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RESUMO

O presente estudo teve como objetivos realizar a caracterizagcao estrutural e das
propriedades funcionais da galactomanana da semente de A. pavonina, e avaliar o
seu efeito na dislipidemia induzida por dieta hipercal6rica em ratas. Para tanto, a
galactomanana foi extraida das sementes de A. pavonina, teve sua composicao
monossacaridica determinada por Cromatografia Liquida Gasosa, peso molecular e
homogeneidade determinados por Cromatografia de Exclusao Estérica de Alta
Pressdo acoplada a multidetectores, grupos funcionais analisados por
espectroscopia de FT-IR, comportamento reolégico analisado em cisalhamento
continuo, micromorfologia analisada por Microscopia Eletrébnica de Varredura, e
avaliacao das propriedades funcionais de capacidade de retencao de agua (CRA) e
6leo (CRO). Quanto a investigacao do efeito da galatomanana de A. pavonina sobre
a dislipidemia, ratas Wistar foram divididas aleatoriamente em quatro grupos: GP
(grupo racéo padrao) que recebeu Nuvilab®, GH (grupo ragao hipercalérica), GHGA
(grupo racao hipercaldrica + gel de galactomanana de A. pavonina) e GHGG (grupo
racao hipercalérica + gel de goma guar), que receberam dieta hipercalérica por 18
semanas para inducdo da dislipidemia. GHGA e GHGG também receberam,
simultaneamente, tratamento com 500 pL de gel a 5% das respectivas
galactomananas, por gavagem. Apos esse periodo foram avaliados os efeitos sobre
o ganho ponderal, adiposidade abdominal e perfil lipidico sérico e hepatico.
Adicionalmente, foi avaliado o efeito da galactomanana sobre a motilidade
gastrointestinal utilizando modelos de esvaziamento géstrico e transito intestinal. Em
todos os experimentos, a goma guar, galactomanana comercial, foi utilizada como
padrdo. O rendimento da galactomanana extraida foi de 19,62%, sua relacao
proporcional manose/galactose foi de 1,7:1, apresentou perfil de eluicdo homogéneo
em tempo aproximado de 36 minutos, caracteristico de polissacarideos, alta massa
molar (8,8 x 10° g mol™), grupos funcionais tipicos de galactomananas,
comportamento de fluxo nao-newtoniano e pseudoplastico, estrutura
micromorfoldgica irregular, aspera e porosa, e altas taxas de CRA (63,35 g de H20/g
de amostra) e CRO (3,04 g de 6leo/g de amostra), comparaveis as do polimero
padrdo. Com relagdo aos efeitos sobre a dislipidemia, o grupo GHGA apresentou
menor percentual de ganho ponderal em relacao ao GH (33,7 % vs 50,7%), mas nao
evitou o acumulo de gordura abdominal, de forma semelhante ao grupo GHGG. O
grupo GHGA também mostrou menores taxas de triglicerideos (TG) sérico (52
mg/dL) e hepatico (32,5 mg/dL), e aumento do HDL-C (94,3 mg/dL) quando
comparado ao GH (96 mg/dL; 61,8 mg/dL; 52,4 mg/dL, respectivamente), enquanto
o GHGG mostrou efeito apenas na reducdo do TG sérico. Além disso, 0s animais
tratados com a galactomanana de A. pavonina (57,7 %) e goma guar (62,5 %)
mostraram menor percentual de transito intestinal em relacdo aos que receberam
apenas agua (82,6 %), sugerindo controle da saciedade associada a reducao da
motilidade intestinal. Os resultados indicam que a galactomanana de A. pavonina
apresenta estrutura e propriedades funcionais semelhantes as da goma guar, além
de mostrar-se eficaz no controle da dislipidemia, sugerindo ser a galactomanana de
A. pavonina uma fonte alternativa de fibra solivel, com potencial biotecnolégico
semelhante ao de galactomananas tradicionalmente utilizadas na industria
alimenticia, farmacéutica e area médica.

Palavras-chave: polissacarideos, galactomanana, gomas, Adenanthera pavonina
L., goma guar, dislipidemia, propriedades fisico-quimicas, fibra alimentar.



ABSTRACT

The objective of the present study was to characterize the structural and functional
properties of A. pavonina galactomannan seed and to evaluate its effect on
hypercaloric diet induced dyslipidemia in rats. For this, the galactomannan was
extracted from the seeds of A. pavonina, had its monosaccharide composition
determined by Liquid Gas Chromatography, molecular weight and homogeneity
determined by High Pressure Steric Exclusion Chromatography coupled to
multidetectors, functional groups analyzed by FT-IR spectroscopy , rheological
behavior analyzed in continuous shear, micromorphology analyzed by Scanning
Electron Microscopy, and evaluation of the functional properties of water holding
capacity (WHC) and oil (OHC). As regards the investigation of the effect of A.
pavonina galatomannan on dyslipidemia, Wistar rats were randomly divided into four
groups: GP (standard ration group) receiving Nuvilab®, GH (hypercaloric ration
group), GHGA (group hypercaloric ration + galactomannan gel of A. pavonina) and
GHGG (group hypercaloric ration + guar gum gel), which received a hypercaloric diet
for 18 weeks to induce dyslipidemia. GHGA and GHGG were also simultaneously
treated with 500 pL of gel at 5% of the respective galactomannan by gavage. After
this period, the effects on weight gain, abdominal adiposity and serum and hepatic
lipid profile were evaluated. Additionally, the effect of galactomannan on
gastrointestinal motility was evaluated using models of gastric emptying and
intestinal transit. In all experiments, guar gum, commercial galactomannan, was used
as standard. The yield of the galactomannan extract was 19.62%, its mannose/
galactose ratio was 1.7: 1, presented a homogeneous elution profile in approximately
36 minutes, characteristic of polysaccharides, high molar mass (8.8 x 10° g mol™),
functional groups typical of galactomannans, non-Newtonian and pseudoplastic flow
behavior, irregular, rough and porous micromorphological structure, and high rates of
WHC (63.35 g H20/g sample) and OHC (3.04 g of oil/g of sample), comparable to
those of the standard polymer. Regarding the effects on dyslipidemia, the GHGA
group presented a lower percentage of weight gain in relation to GH (33.7 % vs 50.7
%), but did not avoid the accumulation of abdominal fat, similar to the GHGG group.
The GHGA group also showed lower rates of serum triglycerides (52 mg/dL) and
hepatic (32.5 mg/dL) and an increase in HDL-C (94.3 mg/dL) when compared to GH
(96 mg/dL, 61.8 mg/dL, 52.4 mg/dL, respectively), while GHGG showed only effect
on serum TG reduction. In addition, animals treated with A. pavonina galactomannan
(57.7 %) and guar gum (62.5 %) showed a lower percentage of intestinal transit than
those receiving only water (82.6 %), suggesting control satiety associated with
reduced intestinal motility. The results indicate that A. pavonina galactomannan has
a structure and functional properties similar to those of guar gum, and it is effective in
the control of dyslipidemia, suggesting that A. pavonina galactomannan is an
alternative source of soluble fiber with biotechnological potential similar to
galactomannans traditionally used in the food, pharmaceutical industries and medical
area.

Key words: polysaccharides, galactomannan, gums, Adenanthera pavonina L., guar
gum, dyslipidemia, physicochemical properties, food fiber.
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1. INTRODUCAO

As dislipidemias sdo apontadas como um importante fator de risco para as
doencgas cardiovasculares (DCV), devido a aterosclerose da parede arterial e a
trombose, condicdes estas diretamente associadas a anormalidades nos padrdes
lipidicos (ESC/EAS, 2016; ESC/EAS, 2011), sendo, portanto, indiretamente
responsaveis por quase 43% de todos os 6bitos no mundo e 37% de todas as
mortes prematuras (MOTAMED et al., 2017). Neste contexto, a importancia da
prevencao e tratamento das DCV permanece incontestavel no cenario mundial,
tendo na adocdo de estilos de vida saudaveis como o consumo de uma dieta
equilibrada com quantidade adequada de fibras alimentares, especialmente as do
tipo soluveis, fundamentos essenciais capazes de reduzir expressivamente o risco
de seu desenvolvimento, e os custos de saude efetivos associados a essa condicéo
(ESC/EAS, 2016).

As galactomananas sdo um tipo de fibra solivel comumente extraidas do
endosperma de muitas sementes de plantas, especialmente de leguminosas (familia
Leguminosae), cuja estrutura fundamental é composta por uma cadeia principal
linear de residuos de D — manopiranose (Man) unidos por liga¢des do tipo B (1—4)
com ramificagdes individuais de D — galactopiranose (Gal) com ligagbes a (1—6)
(DEA & MORRISON, 1975). Devido suas caracteristicas fisico-quimicas especificas
e auséncia de toxicidade, as galactomananas tém sido empregadas amplamente por
diversas areas da industria, incluindo a farmacéutica e de alimentos, na forma
principalmente de agentes estabilizantes de emulsdes, espessantes, e produtores de
biofilmes (ALBUQUERQUE et al., 2014), e na area médica tem sido atribuido a esse
polissacarideo efeito coadjuvante ao tratamento de varias desordens como cancer e
obesidade (HAMDEN et al., 2010), diabetes mellitus, dislipidemia (SRICHAMROEN
et al., 2008) e sindrome metabdlica (KAPOOR; ISHIHARA & OKUBO, 2016).

As galactomananas mais comercializadas e utilizadas na industria s&o a goma
guar (Cyamopsis tetragonolobus), goma de locust bean (Ceratonia siliqua) e goma
tara (Ceasalpinea spinosa) (DAKIA et al., 2008). No entanto, o crescimento da
utilizagdo industrial de gomas, em nivel internacional, tem sido um impulso para a
descoberta de novas fontes de galactomananas de sementes de leguminosas
(PRAJAPATI et al., 2013; MIKKONEN et al., 2007; SRIVASTAVA & KAPOOR,
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2005).

A espécie Adenanthera pavonina Linn. € uma planta pertencente a familia das
Fabaceae (Leguminosae), subfamilia Mimosoideae, nativa da Asia Tropical
(BOUQUET & DEBRAY, 1974), cujas sementes apresentam um endosperma
gomoso e espesso, fonte de galactomanana com estrutura tipica, segundo Tavares
(1998). Entretanto, estudos de caracterizagdo da galactomana desta espécie sao
escassos, e seu potencial biotecnolégico € pouco explorado (SOARES, 2009),
havendo, portanto, necessidade de mais estudos que investiguem a estrutura,

propriedades e aplicagdes desse polimero.

Dessa forma, o presente estudo realizou a caracterizacdo da estrutura e
propriedades funcionais de capacidade de retencdo de é&agua e Oleo da
galactomanana de A. pavonina, bem como avaliou sua atividade biologica sobre a
dislipidemia induzida por dieta hipercalérica em ratas Wistar. Aléem disso, houve a
elaboracao de produto alimenticio desenvolvido com a adicao dessa goma, que foi

submetido ao sigilo de patente.
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2. REFERENCIAL TEORICO
2.1 Dislipidemias

As dislipidemias caracterizam-se por alteracbes no metabolismo lipidico,
repercutindo diretamente sobre as taxas das lipoproteinas (FAGHERAZZI et al.,
2008), podendo ser classificadas em primarias ou sem causa aparente, quando
decorrentes de origem hereditaria reconhecida ou ndo, e secundarias, se
consequentes a doenca de base como obesidade, hipotireoidismo, diabetes mellitus
(DM), sindrome nefrética, sindrome metabdlica (SM), doencga renal crénica (DRC),
dentre outras, ou ao uso de medicamentos como corticosterdides, anabolizantes e
betabloqueadores (SBC, 2013; SBC, 2001). No entanto, independente da causa, as
dislipidemias sao apontadas como um relevante fator de risco para as doencas
cardiovasculares (DCV) devido a aterosclerose da parede arterial e a trombose,
condicbes estas diretamente associadas a anormalidades nos padrées lipidicos
(ESC/EAS, 2016; ESC/EAS, 2011).

Do ponto de vista fisioldgico, os lipidios biologicamente mais relevantes sao
os fosfolipidios, componentes da estrutura basica das membranas celulares;
colesterol, precursor dos hormonios esterdides, acidos biliares e vitamina D, além de
também fazer parte da estrutura das membranas celulares, garantindo fluidez e
ativacdo das enzimas locais; triglicerideos, formados por trés acidos graxos ligados
a uma molécula de glicerol, considerado uma das mais importantes formas de
armazenamento energético no organismo, depositado no figado e musculatura; e
acidos graxos que podem ser classificados em saturados, monoinsaturados e
poliinsaturados, de acordo com a presenca ou nao de duplas ligacdes (SBC, 2013;
SBC, 2007).

Quanto as lipoproteinas, sao particulas compostas por lipidios e proteinas
denominadas apolipoproteinas (apos), que possuem a funcdo de solubilizar e
transportar os lipidios na corrente sanguinea, podendo ser divididas em quatro
classes de acordo com sua composi¢do, tamanho e densidade: as ricas em
triglicerideos (TG), maiores e menos densas, representadas pelos quilomicrons, de
origem intestinal, e pela lipoproteina de muito baixa densidade (VLDL), proveniente
do figado; as ricas em colesterol, como a lipoproteina de baixa densidade (LDL) e a

lipoproteina de alta densidade (HDL); a lipoproteina de densidade intermediaria
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(IDL); e a lipoproteina a (Lp (a)), que resulta da ligagdo covalente entre uma
molécula de LDL a apo (a), estando fortemente associada a formagao e progressao
da placa aterosclerética (Quadro 1) (SBC, 2017).

Quadro 1. Caracteristicas e funcoes das principais lipoproteinas plasmaticas

Classe da | Origem Composicao Papel fisiologico *Aterogenicidade
lipoproteina relativa
Quilomicron | Intestino 90% TG Transporte de TG |0

5% colesterol dietéticos

3% fosfolipidio
2% proteinas

VLDL Figado e intestino 60% TG Transporte de TG | +
10% colesterol enddgenos
18% fosfolipidio
10% proteinas

IDL Na circulacdo, | 40% TG Precursor de LDL +++
secundaria ao | 30% colesterol
catabolismo de | 20% fosfolipidio
outras lipoproteinas | 10% proteinas

LDL Figado 10% TG Principal lipoproteina | ++++

50% colesterol de transporte do
15% fosfolipidio | colesterol
25% proteinas

HDL Figado e intestino 5% TG Reverter o | Negativamente
20% colesterol transporte do
25% fosfolipidio | colesterol

50% proteinas

correlacionada

* +: potencial aterogénico
Fonte: Adaptado de Kris — Etherton et al, 1998

Em situagdes anormais é possivel observar o acumulo, nos compartimentos
plasmaticos, de quilomicrons e/ou VLDL, resultante da diminuigdo da hidrélise dos
TG pela lipase lipoprotéica ou aumento da sintese hepéatica de VLDL, em
decorréncia de alteracbes genéticas das enzimas ou apolipoproteinas relacionadas,
assim como o acumulo sérico de LDL, associado a defeitos no gene da LDL ou apo
B100, condi¢cbes estas denominadas respectivamente de hipertrigliceridemia e
hipercolesterolemia primarias (SBC, 2017).

Com relagdo aos determinantes secundarios das dislipidemias, o excesso de
peso, obesidade, e particularmente a adiposidade abdominal, bem como seus
determinantes dietéticos, merecem papel de destaque, contribuindo freqiientemente
para o desenvolvimento dessa condicdo (ESC/EAS, 2016). Individuos com
obesidade, principalmente do tipo abdominal ou central, caracterizada pela
distribuicao de gordura corporal do tipo andrdide, também conhecida como corpo em
formato de “macd” (ROSA et al., 2016; FERRARI, 2007), comumente apresentam
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disfuncao dos adipécitos com atividade lipolitica aumentada, ocasionando alta
liberagdo de acidos graxos livres na circulagdo esplénica, atingindo diretamente o
figado e induzindo ao aumento da sintese hepatica de TG, que juntamente com a
sintese aumentada desse lipidio a partir do excesso de glicose, também associado
ao excesso ponderal, resultam no quadro de hipertrigliceridemia (GENSER et al.,
2016; FERRARI et al., 2007). Altas taxas de triglicerideos, por sua vez, levam a
reducao dos niveis séricos de HDL, comprometendo as atividades antiinflamatdria,
antioxidante, vasodilatadora, e de transporte reverso do colesterol realizadas por
essa lipoproteina (HAYDEN & TYAGI, 2005), alem de estimular a maior liberagéo
hepatica de VLDL, e de particulas muito pequenas e densas de LDL (OSMANCIK;
BEDNAR & MOCOKOVA, 2007).

Além disso, fortes evidéncias sugerem que os fatores alimentares também
podem influenciar os niveis plasmaticos das lipoproteinas. O elevado consumo de
alimentos ricos em acidos graxos saturados (MENSINK et al., 2003), gorduras trans
(MICHA et al.,, 2014) e colesterol (ESC/EAS, 2016), por exemplo, associa-se
diretamente ao aumento das taxas de LDL e colesterol total (CT), que abrange o
colesterol contido nas fragdes de VLDL, IDL, LDL e HDL , e a excessiva ingestao de
carboidratos simples, como glicose (NORDMANN et al.,, 2006; MENSINK et al.,
2003), frutose (STANHOPE et al., 2015; STANHOPE et al., 2009) e alimentos de
alto indice glicémico (IG) (DE NATALE et al., 2009; LIU et al., 2001), podem resultar
em elevados niveis de TG e baixas doses de HDL (ESC/EAS, 2016; ESC/EAS,
2011).

Quanto a classificagdo, as dislipidemias podem ser do tipo
hipercolesterolemia isolada: elevacéo isolada da lipoproteina de baixa densidade
colesterol (LDL-C: > 160 mg/dL); hipertrigliceridemia isolada: elevacao isolada dos
triglicerideos (TG: > 150 mg/dL), que reflete 0 aumento do numero e/ou volume de
particulas ricas em TG como VLDL, IDL e quilomicrons; hiperlipidemia mista,
caracterizada por valores elevados de LDL-C e TG, CT > 200 mg/dL e colesterol
ndo-HDL (VLDL + IDL + LDL) > 160 mg/dL; e baixos niveis de lipoproteina de alta
densidade colesterol (HDL-C: < 40 mg/dL para homens e < 50 mg/dL para
mulheres), de forma isolada ou associada a elevacado de LDL-C e TG. Ademais,
merecem destaque as chamadas dislipidemias graves, marcadas por taxas de LDL-
C > 190 mg/dL e TG > 800 mg/dL, isoladas ou associadas (SBC, 2013); a
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disbetalipoproteinemia familiar, que possui caracteristicas de sindrome, assinalada
pela presenga de dislipidemia associada a altos niveis de TG, obesidade, DM, ou
hipotireoidismo (ESC/EAS, 2011); e as dislipidemias resistentes ao tratamento,
requerendo o encaminhamento dos portadores a centros de terapia especializados
(SBC, 2013).

A analise bioquimica dos parametros lipidicos e de lipoproteinas é
fundamental na avaliagdo do risco cardiovascular (CV), bem como no impacto do
tratamento sobre o risco CV (SBC, 2017). Varios tipos de dislipidemia parecem
predispor de forma prematura a DCV, contudo, um padrao particular denominado de
triade lipidica aterogénica € mais comum que outros, consistindo na co-existéncia de
remanescentes de VLDL colesterol (remanescentes de VLDL-C), TG e LDL-C
aumentados, e redugédo do HDL-C (Quadro 2) (ESC/EAS, 2011).

Quadro 2. Valores de referéncia do perfil lipidico para adultos

Lipidios Valores (mg/dL) Categoria
CT <200 Desejavel
200 - 239 Limitrofe
> 240 Alto
LDL-C <100 Otimo
100 - 129 Desejavel
130 - 159 Limitrofe
160 - 189 Alto
> 190 Muito alto
HDL-C > 60 Desejavel
<40 Baixo
TG <150 Desejavel
150 - 200 Limitrofe
200 - 499 Alto
> 500 Muito alto
* Colesterol nao-HDL <130 Otimo
130 - 159 Desejavel
160 - 189 Alto
> 190 Muito alto

* Colesterol ndo-HDL: usado como uma estimativa da quantidade total de lipoproteinas aterogénicas
no plasma (VLDL + IDL + LDL)
Fonte: Adaptado da Sociedade Brasileira de Cardiologia, 2013

Diversos modelos de inducao experimental de alteracées metabdlicas como
excesso ponderal, DM 2, dislipidemia, e sindrome metabdlica (SM), principalmente
em ratos da linhagem Wistar, por meio de dietas hipercaléricas caracterizadas por
altas concentragdes de acglucares como frutose, ou gorduras saturadas, ou
associacdo de altas doses de carboidrato e gordura, ou dieta de cafeteria

(hipercal6rica rica em sodio, gordura saturada, e pobre em fibras), tem sido
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propostos com o intuito de demonstrar a importancia dos fatores de risco dietéticos
na génese dessas alteragdes, e assim contribuir com progressos na compreensao
da etiopatogenia e intervencbes terapéuticas adequadas. Dentre os parametros
avaliados nestes estudos estao o perfil lipidico (CT, LDL-C, TG, e HDL-C), indices
cardiaco, aterogénico e da artéria coronaria, perfis antropométrico (ganho de peso,
indice de massa corporal - IMC, e circunferéncia abdominal), e glicidico (glicemia
plasmatica de jejum - GPJ, glicemia pds-prandial - GPP, insulinemia), analise
histoldgica de tecidos (figado, rins, baco, coracédo, pancreas e etc), dosagens de
citocinas inflamatdrias e enzimas antioxidantes, dentre outros, todos passiveis de
alteracées pela exposicdo aos efeitos deletérios de um consumo alimentar
inapropriado (AJIBOYE et al., 2016; HAZARIKA et al., 2016; SAH et al., 2016;
BALLESTRERI; MARCON & TAVARES, 2015).

2.2 Fisiopatologia da aterogénese

A aterosclerose consiste em uma doenca inflamatéria cronica, de origem
multifatorial, que ocorre em resposta a agressao do endotélio vascular por diversos
fatores de risco como elevacao de lipoproteinas aterogénicas (LDL, IDL, VLDL e
remanescentes de quilomicrons), hipertensdo arterial ou tabagismo, atingindo

principalmente a camada intima das artérias de médio e grande calibre (SBC, 2017).

Como consequéncia da disfuncdo endotelial, hda um aumento da
permeabilidade da camada intima vascular as lipoproteinas plasmaticas favorecendo
sua retencao no espaco subendotelial, processo esse que inicia a aterogénese
juntamente com a oxidacdo de particulas de LDL, e que ocorre de maneira
proporcional a concentracdo sérica dessas lipoproteinas. Além disso, outra
manifestacao da disfuncao endotelial, estimulada pela presenca de LDL oxidada, é o
surgimento de moléculas de adesdo leucocitaria na superficie endotelial
responsaveis pela atracao local de mondcitos e linfécitos. Os mondcitos por sua vez,
migram para o subendotélio vascular, onde se diferenciam em macrofagos e
capturam as LDL oxidadas, sem controle da quantidade recebida, constituindo as
chamadas células espumosas, principal componente das estrias gordurosas que
caracterizam as lesdes macroscopicas iniciais da aterosclerose (HANSSON, 2005).
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Além disso, uma vez ativados, os macréfagos também sido os grandes
responsaveis pela progressdo da placa aterosclerética mediante secrecao de
mediadores pr6 — inflamatérios como as citocinas, e de enzimas proteoliticas
capazes de degradar o coladgeno e outros componentes teciduais locais. Outras
células inflamatorias como os linfocitos T, também participam do processo por meio
da interagdo com os macrofagos, se diferenciando e produzindo citocinas que
modulam o processo inflamatorio local (HANSSON, 2005).

A partir dessa etapa, os mediadores inflamatérios estimulam a migragéo e
proliferacdo de células musculares lisas da camada vascular média para a intima,
responsaveis pela producdo nao s6 de citocinas, mas de fatores de crescimento e
matriz extracelular, que formaré parte da capa fibrosa da placa aterosclerética. Uma
vez formado, o ateroma ou placa plenamente desenvolvido € composto por
elementos celulares, nucleo lipidico e necrético, formado por células mortas e rico
em colesterol, e capa fibrosa rica em colageno, se subdividindo em placas
ateroscleroticas estaveis quando compostas predominantemente por colageno
organizado em capa fibrosa espessa, escassas células inflamatorias e nucleo
lipidico de menor proporgao, e instaveis quando apresentam atividade inflamatéria e
proteolitica intensa, nucleo lipidico proeminente e capa fibrosa ténue (LIBBY &
THEROUX, 2005).

O ateroma pode crescer e produzir isquemia tanto por fluxo insuficiente de
sangue, se existir alta demanda de oxigénio, como por sua ruptura e exposicdo do
material lipidico altamente trombogénico, conduzindo a formacdo de um trombo
subjacente, processo esse denominado de aterotrombose, um dos principais
determinantes das manifestac¢des clinicas da aterosclerose (SBC, 2013; SBC, 2007;
RUDD et al., 2005) a exemplo do acidente vascular encefdlico (AVE) isquémico,
ataque isquémico transitorio, infarto agudo do miocardio (IAM), angina do peito
estavel e instavel, morte subita, claudicacdo intermitente, e isquemia critica do
membro (gangrena e necrose). No entanto, destaca-se que as placas de alto risco e
vulneraveis, ou seja, as instaveis sao as mais propensas a formar trombos (RUDD et
al., 2005).

Estima-se que as DCV, devido a aterosclerose da parede do vaso e a
trombose (ESC/EAS, 2011), sdo responsaveis por quase 43% de todos os ébitos no
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mundo e 37% de todas as mortes prematuras (MOTAMED et al., 2017), sendo as
afecgbes cardiacas, expressas sobretudo pelo IAM ou isquemia em uma ou mais
das artérias coronarias, e o0 AVE, as principais causas dessas mortes (THOM et al.,
2006).

Nos Estados Unidos, a DCV é apontada como a principal causa de Obitos
desde o século XX, sendo considerada o problema de saude publica mais relevante,
com custos diretos e indiretos excedendo a cifra dos 403 bilhdes de dolares em
2006 (THOM et al., 2006). Com relagao ao continente Europeu, a DCV também é
considerada a principal causa de mortalidade e incapacitacbes prematuras, sendo
responsavel por mais de 4 milhdes de mortes a cada ano, além de representar um
custo anual de 192 bilhdes de euros em gastos de saude (TOWSEND et al., 2015;
ALLENDER et al., 2008). Entretanto, durante os ultimos 30 anos, o panorama
mundial demonstra um razoavel declinio da mortalidade por causas
cardiovasculares em paises desenvolvidos, em oposicao a substanciais incrementos
em paises em desenvolvimento, com projecdes, segundo a Organizacdo Mundial de
Saude (OMS), de permanéncia desse cenario (SBC, 2007).

No Brasil, segundo dados do Ministério da Saude, de todas as 962.931
mortes, em individuos acima dos 30 anos, notificadas em 2009, 20% foram
atribuidas a DCV aterosclerética, representada principalmente pelas doencas
isquémicas do coragdo (DIC) e doengas cerebrovasculares (DCbV) (DE PADUA;
MANSUR & FAVARATO, 2011).

Dessa forma, a importancia da prevengao e tratamento das DCV permanece
incontestavel no cendrio mundial, tendo na promoc¢éo e adog¢do de comportamentos
e estilos de vida saudaveis, assim como no manejo adequado das dislipidemias,
fundamentos essenciais capazes de reduzir em 80% o risco de desenvolvimento das
DCV, e os custos de saude efetivos associados a essa condigcdo (ESC/EAS, 2016;
ESC/EAS, 2011).

2.3 Tratamento das dislipidemias

O manejo adequado das dislipidemias é considerado parte integral e
essencial da prevencdo da aterosclerose e consequentemente DCV (ESC/EAS,
2016; SCC, 2016; SBC, 2013; ESC/EAS, 2011), devendo sua definicao estar
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diretamente atrelada a estratificacdo de risco CV, ou seja, de acordo com a
probabilidade de desenvolvimento de um evento cardiovascular aterosclerético fatal
ou ndo fatal em um periodo de tempo determinado (ESC/EAS, 2016; ESC/EAS,
2011). Para isso, diversos sistemas de avaliacdo de risco foram desenvolvidos,
exaustivamente analisados e disponibilizados, a exemplo do Escore de Risco de
Framingham (ER de Framingham), Escore de Risco de Reynolds (ER de Reynolds),
Escore de Risco Global (ER Global), Escore de Risco pelo Tempo de Vida (ER pelo
Tempo de Vida), e SCORE (Estimativa do Risco Coronario Sistémico) (ESC/EAS,
2016; SBC, 2013; ESC/EAS, 2011), devendo ser considerado como critério de
escolha a reconhecida semelhancga entre a populagdo a ser aplicada e aquela da
qual origina, ou a possibilidade de recalibracdo por ajustamento de mudancas
seculares na mortalidade por DCV e prevaléncia de fatores de risco, para uso em
diferentes populagdes (ESC/EAS, 2016; ESC/EAS, 2011).

O ER de Framingham estima a probabilidade de ocorrer IAM ou morte por
doenga coronariana, no periodo de 10 anos, em individuos sem diagndstico prévio
de aterosclerose clinica, permitindo a identificagdo adequada de individuos de médio
e baixo risco (NCEP ATP Illl, 2001; WILSON et al., 1998). Ja o ER de Reynolds
estima a probabilidade de IAM, AVE, morte e revascularizacao do miocardio em 10
anos (RIDKER et al., 2008; RIDKER et al., 2007), e o ER Global de 1AM, AVE,
insuficiéncia vascular periférica ou insuficiéncia cardiaca pelo mesmo periodo de
tempo (D’AGOSTINO et al., 2008). Com relacdao ao ER pelo Tempo de Vida é
indicado para faixa etaria acima dos 45 anos e avalia a probabilidade de individuos a
partir dessa idade apresentarem um evento isquémico em 10 anos (BERRY et al.,
2012; FOX et al., 2008; LLOYD-JONES et al., 2006), e o SCORE destina-se a
estimativa em pessoas aparentemente saudaveis sem sinais clinicos ou doenca pré-
clinica, sendo frequentemente utilizado no continente europeu de onde é originado
(ESC/EAS, 2011).

Ressalta-se que a pontuacdo alcancada para todos os Escores de Risco é
obtida de fatores de risco cardiovascular modificadveis como perfil de lipoproteinas
séricas, em especial as taxas de LDL-C; idade e género; doencas relacionadas
como HAS, DM, obesidade e SM; marcadores inflamatérios como proteina C -
reativa (PCR) e fibrinogénio; e componentes do estilo de vida como tabagismo,
etilismo, dieta inadequada, sedentarismo e estresse (NCEP ATP IIl, 2002).
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Dentre todos os escores de risco, a Sociedade Brasileira de Cardiologia adota
o ER Gilobal para a avaliagao do risco em 10 anos e o ER pelo Tempo de Vida como
opcao para individuos acima de 45 anos apontados como de baixo ou risco
intermediario em 10 anos, considerando, portanto, de “ALTO RISCO” aqueles com
risco calculado > 20% para homens e > 10% para mulheres, de ocorréncia de
eventos cardiovasculares documentados (doenca aterosclerética arterial coronaria,
cerebrovascular ou obstrutiva periférica), e/ou aterosclerose diagnosticada na forma
subclinica, e/ou procedimentos de revascularizagao arterial, e/ou DM tipo 1 ou 2,
e/ou DRC, e/ou hipercolesterolemia familiar; “RISCO INTERMEDIARIO” aqueles
sujeitos com risco calculado > 5% e < 20% para o sexo masculino e > 5% e < 10%
para o feminino, de ocorréncia dos principais eventos CV (doenca arterial
coronariana (DAC), AVE, doenca arterial obstrutiva periférica ou insuficiéncia
cardiaca), modulado por antecedentes familiares de DCV prematura; e “BAIXO
RISCO” os individuos com risco calculado < 5% de apresentarem 0s principais
eventos CV (SBC, 2013).

A partir dessa estratificagdo as estratégias de intervencdo devem ser
definidas, variando desde a nao necessidade de intervencao lipidica a mudangas no
estilo de vida com ou sem o uso concomitante de medicamentos (Quadro 3)
(ESC/EAS, 2016; ESC/EAS, 2011), sendo imperativo entre as diversas entidades
internacionais de prevencao da aterosclerose e DCV, a importancia da reducao das
taxas de LDL-C além das metas estabelecidas (meta primaria), a fim de reduzir a
incidéncia de eventos CV e suas complicacées (Quadro 4) (ESC/EAS, 2016; SCC,
2016; SBC, 2013; ESC/EAS, 2011).
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Quadro 3. Estratégias de intervencao em funcao da estratificacdao de risco cardiovascular e
taxas de LDL-C

Estratificacao Taxa de LDL — C (mg/dL)
de Risco
<70 70a <100 100 a < 155 155a <190 >190
Alto Risco Mudanga de | Mudanga de | Mudanca de | Mudangca de | Mudanca de
estilo de vida, | estilo de vida, | estilo de vida, | estilo de vida, | estilo de vida,
e considerar o | e uso | € uso conco | e uso | e uso
uso de | concomitante | mitante de | concomitante | concomitante
drogas, se | de medicamentos | de de
necessario medicamentos medicamentos | medicamentos
Risco Nao Nao Mudanga de | Mudangca de | Mudanca de
Intermediario | intervencao intervencao estilo de vida, | estilo de vida, | estilo de vida,
lipidica lipidica e considerar o | e considerar o | e considerar o
uso de | uso de | uso de
drogas, se | drogas, se | drogas, se
necessario necessario necessario
Baixo Risco Nao Nao Nao Nao Mudanca de
intervencao intervencao intervencao intervencao estilo de vida,
lipidica lipidica lipidica lipidica e considerar o
uso de
drogas, se
necessario

Fonte: Adaptada da Sociedade Européia de Cardiologia - ESC/Sociedade Européia de Aterosclerose
- EAS, 2016

Quadro 4. Metas lipidicas de acordo com o risco cardiovascular

Nivel de Risco Meta primaria: LDL — C (mg/dL) Meta secundaria (mg/dL)
Alto <70 Colesterol nao-HDL < 100
Intermediario <100 Colesterol ndo-HDL < 130
* Baixo Meta individualizada Meta individualizada

* Pacientes de baixo risco devem ter suas metas estabelecidas de acordo com os referencias do perfil
lipidico exibidos no quadro 2
Fonte: Adaptado da Sociedade Brasileira de Cardiologia, 2013

2.3.1 Terapia farmacolégica

A determinagdo da terapia medicamentosa dependera da estratificacdo de
risco e da meta de LDL-C definida, sendo consenso considerar que a associagao de
mudancas no estilo de vida e uso de medicamentos hipolipemiantes torna os
individuos em risco de DCV mais capazes de alcangar os resultados pré-
estabelecidos (VAN HORN & ERNST, 2001).

Dentre os farmacos tradicionalmente disponiveis para o tratamento das
dislipidemias (Quadro 5), destacam-se as classes das Estatinas ou inibidores da
hidroximetilglutaril coenzima A (HMG CoA) redutase, a mais utilizada e validada por
estudos clinicos para reduzir a incidéncia de eventos CV por meio da redugcéo dos
niveis de LDL-C, atuando indiretamente, também, nas taxas de outras lipoproteinas
como a VLDL e remanescentes de quilomicrons; as Resinas ou sequestradores de
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acidos biliares, representados principalmente pela colestiramina, que quelam aos
acidos biliares carregados negativamente e aos sais biliares no intestino delgado,
reduzindo a absorcao enteral de colesterol e, portanto, resultando em deplecdo do
colesterol celular hepatico e indiretamente do colesterol endégeno; a niacina, que
por meio de diversos mecanismos, diminui a liberacdo de &cidos graxos livres na
circulagdo e em paralelo a sintese hepatica de TG, resultando em menor
disponibilidade de TG intra-hepatico e por conseguinte no aumento do catabolismo
de apo B e menor secrecédo de VLDL-C e LDL-C, e indiretamente para a reducao da
Lp (a) e aumento de HDL-C; e os fibratos, cuja agcdo sobre o metabolismo lipidico
decorre de sua capacidade de imitar a estrutura e as fungdes bioldgicas dos 4cidos
graxos livres (SBC, 2017).

Além dessas, outras classes de hipolipemiantes também estdo disponiveis
para o tratamento das dislipidemias, como a Ezetimiba indicada em associagao ao
uso de Estatinas quando a meta de reducéo do LDL-C nédo é alcancada, sendo seu
mecanismo de acgao caracterizado pela inibicado da absorcdo do colesterol na borda
em escova do intestino delgado; 4cidos graxos Omega — 3, onde altas doses diarias
de 4 a 10 g ao dia promovem a reducao dos niveis de TG e discreto aumento do
HDL-C, podendo, entretanto, aumentar as taxas de LDL-C (CHOWDHURY et al.,
2012; KOTWAL et al., 2012); e os chamados novos farmacos como os Inibidores da
Proteina de Transferéncia de Ester de Colesterol (CETP), Inibidor da Microssomal
Transfer Protein (MTP), Inibidores do Proprotein Convertase Subtilisin Kexin type 9
(PCSK - 9), e Inibidores da Sintese de Apoliproteina B, contudo, sem evidéncias

disponiveis de beneficios CV, até o momento, para esses farmacos (SBC, 2017).
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Quadro 5. Principais classes de farmacos utilizados no tratamento das dislipidemias

Classe de Medicamentos Efeitos sobre | Resultados clinicos
lipidios/lipoproteinas
Estatinas (*HMG CoA | | LDL - C (18 — 55%) Reducéao dos principais eventos
redutase) I TG (7 — 30%) CV e mortalidade total
1 HDL — C (5 — 15%)
Resinas ou seqiestradores | | LDL - C (15— 30%) Redugéao dos principais eventos
de acidos biliares 1 HDL - C (3 —5%) CV e coronarianos
TG (sem mudanca ou aumento)
Acido Nicotinico | LDL = C (5 - 25%) Reducéao de eventos
1 HDL — C (15 — 35%) coronarianos e possibilidade de
1 TG (20 — 50%) mortalidade total
Fibratos | LDL - C (5 -20%) Reducéo dos principais eventos
1 HDL - C (10 — 20%) coronarianos
1 TG (20 — 50%)

*HMG CoA redutase: Hidroximetilglutaril coenzima A redutase; | redugao; taumento
Fonte: Adaptado do National Cholesterol Education Program Adult Treatment Panel Ill, 2001

2.3.2 Terapia nao - farmacoldgica

E bem documentado que a reducdo dos niveis de LDL-C representa o alvo
primario na diminuicdo do risco CV e, portanto, também merece papel de destaque
na avaliacdo de mudancas de estilo de vida Uteis para a prevencao das DCV. No
entanto, é apropriado que a adocdo de habitos saudaveis, incluindo dieta
equilibrada, pratica regular de atividade fisica, aquisicdo e/ou manutengédo de peso
adequado, cessacao do tabagismo e consumo moderado de alcool, recomendados a
populacao em geral, e particularmente aos individuos com risco aumentado de DCV,
colaborem nao so para a queda dos valores de LDL-C, mas também para a melhora
das taxas plasmaticas de TG e HDL-C, visto que estas contribuem para a reducéo
do risco CV global. Ademais, destaca-se que a aquisicdo de um estilo de vida
adequado também influencia positivamente outros fatores de risco CV como a HAS,
DM ou sensibilidade diminuida a insulina, SM, e inflamagéo subclinica, colaborando
indiretamente para diminuicédo do risco CV (ESC/EAS, 2016).

O abandono da pratica de fumar, por exemplo, tem claros beneficios sobre os
niveis de HDL-C (MAEDA; NOGUCHI & FUKUI, 2003), e o consumo moderado de
alcool, até 20 g para homens e 10 g para mulheres, para aqueles que possuem o
habito de ingerir bebidas alcodlicas, ndo contribui para a elevacao das taxas de TG,
além de promover um discreto aumento nos niveis de HDL-C (ESC/EAS, 2016).
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Com relagao ao excesso peso, especialmente a adiposidade abdominal, é
incontestavel sua relagdo com a dislipidemia e, portanto, com o0 aumento do risco CV
(ALBERTI et al., 2009). Assim, uma perda ponderal mesmo que modesta, de apenas
5 — 10% do peso basal, é traduzida em melhora das anormalidades lipidicas e afeta
favoravelmente outros fatores de risco CV frequentemente presentes em individuos
dislipidémicos (DATTILO & KRIS-ETHERTON, 1992). A pratica regular de atividade
fisica de moderada intensidade, por pelo menos 30 minutos diariamente, também
deve ser encorajada, sendo comprovadamente eficaz como coadjuvante na perda e
manutencdo do peso, na prevencdao de DM 2 e suas anormalidades metabdlicas,
assim como de outros fatores de risco CV (HUFFMAN et al., 2012).

Quanto ao papel da nutricdo na prevencao de doengas cardiovasculares, 0
mesmo tem sido extensivamente revisado (DALEN & DEVRIES et al., 2014; ECKEL
et al.,, 2014; MENTE et al., 2009), demonstrando fortes evidéncias da influéncia
direta dos fatores dietéticos sobre a aterogénese ou através dos seus fatores de
risco como os niveis plasmaticos de lipidios, pressédo arterial e taxas de glicose.
Resultados de ensaios clinicos randomizados que relacionam padrbes dietéticos
com DCV apontam que algumas intervencdes resultaram em importante prevencao
das DCV (CHOWDHURY et al, 2014; DALEN & DEVRIES et al., 2014;
MOZAFFARIAN; MICHA & WALLACE, 2010), a exemplo do padrdo alimentar
Dietary Approaches to Stop Hypertension (DASH), mais conhecido como dieta
“DASH”, desenvolvida para controle da hipertensdo, e a dieta “Mediterranea”, ambas
consideradas efetivas na redugado dos fatores de risco CV (ECKEL et al., 2014),
sendo caracterizadas pelo alto consumo de frutas, hortalicas e cereais integrais em
detrimento da baixa ingestdo de alimentos refinados e agucares, ingestao frequente
de leguminosas e sementes oleaginosas, baixo teor de sodio, maior consumo de
carnes brancas em relagédo as vermelhas, consumo de produtos lacteos com baixo
teor de gordura, ingestédo limitada de doces e bebidas acucaradas, preferéncia por
gorduras dietéticas de origem vegetal em detrimento das de origem animal, dando
énfase ao azeite de oliva extra-virgem no caso da dieta “Mediterranea” (ESC/EAS,
2016).

Com relacdo a composigcao nutricional de um padrdo dietético adequado,
conforme recomendacéao da Dietary Guidelines for Americans (2015 — 2020), de 10 —

35% das calorias totais diarias devem ser procedentes das proteinas, 20 — 35% de
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gorduras dietéticas, e 45 — 65% dos carboidratos, incluindo neste ultimo percentual
cerca de 14 g de fibras dietéticas para cada 1000 kcal/dia.

Para a fonte protéica, a proteina da soja tem sido apontada como sendo
capaz de reduzir as taxas de LDL-C quando em substituicdo aquelas de origem
animal (DEWELL; HOLLENBECK & HOLLENBECK, 2006). Quanto a composicao
apropriada dos lipidios baseia-se no consumo predominante de acidos graxos
poliinsaturados (PUFAS) e monoinsaturados (MUFAS), com maior foco nos MUFAS,
e PUFAS < 10% da recomendacdo total, a fim de prevenir a peroxidagdo de
lipoproteinas plasmaticas e a diminuicdo do HDL-C (HARRIS et al., 2009); limitar ao
maximo possivel a ingestdo de gorduras trans, devendo ser < 1% do valor
energético total (VET) diario, medida essa considerada chave na prevencado das
DCV; consumo de gorduras saturadas < 10% do percentual total de lipidios ou < 7%
em caso de hipercolesterolemia documentada (MENSINK et al., 2003); e ingestao de
colesterol < 300 mg/dia, principalmente para aquelas pessoas com elevados niveis
de colesterol plasmatico (ESC/EAS, 2016).

Ressalta-se que os acidos graxos saturados sdo os fatores dietéticos de
maior impacto sobre os valores do LDL-C (MENSINK et al., 2003) e CT (MICHA et
al., 2014), seguidos das gorduras trans que promovem efeito semelhante, além de
diminuir os niveis de HDL-C (ESTRUCH et al., 2013), ao passo que a substituicao de
gorduras saturadas por PUFAS e/ou MUFAS, desde que consumidos em
quantidades > 3 g/dia, ocasiona a diminuicdo dos valores séricos de LDL-C,
contribuindo também para a reducao das taxas de TG (MENSINK et al., 2003).

Com relacao aos hidratos de carbono (HC) deve-se dar preferéncia aqueles
oriundos de fontes complexas como frutas, hortalicas, cereais integrais, leguminosas
e castanhas, pois além de serem fontes de fibras, na sua grande maioria possuem
baixo IG ajudando também a diminuir o IG de outros alimentos quando consumidos
em associacao (POLI et al., 2008). Em contrapartida, a ingestdo dos HC tidos como
simples, refinados, ou acucares, por serem de rapida absorcao, ndo deve exceder a
10% do total recomendando para esse macronutriente, podendo essa restricao ser
ainda maior para aqueles individuos que precisam perder peso ou apresentam altos
valores plasmaticos de TG, sdo diabéticos ou portadores de SM (KELISHADI;
MANSOURIAN & HEIDARI-BENI, 2014; STANHOPE et al., 2009).
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Dentro da classe dos carboidratos, as chamadas fibras dietéticas merecem
atencao de destaque, sendo consideradas eficazes e, portanto, recomendadas para
o controle das taxas plasmaticas de lipidios (POLI et al., 2008). Ademais, diversos
estudos tém demonstrado a atividade das fibras alimentares, especialmente as do
tipo soluveis, ndo sé na dislipidemia, mas também em outros fatores de risco
associados as DCV como na sensibilizacdo a insulina e melhora do controle
glicémico na DM 2, reducéo da expressdo de mediadores inflamatérios (BOULANGE
et al., 2016; GALLAGHER et al., 2010), controle do apetite e consequentemente
controle ponderal (RAO, 2016; RASOAMANANA et al.,, 2013; KRISTENSEN &
JENSEN, 2011), dentre outros.

2.3.2.1 Fibra alimentar

A definicao classica de fibra alimentar (FA) abrange uma classe de compostos
vegetais constituidos principalmente por polissacarideos e outras substancias
associadas, que quando ingeridos nao sao digeridos e nem absorvidos pelo intestino
delgado humano (PROSKY, 2008). Definicao semelhante € descrita pela Agéncia
Nacional de Vigilancia Sanitaria (Anvisa) que conceitua FA como qualquer material
comestivel que ndo seja hidrolisado pelas enzimas enddgenas do trato digestivo
humano (BRASIL, 2003).

A fibra alimentar, também denominada de fibra dietética, € constituida por
polimeros de carboidratos com uma ou mais unidades de monossacarideos, e mais
a lignina (polimero de fenilpropano), compreendendo, portanto, os polissacarideos
nao-amilaceos, oligossacarideos nao digeriveis, carboidratos analogos como amido
e maltodextrinas resistentes, lignina, compostos associados a exemplo de proteinas
de parede celular, oxalatos, fitatos, dentre outros, e fibra de origem animal como a
quitina, quitosana, colageno e condroitina (BERNAUD & RODRIGUES, 2013).

De forma simplificada esses nutrientes sao classificados de acordo com sua
solubilidade em &agua, sendo subdivididos em fibras sollveis, viscosas ou
fermentaveis pela microflora no coldén do intestino grosso, como as pectinas, gomas
e mucilagens, inulina, e algumas hemiceluloses, e fibras insoluveis, nao formadoras
de géis ou com fermentacdo limitada, como a celulose, lignina, e algumas
hemiceluloses (ANDERSON et al.,, 2009). Dentre as fontes de fibra soluvel se
destacam as frutas, cereais como aveia e cevada, hortalicas, algas e sementes de
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leguminosa (COUTINHO; MENDES & ROGERO, 2010), enquanto as insoluveis
podem ser encontradas na parede celular de plantas, folhas, grdaos integrais e
farelos (Quadro 6) (BERNAUD & RODRIGUES, 2013).

Quadro 6. Tipos de fibra alimentar, componentes e principais fontes

Tipo

Grupos

Componentes

Fontes

Polissacarideos
nao-amilaceos

Celulose

25% de fibra de
graos e frutas, e 30%
de vegetais e

Parede celular de plantas,
farelos

oleaginosas
Hemicelulose Arabinogalactanos, Aveia, cevada, graos
B-glicanos, integrais, oleaginosas,

arabinoxilanos,
glicuronoxilanos,

algumas frutas com casca,
abacaxi

xiloglicanos,
galactomananos
Gomas e mucilagens | Galactomananos, Extratos de sementes,
alginatos, agar, | exsudatos de plantas,
carragenanas, algas, psyllium
psyllium
Pectinas Pectina Frutas, hortalicas, batatas
Oligossacarideos Frutanos Inulina e | Chicoria, cebola, alho,
frutoligossacarideos banana
(FOS)
Carboidratos Amido e | Amido, produtos de | Leguminosas, sementes,

analogos maltodextrina degradacédo do amido | batata crua, banana verde,
resistentes ndo absorvidos no | graos integrais
inestino humano
saudével
Lignina Lignina Ligada a | Camada externa de gréos
hemicelulose na | de cereias e aipo
parede celular
Substancias Compostos fendlicos, | Componentes Cereais integrias, frutas e

associadas aos

proteinas de parede

associados a fibra

hortalicas

polissacarideos celular, fitatos, | alimentar que confere

nao-amilaceos oxalatos, ceras, | acdo antioxidante a
cutina, suberina esta fracao

Fibras nao vegetais | Quitina, quitosana, | Fungos, leveduras, | Cogumelos, leveduras,
colageno, condroitina | invertebrados casca de camarao, frutos

do mar, invertebrados

Fonte: Adaptado de Bernaud & Rodrigues, 2013

Com relacdo aos seus efeitos metabdlicos, do ponto de vista sistémico e em

nivel do trato gastrointestinal, sdo atribuidos as caracteristicas fisico-quimicas das

fibras, tais como capacidade de retencdo de &gua, viscosidade, fermentagdo com
formagao de subprodutos, adsorgao, dentre outras (BUTTRISS & STOKES, 2008).

As fibras insoltveis é conferido principalmente o aumento da capacidade de

retencao de agua do material ndo digerido, levando ao aumento do volume fecal e
transito intestinal acelerado (GALLAGHER et al., 2010). Por outro lado, as fibras

soluveis podem formar géis, resultando em bolo alimentar mais viscoso e formacao
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de uma camada viscosa de protegdo a mucosa gastrointestinal, com consequente
transito mais lento, assim como digestdo e absorcdo diminuida de nutrientes,
mecanismo esses responsaveis, dentre outros, pelo aumento da saciedade (RAO,
2016; RASOAMANANA et al., 2013; KRISTENSEN & JENSEN, 2011; GALLAGHER
et al., 2010), diminui¢cdo do indice e carga glicémica dos alimentos (BRAND-MILLER
et al., 2002), e efeito antihiperglicémico, com consequente reducao do risco de
desenvolvimento de DM 2 (GALLAGHER et al., 2010; DERIVI et al.,, 2001;
ANDERSON et al., 2000). Além disso, essa classe de fibras também pode interferir
no processo digestivo dos hidratos de carbono por diluicdo da concentragédo
enzimatica, inibindo a atividade de enzimas como a-amilase e a-glicosidase (WU et
al., 2016).

Ressalta-se que o retardo do transito gastrointestinal, induzido pela agdo das
fibras soluveis como mencionado acima, leva ao aumento do tempo de permanéncia
dos nutrientes em contato com a mucosa intestinal, principalmente lipidios e
proteinas, resultando em maior liberagdo de hormdnios intestinais como
colecistoquinina (CCK), peptideo Y (PYY), e peptideo semelhante ao glucagon-1
(GLP - 1), envolvidos na percepgao da saciedade, assim como no estimulo ao
retardo do esvaziamento gastrico e motilidade intestinal, contribuindo para uma
menor ingestdo alimentar e consequentemente controle do ganho de peso (RAO,
2016; KRISTENSEN & JENSEN, 2011).

Com relagdo ao efeito hipocolesterolémico, estdo envolvidos diferentes
mecanismos ainda pouco conhecidos, podendo variar com o tipo e quantidade de
fibra ingerida. Dentre as explicacdes estdo a capacidade das fibras sollveis de se
ligarem a nutrientes como o colesterol diminuindo a sua absor¢do; ligagdo com
acidos biliares, aumentando sua excrecdo pelas fezes e, por conseguinte do
colesterol, produto derivado desses compostos; e fermentagdo colbnica pelas
bactérias intestinais, gerando acidos graxos de cadeia curta, que por sua vez
diminuem a concentragéo de lipidios séricos, por meio de processo pouco elucidado
(GALLAGHER et al., 2010).

A formacdo de &acidos graxos de cadeia curta também pode contribuir
positivamente para a prevencdo da aterosclerose através de mecanismos como:

conversdo da colina em trimetilamina, impedindo, portanto, a formacado de
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fosfatidilcolina, componente da lipoproteina de muito baixa densidade (VLDL-C),
afetando indiretamente o armazenamento de TG hepéatico, assim como a formacao
de LDL-C, e menor expressao de citocinas com atividade inflamatéria, diminuindo o
grau de inflamacédo, e consequentemente aterosclerose, HAS, e resisténcia a
insulina, ja que as citocinas pr6é — inflamatérias também interferem nas vias de
sinalizacdo da insulina (BOULANGE et al., 2016).

2.3.2.1.1 Galactomananas

As galactomananas sdao um tipo de fibra soluvel definida como
heteropolissacarideos neutros, comumente exiraidas do endosperma de muitas
sementes de plantas, especialmente de leguminosas (familia Leguminosae), onde
desenvolvem funcdes de reserva para o vegetal. Sua estrutura fundamental é
composta por uma cadeia principal linear de residuos de D — manopiranose (Man)
unidos por ligacées do tipo B (1—4) com ramificagbes individuais de D -
galactopiranose (Gal) com ligagdes a (1—6) (Figura 1) (DEA & MORRISON, 1975).
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Figura 1. Representacao da estrutura parcial de galactomananas
Fonte: Adaptado de Srivastava & Kapoor, 2005

Dentre outras fontes, tais como fungos, bactérias, algas e exsudados de
plantas (SALVALAGGIO, 2010), as galactomananas também podem ser
encontradas em sementes endospérmicas de leguminosas, sua principal fonte, sendo
comumente chamadas de gomas endospérmicas. Algumas dessas sementes
contém um endosperma gomoso, cujas principais funcées sdo as de absorcao
de agua, em quantidade até 10 vezes superior a sua massa, aparentemente
destinado a defesa das plantas jovens contra o estresse hidrico, reserva
energética (BUCKERIDGE, 2010), e componente estrutural na rede formada



37

com hemicelulose/celulose (Figura 2) (AQUILA, BRAGA & DIETRICH, 2012).

Figura 2. (A) Imagens representativas de semente endospérmica de leguminosa e (B) Imagem
representativa do corte longitudinal de semente endospérmica de leguminosa
Fonte: Souza, 2014

Os estudos sobre a natureza quimica desses polissacarideos tiveram
inicio em 1897, quando Effront investigou um carboidrato presente na
mucilagem de alfarroba (Ceratonia siliqua). Dois anos mais tarde, Bourquelot e
Hérissey (1899) demonstraram que a goma dessa semente era constituida de
83,5% de D — manose e 16,5 % de D - galactose, cuja proporcao
manose:galactose (Man/Gal) de 5,0:1 esta préxima aos valores atualmente
determinados (DEA & MORRISON, 1975). Apdés o desenvolvimento de novas
técnicas de anadlise estrutural mais de 70 galactomananas de sementes de
leguminosas tiveram sua relagao proporcional Man/Gal determinada, tendo sido
relatado variacbes de 1,02:1, para a espécie de Trigonella foenum-graecum
(fenogrego), até 5,19:1, para a galactomanana de Sophora japdbnica (Figura 3)
(PRAJAPATI et al., 2013).



38

Goma Tara (4:1)

A
v

LBG (3:1)

A

v

Guar (2:1)

.~

v

Figura 3. Representacao esquematica da relacao proporcional Manose/Galactose de
galactomananas comerciais
Fonte: Souza, 2014

Em geral, galactomananas com poucas ramificagcbes s&o obtidas de
sementes de espécies pertencentes a familia mais primitiva, Caesalpiniaceae, e
galactomananas com substituicbes médias a elevadas pertencem a uma familia
mais recentemente descoberta, a Fabaceae (REID & EDWARDS, 1995), onde se
encontram o maior numero desses polimeros ja estudados (DEA & MORRISON,
1975).

Esses polissacarideos apesar de compartiliharem a mesma estrutura basica
podem variar em relagdo a razdo proporcional Man/Gal conforme mencionado,
distribuicdo das unidades de galactose ao longo da cadeia principal de manose,
peso molecular, e distribuicdo do peso molecular, dependendo de caracteristicas
como a fonte vegetal (JIANG et al., 2011; MIYAZAWA & FUNAZUKURI, 2006),
metodologia de extracdo (DRESSLER; FISCHER & WINDHAB, 2003), e purificacao
do polimero (CUNHA; PAULA & FEITOSA, 2007). Segundo Stephen (1995), embora
a maioria das galactomananas seja proveniente de sementes de leguminosas,
nenhuma delas é estruturalmente idéntica. Destaca-se que essas variagdes podem
impactar no comportamento da goma em relagdo a solubilidade, estabilidade
térmica, propriedades reoldgicas como a viscosidade, e propriedades funcionais
(LIYANAGE et al., 2015), influenciando diretamente em suas aplicagdes
biotecnoldgicas (JIANG et al., 2011; TAPIE et al., 2008).
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Os estudos de estrutura fina desses polimeros tém sido conduzidos através
do emprego de muitas técnicas, sobretudo para estimar a composi¢cao
monossacaridica e consequente relacdo proporcional Man/Gal, fatores
extremamente importantes juntamente com a distribuicao dos residuos de galactose
ao longo cadeia, no estabelecimento das propriedades fisico-quimicas e funcionais
das galactomananas (AZERO & ANDRADE, 2002; BUCKERIDGE; SANTOS & TINE,
2000).

Técnicas cromatograficas como “Cromatografia Liquida de Alta Eficiéncia”
(CLAE), e “Cromatografia Liquida Gasosa” (CLG) sdo utilizadas para estimar a
composicao de acucares da amostra, possibilitando também a determinacdo da
razdo proporcional Man/Gal (DAKIA et al., 2008; ISHURD et al., 2004; CHAUBEY &
KAPOOR, 2001). Ja os métodos associados a cromatografia gasosa, como
espectroscopia de massa (CG-MS) e cromatografia de exclusdao estérica de alta
pressao acoplada a deteccao por espalhamento de laser com multiangulos e indice
de refracdo (HPSEC-MALLS/RI) permitem a obtengcdo de informacdes como peso
molecular médio, distribuicdo da massa molar média, e homogeneidade da amostra
(VENDRUSCOLO et al., 2009).

Neste contexto a espectroscopia de “Ressonéncia Magnética Nuclear” (RMN)
desponta como ferramenta promissora, sendo utilizada com sucesso em estudos
estruturais de galactomananas (CUNHA et al., 2009; JOSHI & KAPOOR, 2003). A
natureza ndo destrutiva desse método também possibilita a obtencdo de varias
informagdes como composicdo monossacaridica e relacdo proporcional Man/Gal,
distribuicdo e variacado dos padrdes de ramificacdo, e comportamento dos materiais
em condicées de fluxo (estudos de reologia) (GABRIELE et al., 2009; CALLAGAN &
GIL, 1999). Ja com relacdo a “Espectroscopia de absor¢gdo na regido do
infravermelho” (IR), também utilizada na caracterizagdo do polimero, fornece
informacdes sobre o0s grupos funcionais presentes na amostra, permitindo a
deteccdo de impurezas e modificagées quimicas na estrutura do composto (ZHENG
et al.,, 2016; BURITI et al., 2014; MUDGIL; BARAK & KHATKAR, 2012).

Devido suas caracteristicas fisico-quimicas especificas e auséncia de
toxicidade, as galactomananas tém sido empregadas amplamente pela industria
farmacéutica, de cosméticos, biomédica, téxtil, papéis e de alimentos, na forma
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principalmente de agentes estabilizantes de emulsdes, espessantes, e produtores de
biofilmes (ALBUQUERQUE et al., 2014), propriedades estas decorrentes da
formacao de solucbes de alta viscosidade em baixas concentracoes
(STEINBUCHEL, DE BAETS & VANDAMME, 2002).

Ja na area médica tem sido atribuido a esse polissacarideo efeito coadjuvante
ao tratamento de varias desordens, incluindo cancer e obesidade (HAMDEN et al.,
2010); melhora na sensibilidade a insulina em individuos n&o diabéticos e diabéticos,
com redugado da necessidade de medicamentos para controle da glicemia; efeito
hipolipemiante (SRICHAMROEN et al., 2008); aumento da saciedade com redugéo
da ingestao de calorias (RAO, 2016; RASOAMANANA et al., 2013; KRISTENSEN &
JENSEN, 2011); reducdo do risco de desenvolvimento de doengas coronarianas
(PRAJAPATI et al., 2013); controle dos componentes da SM (KAPOOR; ISHIHARA
& OKUBO, 2016); liberacéao prolongada de medicamentos (GABA et al., 2011), além
de outros efeitos como atividade antiviral e anticoagulante (MUSCHIN et al., 2016).

As galactomananas mais comercializadas e utilizadas na industria sdo a goma
guar (Cyamopsis tetragonolobus), goma de locust bean (Ceratonia siliqua) e goma
tara (Ceasalpinea spinosa) (DAKIA et al., 2008). No entanto, o crescimento da
utilizagdo industrial de gomas, em nivel internacional, tem sido um impulso para a
descoberta de novas fontes de galactomananas de sementes de leguminosas, a
serem cultivadas em larga escala, para fins industriais. As gomas de Cassia tora
(Cassia), Caesalpinia spinosae (Tara), Sesbania bisbinosa (Dhaincha), e de
Trigonella foenum-graecum (fenogrego) sao exemplos atuais de polissacarideos
neutros, cultivados para uso industrial e comercial (PRAJAPATI et al., 2013;
MIKKONEN et al., 2007; SRIVASTAVA & KAPOOR, 2005).

A obtengao de galactomananas que possam substituir em parte ou totalmente
as fontes tradicionais pode trazer muitos beneficios sociais e econémicos, levando
em consideracao que esses biopolimeros possuem pouco valor comercial agregado
até o presente momento. A demanda nacional por esses polissacarideos esta
crescendo, no entanto, mesmo com vastas areas com condi¢coes favoraveis ao
cultivo de leguminosas, as empresas brasileiras dependem da importacdo de tais
produtos (MAHAMMAD et al., 2007).
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2.3.2.1.1.1 Adenanthera pavonina Linn.

A espécie Adenanthera pavonina Linn. (Figura 4) € uma planta pertencente a
familia das Fabaceae (Leguminosae), subfamilia Mimosoideae, nativa da Asia
Tropical. E uma arvore decidua, com 18 a 24 metros de altura e caule ereto com
aproximadamente 60 cm de diametro (BOUQUET & DEBRAY, 1974). Apesar de nao
ser nativa do Brasil, foi introduzida ha muitos anos e encontra-se bastante adaptada
e difundida em todos os estados da federacdo, sendo conhecida como “olho-de-
pombo” ou “carolina”, e utilizada principalmente em projetos de reflorestamento e
arborizacao urbana (SOUZA et al., 2007).

As sementes dessa espécie apresentam tegumento vermelho brilhante e um
endosperma gomoso e espesso, fonte de galactomanana com estrutura tipica
segundo Tavares (1998). Na medicina, tradicionalmente caule e folhas dessa planta
tem sido usados contra uma série de desordens como diabetes, diarréia, alteracoes
lipidicas, hemorragias estomacais, processos inflamatérios, dentre outros, e suas
sementes contra desordens sanguineas, célera, paralisias, espasmos e outras
condi¢des (MUJAHID et al., 2013).

Figura 4. Imagens representativas das partes aéreas da Adenanthera pavonina L.
Fonte: Souza, 2014

Estudos de caracterizagdo da goma da semente de A. pavonina sao
escassos, € embora esta galactomanana mostre amplo potencial biotecnolégico,
este ainda é subexplorado (SOARES, 2009). Apenas Moreira (1998) relatou o uso
da galactomanana de A. pavonina como matriz de afinidade para purificar lectinas
galactose ligantes, e Soares (2009) utilizou esse biopolimero como matéria-prima na
producéo de biofilmes comestiveis, havendo, portanto, necessidade de mais estudos



42

que investiguem a estrutura, propriedades e aplicacdes desse polimero.
3. JUSTIFICATIVA

Ja existem no mercado produtos elaborados a base de fibras dietéticas,
provenientes de fontes alimentares conhecidas, que sao prescritos por nutricionistas
e/ou médicos com diversas finalidades, entre elas efeito antihiperglicémico,
hipocolesterolémico, e de controle da saciedade, no entanto, alternativas também
eficientes e mais baratas, como o consumo de alimentos in natura ou fortificados

com insumos naturais, de fontes nao tradicionais, podem ser de grande valia.

Dessa forma, considerando as informagdes acima mencionadas no referencial
tedrico, a caracterizacao estrutural e das propriedades funcionais da galactomanana
de A. pavonina, bem como a avaliacdo do seu efeito sobre a dislipidemia, e a
possibilidade em se gerar patente com a elaboracdo de produto alimenticio

desenvolvido com a adicdo dessa goma, justificam a proposta desta pesquisa.
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4. OBJETIVOS
4.1 Geral

Caracterizar a estrutura e propriedades funcionais da galactomanana de A.
pavonina L., bem como avaliar seu efeito sobre a dislipidemia induzida por dieta

hipercaldrica em ratas.
4.2 Especificos

CAPITULO |

Avaliar as caracteristicas morfolégicas da semente de A. pavonina;
Determinar as caracteristicas estruturais da galactomanana;
Determinar as propriedades funcionais de capacidade de retencdo de agua e de

6leo da galactomanana
CAPITULO Il

Avaliar o efeito da galactomanana de A. pavonina sobre o ganho ponderal;
Investigar o efeito da galactomanana de A. pavonina sobre a dislipidemia;
Verificar o efeito da galactomanana de A. pavonina sobre a motilidade

gastrointestinal
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5. CAPITULO |
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galactomanana extraida das sementes de Adenanthera pavonina
Linn.”
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Abstract

The galactomannan extracted from the legume seed Adenanthera pavonina L. presented a
yield of 19.62%, mannose/galactose ratio of 1,7:1, and functional group spectrums typical of
galactomannans. The sample presented high molecular weight (Mw = 8,8 x 10° g mol™),
homogeneous elution peaks, characteristic of polysaccharides, and polydispersity index
(Mw/Mn ) next to 1 (1,1), confirming the homogeneous dispersion. The rheological
characterization showed a behavior of non-Newtonian and pseudoplastic flow, and the
micromorphological analysis showed irregular and rough surface, common in
galactomannans, and porous, being able to be associated with high water holding capacity
(WHC = 63,35 g of H>O/g of sample) and oil (OHC = 3,04 g of oil/g of sample). These results
suggest that the galactomannan evaluated presents similar characterization to the commercial

standard used, guar gum, being able to be used in several industrial applications.

Keywords: Gum; Galactomannan; Adenanthera pavonina Linn.; Characterization; Functional

properties.

1. Introduction

Galactomannans are water-soluble heteropolysaccharides commonly extracted from
the endosperm of many plant seeds, especially of leguminous plants, where it develops
carbohydrate reserve function. Its fundamental structure is composed of a linear main chain of
residues of D — manopyranose (Man) linked by B-type bonds (1—4) with individual branches
of D — galactopyranose (Gal) with connections o (1—6) (Dea & Morrison, 1975).

These polysaccharides, although sharing the same basic structure, may vary in relation
to the mannose/galactose ratio (Man/Gal), distribution of the galactose units along the main
chain of mannose, molecular weight and molecular weight distribution, depending on the
vegetable source (Jiang, Jian, Cristhian, Zhang, & Sun, 2011; Miyazawa & Funazukuri,
2006), extraction methodology (Dressler, Fischer & Windhub, 2003), and polymer
purification (Cunha, Paula, & Feitosa, 2007). These variations may impact the behavior of the
gum relative to the solubility, rheological and functional properties (Liyanage, Abidi, Auld, &
Moussa, 2015), and directly influence their biotechnological applications (Jiang et al., 2011;
Tapie, Malhiac, Hucher, & Grisel, 2008).

Due to its specific physicochemical properties and toxicity absence, galactomannans

have been widely used by industry, such as pharmaceuticals and foods, especially as
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stabilizing agents for emulsions, thickeners and biofilm producers (Albuquerque et al., 2014).
The most commercially available and used galactomannans are guar gum (Cyamopsis
tetragonolobus), locust bean gum (Ceratonia siliqua) and tare gum (Ceasalpinea spinosa)
(Dakia, Blecker, Robert, Wathelet, & Paquot, 2008), however, the growing current demand of
international industry has sought alternative and renewable sources of seed gums (Joshi &

Kapoor, 2003).

The specie Adenanthera pavonina Linn. is a plant belonging to the family of Fabaceae
(Leguminosae), subfamily Mimosoideae, native to tropical Asia (Bouquet & Debray, 1974),
with seeds showing bright red integument and a thick gummy endosperm, galactomannan
source with typical structure (Tavares, 1998). However, the characterization studies of this
polysaccharide are scarce, being its biotechnological potential underexploited. In this way, the
present study aimed to characterize this polymer by determining the monosaccharide
composition and Man/Gal ratio, molecular weight, micromorphological aspects,
determination of functional groups by FT-IR spectroscopy, apparent viscosity, and functional

properties such as water and oil holding capacities.
2. Hypotheses
The A. pavonina L. galactomannan presents structural characterization similar to guar gum;

The A. pavonina L. galactomannan has important biotechnological potential, similar to

traditional sources.
3. Material and methods
3.1 Plant material

The seeds of Adenanthera pavonina L. were collected from specimens of this plant
species at Dom Delgado Campus of the Federal University of Maranhdo, in Sao Luis — MA
(2.5563 °S, 44.3081 °W), between August and November 2015. The plant was duly identified
and cataloged in the collection of the Herbarium MAR (Herbarium of Maranhdo) with catalog
number: 9.207. The seeds were collected from the pods, selected and stored at room

temperature until their use.
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3.2 Morphological characterization of A. pavonina L seeds.

The morphological characterization observed external aspects such as length, width,
thickness and weight, with the aid of a manual pachymeter Mitutoyo® and analytical balance

Marte®, in a random sample of 100 seed units.
3.3 Extraction and polysaccharide yield

The A. pavonina seeds were heat treated in distilled water at 100 °C for 20 minutes, in
the ratio of 1:5 (w/v), for enzymes inactivation and pigments removal. This water was then
discarded and the seeds were hydrated, also with distilled water, in the ratio of 1:5 (w/v),
remaining refrigerated (12 °C) for 24 hours. The endosperms were removed manually and
stored under refrigeration until used, according to adapted methodology of Cunha, Vieira,

Arriaga, de Paula, & Feitosa, (2009).

The endosperms were suspended in water at the ratio of 1:16 (w/v) and homogenized
for 10 minutes, in industrial blender (Vitalex®), until the formation of a viscous solution
which was filtered through a nylon cloth. The polysaccharide was obtained by precipitation in
ETOH 92.8% (1:2, v/v) and then dehydrated with ETOH and acetone P.A. The solid obtained
was dried in continuous hot air flow and then sprayed, according to procedures described by

Buriti et al. (2014) with modifications.

The endosperm yield was determined by proportion of the total seed dry mass and the

powder yield of A. pavonina L. (AP) galactomannan in relation to the endosperm dry mass.

The guar gum (GG), galactomannan used as standard in this study, was acquired from

Sigma Aldrich®.
3.4 Characterization of galactomannan from A. pavonina L.
3.4.1 Monosaccharide composition

The composition and the monosaccharide ratio were analyzed by gas-liquid
chromatography (GLC) after total acid hydrolysis with trifluoroacetic acid (TFA 2M at 100
°C by 8 hours), reduction with sodium borohydride (NABH4) and acetylation (Wolfrom &
Thompson, 1963). A Hewlett Packard® 5890A Series II gas chromatograph was used with
flame ionization detector (FID) and injector at the temperature of 250 °C, DB-210 capillary

column (30 m x 0,25 mm of internal diameter), with film thickness of 0.25 um at 220 °C, and
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nitrogen as carrier gas in flow of 2 mL/min (Sloneker, 1972). The monomers were identified

by their retention times, compared to the standards.
3.4.2 Homogeneity analysis and molar mass determination by HPSEC-MALLS/RI

Homogeneity and weight mean molar mass by weight (Mw) of the galactomannan
samples, AP e GG, were analyzed by HPSEC-MALLS/RI - high pressure steric exclusion
chromatography coupled to multidetectors: laser light scattering with multiangles (LS) (DSP-
F, Wyatt Technology, Santa Barbara, CA, USA) and refractive index (RI) (Waters 2410,
Milford, MA, USA). For the analysis, 1 mg of sample was solubilized in sodium nitrite
(NaNO») to 0.1 mol L™! containing sodium azide (NaN3) to 0.2 g L', After, the samples were
filtered through a cellulose acetate membrane with a pore size of 0.22 pum, injected in a high
pressure steric exclusion chromatograph (HPSEC) Waters® with ultrahydrogel permeation
columns of 2000, 500, 250 and 120 connected in series, with exclusion limits of 7x10°, 4x10°,
8x10% 5x10° g mol!, respectively. The data analysis was made using the ASTRA software,
version 4.70.07 (Wyatt Technology - WYATT, 1993).

3.4.3 Fourier transform infrared spectroscopy (FT-IR) analysis

The functional groups were analyzed by vibrational spectroscopy in the Fourier
transform infrared spectroscopy (FT-IR), using the IR Prestige-21 SHIMADZU® equipment,
with spectral range of 4000 - 400 cm™ and resolution of 4 cm™!, 64 scans, using the tableting

method with KBr (potassium bromide).
3.4.4 Rheological analysis

The rheological behavior of the AP and GG galactomannan solutions at 5% (w/v) was
analyzed using a HAAKE MARS II® rheometer (Thermo Scientific), Equipped with Peltier
system and thermo-circulating bath (DC5-HAAKE K15) to temperature control. For the
analysis, the plate cone measurement system was used with the C60/2 °Ti sensor where were
make the static analysis (flow curve and viscosity). Samples remained standing for 5 minutes
prior to measurements initiation. All analyses were done in duplicate, being the results
presented as mean and standard deviation, calculated from the statistical program GraphPad
Prism, version 5.0. To evaluate the data, the software HAAKE RheoWin, version 4.30.0030

was used.
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3.4.4.1 Static rheological analysis

Galactomannans samples were evaluated for their flow behavior and viscosity in
continuous shear. The determinations were performed at shear rates varying between 0,01 s™!

and 100 s !, at 25 °C, within 300 seconds.
3.4.5 Scanning electron microscopy analysis (SEM)

AP and GG samples were fixed in double carbon face stubs. Each stub was attached to
the sample holder before being inserted into the microscope chamber. The polysaccharides
were observed in a scanning electron microscope Phenom World® Pro-X model, operating at

a voltage of 15 kW.
3.5 Functional properties
3.5.1 Water Holding Capacity (WHC)

The WHC was determined by dissolving 10 mg of sample in 1.5 mL of distilled water
according to the methodology described by Jeddou et al. (2016). The WHC was expressed per
g water/g dry polysaccharide, calculated using the formula below. The analysis was

performed in triplicate.

_ g of hydrated sample

WHC
g of dry sample

3.5.2 Oil Holding Capacity (OHC)

The OHC was determined according to protocol described by Jeddou et al. (2016) with
modifications. 0.5 g sample was placed and 3 mL of corn oil in a 15 mL graduated conical
centrifuge tube. The oil sample was vortexed for 1 minute and then allowed to stand for 30
min. After centrifugation in a refrigerated centrifuge (Eppendorf® modelo 5810R), at 3.000
rpm for 25 minutes, the supernatant was measured and OHC was expressed per g oil/g dry

polysaccharide using the formula below. The analysis was performed in triplicate.

g of retained oil sample
OHC =
g of dry sample
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3.6 Statistical Analysis

The results were expressed as mean * standard deviation (SD) and percentage using
GraphPad Prism Software Inc, version 5.00 (GraphPad Software Inc., San Diego, CA, USA).

Differences were considered statistically significant when p <0.05.
4. Results and discussion
4.1 Morphological characterization of seed and yield of endosperm.

The A. pavonina endospermic seeds presented dimensions with small variations
between length and width, and mean weight of 0,29 g + 0,02 (Table 1), corroborating with
reported by Tavares (1998) for seed sizes of the same plant species (0.92 cm for length, 0.90
cm for width and 0.62 cm for thickness). Regarding the mean endosperm yield (Table 1), in
relation to the total weight of the seed, was 17.55%, value lower than reported by Cerqueira et
al. (2009) for seeds of the same species (43,73%), G. triacanthos (67,13%) e C. pulcherrima
(45,27%), and to found by Nwokocha & Williams (2012) for the endosperm seed of L.
leucocephala (55,11% - 56,52%). According to Buckeridge (2010) the energy and water
reserves for the embryo are the main functions performed by the endosperm, and according to
Soriano et al. (2011) the size and composition of seed reserves may vary according to
maternal environmental conditions, such as water and nutrients availability, radiation
incidence, and ambient temperature. In this way, as the seeds collection occurred during the
dry season, this fact may have influenced the low endospermic yield found.

Table 1.

Morphological characterization of Adenanthera pavonina L. seed, and yields of the endosperm
and galactomannan.

Parameters *mean + SD
Length (cm) 0,92 £0,46
Width (cm) 0,90 £ 0,45
Thickness (cm) 0,61 +£0,38
Weight (g) 0,29 +£0,02
Endosperm (%) 17,55 +£2,94
Galactomannan (%) 19,62 + 5,89

* The result of the morphological characteristics was expressed as mean * standard deviation (SD) of
a sample of 100 seeds. The result of endosperm and galactomannan yields was expressed as mean +
standard deviation (SD) of three determinations.

4.2 Extraction and yield of polysaccharide

The extracted galactomannan (AP) obtained a mean yield of 19.62% (Table 1), similar
value to that found by Cerqueira et al. (2009) for the same plant species (17,11%), but lower
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than reported by Cunha et al. (2009) for the galactomannan of D. gardneriana Tul. (31%),
fenugreek (22,6%) (Brummer, Cui, & Wang, 2003), and for the referred mean for many seed
species (30%) (Buckeridge, 2010). According to data reported in literature, the extraction
yield may be linked to factors such as plant species (Cerqueira et al., 2009; Cunha et al., 2009;
Dakia et al., 2008), seed pre-treatment methodology, allowing an efficient separation of the
bark and endosperm germ (Cerqueira et al., 2009; Dakia et al., 2008), extraction
methodology, where variables such as temperature and time, can influence in yield (Cerqueira
et al., 2009; Zheng, Ren, Yang, & Yang, 2016), and the purification procedure used
(Nwokocha & Williams, 2012). The low profitability found in this study can be explained by
the low endosperm yield due to climatic factors, previously reported, plant species, and

methodology used in the extraction, performed at room temperature.
4.3 Characterization of galactomannan.
4.3.1 Monosaccharide composition

The GLC analysis confirmed the predominance of monosaccharides mannose and
galactose for AP and GG samples, with Man/Gal ratios of 1.7 and 1.5 respectively. Traces of
other monosaccharides were also detected, such as arabinose (Ara) present in the two

samples, and xylose (Xyl) only in guar gum (Table 2).

Different results for AP were reported by Cerqueira et al. (2009) (1,35), and
Buckeridge, Dietrich, & de Lima (2000) (1,4). The Man/Gal ratio is cited as one of the most
important parameters defining the galactomannan nature, may vary as evidenced in studies
such as Prajapati et al. (2013) and Srivastava & Kapoor (2005), between a range of 1.0:1 to
greater than 5.0:1. Among the factors that can influence this characteristic are the
polysaccharide source (Brummer et al., 2003; Cerqueira et al., 2009; Dakia et al., 2008;
Liyanage et al., 2015), degree of seeds maturation, cultivation place (Cerqueira et al., 2009),
extraction process conditions (Cerqueira et al., 2009; Dakia et al., 2008; Dressler et al., 2003),
and methodology used in the galactomannan purification (Cerqueira et al., 2009; Dakia et al.,
2008). It should be noted that these variations may also explain the difference in the values of

the Man/Gal ratio for polysaccharides of the same plant species.

Regarding the traces detection of monosaccharides arabinose and xylose (Table 2), can
be attributed to the complex composition of the polysaccharide (Dakia et al., 2008; Razavi,

Cui, & Ding, 2016; Nunes, Domingues, & Coimbra, 2005) and/or contaminants from seed
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bark (Dakia et al., 2008).

Table 2.
Macromolecular parameters of the galactomannans of Adenanthera pavonina L., and guar gum

(A) Monosaccharide composition and Man/Gal ratio

Samples

Composition A. pavonina L. guar gum
Mannose (%) 62.66 59.78
Galactose (%) 36,52 39,38
Arabinose (%) 0,83 2,31
Xylose (%) - 1,53
Man/Gal 1,7:1 1,5:1
(B) Molecular characteristics
Mw (g mol™) 8,81 1,02
Mn (g mol™) 6,37 7,94

: EP Mw
Polydispersity index / Mn 1,17 1,09

4.3.2 HPSEC-MALLS/RI analysis

AP and GG samples were analyzed for homogeneity and determination of the weight
mean molar mass by the HPSEC-MALLS/RI technique (Figure 1), demonstrating a
homogeneous elution profile, with well-defined peak in approximately 36 minutes, to both
samples, indicated by the RI and LS detectors, being this characteristic finding of
polysaccharides, according to Vianna Filho (2009). Regarding the weight mean molar mass
(Mw) found for AP (8,8 x 10 g mol™) was lower than that of GG (1,02 x 10% g mol™) (Table
2), but similar to that reported for other galactomannans such as C. siligua (8,16 x 10° g
mol™) (Koop, 2012), and M. scabrella (8,48 x 10° g mol™") (Vendruscolo et al., 2009). For the
polydispersity index (Mw/Mn) similar values were found for both AP (1,1) and GG (1,0)
(Table 2), suggesting homogeneous dispersion of the polysaccharide. According to Jeddou et
al. (2016) Mw/Mn > 1.0 rates indicate covalent interactions of the polysaccharide with other

polymers such as cellulose, characterizing the inhomogeneous dispersion of the sample.
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Figure 1. Elution profile of HPSEC/MALLS/RI. (A) AP: Adenanthera pavonina L.
galactomannan (B) GG: galactomannan guar gum.

4.3.3 Continuous shear flow rheological analysis

The experimental data obtained for the solutions of 5% AP and GG (w/v), were fitted
into the mathematical model of Ostwald de Waele, determined by the mathematical equation
(r=ky" ) where 7 is the shear stress (Pa), K is the consistency coefficient (Pa.s"), y is the shear
rate (s’) e n is the flow behavior index (RAO, 2007). According to Steffe (1996), when the K
value is greater than O and the n value is between 0 < n < 1, the fluid is considered non-

Newtonian and pseudoplastic. The K and n values determined for AP were 10.34 and 0.66,
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and for GG of 9.40 and 0.58, respectively, indicating for both samples a non-Newtonian
behavior, evidenced in the flow curves (Figure 2), where a non-proportional increase of the
shear rate in relation to the shear stress was observed. As for the pseudoplastic behavior,
demonstrated by the apparent viscosity curves (Figure 3) is characterized by the viscosity
decrease with the increase of the shear rate (Rao, 2007). According to Albuquerque et al.
(2014) the viscosity reduction as a function of the increase of the shear rate is caused by a
disruption induced by shear in the macromolecular chain. Rheological behavior similar to that
found in this research was reported for other galactomannans sources such as C. grandhis
(Albuquerque et al., 2014), G. triancanthos (Sciarini, Maldonado, Ribotta, Pérez, & Ledn,
2009) and locust bean (Dakia et al., 2008), suggesting according to Razavi et al. (2016)
stabilizing and thickening properties of the hydrocolloid, suitable for various industrial

applications such as medical and food areas.
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Figure 2. Flow curve executed in CR 0,01 — 100 s mode, at 25 °C. AP: Adenanthera pavonina L.
galactomannan; GG: galactomannan guar gum.
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Figure 3. Viscosity curve obtained from the flow curve. AP: Adenanthera pavonina L.
galactomannan; GG: galactomannan guar gum.

4.3.4 FT-IR analysis

FT-IR spectroscopy is considered a rapid and non-destructive analytical tool to
identify the contaminants presence in samples and chemical structure modifications (Liyanage
et al., 2015; Mudgil, Barak, & Khatkar, 2012). The FT-IR results for AP and GG presented
similar characteristics, being possible to observe in the graph the presence of similar peaks
(Figure 4). The absorption area at approximately 3400 cm™ is characteristic of carbohydrate
in ring (Albuquerque et al., 2014) and represents vibrational stretching of O — H in
polysaccharides, and in relation to the broadband between 1200 cm™ e 800 cm™* results from
highly coupled stretches of the polymer main chain (C-C -0, C—-OH e C - 0O - C) (Mudgil
et al., 2012; Shobha, Vishukumar, Tharanathan, Koka, & Gaonkar, 2005), being called the
“finger print” zone for carbohydrates (Razavi et al., 2016). The absorption area between 874
cm ! e 814 cm™ indicate the presence of a-configuration binding of D — galactopyranose units
and binding with B-configuration of D — manopyranose units, respectively (Albuquerque et
al., 2014; Cerqueira et al., 2011; Hu, Kong, Yang, & Pan, 2011). Thus, according to the
presented result, it was evident the presence of galactomannans typical spectra. This
information, together with the monosaccharide composition obtained in the chromatographic

analysis, confirms the nature of the polymer.
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Figure 4. FT-IR spectrum of Adenanthera pavonina L. (AP) galactomannans and guar gum (GG)

4.3.5 SEM analysis

Scanning electron microscopy is considered an important tool for the morphological
study of the macromolecules surface, helping to better understand their physical properties
(Prasanna, Bell, Grandison, & Charalampopoulos, 2012). SEM images at 100 pm show
irregular surface for both samples, AP e GG, however, morphologically rougher for AP (Fig.
5A), and compact for GG (Fig. 5B). In the analysis at 10 pm the galactomannan structure in
study (AP) was more porous when compared to the more dense structure of the standard gum
(GG) (Fig. 5A e 5B), however, in the 8 pm reading the porosity of both samples showed to be
similar (Fig. SA e 5B). These findings corroborate with reported by Savitha Prashanth et al.
(2006) for samples of guar gum, which showed irregular surface with some clusters, besides a
slightly rough appearance and with cavities, indicating the pores presence. Soares et al. (2015)
also reported in their research on the irregular and rough morphology characteristic of
galactomannans. According to Li, Wang, Wang, & Xiong, (2016) e Prasanna et al. (2012)
porous structures can result in a higher water holding capacity, which may explain the high
WHC found for both evaluated and standard gum. Regarding rougher morphology observed
in AP compared to GG, can be attributed to the drying process of the polysaccharide after
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extraction, where hot and continuous air flow was used before spraying, because according to
Li et al. (2016) the method used in the drying can lead to the breaking of the microstructure of

the polymer, changing their physical properties.

Figure 5.
Scanning electron microscopy images of galactomannans from (A) Adenanthera pavonina L. and
(B) guar gum in resolutions of 100 um, 10 um and 8 pm.

5. Functional properties

The water holding capacity of AP was lower than that obtained for GG (Table 3).
Lower values were reported by Sciarini et al. (2009) with G. triacanthos galactomannan
seeds, obtained by different methodologies, not exceeding 15.79 g de H,O/g of the sample,
and also by Chang, Cui, Roberts, Ng, & Wang (2011) showed that the fenugreek

galactomannan, extracted at high temperatures, ranging from 105 °C to 150 °C, did not
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exceed 27.63 g of H,O/g of the sample. Galactomannans have a hydroxyl-rich chain that
establishes hydrogen bonds with water molecules, being responsible for the dispersion of the
gum in aqueous solution. The hydroxyl groups number may vary according to the branching
degree of the galactose residues, being higher the free hydroxyls number the greater the
existing branches number. Thus, the lower Man/Gal ratio the better the association of gum
with water (Liyanage et al., 2015). Sciarini et al. (2009) also observed that drastic extraction
conditions, such as high temperatures, may facilitate the unfolding of the polysaccharide
molecule, increasing the availability of the hydroxyl groups and thus improving
characteristics such as water holding of the gum. However, more severe extraction conditions
can promote the collapse of the polymer structure, impairing its water holding capacity
(Chang et al., 2011). Thus, the high value for WHC found in this research can be related not
only to the Man/Gal ratio of AP (1.7: 1), but also to the temperature used in obtaining, which
although elevated (100 °C), remained for a short time (20 minutes), which may have

prevented the polymer structure collapse.

The oil holding capacity (OHC) of AP was higher than that found for GG (Table 3),
and also presented values higher than those reported by Kaltsa, Yanniotis, & Mandala (2016)
for different fenugreek galactomannan sources (0.47 — 0.70 g of oil/g of sample), Mirhosseini
& Amid (2012) and Galla & Dubasi (2010), with durian seed gum (Durio zibethinus),
obtained by different chemical extraction forms (0.43 — 1.28 g of oil/g of sample), e goma de
karaya (Sterculia urens) (0.81 — 1.14 g of oil/g of sample) respectively. Jeddou et al. (2016) in
their work with water-soluble polysaccharides obtained from potato skins, found more
expressive values for this functional property (4.39 g of oil/g of sample). According to
Biswas, Kumar, Bhosle, Sahoo, & Chatli. (2009), OHC is an important characteristic of
polysaccharides, being associated in part with its chemical composition, but mainly with the
porosity of the fibers structure. Fact confirmed by Chau & Huang (2003), who report being

OHC influenced by factors such as surface area, porosity and capillarity of the fiber.
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Table 3.

Water (WHC) and oil (OHC) holding capacity in Adenanthera pavonina L., and guar gum
Samples

Parameters A. pavonina L. guar gum p value

Water holding capacity (g/g) 63,35+ 6,7 83,83 +£9,7 <0,05

Oil holding capacity (g/g) 3,04 +£0,13 2,12 +0,1 <0,05

Results expressed as mean + standard deviation of three determinations.
Statistical significance (p < 0.05).

6. Conclusions

The methodology of extraction adapted used in this work was adequate to obtain the
galactomannan of the seeds of A. pavonina L., with the polysaccharide presenting a
compatible yield with the vegetal specie and extraction conditions. The mannose/galactose
ratio approached that described in literature for the same plant species. Moreover, the
galactomannan evaluated also demonstrated molecular weight, behavior of non-Newtonian
and pseudoplastic flow, functional groups presence, micromorphology, and functional
properties similar to those presented by the commercial standard used, guar gum. In this way,
the results showed that the galactomannan evaluated can be considered a viable alternative of
polysaccharide, appropriate for biotechnological applications in both the industrial and

medical fields.
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Resumo

Objetivo: Analisar os efeitos da galactomanana de A. pavonina L., uma fonte ndo-tradicional
de fibra solivel, sobre os parametros da dislipidemia induzida por dieta hipercaldrica em
Ratos Wistar fémeas.

Métodos: Nos experimentos foram utilizadas ratas Wistar divididas aleatoriamente em quatro
grupos: GP (grupo racdo padrio) que recebeu Nuvilab®, GH (grupo racdo hipercalérica),
GHGA (grupo ragdo hipercaldrica + gel de galactomanana de A. pavonina) e GHGG (grupo
racdo hipercalérica + gel de goma guar, utilizada como padrio) que receberam dieta
hipercaldrica por 18 semanas para indug¢do da dislipidemia. GHGA e GHGG também
receberam, simultaneamente, tratamento com 500 pL de gel a 5%, por gavagem, das
respectivas galactomananas. Apds esse periodo foram avaliados os efeitos sobre o ganho
ponderal, adiposidade abdominal e perfil lipidico sérico e hepatico. Adicionalmente, foi
avaliado o efeito da galactomanana sobre a motilidade gastrointestinal utilizando modelos de
esvaziamento gastrico e transito intestinal.

Resultados: A galactomanana de A. pavonina preveniu o ganho ponderal, mas ndo evitou o
acimulo de gordura abdominal, assim como a goma guar. O polimero avaliado também
mostrou efeito sobre o aumento do HDL-C e reducdo do TG sérico e hepdtico, enquanto a
goma guar mostrou efeito apenas para redugdo do TG sérico. Ambas as galactomananas
mostraram acao sobre a diminuicao da motilidade intestinal, sugerindo controle da saciedade
associada a esse mecanismo.

Conclusdo: A galactomanana de A. pavonina apresentou efeitos mais pronunciados que a
goma guar, mostrando-se uma fonte promissora de fibra soluvel na prevencdo do ganho

ponderal e de anormalidades lipidicas.

Palavras-chave: dislipidemia, galactomanana, goma, polissacarideo, fibra alimentar, ragdo

hipercaldrica.
Introducao

As dislipidemias caracterizam-se por alteracdes no metabolismo lipidico e das
lipoproteinas, podendo ser de origem hereditdria ou conseqiiente a doenca de base como
obesidade, diabetes mellitus (DM), e sindrome metabdlica (SM) [1]. Dentre as causas
secunddrias, o excesso de peso, e particularmente a adiposidade abdominal, bem como seus

determinantes dietéticos, merecem papel de destaque, contribuindo frequentemente para o
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desenvolvimento dessa condi¢dao [2,3]. Neste contexto, a ado¢do de hdbitos saudaveis,
incluindo uma dieta equilibrada com consumo adequado de fibras dietéticas [3],

especialmente as do tipo soltveis, parece exercer um papel protetor [4,5].

Dentre os mecanismos de acdo das fibras soliveis destaca-se a sua capacidade em
formar géis, o que resulta em bolo alimentar mais viscoso com conseqiiente retardo do
esvaziamento gastrico e motilidade intestinal, contribuindo para o aumento da saciedade
[6,7,8], digestdo e absor¢do diminuida de nutrientes [8]. Além disso, sdo precursoras dos
acidos graxos de cadeia curta, aos quais sdo atribuidas diversas acdes de protecdo sobre

parametros metabolicos como as alteragdes lipidicas [4].

As galactomananas sdo exemplos de fibra soluvel, viscosas, e fermentdveis [6],
comumente extraidas do endosperma de leguminosas [9], que devido suas propriedades
fisico-quimicas especificas e auséncia de toxicidade tém sido empregadas amplamente por
diversas areas da industria, incluindo a farmacéutica e alimentar [10]. Na area médica tem
sido atribuido a esse polissacarideo efeito coadjuvante ao tratamento de vdarias desordens

como cancer, sindrome metabolica, obesidade [11], e diabetes mellitus tipo 2 (DM 2) [12].

A espécie Adenanthera pavonina Linn. é uma planta pertencente a familia Fabaceae
(Leguminosae), subfamilia Mimosoideae, nativa da Asia Tropical [13], cuja as sementes sdo
fonte de galactomanana com estrutura tipica [14]. Estudos de caracterizacio da
galactomanana desta espécie sdo escassos, € embora, este polissacarideo mostre amplo
potencial biotecnoldgico, ainda € subexplorado [15], havendo, portanto, necessidade de mais
estudos de avaliacdo das propriedades desse polimero. Dessa forma, o presente estudo avaliou
os efeitos da galactomanana de A. pavonina, uma fonte ndo tradicional de fibra soldvel, na

dislipidemia induzida por dieta hipercaldrica em ratas.

Material e Métodos
Material vegetal

As sementes de A. pavonina L. foram coletadas no Campus Dom Delgado da
Universidade Federal do Maranhio, em Sao Luis — Maranhao (2.5563 °S, 44.3081 °W), entre
o periodo de Agosto a novembro de 2015, pertencente a estacdo seca na regido. A planta foi
identificada e encontra-se catalogada no acervo do Herbario MAR (Herbario do Maranhao)
sob nimero de tombo: 9.207. As sementes foram retiradas das vagens, selecionadas e

estocadas em temperatura ambiente até a sua utilizag@o.
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Isolamento da galactomanana de A. pavonina e preparacao do gel

As sementes de A. pavonina foram submetidas a um tratamento térmico em &agua
destilada a 100 °C por 20 minutos, na propor¢ao de 1:5 (m/v), para inativacdo das enzimas e
retirada de pigmentos. Em seguida a dgua residual foi descartada e as sementes foram
hidratadas com dgua destilada, na proporc¢do de 1:5 (m/v), permanecendo sob refrigeracao (12
°C) por 24 horas. Os endospermas foram removidos manualmente e permaneceram
armazenados sob refrigeracdo até a sua utilizacao, segundo metodologia adaptada de Cunha et

al. [16].

Os endospermas foram entao suspensos em dgua destilada na propor¢ao de 1:16 (m/v)
e homogeneizados durante 10 minutos até a formagdo de uma solugdo viscosa que foi filtrada
em tecido de nylon. O polissacarideo foi obtido por precipitagdo em ETOH 92,8% (1:2, v/v) e
em seguida desidratado com ETOH e acetona P.A. O sélido obtido foi entdo seco em fluxo de
ar quente continuo e posteriormente pulverizado, segundo procedimentos descritos por Buriti
et al. [17], com adaptacdes. A goma guar, galactomanana comercial utilizada como padrdo no

estudo, foi adquirida da Sigma Aldrich®.

Para a preparacdo do gel de concentragdo a 5%, da galactomanana de A. pavonina
(GA) e goma guar (GG) foram utilizados 1,5 g de pd dos respectivos polissacarideos
adicionados a 30 mL de dgua destilada, sob agitacdo constante em agitador magnético durante
30 minutos. Posteriormente, para completa dissolu¢cdo dos grumos, a solucao foi submetida ao

aquecimento em Banho-Maria a 60 °C, durante 20 minutos.
Animais

Nos experimentos foram utilizados ratos Wistar (Rattus norvegicus) f€meas, com 60
dias e peso médio de 250 g, procedentes do Biotério Central da UFMA. A pesquisa seguiu 0s
principios éticos da experimentacdo com animais elaborados pelo COBEA (Colégio
Brasileiro de Experimentacdo Animal) e foi aprovada pela Comissio de Etica no Uso de

Animais (CEUA) da UFMA, sob parecer nimero: 23115.003583/2016-12.

Dieta

Para indugdo da dislipidemia os animais foram distribuidos aleatoriamente em 4
grupos: GP (grupo racdo padrdo), GH (grupo racdo hipercalérica), GHGG (grupo racdo

hipercalérica + gel de goma guar), e GHGA (grupo racdo hipercalérica + gel de
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galactomanana de A. pavonina). O grupo GP recebeu racdo padrdo para ratos (Nuvilab®),
enquanto os demais receberam dieta hipercaldrica, com cinco formulacdes diferentes (H-1, H-
2, H-3, H-4, H-5), ofertada em ciclos de sete dias cada, durante um intervalo de 18 semanas,
conforme o protocolo descrito por Nascimento et al. [18] com modificacdes (Tabela 1). Os
grupos GH e GP receberam 0,1 mL/100 g de 4gua destilada e os grupos GHGG e GHGA
foram tratados simultaneamente a oferta da ragcdo hipercalérica com 500 puL de gel a 5% de
goma guar e galactomanana de A. pavonina, respectivamente, por via oral, diariamente,
durante 18 semanas. Todos os animais tiveram livre acesso a dgua e aos pellets de racdo, e

foram mantidos sob condicdes controladas de luz, temperatura e umidade.

Tabela 1. Composicio das dietas hipercaloricas

Dietas
Ingredientes (g/kg) Padrao H-1 H-2 H-3 H-4 H-5
Racdo padrao Nuvilab® 1000g 355 439 1000 371 359
Caseina 123 129 - 99 105
Amendoim torrado 176 218 - 185 179
Oleo de milho 82 61 - 68 80
Chocolate 88 - - -
Biscoito maisena 176 - - -
Batata frita - 153 - -
Queijo ralado - - - 92
Leite condensado - - - - 161
Biscoito wafer - - - - 116
Macarrao instintaneo - - - 185
Sacarose (g/L) - - 300 -
Proteina% 25,9 26,0 27,1 19,1 30,6 25,5
Carboidrato% 49,5 35,7 37,4 56,3 34,8 36,2
Lipidio% 8,1 26,4 23,0 5,9 23,1 26,3
Outros%* 16,5 11,9 12,5 18,8 11,6 12,0
Calorias (Kcal/g) 3,6 4,6 5,2 4,8 3,9 4.4

H-1: racdo hipercalérica 1; H-2: ragdo hipercalérica 2; H-3: racdo hipercalérica 3; H-4: ragdo
hipercaldrica 4; H-5: racdo hipercalérica 5

*Vitaminas, minerais € cinzas

Fonte: Adaptado de Nascimento et al [18].

Ganho ponderal e adiposidade abdominal

O peso corporal foi aferido semanalmente e o cdlculo do ganho ponderal foi expresso

(final weight—initial weight)

como uma porcentagem do peso inicial (Weight gain % = x 100)

initial weight
para diminuir a variabilidade entre os animais [19]. A adiposidade abdominal foi determinada
pelo indice de adiposidade visceral (%), obtido pelo percentual da soma do peso dos
compartimentos de gordura retroperitoneal, visceral e gonadal em relacdo ao peso corporal
final, segundo Poudyal et al. [20], e pela andlise individual do peso dos trés compartimentos

de gordura acima mencionados.
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Determinaciao dos lipidios sérico e hepatico

Apo6s as 18 semanas de inducdo e tratamento, todos os grupos experimentais foram
submetidos a um jejum de 12 horas, e sob anestesia foi realizada coleta de sangue por pungdo
periorbital para dosagem dos lipidios séricos: colesterol total — CT, triglicerideos — TG,
lipoproteina de alta densidade colesterol (HDL-C), e lipoproteina de baixa densidade

colesterol (LDL-C), sendo o LDL-C determinado pela férmula de Friedwald et al. [21].

Também foram realizadas a determinacdo da gordura total, e concentracdo de
triglicerideos e colesterol hepatico, segundo protocolo descrito por Freedman et al. [22] com
modificagdes. Apds eutandsia dos animais, aproximadamente 500 mg de tecido hepético foi
pesado e homogeneizado em mixer juntamente com 5 mL de solugdo de clorofémio:metanol
(2:1 v/v). O homogeneizado foi mantido em repouso overnight (16 horas) sob temperatura de
refrigeracdao (12°C), dentro de tubo previamente pesado, sendo em seguida filtrado.
Adicionou-se salina 0,9% ao filtrado na proporcdo de 5:1 (filtrado:salina), seguido de repouso
por 2 horas e centrifugacdo (1000 rpm). A fase superior foi descartada e o material seco em
estufa. Os tubos foram pesados novamente e a gordura total determinada pela diferenca do
peso final em relacdo ao peso inicial do tecido. Em seguida, ressuspendeu-se a gordura seca
em 1 ml de solucdo de Triton X-100:metanol (2:1) para a determinag¢do do colesterol e

triglicerideos hepatico.

As dosagens dos lipidios sérico e hepatico foram realizadas utilizando kits para
andlises bioquimicas da Labtest®, seguindo-se os protocolos descritos pelo fabricante, com as

leituras realizadas em analisador semi-automatizado Bioplus - 2000®.

ApOs a obtencao dos resultados das dosagens dos lipidios séricos foram determinados
os indices cardiaco (CT/HDL-C) [23], aterogénico (CT — HDL-C/HDL-C) [24], e da artéria
corondaria (LDL-C/HDL-C) [25].

Avaliacio da motilidade gastrointestinal

Para a avaliagdo do transito gastrointestinal os animais foram distribuidos
aleatoriamente em 4 grupos (C — Controle; ATROP — Atropina; GG — goma guar; e GA —
galactomanana de A. pavonina), segundo metodologia previamente descrita por Suchitra et al
[26]. Para o esvaziamento gastrico os animais foram submetidos a 6 horas de jejum, sendo
posteriormente tratados por gavagem com agua destilada (C = 0,1 mL/ 100 g) ou 500 uL de
gel a 5% de galactomanana de A. pavonina ou goma guar (GA e GG), ou atropina (ATROP)
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administrada subcutaneamente na dose de 3 mg/kg. Apds 1 hora do tratamento por gavagem,
ou 30 minutos por via subcutdnea, cada animal recebeu por via oral 500 uL de solu¢do do
marcador vermelho de fenol a 0,05% diluido em carboximetilcelulose a 1,5%. Ap6s 30
minutos os animais foram eutanasiados, o estbmago removido, e o conteido géstrico coletado
e centrifugado a 126 x g por 15 minutos. Apds a centrifugacdao 1 mL de sobrenadante foi
adicionado a 1 mL de NaOH a 1 N. Os resultados foram plotados em uma curva padrao de
vermelho de fenol e expressos como a concentracdo (ug) de corante retida no estbmago em
relacdo ao grupo controle. Para o trinsito intestinal, depois da remoc¢do do estdmago, o
intestino delgado foi removido e seu comprimento total aferido (distancia entre a regido
gastropildrica e a juncdo ileocecal), bem como a distancia percorrida pelo marcador vermelho
de fenol. Os resultados foram expressos pela porcentagem da distincia percorrida pelo

marcador em relagdo ao comprimento total do intestino delgado.
Anadlise estatistica

Os resultados foram expressos como média + erro padrio da média. A andlise dos
dados foi realizada por meio da andlise de variancia One way — ANOVA, seguida pelo teste
de Tukey para comparagdo entre os grupos. O software utilizado foi o GraphPad Prisma

versdo 7.0, e as diferencas consideradas significantes quando p < 0,05.
Resultados

Efeito da galactomanana de A. pavonina sobre o ganho ponderal e adiposidade

abdominal

O ganho ponderal dos animais GH (50,7 % + 3,0) aumentou significativamente
quando comparado ao grupo GP (31,7 % + 3,8) (p < 0,05), enquanto que nas ratas GHGA
(33,77 % + 3,2) observou-se uma menor evolu¢do ponderal em relacio as GH (p < 0,05),
mostrando que a galactomanana de A. pavonina preveniu o ganho de peso provocado por
dieta hipercalérica. Com relacao ao grupo GHGG (39,6 % + 1,1), notou-se uma tendéncia de
menor ganho de peso quando comparado aos animais GH, embora sem significancia

estatistica (p > 0,05) (Figura 1).



75

80 7
& b
Z 604
(1] I
°
° a a ab
c i -—
° 40
o
o
L
c 20 A
®©
(O]
0 T T
OQ C’;b Q‘C'rv. Q‘Oo
(<} (<}

Figura 1. Efeito da galactomanana de Adenanthera pavonina L. sobre o ganho ponderal

GP (grupo racdo padrao); GH (grupo ragado hipercalérica); GHGA (grupo racdo hipercalérica + gel de
galactomanana de A. pavonina); GHGG (grupo racdo hipercalérica + gel de goma guar)

Valores apresentados como média + erro padrao da média

Grupos com cédigos alfabéticos diferentes indicam diferenca estatistica entre os grupos (p < 0,05)
One way - Anova, Teste de Tukey.

Paralelamente ao maior ganho ponderal observou-se um aumento do indice de
adiposidade visceral nas ratas GH em relacdo as GP (p < 0,05), no entanto, variacdes
significantes ndo foram evidenciadas nos animais GHGA e GHGG quando comparados aos
GH, o que mostra que as galactomananas GA e GG ndo alteraram o ganho de tecido adiposo
abdominal ocasionado pela dieta hipercalérica (Tabela 2). Este achado foi confirmado na
andlise individual dos compartimentos de gordura, onde foram observados um maior acimulo
de tecido adiposo retroperitoneal, visceral, e gonadal para os animais GH quando comparados
aos GP (p < 0,05), mostrando uma elevacdo da adiposidade abdominal que ndo foi evitada

por ambas as galactomananas (Tabela 2).

Tabela 2. Efeito da galactomanana de Adenanthera pavonina L. sobre o indice de adiposidade
visceral e peso dos compartimentos de gordura retroperitoneal, gonadal e visceral

Grupos
Parametros GP GH GHGA GHGG
Indice de adiposidade 2,6 +£0,1? 4,9 +0,3° 5,1 £0,7%® 53+1,1®
visceral (%)
Gordura retroperitoneal (g) 2.4 +0,2 42 +0,3° 3.6 +0,6% 3.0 +0,6%®
Gordura gonadal (g) 3,7+0,3° 6,1 +£0,2" 5,4 +0,7% 5,8 +1,2%
Gordura visceral (g) 2,2 +0,2° 43+0,2° 5,1 +0,7° 42 +0,7°

GP (grupo ragao padrao); GH (grupo ragdo hipercaldrica); GHGA (grupo racdo hipercalérica + gel de
galactomanana de A. pavonina); GHGG (grupo ragao hipercaldrica + gel de goma guar)

Valores apresentados como média + erro padrdo da média

Valores com cédigos alfabéticos diferentes indicam diferenca estatistica entre os grupos (p < 0,05)
One Way - Anova, Teste de Tukey.
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Efeito da galactomanana de A. pavonina sobre o perfil lipidico sérico e hepatico

Na avaliagdo do perfil lipidico sérico, foi observado um aumento nas concentracdes de
CT, LDL-C e TG nos animais GH (p < 0,05), além de uma discreta, mas ndo significativa
diminui¢do para o HDL-C, quando comparados ao GP, determinando um quadro de
dislipidemia nas ratas GH. Para o GHGA foi encontrado redu¢ao de 45,8% na concentracao
sérica de TG, e uma elevacdo do HDL-C (79,9%) quando comparado ao GH (p < 0,05). Além
disso, nos animais GHGA as taxas de HDL-C aumentaram em 51,4% em relacdo ao grupo
GP. Quanto ao grupo GHGG, também foi observada uma diminui¢do significativa, de 62%,
na concentracdo sérica de TG (p < 0,05), mas ndo se observou diferenca para as taxas de

HDL-C em relagdo ao GH (Tabela 3).

Ainda para o perfil lipidico, na avaliagdo das taxas de gorduras hepaticas, ndo foram
encontradas diferencas para a concentracao de gordura total no figado, quando se comparou
todos os grupos experimentais, embora tenha se observado um discreto aumento (23,2%),
porém ndo significativo, para os animais GH quando comparados aos GP. Da mesma forma,
na andlise do parametro colesterol total hepético, ndo houve variacOes significativas entre os
grupos, porém, na mensuragdo dos niveis de TG, observou-se uma tendéncia de aumento para
o grupo GH (28,8%) em relacio ao GP. No entanto, observou-se reducdo de 47,4% nas
concentragdes do TG hepatico dos animais GHGA quando comparados aos GH (p < 0,05)
(Tabela 3).

Com relagdo aos indicadores de doenca cardiovascular, corondria e isquémica,
representados pelos indices aterogénico, cardiaco e da artéria corondria respectivamente, nao
foram observadas diferencas significativas na andlise individual dos trés parametros para
todos os grupos, com excec¢do da comparacdo entre os animais GHGA e GHGG, que devido
ao baixo indice aterogénico apresentado pelos animais tratados com GA foi detectada

diferenca entre os dois grupos (p < 0,05) (Tabela 3).
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Tabela 3. Efeito da galactomanana de Adenanthera pavonina L. sobre o perfil lipidico sérico e
hepatico, e indicadores de doencas cardiovasculares

Grupos
Parametros GP GH GHGA GHGG
CT (mg/dL) 60,0 +3,5% 84,0 +£2,0° 86,0 +7,6° 76,0 + 3,02
LDL-C (mg/dL) 41,3 +2,8* 56,1 +1,7° 64,5 +4,0° 59,4 +2,0
TG (mg/dL) 40,3 +3,2° 96,0 + 17,5° 52,0 + 3,3% 36,5 + 5,5%
HDL-C (mg/dL) 62,3 +8,9% 52,4 +72% 94,3 +10,9° 46,5 +0,5%
Gordura total hepética 44,0 £3,3* 54,2 £4.5° 48,0 £2,6* 42,9 +5,3°
(mg/g)
Colesterol hepético 21,0 +0,6* 28,4 +1,0° 20,0 %1,2° 325+11,3
(mg/dL)
TG hepatico (mg/dL) 48,0 +11,2® 61,8 +4,5* 32,5+4.3° 50,0 + 3,0%
Indice aterogénico (mg/dL) 0,4 + 0,0 0,5+0,1% 0,2 + 0,0 0,6 +0,1°
Indice cardiaco (mg/dL) 1,3+0,1* 1,6 +0,2° 1,2 +0,0° 1,6 £0,12
Indice da artéria corondria 0,9 +0,1* 1,0£0,1* 0,8 £0,0? 1,3+0,1?

(mg/dL)

GP (grupo ragéo padrao); GH (grupo ragdo hipercaldrica); GHGA (grupo racgdo hipercalérica + gel de
galactomanana de A. pavonina); GHGG (grupo ragdo hipercaldrica + gel de goma guar)

Valores apresentados como média + erro padriao da média

Valores com c6digos alfabéticos diferentes indicam diferenca estatistica entre os grupos (p < 0,05)
One Way - Anova, Teste de Tukey.

Efeito da galactomanana de A. pavonina sobre a motilidade gastrointestinal

Na avalia¢do do esvaziamento géstrico foi observado que a concentragdo do marcador
vermelho de fenol retido no estdmago dos animais do grupo C foi de 1,3 + 0,9 ug/mL, e que
nao houve diferenca no esvaziamento gastrico dos animais GA (1,8 + 0,8 pg/mL) e GG (1,0 +
0,3 ug/mL) em relacdo ao grupo C (p > 0,05). No entanto, no grupo tratado com atropina, um
antagonista muscarinico com a¢do antiespasmoédica, ocorreu um aumento da concentracao de
vermelho de fenol (14,7 £ 0,6 ug/mL), refletindo em retardo do esvaziamento géstrico em
relagdo ao grupo C (p < 0,05) (Figura 2A). Na avaliacio do transito intestinal, a distancia
percorrida pelo marcador vermelho de fenol em relacdo ao comprimento total do intestino
delgado no grupo C foi de 82,6 % + 3,2. J4 nos animais GA (57,7 % + 1,0), GG (62,5 % +
3,1), assim como no grupo ATROP (61,5 % + 2,5), houve um retardo significativo do transito
intestinal, por apresentarem menor extensao percorrida pelo marcador quando comparados ao

grupo C (p < 0,05) (Figura 2B).
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Figura 2. Efeito da galactomanana de Adenanthera pavonina L. no esvaziamento gastrico (A) e
transito intestinal (B)

C (grupo controle); ATROP (grupo atropina); GA (grupo galactomanana de A. pavonina); GG (grupo
goma guar)

Valores apresentados como média + erro padrao da média

Grupos com cédigos alfabéticos diferentes indicam diferenca estatistica entre os grupos (p < 0,05)
One Way - Anova, Teste de Tukey.

Discussao

O aumento do peso corporal tem sido bem documentado em modelos de inducdo de
alteracdoes metabdlicas em ratos por meio de dieta hipercaldrica com alta concentracdo de
carboidratos e/ou de lipidios [25,27,28], corroborando com os dados obtidos no presente
estudo, os quais evidenciaram ganho ponderal nos animais alimentados com dieta
hipercalérica sem tratamento simultdneo. Quanto ao menor ganho ponderal nos animais
tratados com GA e em menor propor¢do com GG sugeriu um efeito preventivo das
galactomananas contra o excesso de peso. Segundo Rao [6], Rasoamanana et al., [7], e
Kristensen and Jensen [8] este efeito pode estd relacionado ao fato das galactomananas
pertecerem a classe das fibras soliveis, viscosas e fermentdveis, as quais € atribuida atividade

sobre a saciedade com conseqiiente reducao da ingestdo alimentar.

Dentre os mecanismos responsdveis por essa atividade estd o aumento da viscosidade
da matriz alimentar ocasionando distensdo estomacal e retardo do esvaziamento géstrico [7,8],
com reducdo do fluxo pela vélvula pilérica, sobretudo quando as fibras viscosas sdo ingeridas
em maiores quantidades [6], e o aumento da viscosidade do contetido intestinal, resultando em
diminui¢dao da motilidade intestinal [7,8] com maior permanéncia dos nutrientes em contato

com a mucosa, principalmente proteinas e lipidios, que levam ao aumento da secre¢do de
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peptideos intestinais como a colecistoquinina (CCK), peptideo Y (PYY) e peptideo
semelhante ao glucagon 1 (GLP — 1). Ressalta-se que esses peptideos sdo conhecidos como
hormdnios da saciedade [8] por induzirem ao retardo do esvaziamento gastrointestinal [6,8]

por meio de sinalizacdo ao sistema nervoso central [29,30].

Além dos mecanismos descritos acima, as fibras soliveis sofrem fermentagao coldnica
originando 4cido graxos de cadeia curta, que também estimulam a secrecdo de peptideos
intestinais contribuindo para o controle do apetite [6,8, 31]. Ademais, o aumento da exposi¢ao
da mucosa ileal a nutrientes, ativa o freio ileal resultando também em transito gastrointestinal
mais lento [32]. A galactomanana de A. pavonina ndo exerceu nenhuma influéncia sobre o
esvaziamento gastrico, mas foi capaz de diminuir a motilidade intestinal, sugerindo que seu
efeito sobre o controle do ganho ponderal é provavelmente mediado pela saciedade induzida
por retardo do transito intestinal e, portanto, possivelmente associada a presenca de peptideos

intestinais [8].

Resultado semelhante ao desta pesquisa foi relatado por Rasoamanana et al. [7], onde
a administracdo de 700 pL de solucdo de fibra viscosa em camundongos demonstrou
saciedade associada a sinalizacdo intestinal como a principal responsdvel pela reducdo da
ingestdo alimentar. Juvonen et al. [33], ao investigarem o efeito de duas diferentes bebidas
contendo aveia, na percepcao da saciedade e concentracdo sérica de peptideos reguladores do
apetite, observaram um aumento da saciedade e da concentracdo de hormdnios intestinais na

circulagdo sanguinea.

Com relacdo a adiposidade abdominal, observou-se que apesar da prevencao contra o
ganho ponderal ndo houve alteragdo no ganho de gordura abdominal ocasionado pela dieta

hipercaldrica, para os grupos tratados com ambas as galactomananas.

A dislipidemia, caracterizada principalmente por taxas aumentadas de LDL-C, TG e
baixos niveis de HDL-C, é comumente associada ao excesso ponderal e ao acumulo de
adiposidade abdominal [34]. Quanto ao efeito hipocolesterolémico da fibra dietética, em
especial da fibra solidvel, tem sido bem documentado [35], sendo, no entanto, resultado de
diferentes mecanismos, ainda pouco elucidados [35,36], e podendo variar de acordo com o
tipo e quantidade de fibra soluvel ingerida [37]. Uma das explicacdes mais aceitas estd na
reducdo da motilidade intestinal com digestdo e absor¢do diminuida de nutrientes [6,7, 8],

levando, portanto, ao retardo da absorcdo de colesterol [37] e triglicerideos da dieta [35], fato
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esse que pode explanar a menor concentragdo sérica de TG observada para os grupo GHGA e

GHGG.

Outros mecanismos possivelmente relacionados a atividade hipocolesterolémica das
fibras soliveis consistem na inibi¢do de lipases, resultando em prejuizos na absorcdo das
gorduras dietéticas [11], e formac¢do de dcidos graxos de cadeia curta, aos quais é conferida a
conversdo de colina em trimetilamina, impedindo a formacao de fosfatidilcolina, componente
da lipoproteina de muito baixa densidade colesterol (VLDL-C), afetando, portanto,
indiretamente, o armazenamento de TG hepatico [4], evento esse que possivelmente esclarece
os menores niveis de TG hepatico encontrados para o grupo GHGA. J4 a ndo alteragdo do CT
observada no grupo GHGA, pode ser explicada pela alta taxa de HDL-C apresentada nesses

animais.

Quanto aos indicadores de doenca cardiovascular, ndo foram encontradas alteragcdes
significativas, visto que as taxas de HDL-C, considerada um pardmetro fundamental na
determina¢do dos indices, com excec¢do da encontrada para os animais GHGA, apresentaram
valores semelhantes, indicando, portanto, que apesar da presenca de dislipidemia no grupo

GH, ainda ndo havia o estabelecimento de desordens cardiovasculares.

Kapoor et al. [38] apds 12 meses de intervenc¢do com fibra de guar suplementada na
dose de 6 g didrias, relataram uma reducdo das taxas de LDL-C e aumento do HDL-C,
enquanto Dall’ Alba et al. [39] ndo observaram reducdo das taxas de TG e aumento do HDL-
C, em pacientes diabéticos suplementados com 10 g diarias de fibra de guar durante 6

s€manas.

Os diferentes resultados relatados acima em comparacdo aos encontrados neste estudo,
podem ser explicados pela quantidade de fibra suplementada, diferentes mecanismos
envolvidos no efeito hipocolesterolémico [34,35], e forma de administracdo, geralmente

adicionada a dieta [35]
Conclusao

Este estudo indicou que o consumo por tempo prolongado de dieta hipercalérica induz
ao ganho ponderal e ao surgimento de anormalidades lipidicas, que podem ser prevenidos
com o consumo habitual de fibras soliveis na dieta. O consumo freqiiente de galactomanana
de A. pavonina preveniu o ganho ponderal, efeito provavelmente mediado pela saciedade

induzida por retardo da motilidade intestinal, ¢ mostrou acdo sobre a redugdo das taxas de TG
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sérico e hepdtico, além de aumento do HDL-C, enquanto a goma guar, apesar de ter
contribuido para uma tendéncia de menor ganho de peso, apresentou efeito apenas na
diminui¢do dos niveis de TG sérico. A galactomanana de A. pavonina mostrou-se uma fonte
promissora de fibra soldvel eficaz no controle de anormalidades lipidicas, sugerindo, portanto,

propriedades compardveis ao de galactomananas tradicionalmente utilizadas na drea médica.
Agradecimentos

Gostarfamos de agradecer a Fundacdo de Amparo para Pesquisa e Desenvolvimento

Cientifico e Tecnolégico do Maranhdo (FAPEMA) pelo apoio financeiro.
Conflito de interesse

Nenhum conflito de interesse, financeiro ou de outra natureza, é declarado pelos

autores



82

Referéncias

[1] Sociedade Brasileira de Cardiologia et al., “[V Brazilian Guidelines on Dyslipidemias
and Prevention of Atherosclerosis],” Arq. Bras. Cardiol., vol. 101, no. 4 Suppl 1, pp. 1-20,
Oct. 2013.

[2] Developed with the special contribution of: European Association for Cardiovascular
Prevention & Rehabilitation er al., “ESC/EAS Guidelines for the management of
dyslipidaemias: The Task Force for the management of dyslipidaemias of the European
Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS),” Eur. Heart
J., vol. 32, no. 14, pp. 1769-1818, Jul. 2011.

[3] A. L. Catapano et al., “2016 ESC/EAS Guidelines for the Management of
Dyslipidaemias,” Eur. Heart J., vol. 37, no. 39, pp. 2999-3058, Oct. 2016.

[4] C. L. Boulangé, A. L. Neves, J. Chilloux, J. K. Nicholson, and M.-E. Dumas, “Impact
of the gut microbiota on inflammation, obesity, and metabolic disease,” Genome Med., vol. 8,

no. 1, Dec. 2016.

[5] A. Poli et al., “Non-pharmacological control of plasma cholesterol levels,” Nutr.

Metab. Cardiovasc. Dis., vol. 18, no. 2, pp. S1-S16, Feb. 2008.

[6] T. P. Rao, “Role of guar fiber in appetite control,” Physiol. Behayv., vol. 164, pp. 277—
283, Oct. 2016.

[7] R. Rasoamanana, P. C. Even, N. Darcel, D. Tomé¢, and G. Fromentin, “Dietary fibers
reduce food intake by satiation without conditioned taste aversion in mice,” Physiol. Behav.,

vol. 110-111, pp. 13-19, Feb. 2013.

[8] M. Kristensen and M. G. Jensen, “Dietary fibres in the regulation of appetite and food
intake. Importance of viscosity,” Appetite, vol. 56, no. 1, pp. 65-70, Feb. 2011.

[9] I. C. M. Dea and A. Morrison, “Chemistry and Interactions of Seed Galactomannans,”
in Advances in Carbohydrate Chemistry and Biochemistry, vol. 31, Elsevier, 1975, pp. 241—
312.

[10] P. B. S. Albuquerque et al., “Characterization and rheological study of the
galactomannan extracted from seeds of Cassia grandis,” Carbohydr. Polym., vol. 104, pp.

127-134, Apr. 2014.



83

[11] K. Hamden, B. Jaouadi, S. Carreau, S. Bejar, and A. Elfeki, “Inhibitory effect of
fenugreek galactomannan on digestive enzymes related to diabetes, hyperlipidemia, and liver-

kidney dysfunctions,” Biotechnol. Bioprocess Eng., vol. 15, no. 3, pp. 407—413, Jun. 2010.

[12] A. Srichamroen, C. J. Field, A. B. R. Thomson, and T. K. Basu, “The Modifying
Effects of Galactomannan from Canadian-Grown Fenugreek (Trigonella foenum-graecum L.)
on the Glycemic and Lipidemic Status in Rats,” J. Clin. Biochem. Nutr., vol. 43, no. 3, pp.
167-174, 2008.

[13] A. Bouquet, M. Debray, “Medicinal Plants in Ivory Coast". Document Ostrom France.
pp. 14, 1974.

[14] R. O. Tavares, “Galactomannan of Adenenthera pavonina L. Applications for the

isolation of galactose-specific lectins”. Federal University of Ceard-Brazil: Msc Thesis, 1998.

[15] C. E. A. Soares, “Structural and potencial Characterization of Adenanthera pavonina
L. galactomannan as raw material of the production of bioactive edible fims”. Federal

University of Ceard-Brazil: Doctoral Thesis, 2009.

[16] P. L. R. Cunha, I. G. P Vieira, A. M. C. Arriaga, R. C. M. de Paula, and J. P. A.
Feitosa, “Isolation and characterization of galactomannan from Dimorphandra gardneriana
Tul. seeds as a potential guar gum substitute,” Food Hydrocoll., vol. 23, no. 3, pp. 880—885,
May 20009.

[17] F. C. A. Buriti et al., “Characterisation of partially hydrolysed galactomannan from
Caesalpinia pulcherrima seeds as a potential dietary fibre,” Food Hydrocoll., vol. 35, pp. 512—
521, Mar. 2014.

[18] A. F. Nascimento et al., “A Hypercaloric pellet-diet cycle induces obesity and co-
morbidities in wistar rats,” Arg. Bras. Endocrinol. Metabol., vol. 52, no. 6, pp. 968-974, Aug.
2008.

[19] E. L. B. Novelli et al., “Anthropometrical parameters and markers of obesity in rats,”

Lab. Anim., vol. 41, no. 1, pp. 111-119, Jan. 2007.

[20] H. Poudyal, S. K. Panchal, J. Waanders, L. Ward, and L. Brown, “Lipid redistribution

by a-linolenic acid-rich chia seed inhibits stearoyl-CoA desaturase-1 and induces cardiac and



84

hepatic protection in diet-induced obese rats,” J. Nutr. Biochem., vol. 23, no. 2, pp. 153-162,
Feb. 2012.

[21]  W.T. Friedewald, R. I. Levy, and D. S. Fredrickson, “Estimation of the concentration
of low-density lipoprotein cholesterol in plasma, without use of the preparative

ultracentrifuge,” Clin. Chem., vol. 18, no. 6, pp. 499-502, Jun. 1972.

[22] B. D. Freedman, E.-J. Lee, Y. Park, and J. L. Jameson, “A Dominant Negative
Peroxisome Proliferator-activated Receptor- Knock-in Mouse Exhibits Features of the

Metabolic Syndrome,” J. Biol. Chem., vol. 280, no. 17, pp. 17118-17125, Apr. 2005.

[23] M. J. Kang, E. K. Lee, and S. S. Lee, “Effects of two P/S ratios with same
peroxidizability index value and antioxidants supplementation on serum lipid concentration
and hepatic enzyme activities of rats,” Clin. Chim. Acta, vol. 350, no. 1-2, pp. 79-87, Dec.
2004.

[24] F. Kayamori and K. Igarashi, “Effects of Dietary Nasunin on the Serum Cholesterol
Level in Rats,” Biosci. Biotechnol. Biochem., vol. 58, no. 3, pp. 570-571, Jan. 1994.

[25] T. O. Ajiboye, H. Aliyu, M. A. Tanimu, R. M. Muhammad, and O. B. Ibitoye,
“Dioscoreophyllum cumminsii (Stapf) Diels leaves halt high-fructose induced metabolic
syndrome: Hyperglycemia, insulin resistance, inflammation and oxidative stress,” J.

Ethnopharmacol., vol. 192, pp. 471479, Nov. 2016.

[26] A. Suchitra, “Relative efficacy of some prokinetic drugs in morphine-induced

gastrointestinal transit delay in mice,” World J. Gastroenterol., vol. 9, no. 4, p. 779, 2003.

[27] A. Hazarika, H. Kalita, D. Chandra Boruah, M. Chandra Kalita, and R. Devi,
“Pathophysiology of metabolic syndrome: The onset of natural recovery on withdrawal of a

high-carbohydrate, high-fat diet,” Nutrition, vol. 32, no. 10, pp. 1081-1091, Oct. 2016.

[28] S. K. Panchal, W.-Y. Wong, K. Kauter, L. C. Ward, and L. Brown, “Caffeine
attenuates metabolic syndrome in diet-induced obese rats,” Nutrition, vol. 28, no. 10, pp.

1055-1062, Oct. 2012.

[29] E. Nislund and P. M. Hellstrom, “Appetite signaling: From gut peptides and enteric
nerves to brain,” Physiol. Behav., vol. 92, no. 1-2, pp. 256262, Sep. 2007.



85

[30] A. M. Wren and S. R. Bloom, “Gut Hormones and Appetite Control,”
Gastroenterology, vol. 132, no. 6, pp. 2116-2130, May 2007.

[31] G. den Besten et al., “The Short-Chain Fatty Acid Uptake Fluxes by Mice on a Guar
Gum Supplemented Diet Associate with Amelioration of Major Biomarkers of the Metabolic

Syndrome,” PLoS ONE, vol. 9, no. 9, p. 107392, Sep. 2014.

[32] J. Maljaars, H. P. F. Peters, and A. M. Masclee, “Review article: the gastrointestinal
tract: neuroendocrine regulation of satiety and food intake: REVIEW: GI TRACT, SATIETY
AND FOOD INTAKE,” Aliment. Pharmacol. Ther., vol. 26, pp. 241-250, Dec. 2007.

[33] K. R. Juvonen et al, “Viscosity of Oat Bran-Enriched Beverages Influences
Gastrointestinal Hormonal Responses in Healthy Humans,” J. Nutr., vol. 139, no. 3, pp. 461—
466, Jan. 2009.

[34] L. Genser, J. R. Casella Mariolo, L. Castagneto-Gissey, S. Panagiotopoulos, and F.
Rubino, “Obesity, Type 2 Diabetes, and the Metabolic Syndrome,” Surg. Clin. North Am.,
vol. 96, no. 4, pp. 681-701, Aug. 2016.

[35] M. Galisteo, J. Duarte, and A. Zarzuelo, “Effects of dietary fibers on disturbances
clustered in the metabolic syndrome,” J. Nutr. Biochem., vol. 19, no. 2, pp. 71-84, Feb. 2008.

[36] S. Saeed, H. Mosa-Al-Reza, A. Fatemeh, and D. Saeideh, “Antihyperglycemic and
antihyperlipidemic effects of guar gum on streptozotocin-induced diabetes in male rats,”

Pharmacogn. Mag., vol. 8, no. 29, p. 65, 2012.

[371 M. L Gallagher et al., “The nutrients and their metabolism. Krause food, nutrition and

diet therapy”,vol. 12, p. 39-143, 2010.

[38] M. P. Kapoor, N. Ishihara, and T. Okubo, “Soluble dietary fibre partially hydrolysed
guar gum markedly impacts on postprandial hyperglycaemia, hyperlipidaemia and incretins
metabolic hormones over time in healthy and glucose intolerant subjects,” J. Funct. Foods,

vol. 24, pp. 207-220, Jun. 2016.

[39] V. Dall’Alba et al., “Improvement of the metabolic syndrome profile by soluble fibre
— guar gum — in patients with type 2 diabetes: a randomised clinical trial,” Br. J. Nutr., vol.

110, no. 09, pp. 1601-1610, Nov. 2013.



7. CAPITULO Il

Pedido de patente de produto:

“Paes enriquecidos com galactomanana.”

86



87

RESUMO
Paes enriquecidos com galactomanana

A presente invencao diz respeito a paes enriquecidos com galactomanana, os
quais contém galactomanana de Adenanthera pavonina Linn. como substituinte do
0leo na formulagdo da massa dos pées, visando o aumento no consumo diario de
fibra solavel para melhora do perfil glicémico da populagéo, inclusive de diabéticos.
Os péaes enriquecidos com galactomanana da presente invencao podem ser
considerados um alimento funcional que pode contribuir ainda para o controle da

saciedade, controle do perfil lipidico e melhora do transito intestinal.
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8. CONSIDERAGCOES FINAIS:

Neste estudo foi realizada a caracterizagdo estrutural e das propriedades
funcionais de capacidade de retengdo de agua e de Oleo da galactomanana de
Adenanthera pavonina Linn, bem como foi avaliado seu efeito na dislipidemia
induzida por dieta hipercalérica em ratas Wistar.

Os resultados encontrados no capitulo | mostram que a galactomanana de A.
pavonina L. apresenta estrutura e propriedades funcionais semelhantes as da goma
guar, que é uma galactomanana comercial utilizada como padrdao no estudo,
sugerindo, portanto, ser o polimero avaliado uma fonte alternativa e promissora de
galactomanana, com potencial biotecnol6gico comparavel as fontes tradicionalmente
utilizadas por diversas areas da industria.

Além disso, conforme os resultados descritos no capitulo Il foi evidenciado
que a galactomanana de A. pavonina preveniu o ganho de peso e alteragdes
lipidicas induzidas por dieta hipercalérica, mostrando um potencial biotecnol6gico
deste polimero para emprego na industria alimenticia, farmacéutica e na éarea

médica.
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ANEXO A - Recibo de pedido de patente de produto ao Instituto Nacional da
Propriedade Industrial (INPI)

Y L g 281172016 1T
‘ DA PROPRIEDADE
INDUSTRIAL I O AN AT
00.000.2.2.16.0914602.0

Pedido nacional de Invengéo, Modelo de Ulilidade, Certificado de
Adicao de Invencéo e entrada na fase nacional do PCT

Nimero do Processo. BR 10 2016 027846 5

Dados do Depositante (71)

Depositante 1 de 1

Nome ou Razdo Social: Universidade Federal do Maranh&o
Tipo de Pessoa: Pessoa Juridica
CPF/CNPJ: 06279103000119
Macionalidade: Brasileira
Qualificag@o Juridica: Instituicdo de Ensino e Pesquisa
Enderego: Av. dos Portugueses, 1966 - Cidade Universitaria, Bacanga
Cidade: S3o Luis
Estado: MA
CEP: 65080-805
Pais: Brasil
Telefone: (98) 32728710
Fa:

Email: nit-dapi@ufma_br

PETICIONAMENTO sclic'rlag:'m foi enviada pelo sistema Peticicnamento Eletrdnico em 281 1/20186 as
ELETRONICO 11:59, Petiglo 870160070802

Petigio 870160070692, de 38112014, pag. 117
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Dados do Pedido

Natureza Patente: 10 - Patente de Invengéo (P1)

Thtule da Invengdo ou Modelo de PAES ENRIQUECIDOS COM GALACTOMANANA
Utilidade (54):

Resumo: A presente invencdo diz respeito a pées enriguecidos com
galactomanana os quais contém galactomanana de Adenanthera
pavonina Linn. como substituinte do dleo na formulagio da massa
dos pdes, visando o aumento no consumo didrio de fibra sollvel para
melhora do perfil glicémico da populag8o, inclusive diabéticos. Os
pées enriquecidos com galactomanana da pregente invengéo & um
alimento funcional que pode confribuir ainda para o controle da
saciedade, controle glicémico, controle do perfil lipidico e melhora do
transito intestinal.

PETICIONAMENTO Esta sclli-:'rlas;én foi enviada pelo sistema Peticicnamento Eletrdnico em 28/11/2018 as
Ei co 11:50, Peticho 870160070682

Peticio 870160070692, de 28112014, pag. 217
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Telefone:
Fax:
Email:
Inventor 2 de &

MNome:

CPF:
Nacionalidade:
Qualificag@io Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pals:
Telefone:

Fa:

Email:

Inventor 3 de &

DAMIELE GOMES CASSIAS RODRIGUES

80355579391

Brasileira

Enfermeiro de nivel superior, nutricionista, farmacéutico e afins
Rua Boa Esperanca, n® 102, bi: 09, Apto: 204, Turu

S&o Luis

Ma

65066-190

BRASIL

(98) 327 28530

danicassias@yahoo_com_ br

MARILENE OLIVEIRA DA ROCHA BORGES

22729860215

Brasileira

Enfermeiro de nivel superior, nutricionista, farmacéutico e afins
Rua Osires, n® 6, Edificic EL Greco, AP: 602, Jardim Renascenga
Sao Luis

Ma

65075-T7S

BRASIL

(98) 992 224445

morborges@yahoo.com.br

PETICIONAMENTO
ELETRONICO

Peticio 870160070692, de 28/11/2014, pag. 317

Esta scllic:ilag.in foi enviada pelo sistema Peticionamento Eletrinico em 28/11/2016 as
11:58, Peticao 870160070802
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Email:

Inventor 5 de 6

ANA PATRICIA FONTES DA SILVA

60636495302

Brasgileira

Enfermeiro de nivel superior, nutricionista, farmacéutico e afins
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S8o Luis

Ma

B5058-652

BRASIL

{98) 981 169072

patriciafontes. ana@agmail.com

ERIKA MEIRE DOS SANTOS MARTINS

06038136367

Brasgileira

Enfermeiro de nivel superior, nutricionista, famacéutico e afins
Rua: S8o0 Benedito, n® 45, Jodo Paulo.

S&o Luis

Ma

65041-360

BRASIL

(98) 981 865716

erikamsmartins@hotmail.com

PETICIONAMENTO  £oi cnjiciacs

ELETRONICO

Peticio 870160070692, de 2871112014, pag. 417

o foi enviada pelo sistema Peticionamento Eletrinico em 28/11/2016 as
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Documentos anexados

THAMARA DA CO NCEI(;.EL'D DA SILVA

05142603354

Brasileira

Enfermeiro de nivel superior, nutricionista, farmacéutico e afins
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Sao Luis

Ma

65056-200
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(98) 988 620008

thanara.csilva@hotmail.com
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06066411306

Brasgileira

Estudante de Graduagdo

Rua: 05, casa 04, Vila Moronha, Cohab Anil 3
S8o Luis

Ma

65062-090

BRASIL

{98) 982 458171

darahcrispim@hotmail.com

Tipo Anexo

Relatdrio Descritive

Reivindicagio

Resumao

Comprovante de pagamento de GRU 200

1 RelatérioPatenteDaniele2016 pdf

2 ReivindicagdesPatenteDaniele2016Final pdf

3 ResumoPatenteDaniele2016_pdf

comprovante de pagamento.pdf
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ANEXO B - Parecer da Comissao de Etica no Uso de Animais (CEUA)

UNIVERSIDADE FEDERAL DO MARANHAO
COMISSAO DE ETICA NO USO DE ANIMAIS-
CEUA CIAEP:01.0341.2014

CERTIFICADO

Certificamos que a proposta intitulada "Efeito da galactomanana de
Adenanthera pavonina linn. (carolina) no tratamento de diabetes
mellitus tipo 2”, registrada com o n® 23115.003583/2016-12, sob a
responsabilidade de Daniele Gomes Cassias Rodrigues que envolve a
producdo, manutencdo ou utilizacdo de animais pertencentes ao filo
Chordata, subfilo Vertebrata (exceto humanos), para fins de pesquisa
cientifica (ou ensino) - encontra-se de acordo com os preceitos da Lei n®
11.794, de 8 de outubro de 2008, do Decreto n° 6.899, de 15 de julho de
2009, e com as normas editadas pelo Conselho Nacional de Controle de
Experimentagdo Animal (CONCEA), e foi considerado Aprovada pela
Comissao de Etica no Uso de Animais (CEUA- UFMA) da Universidade
Federal do Maranhao em reuniao de 07/06/2016.

FINALIDADE ()ENSINO(X)PESQUISA () EXTENSAO

Vigéncia da autorizacéo 2 ANOS (02/01/2016 a 31/01/2018)
Espécie/linhagem/raca Rattus norvegicus albinus (rato) / Wistar
N¢ de animais 74

Peso/ldade 250-300¢g / 10-11 semanas

Sexo Machos

Origem Biotério Central da UFMA

Profa. Dra. Lucilene Amorim Silva
Presidente da Comissdo de Etica no uso de
animais-CEUA UFMA
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ANEXO C - Normas para submissao de artigo ao peridédico Carbohydrate
Polymers — Elsevier

CARBOHYDRATE POLYMERS

A Journal Devoted to Scientific and Technological Aspects of Industrially Relevant
Polysaccharides

GUIDE FOR AUTHORS

INTRODUCTION

Carbohydrate Polymers is a major journal within the field of glycoscience, and
covers the study and exploitation of polysaccharides which have current or potential
application in areas such as bioenergy, bioplastics, biomaterials, biorefining,
chemistry, drug delivery, food, health, nanotechnology, packaging, paper,
pharmaceuticals, medicine, oil recovery, textiles, tissue engineering and wood, and

other aspects of glycoscience.

The role of the well-characterized carbohydrate polymer must be the major
proportion of the work reported, not a peripheral topic. At least one named
carbohydrate polymer must be cited and be the main focus of the paper and its title.

Research must be innovative and advance scientific knowledge.

Characterization For all polysaccharides, including those obtained from a supplier,
essential structural information which will affect their behavior in the subsequent work
should be given, along with a description of how that information was ascertained.
Examples of such essential information include molecular weight,
mannuronate/guluronate ratio for alginates, degree of esterification for pectin, degree
of deacetylation for chitosan. Editors are unlikely to send papers for formal review
with a statement such as "sodium alginate was purchased from XXX Inc." unless
additional information is supplied. For papers involving synthesis, polysaccharide
derivatives must also be wellcharacterized. For papers describing identity or
application of newly-discovered polysaccharides, purity and monosaccharide
composition are essential; some molecular size and linkage information is highly

desirable.
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Hypotheses Nearly all scientific papers benefit from inclusion of a statement of
hypothesis. Such statements should be concise, declarative, and should describe the
one or more key hypotheses upon which the manuscript is based were intended to
confirm or refute. Inclusion of a hypothesis statement makes it simple to contrast the
hypothesis with the most relevant previous literature and point out what the authors
feel is distinct about the current hypothesis (novelty). It also permits the authors to
describe why they feel it would be important to prove the hypothesis correct

(significance).
Topics of interest to the journal:

structure-property relationships

analytical methods

chemical, enzymatic and physical modifications
biosynthesis

natural functions

interactions with other materials

Topics not of interest to the journal:

papers focusing on biological, physiological and pharmacological aspects of non-
carbohydrate molecules attached to, or mixed with, carbohydrate polymers, unless
the polysaccharide has a relevant and specific role.

papers on the materials science of biocomposites where there is no mention of any
specific carbohydrate polymer, or the role of the carbohydrate polymer is not the
major proportion of the study.

papers focusing on polyalkanoates, polylactic acid, or lignin.

routine studies of extraction vyields without characterisation of the extracted
polysaccharide under the different conditions.

routine studies of complexation of a drug with a single cyclodextrin.

studies of newly discovered natural polysaccharides or new
polysaccharidederivatives where the

structure of the polysaccharide is unknown.
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papers on the production and isolation of enzymes which act on polysaccharides
(studies on the mode of action of an enzyme on a polysaccharide are within the
journal scope)

papers where the degree of polymerization of the saccharide chain is less than four.
Aims and Scope
Types of paper

Original full-length research papers should contain material that has not been
previously published elsewhere, except in a preliminary form. These papers should
not exceed 6000 words of text (including references) and generally not more than
eight figures/tables. The same information should not be repeated in a figure and a
table.

Review papers will be accepted in areas of topical interest and will normally
emphasise literature published over the previous five years. They should not exceed
12,000 words (not including references) and should contain no more than 8 figures
and 6 Tables. The same information should not be repeated in a figure and a table.

Contact details for submission

Contributors must submit their articles electronically via the Elsevier Editorial System
http://ees.elsevier.com/carbpol. This is the only method of submission, and facilitates

processing of your article.

Review process

A peer review system is used to ensure high quality of papers accepted for
publication. The Editors will reject papers without formal review when it is deemed
that the paper is 1) on a topic outside the scope of the Journal, 2) lacking technical
merit, 3) of narrow regional scope and significance, 4) does not advance scientific
knowledge, or 5) is poorly written. Previous publication of a paper on a particular
topic does not guarantee publication of subsequent papers in that aera, as the Aims
and Scope of the journal oare regularly updated. Please see the Current Aims and
Scope before you submit. Any revised papers returned later than three months after

being sent the reviewers' comments will be treated as a new submission. When
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submitting a revised paper authors must list all of the reviewer's comments and
indicate how they have responded to the comment, and where in the paper they have
made appropriate revisions.

Resubmitted Manuscripts

It is the author's choice whether or not to resubmit a rejected manuscript to the
journal. The expectation of the journal and its editors is that any resubmission will be
the result of significant rewriting and perhaps additional experimentation as required
to address all prior reviewer and editor concerns. Authors resubmitting previously
rejected manuscripts are required to; 1) identify the manuscript as a resubmitted
manuscript in the cover letter to the editor, including identification of the prior title and
manuscript number, 2) address all reviewer concerns from the final reviews of the
previous, rejected manuscript, and 3) include a "Response to Reviewers" document
that includes those reviews from the previous version and your responses to those
reviews; clearly identify what are reviewer comments and what are your responses,
often the use of color is a convenient way to do so. You will also be requested to
indicate this status during the submission process in EES.

BEFORE YOU BEGIN
Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for

journal publication.
Human and animal rights

If the work involves the use of human subjects, the author should ensure that the
work described has been carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki) for experiments involving
humans; Uniform Requirements for manuscripts submitted to Biomedical journals.
Authors should include a statement in the manuscript that informed consent was
obtained for experimentation with human subjects. The privacy rights of human
subjects must always be observed. All animal experiments should comply with the
ARRIVE guidelines and should be carried out in accordance with the U.K. Animals
(Scientific Procedures) Act, 1986 and associated guidelines, EU Directive
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2010/63/EU for animal experiments, or the National Institutes of Health guide for the
care and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and
the authors should clearly indicate in the manuscript that such guidelines have been
followed.

* Plagiarism and Ethical Concerns

By submitting this manuscript, the authors agree that text, equations, or figures from
previously published articles or books have been clearly identified in full and their
origin clearly explained in the adjacent text, with appropriate references given at the
end of the paper. Duplication of text is rarely justified, even with diligent referencing.
Exceptions may be made for descriptions of standard experimental techniques, or
other standard methods used by the author in the investigation; but an appropriate
citation is mandatory. Authors who duplicate material from their own published work
in a new article, without clearly identifying the repeated material and its source as
outlined above, are self-plagiarising.

If an author is found to have plagiarized content from another author or submits a
duplicate publication the paper will be rejected without review. These actions may
result in sanctions such as retraction of the article (along with the publication of a
corrective notice with a direct link to the original article explaining the reason for the
retraction) and a possible ban on future publications from the author. In addition, the
scientific community at large, including the author's work place, may be notified about
the case and the decision reached. Committing plagiarism or submitting a duplicate

publication can have a negative impact on an author's scientific career.
Declaration of interest

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. More information.

Submission declaration and verification

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

Changes to authorship

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

the Editor will result in a corrigendum.
Copyright

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

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

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

Author rights

As an author you (or your employer or institution) have certain rights to reuse your

work. More information.
Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement then this should be
stated. Funding body agreements and policies Elsevier has established a number of
agreements with funding bodies which allow authors to comply with their funder's
open access policies. Some funding bodies will reimburse the author for the Open

Access Publication Fee. Details of existing agreements are available online.
Open access

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.
» An open access publication fee is payable by authors or on their behalf, e.g. by their

research funder or institution.
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Subscription

* Articles are made available to subscribers as well as developing countries and
patient groups through our universal access programs.

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same
peer review criteria and acceptance standards. For open access articles, permitted
third party (re)use is defined by the following Creative Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other
revised versions, adaptations or derivative works of or from an article (such as a
translation), include in a collective work (such as an anthology), 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-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.

The open access publication fee for this journal is USD 2600, excluding taxes. Learn

more about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing

Green open access Authors can share their research in a variety of different ways
and Elsevier has a number of green open access options available. We recommend
authors see our green open access page for further information. Authors can also
self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes
suggested duringsubmission, peer review and in editor-author communications.
Embargo period: For subscription articles, an appropriate amount of time is needed

for journals to deliver value to subscribing customers before an article becomes
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freely available to the public. This is the embargo period and it begins from the date
the article is formally published online in its final and fully citable form.

This journal has an embargo period of 12 months.
Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform
offering free lectures, interactive training and professional advice to support you in
publishing your research. The College of Skills training offers modules on how to
prepare, write and structure your article and explains how editors will look at your
paper when it is submitted for publication. Use these resources, and more, to ensure
that your submission will be the best that you can make it.

Language (usage and editing services)

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

from Elsevier's WebShop.
Submission

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, source files containing the accepted
revisions 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.

Reviewers

Authors are required to submit with their articles, the names, complete affiliations
(spelled out), country and contact details (including current and valid (preferably
business) e-mail address) of three potential reviewers. Email addresses and reviewer
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names will be checked for validity. Your potential reviewers should not be from your
institute, and at least two should be from a different country. Authors should not
suggest reviewers with whom they have collaborated within the past two years. Your
submission will be rejected if these are not supplied. Names provided may be used
for other submissions on the same topic. Reviewers must have specific expertise on
the subject of your article and/or the techniques employed in your study. Briefly state
the appropriate expertise of each reviewer. Do not select a referee only because they
have expertise on polysaccharides, this is not specific enough. Authors cited in your

paper can be useful reviewers.
PREPARATION
Use of word processing software

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

lines must be numbered consecutively throughout the manuscript.

Article structure

(The abstract is not included in section numbering; see specific instructions below.)
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
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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.

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results. Do not anticipate your results,
or provide a chronicle of the works done.

Hypotheses

Nearly all scientific papers benefit from inclusion of a statement of hypothesis. Such
statements should be concise, declarative, and should describe the one or more key
hypotheses upon which the manuscript is based were intended to confirm or refute.
Inclusion of a hypothesis statement makes it simple to contrast the hypothesis with
the most relevant previous literature and point out what the authors feel is distinct
about the current hypothesis (novelty). It also permits the authors to describe why

they feel it would be important to prove the hypothesis correct (significance).
Material and methods (or experimental)

Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should be
described.

Results

A combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature. Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them.
Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and
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Discussion section. The Conclusion should not be a summary, but should illustrate
the advances and claims of innovative aspects of the research work done.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

Essential title page information

*Title. Concise, attractive and informative. The title should not exceed 120 characters
excluding spaces and should make clear the focus of the paper and the fact that the
focus is within the scope of the journal. Specifically name the carbohydrate polymer
or group of carbohydrate polymers that is the main focus of the research. Because
titles are used in information-retrieval systems, avoid abbreviations and formulae,
avoid general terms when specific ones are available, avoid strings of names. Check
for syntax and spelling. If your paper is a review paper, please include the word

"review" somewhere in the title.

» 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 the e-mail address of each author. Authors must provide and
use an email address unique to themselves and not shared with another author
registered in EES, or a department. Institutional email addresses, rather than
personal email addresses such as gmail, are strongly preferred for all authors who
are affiliated to an institution; this is particularly important for the corresponding
author.

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

* 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.
Abstract

A concise and factual abstract is required, and should be a maximum of 150 words in
length. The abstract should state briefly the purpose of the research, the principal
results and major conclusions. Numerical values for the most important findings
should be reported. An abstract is often presented separately from the article in
databases, so it must be able to stand alone. For this reason, vague terms and
references should be avoided. Also, non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the

abstract itself.
Highlights

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 editable file in the online submission system. Please use 'Highlights' in the
file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,

per bullet point). You can view example Highlights on our information site.
Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and', 'of). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing

purposes.
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Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the
article. The list of compounds will be used to extract relevant information from the
NCBI PubChem Compound database and display it next to the online version of the
article on ScienceDirect. You can include up to 10 names of chemical compounds in
the article. For each compound, please provide the PubChem CID of the most
relevant record as in the following example: Glutamic acid (PubChem CID:611).
Please position the list of compounds immediately below the 'Keywords' section. It is
strongly recommended to follow the exact text formatting as in the example below:
Chemical compounds studied in this article Ethylene glycol (PubChem CID: 174);
Plitidepsin (PubChem CID: 44152164); Benzalkonium chloride (PubChem CID:
15865). More information.

Abbreviations

Define abbreviations that are not standard in this field or approved by learned
societies in a footnote to be placed on the first page of the article. Such abbreviations
that are unavoidable in the abstract must be defined at their first mention there, as
well as in the footnote. Ensure consistency of abbreviations throughout the article.
Abbreviations, except for very common terms (e.g. DNA, NMR), should not be used
in the title of the paper.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).
Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's

requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];
and the United States Institutes of Peace [grant number aaaa].
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It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or

organization that provided the funding.

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

sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.
Units

Follow internationally accepted rules and conventions: use the international system

of units (SI). If other units are mentioned, please give their equivalent in Sl.
Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the
text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may
be used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

Artwork

Electronic artwork
General points
* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.
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* Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

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

* Use a logical naming convention for your artwork files.

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

» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:

https://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:

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

» Submit graphics that are disproportionately large for the content.
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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 online (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 online only. Further

information on the preparation of electronic artwork.
Figure captions

Ensure that each illustration has a caption. 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.
Tables

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.
Do not exceed a total of 8 figures in your reseach paper.

Carbohydrate Polymers requires authors to include tables and figures in the body of
the article at the appropriate position, not at the end of the article.

References

Citation in text

All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and
the year of publication (Smith, 2003);
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2. Two authors: both authors' names and the year of publication (Smith & Jones,
2004);

3. Three, four or five authors: all authors names and year of publication (Smith,
Jones, & Brown, 2005). For all subsequent citations of this work use et al. (Smith et
al., 2005).

4. Six or more authors: first author's name followed by et al. and the year of
publication (Black et al., 2007).

Citations may be made directly or parenthetically. Groups of references should be
listed first alphabetically, then chronologically. Examples: "as demonstrated (Allan,
19964, b, 1999; Allan & Jones, 1995; Allen et al., 1994). Kramer et al. (2000) have

recently shown..."

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.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley and Zotero, as well as
EndNote. Using the word processor plug-ins from these products, authors only need
to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no
template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide.
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Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following

link:
http://open.mendeley.com/use-citation-style/carbohydrate-polymers

When preparing your manuscript, you will then be able to select this style using the

Mendeley plugins for Microsoft Word or LibreOffice.
Reference style

Text: Citations in the text should follow the referencing style used by the American

Psychological Association.

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.

Video data

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
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submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a
preferred maximum size of 150 MB. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used
instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text
for both the electronic and the print version for the portions of the article that refer to
this content.

Supplementary material

Supplementary material can 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.
Please note that such items are published online exactly as they are submitted; there
is no typesetting involved (supplementary data supplied as an Excel file or as a
PowerPoint slide will appear as such online). Please submit the material together
with the article and supply a concise and descriptive caption for each file. If you wish
to make any changes to supplementary data during any stage of the process, then
please make sure to provide an updated file, and do not annotate any corrections on
a previous version. Please also make sure to switch off the "Track Changes' option in
any Microsoft Office files as these will appear in the published supplementary file(s).

For more detailed instructions please visit our artwork instruction pages.
Data in Brief

Authors have the option of converting any or all parts of their supplementary or
additional raw data into one or multiple Data in Brief articles, a new kind of article that
houses and describes their data. Data in Brief articles ensure that your data, which is
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normally buried in supplementary material, is actively reviewed, curated, formatted,
indexed, given a DOI and publicly available to all upon publication. Authors are
encouraged to submit their Data in Brief article as an additional item directly
alongside the revised version of their manuscript. If your research article is accepted,
your Data in Brief article will automatically be transferred over to Data in Brief where
it will be editorially reviewed and published in the new, open access journal, Data in
Brief. Please note an open access fee is payable for publication in Data in Brief. Full
details can be found on the Data in Brief website. Please use this template to write

your Data in Brief.
Database linking

Elsevier encourages authors to connect articles with external databases, giving
readers 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). More information and a full list of supported databases.
AudioSlides

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. Authors of this
journal will automatically receive an invitation e-mail to create an AudioSlides

presentation after acceptance of their paper.
Interactive plots

This journal enables you to show an Interactive Plot with your article by simply

submitting a data file. Full instructions.
Submission checklist

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.
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Ensure that the following items are present:

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

» E-mail addresses for all authors

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

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

* References are in the correct format for this journal

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

* Permission has been obtained for use of copyrighted material from other sources
(including the Web)

 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

« 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.

AFTER ACCEPTANCE
Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, 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
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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 use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your

responsibility.
Offprints

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

open access on ScienceDirect and can be shared through the article DOI link.
AUTHOR INQUIRIES

Track your submitted article

Track your accepted article

You are also welcome to contact the Elsevier Contact Center.

Do not contact the editors - they do not have access to this information and will not

be able to help you.
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ANEXO D - Normas para submissao de artigo ao periodico Nutrition — Elsevier
NUTRITION

The International Journal of Applied and Basic Nutritional Sciences

GUIDE FOR AUTHORS

Your Paper Your Way

We now differentiate between the requirements for new and revised submissions.
You may choose to submit your manuscript as a single Word or PDF file to be used
in the refereeing process. Only when your paper is at the revision stage, will you be
requested to put your paper in to a 'correct format' for acceptance and provide the
items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Nutrition provides an international forum for professionals interested in the applied
and basic biomedical nutritional sciences, and publishes papers both of clinical
interest and of scientific import. Investigators are encouraged to submit papers in
the disciplines of nutritionally related biochemistry, genetics, immunology,
metabolism, molecular and cell biology, neurobiology, physiology, and
pharmacology. Papers on nutrition-related plant or animal sciences which are not of
direct relevance to man, whereas occasionally of interest are not the main focus of
the Journal. Nutrition publishes a wide range of articles, which includes original
investigations, review articles, rapid communications, research letters, case reports
and special category manuscripts. Manuscripts must be prepared in accordance with
the "Uniform Requirements for Manuscripts Submitted to Biomedical Journals"
developed by the International Committee of Medical Journal Editors (N Engl J Med
1991;324:424-428). All submissions are peer reviewed.

Original Investigation (3000-5000 words including tables, figures and
references)

Original investigations are considered full-length applied (human) or basic (bench
work) research reports. They cover topics relevant to clinical and basic studies
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relevant to man in the following areas nutritionally related biochemistry, genetics,
immunology, metabolism, molecular and cell biology, neurobiology, physiology, and
pharmacology. Studies in adult and pediatric populations are welcome. The work
presented in the manuscript must be original; studies confirming previous
observations will be considered. Other considerations of a paper's publishability are
its importance to the science, the soundness of the experimental design, the validity

of methods, the appropriateness of the conclusions and the quality of presentation.

Rapid Communication (1000-3000 words including tables, figures and

references)

Papers representing concise and original studies of scientific importance are
considered. In the cover letter the author should justify the request for Rapid
Communication. The review process is 10 days, authors are allowed one revision if
accepted, and the final version of the paper appears in the next available issue of the

journal.

Research Letter (up to 1000 words, including up to 10 references and 1 figure

or table)

A Research Letter contains new data or a clinical observation, in a format that allows

for rapid publication.
Review Article (up to 5000 words including tables, figures and references)

In-depth, comprehensive state of the art reviews on a nutritional topic are welcomed.
Reviews may be invited by the Editor or may be unsolicited viewpoints.

Case Report (up to 2500 words including tables figures, and references) Case
Reports include case studies of 4 or fewer patients that describe a novel situation or
add important insights into mechanisms, diagnosis or treatment of a disease.

Editorial (up to 1000 words including tables, figures and references)

Editorials express opinions on current topics of interest, or provide comments on
papers published in Nutrition or other journals. Editorials are generally solicited by
one of the Editors.
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Correspondence (Letter to the Editor) (1000 words including tables, figures and
references)

Opinion pieces concerning papers published in Nutrition are particularly welcomed
and all submissions are subject to editing. Letters commenting on past-published
papers are sent to the corresponding author for a response. Letters are selected for
their relevance and originality; not all letters submitted can be published.

Meeting Proceedings (up to 2500 words including tables, figures and

references)

Reports of meeting proceedings are synopses of scientific meetings of interest to
Nutrition's audience. Authors should e-mail the Editor to solicit potential interest 8
weeks prior to conference. Collections of abstracts representing the proceedings of
organizational meetings are not subjected to customary peer review. It is the view of
the Editorial Board that it is of service to the nutrition community to present such

material as promptly as possible.
Hypothesis (up to 3000 words including tables, figures and references)

Novel insights into a significant questions or clinical issues are welcome, and will be
peer reviewed. As the definition of &hypothesisa suggests, articles of this type should
be, although they lack direct experimental evidence, closely tied to empirical data

and lead to testable predictions.
Special Article (up to 5000 words including tables, figures and references)

Associated with a particular special event, invitation or announcement; for example,

the annual John M. Kinney Awards papers.
Submission checklist

You can use this list to carry out a final check of your submission before you send it
to the journal for review. Please check the relevant section in this Guide for Authors

for more details.
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Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript.

* Include keywords

* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

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

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

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

* Relevant declarations of interest have been made

« Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN
Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for

journal publication.
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CONDITIONS OF PUBLICATION — ETHICAL AND LEGAL CONSIDERATIONS

All material submitted to Nutrition, for any section of the journal, is considered for
publication on the understanding that authors (including all coauthors) agree to
Nutrition's publication policies as stated in this section of the Guidelines to Authors.

In the event of non-compliance with these conditions of publication, including issues
that surface after a contribution is published, Nutrition's rights include: sending a
notice of failure to comply to authors' employers and funding agencies; and/or
informing readers via a published correction/retraction; the latter is linked to the
original contribution via electronic indexing and becomes part of the formal published
record.

Research/publication misconduct is a serious breach of ethics. Such misconduct
includes:

i) Redundant or duplicate publication by same author(s),

ii) Publication in another source by the same author(s) without acknowledgement or
permission from the publisher, or

iif) Plagiarism or self-plagiarism (publication of material without acknowledging
original author source).

iv) Fabrication of data, not substantiable via review of research records.

Should such publications occur, editorial action would be taken. In certain cases,
secondary publication is justifiable and even beneficial; however, such circumstances

should be prospectively discussed with and agreed upon by the Editor-In-Chief.

Nutrition will not accept a submission of work previously reported in large part in a
published article (duplicate) or that is contained in another paper submitted or
accepted for publication in Nutrition or elsewhere.

Declaration of interest

All authors must disclose any financial and personal relationships with other people
or organizations that could inappropriately influence (bias) their work. Examples of
potential conflicts of interest include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or
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other funding. If there are no conflicts of interest then please state this: 'Conflicts of

interest: none'. More information.
Submission declaration and verification

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

Authorship

Corresponding Author: One author is designated the corresponding author (not
necessarily the senior author) who will be approached to clarify any issues, such as
those pertaining to materials and methods, or technical comments. If Nutrition
receives feedback from its readers concerning the published paper,the
corresponding author will be contacted. It is this author's responsibility to inform all
coauthors of such matters to ensure they are dealt with promptly.

The corresponding author must affirm in the cover letter at the time of submission
that:

1. None of the material in the manuscript is included in another manuscript, has been
published previously, or is currently under consideration for publication elsewhere.
This includes symposia proceedings, transactions, books, articles published by
invitation, and preliminary publications of any kind except an abstract of less than
250 words. If there is any question concerning potential overlap, the related material

must be included for evaluation.
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2. Ethical guidelines were followed by the investigator in performing studies on
humans or animalsand should be described in the paper. The approval of the
institutional review board of either animal or human ethics committee must be cited in
the Methods.

3. Each author must have participated sufficiently in the work to take public
responsibility for the content of the paper and must approve of the final version of the
manuscript. Authorship should be based on substantive contributions to each of the
following: conception and design of the study; generation, collection, assembly,
analysis and/or interpretation of data; and drafting or revision of the manuscript;
approval of the final version of the manuscript. Authors are required to include a
statement in the Acknowledgements to specify the actual contribution of each
coauthor under the above headings.

4. If requested, the authors will provide the data or will cooperate fully in obtaining
and providing the data on which the manuscript is based for examination by the
editors or their assignees

Changes to Authorship

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

Changes to author names after acceptance are strongly discouraged and can be

accepted only incompelling circumstances.

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 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
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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.
Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT
guidelines. At manuscript submission, authors must provide the CONSORT checklist
accompanied by a flow diagram that illustrates the progress of patients through the
trial, including recruitment, enrollment, randomization, withdrawal and completion,
and a detailed description of the randomization procedure. The CONSORT checklist

and template flow diagram are available online.
Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal
Publishing Agreement' (seemore information on this). An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use
by authors in these cases. For open access articles: Upon acceptance of an article,
authors will be asked to complete an 'Exclusive License Agreement' (more
information). Permitted third party reuse of open access articles is determined by the
author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your
work. More information.
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Elsevier supports responsible sharing Find out how you can share your research
published in Elsevier journals.

Role of the funding source

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

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow
authors to comply with their funder's open access policies. Some funding bodies will
reimburse the author for the Open Access Publication Fee. Details of existing

agreements are available online.

After acceptance, open access papers will be published under a noncommercial
license. For authors requiring a commercial CC BY license, you can apply after your
manuscript is accepted for publication.

Open access
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.

» An open access publication fee is payable by authors or on their behalf, e.g. by their

research funder or institution.

Subscription

 Articles are made available to subscribers as well as developing countries and
patient groups through our universal access programs.

* No open access publication fee payable by authors.
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Regardless of how you choose to publish your article, the journal will apply the same

peer review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following

Creative Commons user licenses:
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.

The open access publication fee for this journal is USD 2500, excluding taxes. Learn

more about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a
number of green open access options available. We recommend authors see our
green open access page for further information. Authors can also self-archive their
manuscripts immediately and enable public access from their institution's repository
after an embargo period. This is the version that has been accepted for publication
and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For
subscription articles, an appropriate amount of time is needed for journals to deliver
value to subscribing customers before an article becomes freely available to the
public. This is the embargo period and it begins from the date the article is formally

published online in its final and fully citable form. Find out more.
This journal has an embargo period of 12 months.
Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform
offering free lectures, interactive training and professional advice to support you in
publishing your research. The College of Skills training offers modules on how to

prepare, write and structure your article and explains how editors will look at your
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paper when it is submitted for publication. Use these resources, and more, to ensure

that your submission will be the best that you can make it.
Language (usage and editing services)

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

from Elsevier's WebShop.
Submission

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

Submit your article

All new manuscripts must be submitted through Nutrition's online submission and

review Web site http://ees.elsevier.com/nut/.

Referees

Please submit the names and institutional e-mail addresses of several potential
referees. For more details, visit our Support site. Note that the editor retains the sole

right to decide whether or not the suggested reviewers are used.
PREPARATION
NEW SUBMISSIONS

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
your files to a single PDF file, which is used in the peer-review process. As part of the
Your Paper Your Way service, you may choose to submit your manuscript as a single
file to be used in the refereeing process. This can be a PDF file or a Word document,
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in any format or layout that can be used by referees to evaluate your manuscript. It
should contain high enough quality figures for refereeing. If you prefer to do so, you
may still provide all or some of the source files at the initial submission. Please note
that individual figure files larger than 10 MB must be uploaded separately.

Authors please note: We please ask you to use line numbering throughout the

manuscript text, to facilitate clear and rapid peer review
References

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract,
Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions. If your article includes any Videos and/or other Supplementary
material, this should be included in your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to
the relevant text in the manuscript, rather than at the bottom or the top of the file.

REVISED SUBMISSIONS

Use of word processing software Regardless of the file format of the original
submission, at revision you must provide us with an editable file of the entire article.
Keep the layout of the text as simple as possible. Most formatting codes will be
removed and replaced on processing the article. The electronic text should be
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prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and

'‘grammar-check’ functions of your word processor.
Article structure
Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief
heading. Each heading should appear on its own separate line. Subsections should
be used as much as possible when cross-referencing text: refer to the subsection by

heading as opposed to simply 'the text'.
Introduction

State the objectives of the work and provide an adequate background, avoiding a

detailed literature survey or a summary of the results.
Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should be

described.
Theory/calculation

A Theory section should extend, not repeat, the background to the article already
dealt with in the Introduction and lay the foundation for further work. In contrast, a

Calculation section represents a practical development from a theoretical basis.
Results

Results should be clear and concise.

Discussion

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

The main conclusions of the study may be presented in a short Conclusions section,
which may standalone or form a subsection of a Discussion or Results and

Discussion section.
Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

This should include 1) title of paper (use no abbreviations, limit: 120 characters
with spaces), 2) running head of fewer than 55 characters with spaces, 3) full names
of all authors with highest academic degree(s); 4) affiliations of all authors; 4) role of
each author in the work (see Authorship); 5) a word count for the entire manuscript
(including figures and tables), and the number of figures and tables, 4) the complete
mailing address (including telephone, fax, and e-mail address of the corresponding

author for e-mailing of proofs and reprint requests).

Abstracts should be no more than 250 words. The structured abstract for an original

investigation should be organized as follows:

Objective: The abstract should begin with a clear statement of the precise objective
or question addressed in the paper. If a hypothesis was tested, it should be stated.
Research Methods & Procedures: The basic design of the study and its duration
should be described. The methods used should be stated, the statistical
data/methods provided and referenced.

Results: The main results of the study should be given in narrative form.
Measurements or other information that may require explanation should be defined.
Levels of statistical significance should be indicated, including other factors crucial to
the outcome of the study.

Conclusion(s): State only conclusions that are directly supported by the evidence and
the implicationsof the findings.
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Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents
of the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size of
5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our
information site. Authors can make use of Elsevier's lllustration and Enhancement
service to ensure the best presentation of their images and in accordance with all

technical requirements: lllustration Service.
Highlights

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 editable file in the online submission system. Please use 'Highlights' in the
file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,
per bullet point). You can view example Highlights on our information site.

Keywords

5—7 key words or phrases should be provided which should be selected from the
body of the text and not duplicate title words.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgments

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
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title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).
Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's

requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzZz];

and the United States Institutes of Peace [grant number aaaal.

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

organization that provided the funding.

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

sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.
Units

Follow internationally accepted rules and conventions: use the international system

of units (SI). If other units are mentioned, please give their equivalent in Sl.
Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the
text (if referred to explicitly in the text).
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Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article.

Artwork

Electronic artwork

General points

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

*Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and
tables within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in

separate source files. A detailed guide on electronic artwork is available.

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

Formats

Regardless of the application used, 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 the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of
300 dpi.

TIFF (or JPQG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a

minimum of 500 dpi is required.
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Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.
» Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

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 online (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 online only. Further

information on the preparation of electronic artwork.
lllustration services

Elsevier's WebShop offers lllustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style
images, as well as a full range of charts, tables and graphs. Image 'polishing' is also
available, where our illustrators take your image(s) and improve them to a

professional standard. Please visit the website to find out more.
Figure captions

Ensure that each illustration has a caption. 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.
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Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.

Please avoid using vertical rules.
References
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.
Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting and
indexing services, such as Scopus, Cross-Ref and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the

DOl is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press
and full citation details are not yet known, but the article is available online. A DOl is
guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is:
VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of



150

Geophysical Research, http://dx.doi.org/10.1029/2001JB000884i. Please note the
format of such citations should be in the same style as all other references in the

paper.

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.

Data references

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

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley and Zotero, as well as
EndNote. Using the word processor plug-ins from these products, authors only need
to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no
template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide.
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Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link:

http://open.mendeley.com/use-citation-style/nutrition

When preparing your manuscript, you will then be able to select this style using the
Mendeley plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The

actual authors can be referred to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in

which they appear in the text.
Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J
Sci Commun 2010;163:51-9.

Reference to a book:

[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In:
Jones BS, Smith RZ, editors. Introduction to the electronic age, New York: E-
Publishing Inc; 2009, p. 281-304.



152

Reference to a website:

[4] Cancer Research UK. Cancer statistics reports for the UK,
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/; 2003
[accessed 13.03.03].

Reference to a dataset:

[dataset] [5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese
oak wilt disease and surrounding forest compositions, Mendeley Data, v1; 2015.
http://dx.doi.org/10.17632/ xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6
authors the first 6 should be listed followed by 'et al.' For further details you are
referred to 'Uniform Requirements for Manuscripts submitted to Biomedical Journals'
(J Am Med Assoc 1997;277:927-34) (see also Samples of Formatted References).

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word

Abbreviations.
Video

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a
preferred maximum size of 150 MB. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used
instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. Note: since video and


http://www.cancerresearchuk.org/
http://dx.doi.org/10.17632/
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animation cannot be embedded in the print version of the journal, please provide text
for both the electronic and the print version for the portions of the article that refer to

this content.

Supplementary material

Supplementary material can 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.
Please note that such items are published online exactly as they are submitted; there
is no typesetting involved (supplementary data supplied as an Excel file or as a
PowerPoint slide will appear as such online). Please submit the material together
with the article and supply a concise and descriptive caption for each file. If you wish
to make any changes to supplementary data during any stage of the process, then
please make sure to provide an updated file, and do not annotate any corrections on
a previous version. Please also make sure to switch off the "Track Changes' option in
any Microsoft Office files as these will appear in the published supplementary file(s).

For more detailed instructions please visit our artwork instruction pages.
AudioSlides

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. Authors of this
journal will automatically receive an invitation e-mail to create an AudioSlides

presentation after acceptance of their paper.
AFTER ACCEPTANCE
Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing
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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 use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your

responsibility.
Offprints

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

AUTHOR INQUIRIES

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

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



