.8% of the oil, followed by monoterpenes (18.2%), unidentified compounds (16.3%),
oxygenated sesquiterpenes (14.5 %) and oxygenated monoterpenes (7.3%). Ester compounds

are lesser extent (1.8%). Commonly derivatives terpenoids are the most essential oil
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compounds, with the monoterpenes and sesquiterpenes most common classes (Simoes and
Spitzer, 1999).

No bibliographic data have been reported on essential oils compounds of ouricuri
seeds and others neotropical palms. Only one study on the volatile fraction of S. coronata is
available (Belviso et al. 2013). The authors evaluated the volatile fraction of raw and roasted
seeds. A total of 59 volatile compounds were identified in licuri (34 in raw and 55 in roasted)
belonging to 8 chemical classes. Among these, 30 compounds were found in both raw and
roasted licuri. Studies on the volatile fraction and essential oil of other palm fruits such as
coconut (Cocos nucifera L.) and date palm Phoenix dactilifera L.) belonging to the family
Arecaceae (Jayalekshmy, Narayanan, & Mathew, 1991; Lin & Wilkens, 1970; Prades et al.,
2012; Santos et al., 2011; Demirci et al. 2013) are available too. These researches high lighted
that 6-lactones, aldehydes, alcohols, methyl ketones and fatty acids are the most importante
compounds for volatile profile in coconut oil (Santos et al., 2011) and in coconut water
(Prades et al., 2012).

The essential oil obtained from S. coronata shows a very strong activity against the
standard S. aureus strain (UFPEDA 02) and also against the recently isolated S. aureus
strains. The values of MIC against clinical S. aureus strains ranged from 0.002 uL/mL to 0.08
uL/mL. The growth of the standard S. aureus strain, DEPA 02, was inhibited by 0.002 pL/mL
of the tested oil. The majority of S. aureus strains studied: eleven out of 16, were sensitive to
the oil concentrations of 0.01 uL/mL or lower and five were sensitive to the oil concentrations
of up to 0.01 uL/mL (Table 5).

The MBC values to essential oils were ranged from 0.002 to 0.312 puL/mL. The bactericidal
and bacteriostatic effect of the fatty acids was determined using the ratio MBC/MIC (Table
5).

The data analysis indicates that the tested essential oil showed the significant results
when compared with the control. This may be due to the fact that the bioactive constituents
such as a-phellandrene, trans-cariophyllene, and p-phellandrene compounds were responsible
for the antimicrobial activity. In effect, some previous studies showed that saturated fatty
acids and monounsaturated fatty acids compounds cause inhibition of a wide range of
microorganisms. These strains were isolated from blood, oropharynx nasal, wound secretion
and eye discharge (Table 1).

In the last years there has been a great scientific interest in chemical and
pharmacological investigations regarding the biological properties of medicinal plants

(Referéncias recentes). It is known that medicinal plants have been source of many drugs
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applied in clinical procedures (e.g morphine, emetine, rutine). Essential oils and fatty acids
are involved in many importante actions related to the plant survival, playing prominent role
in its defense against microorganisms. The use of essential oils and fatty acids as
antimicrobial agents presents two principal characteristics: i) their natural origin meaning
more safety for users and environment; ii)there is low risk of rising microbial resistance to
their action because essential oils/fatty acids are mixtures of several compounds that,
apparently, presents different antimicrobial action making more difficult the microbial
adaptability (Daferera et al., 2003).

Aligiannis et al. (2001) proposed a classification about the antimicrobial potential of
plant products, based on MIC results: strong inhibitors — MIC of up to 0.5 pL/mL; moderate
inhibitors — MIC between 0.6 and 1.5 pL/mL; weak inhibitors — MIC above 1.6 pL/mL.
Regarding the MIC values found for all assayed S. aureus strains, the classification criteria
above cited confi rms the strong anti-staphylococcal property of S. coronata essential oil and
moderate inhibitors of fatty acids. Still, this intense anti-S. aureus activity becomes more
important when regarded that the most assayed strains showed resistance to at least three
clinically used antibiotics (Table 2).

The antibacterial activity of lauric acid and their monoglycerides was reported. This
compouds could be used to control to growth of some bacterial pathogens. The attention was
focused on gram-negative bacteria (Salmonella spp., E. coli O157:H7 and Y. enterocolitica).
The effectiveness of fatty acids, seemed to be pH dependente (Skrinakova et al., 2005); some
authors, in fact, suggested that the fatty acids could enter the cell in the undissociated form,
dissociate in the interior and cause the dissipation of trans-membrane H+ gradient.
Hydrophobic groups of saturated fatty acids have the greatest influence on antibacterial
activity (Branen & Davidson, 1980; Altieri et al., 2005) and the increase of the
hydrophobicity with the length of the chain could reduce their solubility in aqueous systems.
Thus, hydrophobic groups may be prevented from reaching sufficient concentration to interact
with hydrophobic proteins or lipids on the bacterial cell surface (Wang & Johnson, 1992);
otherwise, the antimicrobial activity of monoglycerides is proposed to act as non-ionic
surfactants that penetrate and become incorporated into bacterial plasma membrane, thereby
altering membrane permeability (Bergsson et al., 1998; Altieri et al., 2005).

To our knowledge, literature reported that the fatty acids and their monoglycerides
seemed less effective against gram-negative bacteria, because the outer membrane could act

as an hurdle and inhibit their diffusion in the cytoplasm (Ouattara et al., 1997).
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The results obtained in this study showed the strong anti-staphylococcal property of S
coronata essential oil and fatty acids noted by small MIC value. The MIC value found for all
assayed strains was prominently smaller than other MIC values found by many researches
emphasizing the antimicrobial potential of medicinal plants on S. aureus strains. These data
are promising and could encourage further researches on phytochemical, toxicological and
pharmacological aspects of S. coronata by-products in order to support their possible rational
use in the antimicrobial therapy, particularly, in anti-S. aureus therapy.

Various constituents of essential oils and fatty acids from S. coronata had been
investigated by GC-MS. This is the first time the fatty acids and essential oils of S. coronata
are evaluated against S. aureus. The fatty acids and essential oils could be made the S.
coronata oils important for a variety of healthy applications such as pharmaceutical, cosmetic
and perfume industries. In addition, essential oils and fatty acids are complex mixtures
comprising many single compounds. Each of these constituents contributes to the beneficial

or adverse effects of these oils.
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Figure 1 - The samples of fruit (left) and seeds (right) of Syagrus coronata.
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Table 1. Origin of Staphylococcus aureus strains used in the antimicrobial assays.

Strains Origin
S. aureus 02 UFPEDA Collection
S.aureus 1 Oropharynx
S. aureus 2 Eye discharge
S. aureus 3 Blood
S. aureus 4 Wound secretion
S.aureus 5 Oropharynx
S. aureus 6 Blood
S. aureus 7 Wound secretion
S. aureus 8 Wound secretion
S. aureus 9 Blood

.aureus 10 Blood
.aureus 11 Blood

.aureus 12 Wound secretion

. aureus 14 Blood

S
S
S
S. aureus 13 Blood
S
S. aureus 15 Blood
S

. aureus 16 Blood
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Table 2. Resistance profi le of Staphylococcus aureus strains to clinically used antibiotics.

Strains Antibiotics

Erythromycin Clindamycin Oxacilin Penicilin Linezolid Tetracycline Vancomycin Chloramphenicol Gentamicin

S.aureus 1 R S S R S S S S S
S. aureus 2 S S S R S I S S S
S. aureus 3 R R R R S S S S S
S. aureus 4 R R R R S S S S S
S. aureus 5 S S S R S I S S S
S. aureus 6 S S S R S I S S S
S. aureus 7 I S S R S S S S S
S. aureus 8 S S S R S S S S S
S.aureus 9 R R R R S S S I R
S. aureus 10 R R S R S R S S S
S. aureus 11 R R R R S S S S S
S. aureus 12 R S S R S S S S S
S. aureus 13 S S S R S S S S S
S. aureus 14 R R R R S R S I R
S. aureus 15 R R R R S R S I R
S. aureus 16 R R R R S R S I R
R: resistant; S: sensitive; I: intermediate



Tabela 3 - Fatty acid composition (Mean + SD) of S. coronata kernel oils.

Fatty Acid % of the total fatty acids

Saturated fatty acids: 72.35
Hexanoic acid Ce0 Tr
Heptanoic acid Cro Tr
Octadecanoic acid Cso 5.32+0.02
Nonanoic acid Coo Tr
Decanoic acid Cio0 4.54+0.11
Undecanoic acid Ci10 Tr
Dodecanoic acid Ci20 41,58+0.90
Tridecanoic acid Ci3zo Tr
Tetradecanoic acid Ci40 9.68+0.06
Pentadecanoic acid Ciso Tr
Hexadecanoic acid Cis0 7.19+0.12
Heptadecanoic acid Ci70 Tr
Octadecanoic acid Cis0 3.54+0.11
Eicosanoic acid Ca00 0.21+0.002
Docosanoic acid Ca20 0.22+0.01
Tetracosanoic acid Caa0 0.07+0.02
Monounsaturated fatty acids 23.90
9-octadecenoic acid Cis 23.81+0.72
11-eicosenoic acid Cao1 0.09+0.01
Polyunsaturated fatty acids 3.59
9,12-octadecadienoic acid Cis2 3.59+0.10




Tabela 4 - Chemical composition of the seeds essential oil of S. coronata.

Retention Indices

%

Peaks Compoounds Caculated ® Literature °

1 a-Pineno 932 932 141
2 B-Pineno 975 974 0.13
3 B-Mirceno 991 988 0.38
4 a-Felandreno 1003 1002 26.26
5 (2)-3-Hexenil acetate 1008 1004 0.16
6 a-Terpineno 1016 1014 0.28
7 o-Cimeno 1024 1022 1.36
8 B-Felandreno 1028 1025 12.93
9 Eucaliptol 1030 1026 0.59
10 trans-Ocimeno 1049 1044 0.23
11 y-Terpineno 1058 1054 0.20
12 a-Terpinoleno 1088 1086 0.18
13 Linalol 1100 1095 0.41
14 Terpine-4-ol 1177 1174 0.14
15 a-Terpineol 1190 1186 0.24
16 d-Elemeno 1337 1335 0.14
17 a-Copaeno 1378 1374 0.18
18 Unidentified coumpound 1387 0.06
19 B-Elemeno 1394 1389 1.60
20 trans —Cariophyleno 1423 1417 18.01
21 B-Copaeno 1432 1432 0.29
22 Aromadendreno 1442 1439 0.18
23 Unidentified coumpound 1444 0.14
24 trans-Muurola-3,5-dieno 1455 1451 0.16
25 a-humuleno 1458 1452 5.46
26 Cariofileno <9-epi-(E)-> 1465 1464 2.26
27 y-Muuroleno 1481 1478 1.72
28 Germacreno D 1486 1480 5.99
29 B-Selineno 1491 1489 1.14
30 cis-beta- Guaiene 1493 1489 0.15
31 8-Selineno 1496 1492 0.45
32 a-Selineno 1500 1498 2.74
33 B-Alaskene 1501 1498 2.74
34 a-Muuroleno 1505 1500 0.89
35 Germacreno A 1510 1508 1.51
36 y-Cadineno 1519 1513 0.43
37 8-Cadineno 1528 1522 2.33
38 Unidentified coumpound 1530 0.15
39 Cadina-1,4-dieno 1537 1533 0.13
40 a-Cadineno 1542 1537 0.10
41 Germacreno B 1561 1559 0.07
42 Palustrol 1571 1567 0.19
43 Unidentified coumpound 1587 0.65
44 Unidentified coumpound 1595 0.44
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Retention Indices %

Peaks Compoounds Caculated * Literature °

45 Cubenan-11-ol 1597 1595 0.40
46 Rosifoliol 1605 1600 0.27
47 Unidentified coumpound 1616 0.25
48 Junenol 1622 1618 0.13
49 Unidentified coumpound 1626 0.19
50 Unidentified coumpound 1628 0.19
51 Cubenol <1-epi-> 1631 1627 0.13
52 Unidentified coumpound 1635 0.10
53 Muurolol <epi-alpha-> 1645 1640 0.86
54 a-Muurolol 1649 1644 0.25
55 a-Cadinol 1657 1652 1.74

Total 99.79

* Calculated on DB-5MS column according to Van Den Dool and Kratz (1963), based on a
homologous series of normal alkanes (C9-C19);® According to Adams (2009).



Table 5. Inhibitory activity of S. coronata fatty acids and essential oil on Staphylococcus aureus strains isolated from clinical material.

Essential Oil Fatty Acids Control
Strain MIC MBC MBC/MIC MIC MBC MBC/MIC MIC MBC MBC/MIC
UFPEDA 02 0.002 0.002 1 0.156 0.156 1 0.04 0.04 1
1 0.01 0.01 1 0.156 1.25 8 0.04 0.625 16
2 0.01 0.04 4 0.156 2.5 16 0.04 0.625 16
3 0.01 0.01 1 0.156 1.25 8 0.04  0.625 16
4 0.005 0.02 4 1.25 2.5 2 0.312 10 32
5 0.002 0.004 2 0.156 0.625 4 0.04 1.25 32
6 0.01 0.01 1 0.625 2.5 4 0.04 0.625 16
7 0.01 0.02 2 0.156 1.25 8 0.04 0.625 16
8 0.01 0.02 2 0.156 0.156 1 0.04 0.625 16
9 0.04 0.04 1 1.56 2.5 2 0.08 1.25 16
10 0.04 0.04 1 1.56 2.5 2 0.08 1.25 16
11 0.04 0.156 4 0.625 0.625 1 0.04 0.08 2
12 0.08 0.312 4 2.5 2.5 1 0.08 0.625 8
13 0.02 0.02 1 2.5 2.5 1 0.04 0.08 2
14 0.01 0.02 2 1.25 2.5 2 0.625 10 16
15 0.01 0.02 2 2.5 5 2 0.312 5 16
16 0.01 0.02 2 2.5 5 2 0.312 10 32
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6. CONCLUSOES

Este trabalho é pioneiro no estudo de Gleos essenciais de espécies de palmeiras
neotropicais. Os poucos trabalhos investigaram apenas fracfes volateis de extratos de
endosperma liquido e solido. Os trabalhos disponiveis com espécies de palmeiras sdo restritos
a palmeiras da regido da peninsula arabica, especificamente com o género Phoenix, exclusivo
daquela regido e a cosmopolita Cocos nucifera.

Estudos que abordam a acdo dos &cidos graxos e Oleos essenciais de palmeiras séo
também escassos. Em nosso estudo, os acidos graxos e 6leos essenciais extraidos das
sementes de Syagrus coronata mostraram forte atividade contra isolados de Staphylococcus
aureus isolados de material clinico. Os valores obtidos através da concentragdo minima
inibitoria variaram entre 0.002 a 1.25 pL/mL.

Apesar acidos graxos e Oleos essenciais mostrarem forte atividade anti-
Sthaphylococcus aureus estudos complementares sdo necessarios, como por exemplo, a
atividade anti-Sthaphylococcus aureus dos principais compostos majoritarios dos acidos
graxos e 0leos essenciais. Tambem se faz necessario investigar qual o mecanismo de acdo que
esses compostos, de natureza lipidica, exercem no microrganismo avaliado.

Embora a maioria dos pesquisadores considerarem que concentracdo minima inibitéria
dessa magnitude sdo indicadores de acdo antibacteriana outros estudos necessitam ser
complementados afim de determinar uma potencial utilizacdo clinica para os 6leos essenciais

e acidos graxos de S. coronata.
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letters to the Editor; book reviews.

1.Research papers - original full-length research papers which have not been published previously,
except in a preliminary form, and should not exceed 7,500 words (including allowance for no more
than 6 tables and illustrations). Research papers should not contain more than 40 references.
2.Review articles - will be accepted in areas of topical interest, will normally focus on literature
published over the previous five years, and should not exceed 10,000 words (including allowance for
no more than 6 tables and illustrations). Review articles should not contain more than 80 references.
3.Rapid communications - an original research paper reporting a major scientific result or finding with
significant implications for the research community, designated by the Editor.

4.Short communications - Short communications of up to 3000 words, describing work that may be
of a preliminary nature but which merits immediate publication.

5.Viewpoints - Authors may submit viewpoints of about 1200 words on any subject covered by the
Aims and Scope.

6.Letters to the Editor - Letters are published from time to time on matters of topical interest.
7.Book reviews

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

The work described in your article must have been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving
humans http://www.wma.net/en/30publications/10policies/b3/index.html ; EU Directive 2010/63/EU
for animal experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm.

Guidelines in the US and Canada, Europe and Australia specifically state that hypothermia (use of
ice slurries) is not an acceptable method for killing fish in the research environment. We are aware
that in the past papers using the same or similar methods have been accepted in Food Chemistry.
However, the journal reserves the right to change/enforce submission criteria especially in the relation
to publication of ethical research.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict of
Interest form can be found at: http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

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 http://www.elsevier.com/postingpolicy), 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 may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
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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. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

This journal offers authors a choice in publishing their research: Open Access and Subscription.

For Subscription articles

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright, see http://www.elsevier.com/copyright). 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
(please consult http://www.elsevier.com/permissions). 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: please consult
http://www.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement). Permitted
reuse of open access articles is determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription articles please see
http://www.elsevier.com/journal-authors/author-rights-and-responsibilities.

Open access articles please see http://www.elsevier.com/OAauthoragreement.

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. Please see http://www.elsevier.com/funding.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open Access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse

e An Open Access publication fee is payable by authors or their research funder

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http://www.elsevier.com/access)

e No Open Access publication fee
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All articles published Open Access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create
extracts, abstracts, and other revised versions, adaptations or derivative works of or from an article
(such as a translation), to include in a collective work (such as an anthology), to text or data mine
the article, even for commercial purposes, as long as they credit the author(s), do not represent the
author as endorsing their adaptation of the article, and do not modify the article in such a way as
to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts and
other revised versions, adaptations or derivative works of or from an article (such as a translation),
to include in a collective work (such as an anthology), to text and data mine the article, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work
(such as an anthology), as long as they credit the author(s) and provided they do not alter or modify
the article.

To provide Open Access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published Open Access.

Your publication choice will have no effect on the peer review process or acceptance of submitted
articles.

The publication fee for this journal is $2,200, excluding taxes. Learn more about Elsevier's pricing
policy: http://www.elsevier.com/openaccesspricing.

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 WebShop http://webshop.elsevier.com/languageediting/ or visit our customer support site
http://support.elsevier.com for more information.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Authors must provide and use an email address unique to themselves and not shared with another
author registered in EES, or a department.

Authors are required to submit, with the manuscript, the names, addresses and e-mail addresses of 3
potential referees. Note that the editor retains the sole right to decide whether or not the suggested
reviewers are used.

A peer review system involving two or three reviewers is used to ensure high quality of manuscripts
accepted for publication. The Managing Editor and Editors have the right to decline formal review of
a manuscript when it is deemed that the manuscript is

1) on a topic outside the scope of the Journal;

2) lacking technical merit;

3) focused on foods or processes that are of narrow regional scope and significance;

4) fragmentary and providing marginally incremental results; or

5) is poorly written.
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PREPARATION

Use of wordprocessing software

General: Manuscripts must be typewritten, double-spaced with wide margins on one side of white
paper. Each page must be numbered, and lines must be consecutively humbered from the start to
the end of the manuscript. Good quality printouts with a font size of 12 or 10 pt are required. The
corresponding author should be identified (include a Fax number and E-mail address). Full postal
addresses must be given for all co-authors. Authors should consult a recent issue of the journal for
style if possible. An electronic copy of the paper should accompany the final version. The Editors
reserve the right to adjust style to certain standards of uniformity. Authors should retain a copy of their
manuscript since we cannot accept responsibility for damage or loss of papers. Original manuscripts
are discarded one month after publication unless the Publisher is asked to return original material
after use.

Article structure

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords, Main text,
Acknowledgements, Appendix, References, Vitae, Figure Captions and then Tables. 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. The title of the paper should unambiguously reflect its contents. Where the title exceeds
70 characters a suggestion for an abbreviated running title should be given.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

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

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. 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.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e 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
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

The abstract should not exceed 150 words.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file hame and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.
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Temperatures should be given in degrees Celsius. The unit 'billion' is ambiguous and should not be
used.

Elsevier encourages authors to connect articles with external databases, giving their readers one-
click access to relevant databases that help to build a better understanding of the described research.
Please refer to relevant database identifiers using the following format in your article: Database: xxxx
(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking
for more information and a full list of supported databases.

Electronic artwork

General points

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

e Embed the used fonts if the application provides that option.

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

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

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the printed version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

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 line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

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 a minimum of
500 dpi.

Please do not:

e 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;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Please insert the following text before the standard text - Photographs, charts and diagrams are all
to be referred to as "Figure(s)" and should be numbered consecutively in the order to which they
are referred. They should accompany the manuscript, but should not be included within the text. All
illustrations should be clearly marked with the figure number and the author's name. All figures are
to have a caption. Captions should be supplied on a separate sheet.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.
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Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Example: CTAHR (College of Tropical Agriculture and Human Resources, University
of Hawaii). Tea (Camellia sinensis) a New Crop for Hawaii, 2007. URL
http://www.ctahr.hawaii.edu/oc/freepubs/pdf/tea_04_07.pdf . Accessed 14.02.11.

All publications cited in the text should be presented in a list of references following the text of the
manuscript. No more than 30 references should be cited in your manuscript. In the text refer to
the author's name (without initials) and year of publication (e.g. "Steventon, Donald and Gladden
(1994) studied the effects..." or "...similar to values reported by others (Anderson, Douglas, Morrison
& Weiping, 1990)..."). For 2-6 authors all authors are to be listed at first citation. At subsequent
citations use first author et al.. When there are more than 6 authors, first author et al. should be
used throughout the text. The list of references should be arranged alphabetically by authors' names
and should be as full as possible, listing all authors, the full title of articles and journals, publisher
and year. The manuscript should be carefully checked to ensure that the spelling of authors' names
and dates are exactly the same in the text as in the reference list.

Reference style

Text: Citations in the text should follow the referencing style used by the American
Psychological Association. You are referred to the Publication Manual of the American Psychological
Association, Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be ordered from
http://books.apa.org/books.cfm?id=4200067 or APA Order Dept.,, P.O.B. 2710, Hyattsville, MD
20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, 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, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59.

Reference to a book:

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

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. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing
Inc.
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The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designhated as the corresponding author with contact details:

e E-mail address

e Full postal address

e Phone numbers

All necessary files have been uploaded, and contain:

e Keywords

e All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked'

e References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the Web)
e Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
e If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

Additional information

Abbreviations for units should follow the suggestions of the British Standards publication BS 1991.
The full stop should not be included in abbreviations, e.g. m (not m.), ppm (not p.p.m.), % and '/
should be used in preference to 'per cent' and 'per'. Where abbreviations are likely to cause ambiguity
or may not be readily understood by an international readership, units should be put in full.

Current recognised (IUPAC) chemical nomenclature should be used, although commonly accepted
trivial names may be used where there is no risk of ambiguity.

The use of proprietary names should be avoided. Papers essentially of an advertising nature will not
be accepted.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

AUTHOR INFORMATION PACK 19 Sep 2013 www.elsevier.com/locate/foodchem 10



When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Corresponding authors will receive an e-mail with a link to our ProofCentral system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions 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 choose 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 quickly and accurately - please upload
all of your corrections within 48 hours. 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 responsibility. Note that Elsevier may
proceed with the publication of your article if no response is received.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail (the PDF file is a watermarked version of the published article and includes a cover sheet
with the journal cover image and a disclaimer outlining the terms and conditions of use). 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 WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
Authors requiring printed copies of multiple articles may use Elsevier WebShop's
'Create Your Own Book' service to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please visit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please visit http://www.elsevier.com/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by the publisher.
You can track accepted articles at http://www.elsevier.com/trackarticle. You can also check
our Author FAQs at http://www.elsevier.com/authorFAQ and/or contact Customer Support via
http://support.elsevier.com.

© Copyright 2012 Elsevier | http://www.elsevier.com
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