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RESUMO GERAL

Diversos estudos tém sugerido que a ingestdo frequente de vegetais reduz o risco de doencgas
crOnicas ndo transmissiveis em func¢do da presenga de compostos como a fibra alimentar (FA) e
demais substancias bioativas associadas, os quais produzem efeitos positivos sobre a saide
humana. A FA inclui polissacarideos ndo amildceos, oligossacarideos resistentes a digestdo e
lignina. Essas substancias podem passar inalteradas pelo trato gastrintestinal ou serem
fermentadas pela microbiota colonica, resultando em efeitos fisiol6gicos benéficos. A taioba
(Xanthosoma sagittifolium) é uma ardcea comestivel origindria da América tropical e possui
considerdvel valor nutritivo. A por¢do tuberosa € consumida por diversas populacdes em todo
mundo, no entanto, o consumo de suas folhas é menos difundido. O objetivo deste estudo foi
caracterizar parcialmente a fracdo fibrosa da folha de taioba liofilizada (FTL), e avaliar possiveis
efeitos fisioldgicos in vivo em ratos Wistar machos alimentados com dieta AIN 93G, ou
hiperlipidica. As folhas de taioba foram cozidas em 4gua, liofilizadas e quimicamente
caracterizadas. Por meio de ensaio bioldgico foram avaliados os efeitos da FTL sobre a produgao
de 4cidos graxos de cadeia curta, sobre o metabolismo de 4cidos biliares (AB) e indicadores
bioquimicos. A FTL apresentou teores de fibra alimentar total, soltivel e insoluvel de 35,23 +
0,26%, 6,82 + 0,06% e 28,04 = 0,21%, respectivamente. A andlise da composi¢cao
monossacaridica mostrou que a glicose € o mondmero mais abundante (61%), sugerindo a
presenca de celulose em grandes quantidades. Os animais alimentados com dieta AIN 93G
contendo taioba apresentaram maior peso e excre¢dao de gordura fecal, e melhores perfis de ABs,
por diminuir a propor¢do de ABs secundarios. Nos ratos alimentados com dieta hiperlipidica a
adicao de FTL resultou em menor ganho de peso corporal e gordura hepdtica, € maior peso e

conteddo de gordura nas fezes; além disso, observaram-se maiores concentracdes de dcidos
X



graxos de cadeia curta e ABs fecais em comparacdo ao grupo controle, que recebeu baixos teores
de fibra; também se observou menores concentragdes de colesterol sérico e maior conteido de
cinzas corporais nos grupos recebendo a FTL. Os resultados sugeriram que os componentes da
folha de taioba possuem elevada capacidade de ligacdo com os ABs e alta fermentabilidade,
indicando que a folha possui potencial para reduzir o risco de doencas cardiovasculares e cancer

de cdlon.

Palavras-chave: vegetais, taioba (Xanthosoma sagittifolium), colesterol, fibra dietética,

propriedade funcional.



ABSTRACT

Several studies have suggested that frequent vegetable intake reduces the risk of coronary heart
disease, diabetes, cancer and obesity due to the presence of compounds such as dietary fiber (DF)
and other associated bioactive compounds, which exert positive effects on human health. DF
includes non-starch polysaccharides, resistant oligosaccharides and lignin. These substances can
pass unaltered through the gastrointestinal tract or be fermented by colonic microbiota, resulting
in positive physiological effects. Taioba (Xanthosoma sagittifolium) is an edible aroid originated
from tropical America that exhibits significant nutritive value. The tuberous portions are
consumed by several populations worldwide, whereas the leafy portions of Taioba are generally
discarded. The objective of this research was to partly characterize the DF of lyophilized taioba
leaf (LTL), and to assess the possible in vivo physiological effects when fed to male Wistar rats
receiving a normal AIN 93G diet, or a high-fat diet. Taioba leaves were boiled in water,
lyophilized and chemically characterized. Biological evaluation was conducted to assess the
effect of LTL on the intestinal short-chain fatty acid production, bile acid (BA) metabolism, and
biochemical parameters. Total, soluble and insoluble dietary fiber contents in LTL were 35.23 +
0.26%, 6.82 + 0.06% and 28.04 + 0.21%, respectively. Monosaccharide composition showed
glucose as the main component (61%), suggesting the presence of cellulose. Animals fed the AIN
93G diets containing taioba leaf had increased fecal mass and fat excretion, in addition to
improved BA profiles by diminishing the proportion of the secondary acids. In the rats fed the
high-fat diet, the addition of LTL resulted in lower weight gain and liver fat concomitantly with
higher fecal mass and lipids. Furthermore, these rats exhibited a higher fecal short chain fatty
acid and bile salt concentration in the feces than the control group, which had a lower fiber

intake. Additionally, lower serum cholesterol and higher body ash content were found in the

xi



groups receiving the leaf. The results suggested that taioba leaves have compounds with high BA
binding capacity and high fermentability. These properties indicate that the leaf has the potential

of lowering the risk of colon cancer and cardiovascular disease.

Keywords: Vegetables, Taioba (Xanthosoma sagittifolium), cholesterol, dietary fiber, functional

properties.
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INTRODUCAO GERAL

Diversos estudos mostraram que a ingestdo adequada de frutas e verduras pode exercer
efeito protetor a saide devido, principalmente, a presenca de fibra alimentar e fitoquimicos
(HOUNSOME, 2008). A taioba (Xanthosoma sagittifolium) é um vegetal pertencente a familia
das ariceas, bastante cultivada em regides tropicais do centro-sul americano e em alguns paises
da Africa e Asia. Seus érgdos subterrdneos sdo as por¢des mais comumente consumidas e
constituem fonte energética e nutricional importante na dieta de algumas populacdes; as folhas
também possuem elevado valor nutritivo, porém seu consumo € menos difundido. A taioba ¢é
facilmente cultivada em clima quente, cessando a produgdo das folhas em temperaturas muito
baixas, o que facilita seu cultivo nos paises da América Latina (ONWUEME, 1978; SEFA-

DEDEH, 2004; PEREZ, 2007).

A fibra alimentar, um dos principais constituintes da folha de taioba e outros vegetais, nao
€ digerida pelas enzimas do trato gastrointestinal dos humanos e, portanto, pode passar pelo
intestino grosso intacto, ou sofrer fermentacdo pela microbiota colonica. Essas caracteristicas
resultam em efeitos fisiologicos positivos bem documentados na literatura, dentre eles, a
diminui¢do da glicemia e do colesterol, € a modulagdo da microbiota intestinal (GUILLON,
2000; GIBSON, 2004; BUTTRISS, 2008). Além disso, a fibra alimentar, em especial a fracao
insolivel, pode levar ao aumento da motilidade intestinal e menor tempo de contato dos
nutrientes com a mucosa absortiva, resultando em maior excre¢do de compostos toxicos ou co-
carcindgenos de origem dietética ou endégena como, por exemplo, os 4cidos biliares secundarios,

além de elevar a perda de energia pelas fezes. Tais acOes estdo associadas a prevengdo do cancer



de colon, doencgas inflamatdrias intestinais e obesidade (ISKEN, 2010; BROWNLEE, 2011;

FERGUSON, 2001; HAMAUZU, 2011).

O fato da taioba ser facilmente cultivada em regides tropicais imidas, além de poder constituir
alimento fonte de subsisténcia para algumas populacgdes, torna essa planta objeto desse estudo. Poucas
pesquisas estdo disponiveis nas bases de consulta cientifica sobre a folha de taioba e, em particular,
relacionadas as suas propriedades funcionais in vivo. Diante dessas consideragdes, este estudo teve como
objetivo caracterizar a fibra da folha de taioba, bem como avaliar os efeitos fisiolégicos da ingestdo

desse vegetal, em ratos Wistar sauddveis e alimentados com dieta hiperlipidica.
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RESUMO

Os vegetais constituem parte importante da dieta humana e contém grande quantidade de
substancias quimicas promotoras de sadde, como fibras alimentares e fitoquimicos. Essas
substancias t€ém sido associadas a diversos efeitos benéficos, como a prevencdo de doencas
cronicas nao transmissiveis. As fibras alimentares (FA) sdo definidas como macromoléculas
resistentes a digestdo pelas enzimas do trato gastrointestinal e sdo compostas basicamente por
componentes da parede celular, polissacarideos e lignina. A FA possui diferentes propriedades
que resultam em efeitos fisioldgicos diversos. Os mecanismos de ac¢do da fibra incluem a
habilidade em aumentar o volume fecal e saciedade, elevar a produ¢do de 4cidos graxos de cadeia
curta (AGCC), e se ligar a substancias toxicas, como aos sais biliares secunddrios. A taioba
(Xanthossoma sagittifolium) ¢ um vegetal comumente cultivado em diversas partes da América,
Africa e Asia. Os cormos, cormilhos e folhas sdo as partes economicamente mais importantes,
embora as folhas sejam muitas vezes desprezadas. Realizou-se uma revisdo sistemdtica da
literatura sobre os efeitos do consumo de vegetais sobre a saide e, em particular, sobre as
propriedades funcionais da folha de taioba. Foram utilizadas as bases de dados MedLine/PubMed,
Lilacs e Bireme, com publicacdes entre 1978 e 2013, utilizando as palavras chave: vegetais,
taioba (Xanthossoma sagittifolium), fibra alimentar, colesterol, dcidos biliares e AGCC. Esta
revisdo mostra que a taioba possui alto valor nutritivo, e pode exercer efeito protetor contra
doencas cardiovasculares e cancer de intestino, devido a elevada fermentabilidade e capacidade

de ligacdo com &cidos biliares.

Palavras-chave: vegetais, taioba (Xanthossoma Sagittifolium), fibra alimentar, colesterol, 4cidos

biliares, 4cidos graxos de cadeia curta.



ABSTRACT

Vegetables are an important part of the human diet and contain a large number of health-
promoting chemical substances, such as dietary fiber and phytochemicals. These substances have
been linked to many beneficial effects, including the prevention of chronic non-communicable
diseases. Dietary fiber (DF) is defined as macromolecules that resist digestion by human enzymes
and consist essentially of plant cell wall components, polysaccharides and lignin. DF has
different properties that result in different physiological effects. Their actions have been
suggested to proceed by mechanisms that include the ability to improve fecal bulking and satiety,
production of short-chain fatty acids (SCFA), and the binding of toxic compounds, such as
secondary bile acids. Taioba (Xanthossoma sagittifolium) is a common plant in many parts of
America, Africa and Asia. The corm, cormels, and leaves of faioba are the main economically
important parts of the plant, although the leaves are often not recognized as food. We have
systematically reviewed the literature regarding the effects of vegetable consumption on health
and, in particular, the functional properties of taioba leaf, in vivo. Articles published from 1978 to
2013 were searched in the Medline/Pubmed, Lilacs and Bireme databases using the following
keywords: vegetable, raioba (Xanthossoma sagittifolium), dietary fiber, cholesterol, bile acids
and SCFA. This review shows that besides taioba leaves being rich in dietary fiber, they may
have a protective effect against cardiovascular diseases and bowel cancer, because of their high

fermentability and bile-acid binding capacity.

Keywords: vegetable, raioba (Xanthossoma Sagittifolium), dietary fiber, cholesterol, bile acids,

short-chain fatty acids.



Qualidade nutricional e propriedades funcionais de vegetais

Atualmente, sdo reconhecidos diversos compostos presentes nas plantas que, além de
fornecerem energia e elementos para o crescimento e manuten¢do do organismo, exercem efeitos
positivos sobre a sadde'. A ingestio de fibra alimentar e fitoquimicos presentes nos vegetais
como os flavondides, esterdis, compostos fendlicos, saponinas, lectinas e glicosinolatos, pode
reduzir o risco do desenvolvimento de doengas cronicas ndo transmissiveis (DCNT) como céncer,
diabetes, doencas cardiovasculares, dentre outras>>*. Apesar de terem sido identificados mais de
100.000 diferentes tipos de fitoquimicos, acredita-se que as plantas contenham diversas
substancias que se enquadrariam nessa definicdo e que ainda ndo foram identificadas. A
composi¢cdo dos fitoquimicos presentes nos vegetais € bastante complexa, podendo se alterar
conforme a forma de cultivo, como a intensidade da luz, temperatura e tipo de solo. As mudancas
fisico-quimicas que ocorrem durante o processamento € armazenamento resultam em perdas

. e . 1
significativas desses componentes .

Diversos estudos mostraram que a ingestdo de frutas e verduras pode exercer efeito
protetor a saide humana. Apesar disso, o consumo de vegetais € bastante inferior ao
recomendado. Em 2011, o Instituto Brasileiro de Geografia e Estatistica — IBGE® divulgou o
estudo da analise do consumo alimentar pessoal no Brasil. Os resultados da pesquisa mostraram
que o consumo de frutas, verduras e legumes ndo atinge a recomendacdo (que € de 400g/dia) nem
no percentil 90 da populacdo, mas que o consumo desses alimentos aumenta a medida que a
renda se eleva. Meta-andlise realizada por Lock et al (2005) refere que, no ano 2000, 2,6 milhdes
de mortes no mundo foram atribuidas ao baixo consumo de frutas e verduras, e que o aumento no
consumo de vegetais, para cerca de 600g/dia, reduziu em 31 e 19% o risco de doenca cardiaca

isquémica e infarto, respectivamente7.



Meta-andlises tém demonstrado também uma associacdo entre o consumo de frutas e
verduras e doencas cardiovasculares (DCV)’®. Entretanto, as pesquisas realizadas com humanos
ndo confirmam se € a ingestdo total desses vegetais ou se € a determinada fruta ou verdura que
estd associada a reducdo do risco dessas doengas. Dados obtidos pela Rede Européia
de Investigacdo Prospectiva sobre Céncer e Nutricdo (EPIC), durante cerca de 8 anos com
313.074 voluntarios, mostraram que os participantes que ingeriam pelo menos 8 porcdes de frutas
e verduras por dia apresentaram risco 22% menor de doenga coronariana, em comparacao aqueles
que ingeriam menos de 3 frutas e verduras ao dia®. Os autores dessa pesquisa avaliaram também,
que o incremento de 1 porcao (cerca de 80g) de frutas e verduras por dia esteve associado com
risco 4% menor de cardiopatia. Esses resultados confirmam a importincia de ingerir a0 menos 5

porcdes de frutas e verduras diariamente.

Embora exista forte associacdo causal entre a ingestdo de plantas e o risco de DCV, os
mecanismos pelos quais isso ocorre ainda ndo estdo totalmente elucidados, uma vez que os
vegetais possuem composi¢des quimicas bastante heterogéneas®. Experimentos com animais
recebendo dieta hiperlipidica, semelhante a ingerida pela populacdo ocidental, mostram que a
adicao de determinados vegetais a racdo reduziu a pressdo arterial, as concentragdes séricas de
colesterol total e na lipoproteina de baixa densidade (LDL-c), e aumentou o colesterol na
lipoproteina de alta densidade (HDL-C)3’5 2 Os Quadros 1 e 2 mostram o efeito do consumo de
alguns vegetais sobre diversos pardmetros, tanto em animais como em humanos. Segundo os
autores, estes efeitos podem ser atribuidos, principalmente, a presengca de compostos
antioxidantes e fibras. E importante ressaltar que a ingestdo de suplementos contendo essas

substancias parece ndo ter o mesmo efeito da ingestdo de frutas e verduras, uma vez que muitos

. . 10
outros componentes presentes nesses alimentos podem exercer efeito protetor .



Quadro 1. Experimentos, em animais e seres humanos, que demonstraram algum efeito de frutas e

vegetais sobre a saude.

Vegetal Compostos aos quais  Principais funcoes Efeito potencial Referéncia
se atribuem os efeitos fisioldgicas e possiveis sobre a saude
mecanismos de acao
Maca fresca (5g/dia)  Fitoquimicos e fibras | no niimero de CA* em Cancer de célon Poulsen et al

Manga liofilizada (1
e 10% da dieta)

Magca (variedades:
Bravo de Esmolfe,
Malépio Serra e

Golden)

Broto de feijdo,
Ervilha, espinafre, e
brocolis liofilizados

(10% da dieta)

Bagaco deuva (1,5 e
5% da dieta)

P6 de sementes de
feno-grego (5% da
dieta)

Carotendides,
vitamina C e

compostos fendlicos

Compostos bioativos
(polifenois, catequina,
epicatequina,
procianidina e p-

caroteno) e fibra

Nio sugere nenhuma
substancia, em

especifico.

Polifendis (em
especifico, as
procianidinas:

catequinas e taninos)

Alcaldides, saponinas,

flavonoides e fibras

ratos.

Preveniu o ganho de
gordura corpdrea e
epididimal; | a AUC* e a
resisténcia a insulina em

Camundongost.

1 TG*, CT* e LDL-c em

ratost*.

Ervilha e espinafre | em
50% os focos de CA em

ratos.

| glicose, insulina e TG
séricos de ratos
alimentados com dieta
rica em frutose; ndo

houve mudangas no CT.

| peroxidacdo lipidica;
inibicdo de enzimas
digestivas e | da absorcao
de glicose no TGI; 1
producdo de insulina em
ratos induzidos ao DM*

tipo 1.

Obesidade, doencas
cardiovasculares e

diabetes

Doencas

cardiovasculares

Cancer colorretal

Sindrome metabdlica

Diabetes mellitus do

tipo 1

(201"

Lucas et al

(201"

Serra et al

(2012)"

Rijken et al
(1999)"*

Khanal et al
(201"

Kumar et al

(2012)'®

*CA: Criptas Aberrantes (biomarcador utilizado para indicar a mudanga de sinais e sintomas que antecedem ou que ocorrem
concomitantemente a presenca de um tumor); CT: Colesterol Total; LDL: lipoproteina de baixa densidade; AGCC: 4cidos
graxos de cadeia curta; AB: 4cidos biliares; COL: colesterol; TGI: trato gastrointestinal; AUC: drea under the curve (drea sob a
curva); DM: diabetes mellitus; TG: triacilglicerol; STZ: estreptozotocina (droga utilizada para inibir a produgdo de insulina
pelo pancreas); TBARS: espécies reativas ao acido tiobarbitirico; GSH: glutationa reduzida; GSSG: glutationa oxidada; 7:
animais recebendo dietas high fat.


http://www.ncbi.nlm.nih.gov/pubmed?term=Serra%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=22980816

algum efeito de frutas e vegetais sobre a sadde.

Quadro 1. (continuaciao). Experimentos, em animais e seres humanos, que demonstraram

Vegetal Compostos aos quais  Principais funcoes Efeito potencial Referéncia
se atribuem os efeitos fisioldgicas e possiveis sobre a satde
mecanismos de acao
Alho, acafrdo e Compostos fendlicos Todos os vegetais 1 produgdo  Diabetes, Madkor et al
gengibre de insulina em ratos tratados  sindrome 011"
desidratados com STZ; | peroxidagao metabdlica e
(200mg/kg de lipidica, | CT, LDL-c e doencgas
peso/dia) glicemia sérica em ratos cardiovasculares
diabéticos.
Alcachofra (extrato Acidos | CT,LDL e TG em Doengas Qiang et al
desidratado — 4,5g/kg  hidroxicinamicos hamsters; 1 excregio de AB*  cardiovasculares  (2012)"*
de peso/dia) (AC. Clorogénico e nas fezes.
cinarina) e
flavonoéides
Aspargo liofilizado Fitoquimicos como | da peroxidacdo lipidica; Doengas Garcia et al
(250 ¢ 500 mg/kg de  fitoesterdis, saponinas  Reducdo do CT* e LDL-c, cardiovasculares  (2011)°
peso/dia) e fibras em ratos. e cancer
Polpa de quiabo Fibras (mucilagem) 1 concentracdo de AGCC* no  Diabetes Silva (2006)"
liofilizada (15,25% colon; T excregdo de AB nas
da dieta) fezes de ratos saudaveis; 1
taxa de insulina em ratos
diabéticos induzidos com
STZ (efeito protetor a droga).
Linhaga (sob a forma  Fibras | CT e LDL-c; 1 excrecdo de  Doencas Kristensen et al
de uma bebida e gordura e energia nas fezes cardiovasculares  (2012)*
adicionada em pao; em humanos saudaveis (+ e obesidade
7,5 g/10M1J) significativo com a ingestdo
da bebida).
Polpa de alfarroba Fibra insoluvel | CT e LDL-c em humanos Doencgas Zunft et al
(15g/dia) com hipercolesterolemia. cardiovasculares  (2003)*'

*CA: Criptas Aberrantes (biomarcador utilizado para indicar a mudanca de sinais e sintomas que antecedem ou que ocorrem
concomitantemente a presenga de um tumor); CT: Colesterol Total; LDL: lipoproteina de baixa densidade; AGCC: 4cidos
graxos de cadeia curta; AB: 4cidos biliares; COL: colesterol; TGI: trato gastrointestinal; AUC: drea under the curve (area sob
a curva); DM: diabetes mellitus; TG: triacilglicerol; STZ: estreptozotocina (droga utilizada para inibir a producio de insulina
pelo pancreas); TBARS: espécies reativas ao acido tiobarbitirico; GSH: glutationa reduzida; GSSG: glutationa oxidada; t:
animais recebendo dietas high fat.



Quadro 2. Experimentos que demonstraram algum efeito da ingestdo de folhas sobre a satde.

Vegetal Compostos aos Principais funcées fisiologicas  Efeito potencial Referéncia
quais se atribuem e possiveis mecanismos de sobre a satde
os efeitos acao

Folha de Malva Judia Fitoesterdis e fibra | CT sérico e hepatico; 1 Doencgas El-Arab (2009)°
liofilizada (10% da dieta) producdo de AGCC nocecode  cardiovasculares

ratosT, a excre¢do de AB e

COL.
Folhas de alface Fibras, acido folico | razdo LDL/HDL-c, absorc¢éo Doencas Nicolle et al
liofilizadas (20% da e fitosterdis de COL pelo TGI*, cardiovasculares  (2004)°
dieta) concentragdo de COL hepdtico

e peroxidacdo lipidica no

coracdo de ratos;
Folhas de curry (Murraya ~ Compostos | CT ¢ LDL+VLDL;  HDL Doengas Khan (1995)*
koenigii) (10% da dieta) bioativos em ratost cardiovasculares
Folhas de abdbora Fibras, vit. C e do | CT, LDL e peroxidagdo Doencas Adaramoye
(Telfairia occidentalis) (3 ~ complexo B, lipidica em ratos¥ cardiovasculares  (2007)*
e 6% da dieta) glicosideos
Alga marinha verde Ulva  Fibras | CT sérico; 7T volume fecal em  Obesidade, Carvalho et al
fasciata Delile (24,2% da  (principalmente, ratost. doencas (2009)*
dieta) solivel) intestinais e

cardiovasculares

Folhas de taioba Carotendides, vit. | concentracdo de TBARS*no  Doengas Arruda et al
(Xanthosoma C e outros figado e coragdo de ratos cardiovasculares (2003)25
sagittifolium — 10,7% da ~ compostos deficientes em vit. A; | GSHno e cancer
dieta) e beldroega antioxidantes figado e GSSG no coragdo —
(Portulaca oleracea — efeito antioxidante.
24% da dieta)
Folhas de taioba Fibras e outros | CT sérico e gordura hepatica;  Doengas Jackix et al,
(Xanthosoma compostos 1 volume fecal, excre¢io de AB  cardiovasculares 2013’
sagittifolium) (10% da bioativos e gordura em ratost; 1 e cancer
dieta) producdo de AGCC

*CT: Colesterol Total; LDL: lipoproteina de baixa densidade; HDL: lipoproteina de alta densidade; VLDL: lipoproteina de muito baixa
densidade; AGCC: 4cidos graxos de cadeia curta; AB: dcidos biliares; COL: colesterol; TGI: trato gastrointestinal; DM: diabetes
mellitus; TG: triacilglicerol; TBARS: espécies reativas ao acido tiobarbitdrico; GSH: glutationa reduzida; GSSG: glutationa oxidada; 7:
animais recebendo dietas high fat.



Quadro 2 (continuac¢ido). Experimentos que demonstraram algum efeito da ingestdo de folhas sobre a

saude.
Vegetal Compostos aos Principais funcoes Efeito potencial Referéncia
quais se atribuem fisioldgicas e possiveis sobre a saude
os efeitos mecanismos de acao
Cissus rotundifolia (nma  Fibras (solivel no | glicemia ¢ insulina p6s-  Diabetes mellitus Onyechi (1998)*
folha) e Detarium legume — prandiais e | AUC* em
senegalense (um legume), xiloglicanas, e humanos saudaveis.
sob a forma de pdo e insolivel na folha);
sopa, respectivamente. inibidores de
amilase.
Folhas de mandioca Saponinas e | da peroxidacao lipidica ~ Nao estudado. Melo et al
desidratada (10% e 15% polifendis (acdo antioxidante); (2005)27
da dieta) contudo, houve 1 do peso

do figado, em ratos.

* CT: Colesterol Total; AGCC: 4cidos graxos de cadeia curta; AB: 4cidos biliares; COL: colesterol; TGI: trato gastrointestinal;
+: animais recebendo dietas high fat.

O World Cancer Research®™ (2007) afirma que o aumento da ingestdo de frutas e
hortaligas, além de proteger contra DCV, possui relagdo com a diminui¢ao do risco de cancer de
estdmago, colon, figado, pulmao e prostata. A nocdo de que vegetais possam proteger contra o
desenvolvimento de tumores € baseada na evidéncia de que esses alimentos sdo ricos em diversos
micronutrientes e substincias bioativas que exercem efeitos protetores. Vegetais ricos em folatos,
por exemplo, protegem contra o cincer pancredtico; partes de plantas contendo abundantes
carotenoides e quercetina podem proteger contra cancer de boca, faringe e laringe e, também,
cancer de pulmio; a vitamina C, presente em frutas citricas e vegetais verdes escuros, estd

associada a redugdo do cancer de es6fago; alimentos contendo selénio e licopeno podem proteger
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contra o crescimento de tumores de prostata. Embora existam essas evidéncias, ndo € possivel
atribuir associagdo causa-efeito entre algum nutriente especifico e a redugdo do risco de cancer,
uma vez que os alimentos possuem composicdo complexa de compostos quimicos, possibilitando
ainda agdes integradas sobre as diversas vias de controle que afetam o sistema homeostatico,
entre as quais se incluem: a expressdo genética, sinaliza¢do celular, modulacido de receptores e

transportadores, além do préprio efeito antioxidante.

Pesquisas com animais mostraram possiveis efeitos na prevencdo do cancer com a
ingestdo de vegetais como maca fresca, ervilha, broto de feijao, folha de taioba, aspargo
liofilizado e brécolis (Quadros 1 e 2). Apesar dos mecanismos de a¢do ndo estarem totalmente
elucidados, os resultados indicam atenuagdo do crescimento de criptas aberrantes (biomarcador
utilizado para indicar a mudanca de sinais e sintomas que antecedem ou que ocorrem
concomitantemente a presenga de um tumor), reducdo da peroxidagdo lipidica e da capacidade
dos lipideos se ligarem aos sais biliares secunddrios, considerados carcindgenos por resultarem

em danos no DNA e mutacao celular®.

A associacdo entre o elevado consumo de carboidratos simples e a baixa ingestdo de
fibras estd fortemente associada ao desenvolvimento de diabetes mellitus do tipo 2 (DM2).
Contudo, o efeito protetor das frutas e vegetais no desenvolvimento do DM ainda € pouco
compreendido e muitos dos resultados sdo conflitantes. Meta-andlise realizada por Carter et al
(2010)*° mostrou que o aumento de 1,15 por¢Oes a mais de vegetais folhosos por dia reduz em
14% o risco de DM2. Todavia, os dados nao evidenciaram relagdo significativa entre o consumo
de outros vegetais, ingeridos separadamente ou em conjunto. Dados provenientes do EPIC
(European Prospective Investigation into Cancer and Nutrition) também verificaram que o

consumo de vegetais folhosos reduziu o risco de desenvolvimento de DM2*'. Os beneficios
13



atribuidos a estes vegetais estao associados a presenca de elevados teores de magnésio e acido a-
linolénico, os quais interferem na composi¢ao da camada fosfolipidica celular e parece melhorar

a sensibilidade 2 insulina no misculo’’.

Fibra Alimentar como componente de vegetais: efeitos sobre a satide

As fibras alimentares sdo substincias que ndo sdo digeridas pelas enzimas do trato
gastrointestinal de humanos, alcancando o intestino grosso, sendo parcial ou totalmente
fermentadas pela microbiota. Contudo, sua defini¢do ainda € controversa, por se tratar de uma
classe de compostos de composi¢do quimica bastante heterogénea. Ha autores que classificam a
fibra alimentar de acordo com seus efeitos fisiolégicos ou de acordo com sua composicao
quimica. Tais controvérsias resultam na necessidade de se elaborar uma definicdo de fibra que

seja de consenso entre os especialistas.

Segundo a American Association of Cereal Chemists™* (2001), a fibra alimentar é definida
como: “(...) parte comestivel de plantas ou carboidratos andlogos que sdo resistentes a digestdo e
absor¢do no intestino delgado, com fermentagdo completa ou parcial no intestino grosso. A fibra
alimentar inclui polissacarideos, oligossacarideos, lignina, e outras substancias associadas as
plantas. A fibra da dieta promove efeitos fisiologicos benéficos, incluindo laxacdo e/ou
diminuicdo do colesterol sanguineo e/ou da glicose sanguinea”. Essa definicdo ¢ bastante
abrangente, pois engloba compostos de diferentes origens quimicas, como: homopolimeros de
glicose (celulose, beta-glucanas), homopolimeros de frutose (inulina), heteropolimeros
(arabinoxilanas, arabinogalactanas), oligbmeros (galactooligossacarideos, oligofrutanos), lignina,
carboidratos anédlogos (dextrinas resistentes, amido resistente, quitina, quitosanas, carboidratos

sintéticos) e substancias associadas (ceras, cutina, suberina, saponinas, taninos, fitatos).
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Em 2001 o Institute of Medicine of the National Academies® apresentou diferentes
conceitos de fibra: fibra dietética, funcional e total. A fibra dietética € definida como
carboidratos indigeriveis e lignina que sdo intrinsecos as plantas e permanecem intactos apds
digestdo por enzimas do trato gastrointestinal. Os carboidratos indigeriveis provenientes de
plantas geralmente sdo uma mistura de polissacarideos que pertencem a parede celular, presentes
em cereais e vegetais. Além disso, as fontes da fibra dietética contém outros macronutrientes
(como por exemplo, carboidratos digeriveis, proteinas e lipideos), normalmente encontrados nos
alimentos. J4 a fibra funcional foi definida pelo Comité como aquela que "consiste de
carboidratos indigeriveis isolados ou extraidos que apresentam efeitos fisiologicos benéficos ao
organismo humano", e inclui os oligossacarideos e amido-resistente sintéticos, ou que foram
extraidos da fonte natural, por meio de reagentes quimicos ou enzimas, além de pectinas, gomas,
quitina, quitosana, polidextrose, inulina e dextrinas indigeriveis. A fibra total € considerada o
somatdrio das fibras dietética e funcional. E importante ressaltar que embora a ingestdo de fibra
dietética esteja associada com diminuicdo do risco de vdrias doencgas crOnicas, um relatdrio
National Research Council®* refere que "ndo hd evidéncias conclusivas de que é a fibra dietética,
em vez dos outros componentes dos vegetais, frutas e produtos derivados de cereais, que reduz o

risco do desenvolvimento de doencgas”.

Grande parte da populacdo tem ingestao média didria de fibra alimentar muito aquém da
recomendacao de 25-38g/dia. De modo geral, a ingestdo média varia entre 16,5 e 17,9g/dia para
os homens, e 12,1 e 13,8g/dia para as mulheres®>. Recomenda-se o consumo de 3 a 4 por¢des de
frutas e hortalicas ao dia para atingir as necessidades nutricionais de fibras e micronutrientes.

Apesar das hortali¢as possuirem menor quantidade de fibras em relag@o aos cereais integrais e as
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leguminosas, o consumo variado desses vegetais em uma dieta equilibrada pode ser responsavel

por até 50% da ingestdo total de fibras™.

As fibras podem ser divididas em dois grandes grupos de acordo com a sua solubilidade
em agua, em soldveis e insoldveis. Suas fungdes fisioldgicas sdo bastante diferentes, sendo que a
fracdo solidvel se caracteriza por formar uma camada aquosa no limen intestinal, responsavel
pelo aumento da viscosidade local e, consequentemente, pelo aumento no tempo de esvaziamento
gastrico e do transito intestinal, além da diminui¢do da assimilacdo de nutrientes; elas sdo
altamente fermentadas pela microbiota colonica. Ja as fibras insoliveis promovem menor tempo
de transito intestinal, maior volume fecal, e sdo pouco utilizadas como substrato energético pela
microbiota. Embora as fibras insoliveis predominem na maioria dos alimentos, os alimentos-
fonte de fibra soldvel sdo as leguminosas, aveia e frutas citricas, enquanto que os alimentos-fonte

— . ~ . . 35
de fibra insoluvel sdo os cereais e seus farelos, e vegetais folhosos™.

Possivelmente, o aumento da viscosidade causado pelo consumo de fibras soluveis
constitui barreira fisica a agdo das enzimas digestivas, incluindo a a-amilase, o que resultaria no
menor incremento da glicemia pds-prandial. Além disso, a presenca da fibra soldvel no trato
gastrointestinal aumenta o tempo de esvaziamento géstrico, tornando também mais lenta a
absor¢ao dos nutrientes. As fibras soldveis podem, ainda, ter efeito “sequestrante”, complexando-
se com a glicose, dcidos graxos, sais biliares ou colesterol e, consequentemente, diminuindo a

biodisponibilidade desses compostos™.

Embora pouco fermentdveis no intestino, as fibras insoliveis podem levar ao aumento da
motilidade intestinal, o que resulta em menor tempo de contato dos nutrientes e metabolitos

carcinogénicos com a mucosa absortiva, levando a menor absorcdo de glicose, triacilglicerdis,

16



colesterol e sais biliares. Além disso, por elevar o volume fecal, dilui a concentracao de
substincias nocivas a mucosa intestinal. A ingestdo de fibra insolivel também favorece a

. . . 437
saciagdo, podendo auxiliar no tratamento da obesidade ST

A reducdo do risco de desenvolver doencas coronarianas foi uma das primeiras
constatagdes dos pesquisadores em relagdo a funcionalidade das fibras dietéticas. Anderson et al
(1994)*® relataram que, apds ingestdo de fibras soliveis ou de alta viscosidade, houve reducdo
das concentracdes de colesterol em ratos, que variaram entre 11 e 32%. Lyon & Reichert (2010)*”
verificaram reducdo significativa do peso, percentual de gordura corpéreo, do colesterol total e da
fracdo LDL-c, em individuos obesos, apds a ingestdo de 5 g de fibra de alta viscosidade antes das

refeicoes.

De fato, a maioria dos estudos avaliou o efeito de fibras soliveis sobre a sadde e, em
contrapartida, poucas pesquisas investigaram a acdo da fracdo insolivel. Estudos com ratos
associaram efeitos protetores da fibra insolivel, principalmente quando nio € extraida de sua
fonte natural, contra o desenvolvimento de tumores e melhora o perfil lipidico sérico® ™. Wolk et
al (1999)* relataram haver reducdo de 19% no risco de desenvolver doengas cardiovasculares
com o aumento de 10g/dia de fibra alimentar, especialmente, quando era proveniente de cereais
integrais. Nesse caso, observou-se 35% de reducdo do risco com a ingestao adicional de apenas
Sg de cereal/dia. Zunft et al (2003)*' verificaram que a ingestdo de fibra da alfarroba (Ceratonia
siliqua) resultou em concentracOes significativamente menores de colesterol sérico e
triacilglicerdis, em relacdo ao grupo controle. Segundo os autores, a grande quantidade de fibra
insolivel e compostos bioativos no pd ingerido pelos voluntdrios teria sido responsdvel pelos

efeitos observados.
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Alguns tipos de fibra sdo considerados nutrientes funcionais por diferentes razdes, dentre
elas, por estarem inseridas no grupo dos prebidticos. De acordo com Gibson et al (2004)",
ingrediente prebidtico pode ser definido como “um ingrediente seletivamente fermentescivel que
permite mudancas especificas na composicao e/ou atividade da microbiota intestinal, conferindo
beneficios a satide e bem-estar ao hospedeiro”. Essa modulagao seletiva da microbiota promove o
crescimento € manutengdo das bactérias consideradas benéficas ao hospedeiro, dentre as quais
encontram-se os géneros Bifidobacterium e Lactobacillus. Como produtos de seu metabolismo,
tém-se os dcidos graxos de cadeia curta (AGCC), predominantemente, o butirato, propionato e

acetato, gases (hidrogénio, diéxido de carbono e metano) e dgua.

A inulina é um tipo de fibra dietética ou funcional constituida por polimeros de frutose, os
quais estdo unidos por ligagdes do tipo B-2—1, sendo que diversos estudos tém evidenciado sua
funcdo prebidtica por elevar a concentracdo de Bifidobactérias no célon, mesmo em niveis
relativamente baixos de consumo (5 a 8 g por dia). Essas espécies bacterianas possuem a enzima
2,1-B-D-frutano-frutosil-hidrolase, que hidrolisa frutanos do tipo inulina, produzindo peptideos e
AGCC, que acidificam o meio e impedem o desenvolvimento de bactérias patogénicas. Além
disso, a inulina pode auxiliar na motilidade intestinal, atenuacdo da constipacdo e aumento do

A . 11942
volume e transito intestinal .

Estudos em animais e seres humanos mostraram que a inulina influencia positivamente na
concentracdo de hormonios envolvidos na regulacdo do peso corporal, reduz a concentracdo de
colesterol e triacilglicerol, e atenua a glicemia42. A inulina reduz a concentragdo de triacilglicerol
sérico devido a reducdo da reesterificacdo hepdtica dos acidos graxos e também, devido a
diminui¢do da lipogénese hepética“. Uma das hipoéteses que justifica a diminuicdo do colesterol

sérico com o consumo de inulina é de que o propionato produzido na fermentacdo col6nica pode
18



inibir a sintese enddgena de colesterol, além do fato de que a fibra pode trazer modificacdes no
metabolismo dos 4cidos biliares. A relacdo entre inulina e regulagdo do peso corporal estd
baseada na possibilidade de que a sua alta fermentabilidade afete favoravelmente a secre¢ao de
alguns hormdnios envolvidos na regulacio da ingestdo alimentar como a grelina (estimulador da

fome) e o peptideo semelhante ao glucagon 1 (GLP 1 — fator que reduz a ingestdao alimentar)*.

Embora os resultados sobre o efeito da inulina em animais e humanos sejam semelhantes,
sao mais conflitantes nos humanos. Uma das justificativas para isso é o fato de que a dose

7z

utilizada nos estudos com humanos é mais baixa, em comparacdo aos estudos com animais,

principalmente pelo fato dessa fibra estar associada a desconfortos gastrointestinais43 .

Fibra alimentar e o metabolismo dos dcidos biliares.

Os dcidos biliares (AB) s@o constituidos por moléculas anfipaticas que facilitam a
digestdo e a absorcao de lipidios. Contudo, atualmente sdo atribuidas outras funcdes aos dcidos
biliares, como a regulacdo do metabolismo do colesterol e a detoxificacdo do figado e intestino,
por aumentar a atividade enzimdtica de citocromos P450, envolvidos nesse processo. A
conversdo do colesterol em AB no figado e a excrecdo desses dcidos pelas fezes sdo as principais

. ~ co 29
vias para a remogdo do colesterol do organismo™.

Os AB sao sintetizados no figado e excretados pela vesicula biliar para o intestino; em
seguida, sdo reabsorvidos no ileo terminal e transportados de volta ao figado via circulagdo
portal, inibindo a sintese de AB por meio da supressdo da enzima colesterol 7a-hidroxilase
(CYP7A1), que sintetiza os AB a partir de colesterol (Figura 1). A circulacio entero-hepatica dos

AB ocorre entre 6 e 12 vezes ao dia, sendo que, por dia, aproximadamente 20% dos AB atingem
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o cblon. Os principais AB sintetizados pelo figado sdo denominados primdrios, e sdo constituidos
principalmente pelo 4cido cdlico e o quenodesoxicdlico, que contém 3 e 2 grupos carboxila,
respectivamente. No figado, os AB sdo conjugados com glicina ou taurina, por meio da ligacio
peptidica entre o grupo carbonila de um 4cido biliar ndo-conjugado e o grupo amino dos

. .1 20194
aminoécidos>>!%%,

Sintese de AB
(0.5-1.0 mmolid)

Jejuno

Excrecio fecal de AB

Figura 1. Circulagdo entero-hepética dos acidos biliares (AB) (Adaptado de Bernstein, 2005)29.

Os AB que atingem o célon sao metabolizados pela microbiota anaerébia, que promove a
desidroxilagdo dessas substancias por meio da enzima 7a-desidroxilase, formando os 4cidos
secundérios: litocdlico (proveniente da desidroxilagio do dcido quenodesoxicélico) e

desoxicodlico (proveniente da desidroxilagdo do acido cdlico) (Figura 2). O 4cido litocolico é
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bastante insoldvel, sendo pouco reabsorvido; ja o desoxicélico, é parcialmente reabsorvido no
célon, entra na circulac@o entero-hepdtica e chega ao figado, onde é conjugado e secretado a bile.
Algumas espécies bacterianas, como a Escherichia coli, o Clostridium, e os Bacteroides
produzem a enzima 7a-desidroxilase. Dessa forma, composi¢do dos AB presentes € influenciada

. . . . . . 29.45.4
pela composi¢do da microbiota intestinal®**,

Baseado no fato de que os AB secundarios sdo citotoxicos, uma vez que podem danificar
o DNA de células intestinais, induzir ao stress oxidativo celular e levar a mutagdes celulares, os
acidos litocdlico e desoxicdlico estdo associados ao desenvolvimento de cincer de célon. Em
estudos epidemioldgicos, o risco de cancer de célon estd relacionado a concentragdo desses AB
nas fezes; em pacientes com adenomas colOnicos, uma concentragdo maior de desoxicélico foi

~ o i 29
encontrada no sangue, em comparac¢do aos individuos saudaveis™ .

HE

HE

7-a- CH,

coon desidroxilase
—_— CH,

o

Acido litocdlico

7-a-

desidroxilase

Colesterol

Acido célico

Os 4cidos quenodesoxicolico e colico sao formados a partir do colesterol hepatico. A enzima 7a-
desidroxilase proveniente das bactérias intestinais convertem os dcidos quenodesoxicélico e
c6lico em litocolico e deoxicdlico, no colon. Figura 2. Sintese dos dcidos biliares (Adaptada de
Bernstein et al, 2005).
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A ingestdo de fibras pode reduzir o colesterol sérico por diferentes mecanismos, dentre
eles, pela capacidade de ligacio com os 4cidos biliares, culminando em maiores perdas de
colesterol pelas fezes. A menor biodisponibilidade de colesterol e de AB gerada pela presenca de
fibras resulta em menores reservas hepdticas de colesterol, j4 que este é precursor dos dcidos
biliares. Como os AB sdo indispensédveis a emulsificacdo de lipideos e formacdo de micelas, a
maior conversio de colesterol a 4cidos biliares se faz necessdria. Consequentemente, as enzimas
envolvidas no seu metabolismo sdo estimuladas para aumentar a sintese endogena de colesterol.
Além disso, o organismo lan¢ca mao de um mecanismo adaptativo de up-regulation dos
receptores hepdticos de lipoproteinas de baixa densidade (LDL), podendo levar a menores

~ . 16,36
concentracdes de LDL circulante ™.

Em estudo in vitro, Kahlon et al (2005)*” avaliaram a capacidade de ligacio dos AB com
diversos tipos de leguminosas tipicas da Asia. Observou-se que o grio de bico e o feijdo preto
tiveram maior capacidade de ligagdo com os 4cidos biliares do que os outros dois tipos de feijao
avaliados (Phaseolus vulgaris e Phaseolus aconitifolins), fato que esteve associado a quantidade
de fibra presente nestes graos. Os autores, em outro estudo avaliaram a capacidade de ligacao de
couve, repolho crespo, folhas de mostarda, brécolis, couve de Bruxelas, espinafre, pimentao
verde e repolho, antes e apds a coc¢do, com dcidos biliares. Os resultados mostraram que todos os
vegetais tiveram maior capacidade de ligacdo com os AB apds a coccdo, sendo que a couve, 0
repolho crespo e as folhas de mostarda apresentaram percentuais de ligacdo significativamente
maiores que os outros vegetais. Os autores sugerem que a ingestdo regular desses vegetais
cozidos pode diminuir o risco contra doengas cardiovasculares e cincer, contudo, ndo atribui este

efeito apenas devido a presenca de fibras®.
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Grande parte das pesquisas que avaliaram a capacidade de ligacdo de vegetais com AB
atribui esse efeito a presenga de fibra, contudo, ndo somente a ela. Os polifendis existentes em
grandes quantidades nas frutas e verduras também podem se ligar aos AB, promovendo reducio
do colesterol sanguineo. Ngamukote et al (2011)* verificou que o 4cido gilico, as catequinas e
epicatequinas (polifendis extraidos da semente de uva) reduziram o colesterol sérico, devido a

elevada capacidade de ligacao com os AB.

Fibra alimentar: fermentagdo e producdo de dcidos graxos de cadeia curta.

Alguns tipos de fibra, especialmente as soluveis, sdo altamente fermentadas e produzem
elevada concentracdo de d4cidos graxos de cadeia curta (AGCC). Quando a fibra permite
mudancas especificas na composi¢cdo e/ou atividade da microbiota gastrointestinal em
decorréncia de sua fermentabilidade e confere beneficios a satde do individuo, ela pode ser
inserida no grupo dos prebidticos. Os principais AGCC produzidos sdo o butirato, propionato e
acetato, que comprovadamente modulam diversas funcdes metabélicas*’. Alimentos ricos em
amido resistente, hemiceluloses e pectinas, como as frutas e vegetais, contém fibras com elevada
fermentabilidade e produzem grandes quantidades de AGCC. Ja os alimentos ricos em celulose,
como os cereais, resultam em menor producdo desses dcidos graxos, por serem menos

P . 33
fermentaveis pela microbiota™.

A absor¢c@o dos AGCC no ceco e colon € muito eficiente e apenas 5 a 10% desses 4cidos
sdo excretados nas fezes. Basicamente dois mecanismos de absorcdo dos AGCC sdo propostos:
difusdo passiva dos dcidos protonados através da membrana lipidica, que ocorre com

aproximadamente 60% dos AGCC e, por meio de troca idnica, envolvendo o sédio e potdssio.
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Uma vez absorvidos, os AGCC podem ser metabolizados nas células do ceco e célon, que
utilizam principalmente o butirato como fonte de energia; nos hepatdcitos, onde o propionato
pode ser usado como substrato para a gliconeogénese e cerca de 60% do acetato é oxidado; e nas
células musculares, onde hd oxidacdo do acetato residual®®. A oxidacdo proveniente dos AGCC
fornece entre 60 e 70% da energia necessdria aos colondcitos, reduz a oxidacdo da glicose e
poupa o uso do piruvato e da glutamina. Na presenca de substratos energéticos que competem
pela oxidacao, como a glicose e glutamina, o butirato, em especial, € o combustivel preferencial

s . 1
no colonécito’".

A producio de AGCC individualmente foi avaliada em diversos estudos’>"****. Maiores
concentracdes fecais de butirato e propionato foram observadas com o consumo de farelo de
trigo, em comparagdo a Vegetais5 !. Ferguson et al (2000)** avaliaram a producdo de AGCC in
vivo ap6s o consumo de trés diferentes fontes de amido resistente. Os autores observaram que
todas as fontes elevaram a producdo de AGCC no intestino grosso, porém, em diferentes

propor¢des, demonstrando que a producdo desses acidos varia conforme a fonte alimentar.

Os AGCC exercem efeitos sobre a mucosa e funcdo coldnica, no entanto, a fun¢do desses
acidos graxos € ainda mais extensa e inclui a modulagdo do pH intracelular, volume do
enterdcito, transporte de fons e regulacdo da diferenciacdo e expressdao de genes. O aumento da
concentracdo de AGCC no célon diminui o pH, o que, indiretamente, influencia na composi¢ao
da microbiota (reduz potencialmente o crescimento do gé€nero Clostridium, por exemplo),
diminui a solubilidade dos &cidos biliares e aumenta a absor¢do de minerais. A diminui¢ido da
solubilidade dos 4cidos biliares pode reduzir a atividade dos AB secunddrios em promover o
crescimento de tumores; além disso, a reducdo do pH pode inibir a atividade da enzima

. . . s Z 0 1
bacteriana 7a-desidroxilase, que transforma os AB primarios em secundérios”".
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A concentracdo desses AGCC, em especial o butirato, estd associada a doencas
gastrointestinais como o cincer de cOlon e colite ulcerativa. O butirato € primariamente
metabolizado pelos colondcitos e estd envolvido na manutengdo da integridade da mucosa
coldnica. Estudos in vitro indicam que o butirato pode inibir a expressdo de genes relacionados
ao desenvolvimento de cancer, além de estimular a apoptose de células danificadas, prevenindo a

52,53

progressdao de tumores ™ ". O acetato e o butirato também podem induzir a apoptose de células

. . , A . 1
tumorais na regido do célon, porém, de uma forma menos expresswa5 .

P . 7 2
O acetato é, de modo geral, o AGCC mais abundante no célon e fezes 2. Tanto o acetato
como o propionato sdo rapidamente absorvidos pela mucosa coldnica e parecem atuar no

metabolismo lipidico, modulando a atividade das enzimas-chave no metabolismo de colesterol’®.

O propionato, especificamente, parece ser o maior responsavel pela reducido da glicose
sanguinea, por afetar a gliconeogénese e a regulacdo dos niveis de lipideos séricos. Estudo
realizado por Todesco et al (1991)** mostrou que individuos que ingeriram pao adicionado de
propionato de sédio (3,3 g/50 g de carboidrato) apresentaram redugdo na atividade da amilase
salivar e, consequentemente, diminui¢do da digestibilidade dos carboidratos e menor glicemia.
Embora neste estudo os autores nao tenham encontrado reduc¢do significativa do colesterol sérico,
pesquisas ja evidenciaram a a¢do do propionato sobre a enzima hidroximetilglutaril-CoA-
redutase. Esta enzima atua na sintese de colesterol hepatico, e sua acio é diminuida pela presenca

do propionato, o qual inibe sua atividade.

A obesidade € o principal fator de risco para o desenvolvimento do DM2. A presenca de
AGCC, especialmente o acetato e propionato, também tém sido associada a reducdo do risco de

obesidade e DM2, por reduzir a concentracdo de dcidos graxos livres, os quais estio relacionados
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a reducdo da tolerancia a glicose. Estudos mais atuais mostraram que a microbiota de individuos
obesos ¢é diferente de individuos mais magros e que com a perda de peso, o bacterioma sofre
alteracdes, se tornando mais parecido com aquele de pessoas mais magra555’44. Os AGCC podem
afetar a massa corporal por influenciar a secre¢do de hormonios intestinais envolvidos na
regulacdo da ingestdo alimentar. Em ratos, a ingestdo de fibras estimulou a produgdo do peptideo

YY e a expressao do glucagon 1, efeitos que foram acompanhados da reducio do peso corpora156.

H4, portanto, diversos estudos que evidenciam a func¢do protetora dos AGCC na sauide
coldnica, e sua relacdo com a prevencdo ou tratamento de algumas doencas. Até o momento, a
maioria dos estudos tem avaliado o efeito da ingestdo dos carboidratos isoladamente, no entanto,
hd necessidade de mais pesquisas que analisem efeitos sinérgicos dos carboidratos com

substancias associadas a parede celular, na producao dos AGCC.

Taioba (Xanthosoma sagittifolium): caracterizagdo da planta, composicdo nutricional e

propriedades funcionais.

A taioba pertence a familia Araceae, que constitui-se de monocotiledoneas e contém cerca
de 110 géneros e mais de 2000 espécies, sendo a grande maioria encontrada na regido dos
tropicos. Sdo primariamente herbéceas e terrestres, e apresentam caules na forma de tubérculos
ou rizomas alongados (nesse caso, mais corretamente chamados de cormos e cormilhos), de onde
se origina a porcao aérea da planta. O cormo representa o caule primdrio ou principal da planta,
enquanto que os cormilhos seriam as ramificacdes do 6rgio subterraneo (Figura 3); os dltimos
sao muito apreciados na alimentagdo, sendo fonte importante de energia em varias populacdes do

mundo’’. Os frutos da taioba sdo do tipo baga e as sementes possuem tamanho e forma variados,
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com ou sem endosperma. Comumente apresentam cristais de oxalato de cdlcio, em toda a
extensdo da planta. Acredita-se que esses cristais sdo responsdveis, ao menos em parte, pela

sensacdo de acridez produzida ao ingerir-se a planta ndo cozida ou ndo desidratada™.

O género Xanthosoma € originario da América tropical. Esse género é popularmente
conhecido no Brasil como taioba, taiova, ardo, aro, pé-de-bezerro, taid, talo, mangarito, dentre
outros>. No mundo, € conhecida como malanga, yautia, tannia ou new cocoyam, cujo nome foi
assim dado para evitar-se a confusdo com o género Colocasia, intimamente relacionado (old
cocoyam)®. O que difere o género Colocasia do Xanthosoma é a presenca de uma nervura que
contorna a borda da lamina foliar no género Xanthosoma® . Além disso, o género Xanthosoma
apresenta peciolo folial na beirada do limbo da folha, saindo logo em seguida da juncdo dos
16bulos basais, que sdo separados6l. A planta em si pode ter até 2 metros de altura, sendo as
folhas bastante grandes, em geral com 80 centimetros de comprimento e 60 de largura, de forma

largo-ovéide ou triangular.
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» Cormilhos

Figura 3. Taioba (Xantosoma sagittifolium) (Adaptada de Leterme et al, 2005)62.

A taioba é facilmente cultivada em clima quente, cessando a producdo das folhas em
temperaturas muito baixas. Isso dificulta ou até mesmo impossibilita seu cultivo em regides de
elevada altitude. O cultivo requer solo sempre imido, rico em hiimus e de pH variando entre 5.5-
6.5. No Brasil, seu ciclo completo (plantio a colheita) leva cerca de 4 a 5 meses, enquanto que em

. < 60,61
outros paises pode levar até 10 meses™ .

Os sistemas subterraneos da planta (cormos e cormilhos) sdo seu principal reservatorio
energético, destacando-se o seu alto teor de amido. S@o considerados também, fonte de vitaminas

como tiamina, riboflavina, niacina, e acido ascérbico”’.
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A Tabela 1 apresenta a composi¢ao centesimal dos cormilhos, farinha do tubérculo e folha
de taioba desidratada, encontrada por Sefa-Dedeh & Agyir-Sackey (2004)63, Pérez et al (2007)64
e Leterme et al (2005)%. A grande variagdo observada se deve a por¢cdo do cormilho utilizada
para andlise (se¢do apical, mediana ou distal) e a variedade da espécie (variedade vermelha ou
branca). Os valores obtidos por Leterme et al (2005)62 variaram de acordo com a maturidade da
folha (folha jovem ou madura). Os autores também analisaram a composi¢do de aminodcidos e
minerais na folha, sendo os mais expressivos a arginina, leucina, lisina, fenilalanina e valina para

aminodcidos, e potdssio, cdlcio, ferro e manganés para minerais.

Tabela 1. Composicdo centesimal de cormilhos, farinha do tubérculo e folha de taioba

desidratada.
Parametro Cormilhos (% em Farinha (% em Folha (% em base
base seca)63 base seca)64 seca)‘“’62
Umidade 545a774 11,04+0,09 86,1 a90,1*
Proteinas (g) 3,94a5,5 6,37+0,17 23,1 a24,0
Carboidratos (g) 12,2 a 36,6 68,50+0,00 19,7 a 22,9
Lipidios (g) 0,28 20,74 0,88+0,11 8,0a9,7
Fibra bruta (g) 1,11a1,72 5,19+0,01 12,42 13,0
Cinzas (g) 1,98 23,93 4,25+0,02 11,5a13,9
Ferro (mg) - k% 0,005 23,7
Calcio (g) -k 0,52 2,23
Vitamina C (mg) -k -k 38,0

* base umida; ** dado nao analisado.

%!(Pinto et al, 2001)

63 (Sefa-Dedeh & Agyir-Sackey, 2004)

64 (Pérez et al, 2007)

%2 (Leterme ef al, 2005);
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No mundo, os paises que mais se destacam pela producdo da taioba sdo paises do centro-
sul americano (Cuba, Peru, Venezuela e Republica Dominicana) e da Africa (Gana e Nigéria),
sendo a porcdo tuberosa da planta importante fonte energética da dieta de populacdes mais
carentes’’. No Brasil, a taioba € apreciada em Minas Gerais, Bahia e Rio de Janeiro, sendo
inclusive utilizada em pratos tipicos regionais. As folhas possuem elevado valor nutricional e
geralmente sdo consumidas na forma refogada ou escaldada, embora tenham sua cultura pouco
explorada e consumo pouco difundido no Brasil € no mundo. O baixo custo, a simplicidade de
sua producdo e o clima favoravel deveriam ser fatores de incentivo ao amplo cultivo da taioba,
podendo ser importante alternativa para a agricultura familiar e, assim, auxiliar na inclusdo social

e na melhoria do estado nutricional de populagdes mais carentes®.

As folhas da taioba estdo sujeitas a perdas extensivas pds-colheita como consequéncia do
seu alto teor de umidade e metabolismo, o que leva a grandes danos durante a colheita e
armazenagem. No entanto, se estas perdas sdo controladas e a producdo melhorada, esse vegetal
pode contribuir como fonte energética e nutricional para amenizar o problema da fome nos paises
em desenvolvimento. A fim de minimizar as perdas pds-colheita, as folhas podem ser submetidas
a processos de secagem e moagem, tornando-se alimentos menos pereciveis. Estes processos
industriais sdo uteis para a producdo de farinhas e amidos os quais podem, por sua vez, serem

o P . . 64
utilizados pela industria alimenticia, para o desenvolvimento de novos produtos™ .

Poucos estudos avaliaram a composi¢do nutricional da folha de taioba e, sobretudo, os
seus efeitos fisioldgicos. Pinto et al (2001)® analisaram o valor nutricional de folha de taioba e
encontraram elevados teores de proteina, fibras, vitamina C, cdlcio e ferro, em proporgdes
similares as demais fontes caracterizadas como rica nesses nutrientes. O valor energético da folha

-

apresentou-se baixo, podendo essa hortali¢a contribuir para dietas balanceadas e hipocaldricas. E
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importante destacar que o conteddo de vitamina C na taioba fresca foi significativamente maior
do que na folha seca, j4 que esta vitamina é facilmente degradada com o incremento da
temperatura e a propria exposicdo do alimento ao oxigénio. A folha de taioba crua pode
apresentar elevado teor de oxalatos, um fator antinutricional que deve ser eliminado antes do
consumo, pois pode reduzir a biodisponibilidade de minerais, causar irritacdo e sensacdo de
queimacdo nos ldbios e garganta. Iwuoha & Kalu (1995)%°  observaram reducdo de
aproximadamente 73% no teor de oxalatos em folhas de taioba que foram coccionadas em dgua
durante 40 minutos; contudo, quando cozidas por 1 hora, a quantidade de oxalato na folha foi
proxima de zero. Alguns tipos de oxalatos sdo soluveis em dgua, por isso, com a coccdo umida

essas substancias sdo degradadas ou diluidas para o meio, por lixiviacao.

Arruda e al (2004)* avaliaram a habilidade de vegetais tropicais (folhas de taioba e
beldroegas) em reduzir o estresse oxidativo induzido pela deficiéncia de vitamina A, em ratos
Wistar. Os animais que receberam as dietas suplementadas com as folhas apresentaram
concentracdes hepdticas de substancias reativas ao dcido tiobarbitirico (TBARS) e glutationa
reduzida (GSH) menores em relacdo ao controle, evidenciando um efeito protetor da folha contra
a peroxidacdo lipidica, causada pela deficiéncia de vitamina A. Com relacdo a composicao
nutricional, verificou-se que as folhas contém elevado teor de carotenoides, principalmente -
caroteno. No entanto, os autores afirmam que os efeitos observados ndo devem ser atribuidos
apenas a presengca do P-caroteno, ja que as folhas apresentam elevados teores de diversos
carotenoides (como neoxantina, violaxantina, luteina, B-criptoxantina) e outros compostos

antioxidantes como a vitamina C.

As folhas de taioba possuem elevado contetido proteico, de minerais e, em especial, de

fibras insoliveis”® . Jackix er al (2013)9, ao avaliarem o efeito da folha de taioba liofilizada em
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ratos recebendo dieta high fat, observaram que o vegetal possui elevada fermentabilidade e
capacidade de ligacdo com os sais biliares, sendo os secunddrios encontrados em menor
propor¢ao nas fezes. Essas propriedades resultaram em menor concentra¢ido do colesterol sérico
em relagdo ao controle, e mostram que a taioba pode diminuir o risco de cancer de célon. Além
disso, a adi¢do da folha a dieta reduziu o peso corpéreo, o conteido de gordura hepdtica e
aumentou a massa fecal e o conteddo de gordura nas fezes. Em outro estudo realizado por este
mesmo grupo de pesquisadores, utilizando ratos sauddveis alimentados com dieta AIN 93-G,
observou-se maior massa e propor¢do de gordura nas fezes no grupo que recebeu dieta contendo
taioba, em relagdo aos demais, que receberam inulina ou celulose. A propor¢do de sais biliares
secundérios presentes no colon e ceco desses animais foi menor naqueles que ingeriram a folha,
sugerindo efeito protetor da taioba contra cincer de intestino. Sugere-se que as propriedades
funcionais da folha sejam atribuidas ndo s6 as fibras, mas também a presenca de componentes

bioativos.

Consideracaes finais

A ingestdo adequada de frutas e verduras estd associada a reducdo do risco de
desenvolvimento de DCNT e mortalidade. Apesar dos mecanismos de acdo ndo terem sido
totalmente esclarecidos, os efeitos benéficos associados a ingestdo de vegetais sdo atribuidos,
principalmente, a presenga de fibras, vitaminas, minerais e polifendis, e ao efeito sinérgico entre
essas substancias. A reducdo da absorcdo de glicose, dcidos graxos, sais biliares e colesterol,

assim como a ac¢do prebidtica da fibra alimentar explicam, em parte, os efeitos benéficos

atribuidos a ingestdo de frutas e verduras. A taioba € uma ardcea facilmente cultivada em regides
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de clima quente e imido, como o Brasil, e sua por¢ao folhosa possui elevado valor nutritivo por
conter altos teores de minerais e fibras. Poucos estudos avaliaram os efeitos fisioldgicos da folha
de taioba, entretanto, pesquisas recentes feitas com ratos Wistar verificaram elevada
fermentabilidade e capacidade de ligacdo com é&cidos biliares, assim como uma potente agdo
antioxidante. Os efeitos observados com animais sugerem que dietas contendo folhas de taioba

possam trazer efeitos benéficos a saiide humana.
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ABSTRACT

Several studies have shown that the intake of fruits and vegetables contribute to protect
against chronic diseases, mainly due to the presence of dietary fiber (DF) and polyphenols.
Taioba (Xanthosoma sagittifolium) is an edible aroid plant widely grown in many parts of Africa,
the Americas and Asia. The tuber portions of taioba are widely consumed, however, the leafy
portions are generally discarded, despite their nutritive value. In this study we have partly
characterized the dietary fiber (DF) of lyophilized taioba leaf (LTL), and assessed the possible
protective effects on biochemical parameters and on bile acid (BA) production in colon and
cecum, when fed to healthy rats for 4 weeks. Forty-five male Wistar rats were assigned to either
of five groups: Group 1 received AIN 93G diet (CG: Control); Group 2 received AIN 93G
containing 2.5% of cellulose + 2.5% inulin (CEIN_5%); Group 3 received AIN 93G containing
2.5% of cellulose + 2.5% taioba fiber (CETA_5%); Group 4 received AIN 93G containing 5%
cellulose + 2.5% taioba fiber (CETA_7,5%); Group 5 received AIN 93G containing 5%
cellulose + 2.5% of inulin (CEIN_7,5%). LTL showed high contents of total fiber, predominantly
comprising insoluble DF with glucose as the major monomer. Rats receiving LTL had increased
fecal mass and fat excretion, and improved BA profiles by diminishing the proportion of

secondary acids, which are associated with colon cancer.

Keywords: taioba (Xanthosoma sagittifolium), Dietary fiber, cholesterol, bile acids,

functional properties in vivo.

Practical Application: The present study gives new and valuable information about nutrient
composition and some of the in vivo functional properties of taioba leaves. The results of this

research showed that the faioba leaf contributed to the removal of dietary fat, and reduced the
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concentrations of colon and caecum secondary bile acids, which are associated with colon cancer.

The positive effects may be related to a synergy between the fiber and other bioactive substances.

1. Introduction

Consumption of a fruit and vegetable-rich diet has been epidemiologically associated with
health benefits especially for chronic diseases including diabetes, cardiovascular disease and
cancer. The high contents of dietary fiber, polyphenols and other potent bioactive compounds in
plant-rich diets, stand responsible for health benefits of vegetable foods (Li and others
2013). This fact has motivated several studies to identify vegetables and fruits and their specific
compounds that may have health-promoting effects (Pérez and others 2007; Hamauzu and others
2011; Woodside and others 2013).

Xanthosoma sagittifolium, popularly named taioba, tannia, or cocoyam is a tropical tuber
crop that belongs to Araceae family. Originally from tropical America, this plant is often grown
as staple food in many parts of Africa, America, the Pacific Islands, and Asia. The stem is a
starch-rich underground structure, the corm, from which offshoots called cormels develop. The
corm, cormels, and leaves of faioba are the main economically important parts of the plant (FAO,
1994), although the leaves use are less widespread. The potential of these crops is particularly
high in the humid tropical and sub-tropical regions, although taioba is not grown extensively and
most of their aroid production is seldom commercialized. For instance, this plant is frequently
sold in markets as raw vegetables with large postharvest losses (Pérez and others 2007).

The tuber portions of taioba constitute an important energy and nutrient source in the diet
of some populations, but the leaves, a potential source of nutrients, are commonly discarded

(FAO, 1994; Perez and others 2007). The low cost of production, ease of cultivation, nutrient
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composition and abundance of favorable climate support faioba cultivation in Latin America,
may make of this plant a viable alternative for family farming.

Non-starch polysaccharides, which are a major constituent of the raioba leaf, include all
the plant polysaccharides that cannot be hydrolyzed by the endogenous enzymes in the small
intestine of humans, together making up the major part of dietary fiber (DF) (Kumar and others
2012). The definition of DF underwent several modifications over a period of a few decades until
the Institute of Medicine (IOM, 2001) established the distinction between ‘dietary fiber’ and
‘functional fiber’. DF consists of nondigestible carbohydrates and lignin that are intrinsic and
intact in plants, and functional fiber consists of isolated, nondigestible carbohydrates that have
beneficial physiological effects in humans, both of which, according to the IOM, constitute ‘total
fiber’.

Dietary fiber may be either soluble or insoluble, both present in all plant foods, although
in varying degrees. Soluble dietary fibers dissolve in water to form a gelatinous mass that can be
fermented in the large intestine. Insoluble dietary fibers do not form viscous gels and unaltered
move through the intestinal tract (Guillon and athers 2000). Along the gastrointestinal tract,
properties of fiber result in different physiological effects that may result in reduction of serum
cholesterol and glycemia, and production of short chain fatty acids, which may be protective
against colon cancer and cardiovascular disease. Although most of the proposed beneficial effects
of fiber consumption have been attributed to the viscous and gel-forming properties of soluble
fiber, the insoluble fiber present in vegetables, fruits and grains can be also strongly associated
with reduced risk of chronic diseases (IOM, 2001; Isken and others 2010).

Among the mechanisms proposed for the action of insoluble fiber, the lower effective

exposure of the colon lining to carcinogens through decreased transit time, the increased fecal
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bulk and the capacity of adsorbing carcinogenic secondary bile acids. Additionally, shorter transit
times may lead to lower availability of energetic nutrients, such as triacylglycerol. These
phenomena are associated with the prevention of colon cancer, diabetes and obesity (Ferguson
and others, 2000; Hamauzu and others 2011).

No studies on the faioba leaf and particularly on its in vivo functional properties have
been published. Therefore, in the present study, we investigated the nutrient composition and

some of the in vivo functional properties of faioba leaves, in male Wistar rats.

2. Material and methods
2.1. Production and chemical composition of lyophilized taioba leaf (LTL)

Taioba leaves were obtained from Central Produce Supply of Campinas S.A. (CEASA,
Campinas, SP, Brazil), washed, drained, chopped and boiled in water for 30 minutes (the water was
discarded); after that, the leaves were frozen, lyophilized (Model LP 1010, Liobras, Sdo Carlos, SP,
Brazil), and subsequently ground in a micro-grinder (Model TE 048, Tecnal, Piracicaba, SP, Brazil) to

obtain a powder with a mean particle size of 10 pm.

The nitrogen content was estimated by the Kjeldhal method, based on the assumption that plant
proteins contain 16% nitrogen (% protein = % nitrogen x 6.25). Fat was determined using the Bligh and
Dyer and the AOAC methods (Bligh & Dyer, 1959), and ash and moisture by the standard AOAC
method (AOAC, 1995). Insoluble and soluble dietary fibers were determined after separation of non-
starch polysaccharides by the enzymatic-gravimetric method of Prosky (1988), which measures the
sum of indigestible polysaccharides and lignin. Total carbohydrate was estimated by difference. Amino

acid content was determined by high-performance liquid chromatography, according method described
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by White (1986), after derivatization with phenylisothiocyanate. All analyses were performed in

triplicate, except for the amino acids, which were in duplicate.

2.2.Qualitative analysis of LTL fiber

The composition of LTL fiber was determined in triplicate by the Englyst (1994) procedure. The
sample was incubated with enzymes (heat-stable amylase, amyloglucosidase and protease - Sigma,
Missouri, USA), to remove “digestible” starch and protein. The residues were washed with acidified
ethanol solution (80% v/v) and then dissolved in sulfuric acid at 35°C, for 30 minutes, to release
occurring monomers. The sugars were measured by high-performance liquid chromatography (HPLC —
Dionex, model ICS3000, Sunnyvale, California, EUA; column Dionex, model CarboPac PAI,
4x250mm, Sunnyvale, California, EUA; detector PAD), giving values for individual monosaccharides.
Water was used as mobile phase (0.7mL-min) and reaction post-column with NaOH 200mM
(0.3mL-min). The volume of injection was 25uL; the oven and detector temperatures were set to 21°C.

Lignin was determined by the Theander method (1995).

2.3. Animals and experimental procedures

A total of 45, 21-day old, specific-pathogen free male Wistar rats, received from the
Multidisciplinary Center for Biological Research of the University of Campinas, Brazil, were
maintained under normal light/dark cycle of 12/12 hours, and a temperature of 22 + 2°C
throughout the experiment, by a period of 1 month. The study was approved by the Ethics
Committee of the Institute of Biology, University of Campinas (Protocol n® 2140-1). Rats were
fed with a standard rodent diet (Rodent Laboratory chow diet 5001, Purina Co., Campinas,

Brazil) during a 3-day adaptation period and then divided into 5 groups (n=9 animals/group):
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group 1 was fed with AIN 93G diet (CG — Control Group); group 2 received AIN 93-G diet with
2.5% of cellulose + 2.5% of inulin (CEIN_5%); group 3 was fed the AIN 93-G diet containing
2.5% cellulose + taioba powder contributing 2.5% taioba fiber (CETA_5%); group 4 received
AIN 93-G diet with 5% of cellulose and supplemented with 2.5% of taioba fiber (CETA_7.5%);
group 5 received AIN 93-G diet with 5% of cellulose and supplemented with 2.5% of inulin
(CEIN_7,5%). The quantity of LTL added in the diet corresponding to 7.1% was based on a dose
that would be possible to replace in the human diet. Throughout the experiment, food and water
were consumed ad libitum. Food efficiency ratio (FER) was estimated by the ratio between body
weight increase and daily food consumption. Table 1 shows the composition of the diets.

After fasting for 12 hours, the animals were decapitated and the blood collected in heparinized
tubes. Animal faeces were collected 48 hours before sacrificing, weighed and the fat content

determined by the Bligh & Dyer (1959) method.
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Table 1. Composition of experimental diets (g.kg™ diet).

Experimental Diets (g.kg'l)

Ingredients CG CEIN_5% CETA_5% CETA_7,5% CEIN_7,5%
Soybean oil 70 70 70 70 70
Cellulose 50 25 25 50 50
Inulin - 25 - -—- 25
Taioba fibre - - 25 25 -
AIN-93 Mineral Mix 35 35 35 35 35
AIN-93 Vitamin Mix 10 10 10 10 10
L-cystine 3 3 3 3 3
Choline bitartrate 2.5 2.5 2.5 2.5 2.5
t-butylhydroquinone 0.014 0.014 0.014 0.014 0.014
Casein (89%) 134.8 134.8 134.8 134.8 134.8
Corn starch 438.4 438.4 438.4 413.4 422.4
Maltodextrin 145.6 145.6 145.6 137.4 140.4
Sucrose 110.4 110.4 110.4 104.2 106.5

Diets were based on AIN-93 G. CG — Control Group (AIN 93G); CEIN_5% - AIN 93G diet with 2.5% of cellulose +
2.5% of inulin; CETA_5% - AIN 93G diet containing 2.5% of cellulose + 2.5% of taioba fibre; CETA_7.5% - AIN
93G diet with 5% of cellulose supplemented with 2.5% of faioba fibre; CEIN_7.5% - AIN 93G diet with 5% of

cellulose supplemented with 2.5% of inulin.

2.4.Determination of total, HDL- and LDL-cholesterol, triacylglycerols and insulin

Total cholesterol (TC) and lipoprotein fractions were determined in plasma, which was obtained
by centrifuging blood at 12,235 g at 4°C for 15 minutes. The TC and TG levels were determined in
triplicate, by colorimetric reactions using specific enzymatic kits (CHOD-PAP; Roche Diagnostic
GmbH®, Mannheim, Germany). HDL-c was quantified using a commercial precipitation kit, in
triplicate (Wiener Lab®). LDL-c was estimated using the Friedewald formula (1972) (Friedewald,
1972): LDL-c = TC — HDL-c — (TG/5). The blood glucose concentration was measured using the

Accu-Chek-Performa® system (Roche). Insulin was measured by radioimmunoassay using rat insulin
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as standard and labeled human recombinant insulin (PerkinElmer, Boston, USA, product number:

NEX4200-10uCi).

2.5.Determination of bile acids (BAs) in colon and cecum

The method was adapted from Batta (1999). A 100 to 200-mg of intestinal contents of cecum
and colon was homogenized in 0.8 mL n-butanol (Sigma-Aldrich®) and 0.15 mL hydrochloric (Sigma-
Aldrich®) acid by vortexing and then incubated at 60°C for 4 hours. The samples were centrifuged
(4000 g x 5 min), and 0.2-mL aliquots were transferred to 2-mL Eppendorf tubes and dried under
nitrogen. Then, 0.2 mL of hexamethyldisilazane:trimethylchlorosilane:pyridine derivatization solution
(3:1:9 v/v) was added (Sigma, Steinheim, Germany) to the residue. The mixture was incubated at 55°C
for 30 minutes and then dried under nitrogen. To the trimethylsilyl derivative formed 0.2 mL of hexane
(Fisher Scientific, New Jersey, USA) were added, followed by stirring and filtration through a 0.45-um
membrane. A 2-uL of the filtrate was injected into a gas chromatograph (Young Lin, model 6000 series
GC System Controller, FID detector) equipped with a SGE capillary column (60m x 0.25 pym x 0.25
um, SGE International Pty. Ltd., Australia). The chromatographic conditions were: injector and
detector temperatures, respectively: 260 and 285°C; helium gas flow of 2.0 mL/min, with a split ratio
of 5:1. The oven temperature was set to 150°C for the first 2 minutes, increased to 278°C at a rate of
20°C/min, and maintained at 278°C for 50 minutes. The BAs were quantitatively determined by a
comparison of the retention times and peak areas of the samples with those of standards (cholic,
chenodeoxycholic, deoxycholic, and lithocholic acids; Sigma, Missouri, USA). The analyses were

performed in triplicate.

2.6.Statistical analysis
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The results were expressed as means + standard error (SE). Analysis of variance (ANOVA) was
performed and the Duncan test was then applied using the program SPSS® (version 18, Chicago,

USA), Differences were considered significant if p < 0.05.

3. Results and discussion
3.1.Chemical composition of the lyophilized faioba leaf (LTL)

Incorporation of lesser known vegetables to the list of human foods has been identified as one of
the factors capable of maintaining the balance between population growth and agricultural production,
particularly in the tropical and subtropical areas of the world (Gupta and others 2005). Many of these
vegetables have been found to be rich sources of functional nutrients whose consumption appears to be
associated with a decreased risk of chronic non-communicable diseases (Hounsome and others 2008;
Jackix and others 2013). Taioba is an example of Brazil's biodiverse resources of edible green leafy
vegetables, most of which are grown and utilized only in limited local niches. As with many others of
its kind, taioba stands with practically no information on its nutrient content, especially of the leafy
portion of the plant.

Total protein, fat, ash, total dietary fiber (TDF), soluble dietary fiber (SDF) and insoluble dietary
fiber (IDF), carbohydrate and moisture contents of lyophilized taioba leaf (LTL) are reported in Table
2. Dietary fiber (DF) is one of the main components of LTL, and the high consumption of this nutrient
appears to be associated with a decreased risk of cardiovascular disease (Hounsome and others 2008;
Hamauzu and others 2011). The total dietary fiber (TDF), determined by the Prosky (1988) method,
composes 35.2% of the LTL, and insoluble fiber (IDF) is the predominant fiber fraction (28.4%).
Based on reported beneficial properties of IDF for human health (Isken and others 2010; Kristensen

and others 2012), the faioba leaves could have further utility. Recent meta-analyses of prospective
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cohort studies have detected a markedly reduced diabetes risk in subjects consuming green leafy
vegetable, which are commonly high in IDF (Cooper and others 2012). Additionally, substantial
experimental evidence supports the notion that IDF from sources such as wheat bran, fruits and
vegetables tend to be more protective against cardiovascular disease than sources of soluble fiber such
as oat bran, guar gum and pectin in rodents (Fardet, 2010; Isken and others 2010; Kumar and others
2012).

Fiber ingredients from plants generally contain mixtures of both SDF and IDF in ratios that vary
according to environmental and seasonal factors, to the type and stage of maturity of the grain, fruit or
vegetable (Kumar and others 2012). Khanum (2000) evaluated dietary fiber contents of vegetables
commonly consumed in India. Among the leafy vegetables studied, cabbage, shepu and fenugreek
leaves had values for total dietary fiber (TDF) and insoluble dietary fiber (IDF) in the neighborhood of
those found in faioba leaf, with a wide variation of proportions between SDF and IDF. The data from
those authors showed that most of the TDF in these foods was in the form of IDF, just as we have
found in taioba.

Analysis of the constituent sugars of LTL (Table 2) showed that glucose is the major neutral sugar
followed by fructose, xylose and mannose (present in similar proportions), galactose, arabinose and, in
minor amounts, fucose. The high content of glucose (61%) suggests predominance of cellulose and
hemicelluloses in LTL. Compared with celery, swiss chard and lettuce leaves, LTL exhibited greater
proportion of total sugars and glucose in faioba although with lower contents of both arabinose and
galactose. Kontraszti (1999) determined the DF content of 3 leafy, among seventeen Hungarian foods
by two different methods: the Englyst and the Prosky procedures. The values of total sugars and

glucose in LTL again were higher than in lettuce, dill and parsley. Xylose and mannose, meanwhile,
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were very similar to those of taioba, and the arabinose and galactose content was lower in LTL,
consistent with the higher content of IDF in LTL than in lettuce, dill or parsley.

Lignin content in LTL was similar to that obtained by Marlett (1993) for lettuce, mustard leaf and
spinach (around 3%). Jgrgensen (2012) evaluated the chemical composition of the carbohydrate
fraction in dry matter of fruits and vegetables showing that kale contained high levels of lignin
(4,4g/100g). Recent studies have shown that food lignin is potentially

involved in the prevention of important health conditions, such as colon cancer and cardiovascular
disease, in addition to participating in the antioxidant system although the in vivo mechanisms involved
are not known. In that sense, dietary lignin may reduce the in-vivo bile salt reabsorption, mainly via
hydrophobic interactions, further reducing the formation of carcinogenic metabolites from bile salts by
colon bacteria (Fardet, 2010; Hamauzu and others 2011).

In the present study, DF has been determined by two different methods: the method of Prosky
(1988) and Englyst (1994) and, as expected, different values were obtained. The values obtained for
TDF in LTL were 35.2% and 19.29%, by the Prosky and by Englyst procedures, respectively. These
differences can be justified because Prosky is an enzymatic-gravimetric method which measures the
sum of indigestible polysaccharides and lignin, thus not being limited to carbohydrates. The Englyst
method, on the other hand, is an enzymatic-chemical method for the measurement of plant-cell wall,
non-starch polysaccharides and does not include lignin. Then, it would be expected that values obtained
by the Prosky procedure be generally higher than those obtained by the Englyst method. Kontraszti
(1999) showed, for instance, that the values determined by the Prosky method were, on average, 50%
higher for leafy vegetables, than those obtained by the Englyst method. In addition, the presence of
acid monomers such as glucuronic and galacturonic acids, was not included thus contributing to the

lower values obtained by the Englyst procedure. In leafy vegetables, such as celery, Swiss chard and
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lettuce, the content of uronic acids has been reported to vary from 4.88 to 6.69 g/100 (g dry basis;

Villanueva-Suarez and others 2003).

Table 2. Proximate composition of lyophilized taioba leaf (LTL) (g per 100g dry matter).

Total Crude Fat (%) Ash (%) Moisture (%)* TDF (%) SDF (%)** IDF

carbohydrate Protein (%) (%)**

(%)

49.0+£0.82 294 £1.76 10.6 £0.26 8.24 £0.06 2.72 £0.07 352+£026 6.82+0.06 284 +£0.21
Constituent sugars of LTL (g per 100g dry matter)

Arabinose Xylose Mannose  Fucose Fructose Galactose  Glucose Total Lignin

sugars

0.12+0.01 0.73 £0.06 0.61£0.05 0.08+0.01 5.68+0.60 0.28+2.00 11.8+£0.60 19.3+2.00 3.14+0.30

Amino acid composition of LTL (g per 100g dry

matter)
Asp Glu Ser Gly His Arg Ala  Pro Tyr Val Met Cys Ile Leu Phe Lys Total
1.90 237 0.95 1.22 0.44 1.52 1.51 1.05 0.98 1.31 0.18 0.08 1.00 195 129 1.58 20.28
+ + + + + + + + + + + + +0.0 + + + +
0.05 0.03 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.03 0.0 0.0 0.0 0.01 o0.01 0.20

**Moisture content in crude faioba was 83.0%; * as % of total carbohydrate. All analyses were performed in triplicate.
TDF: Total Dietary Fiber, SDF: Soluble Dietary Fiber, IDF: Insoluble Dietary Fiber. Amino acid composition: Asp:
asparagine, Glu: glutamine, Ser: serine, Gly: glycine, His: histidine, Arg: arginine, Ala: alanine, Pro: proline, Tyr: tyrosine,

Val: valine, Met: methionine, Cys: cysteine, Ile: isoleucine, Leu: leucine, Phe: phenylalanine, Lys: lysine.

Analyzing Table 2 , the differences noted between the Kjeldahl protein (29.3 + 1.76%)

and the sum of the amino acids (20.3 £ 0.2%) could be explained by the fact that Kjeldhal
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determines both amino acid and non-amino acid nitrogen, while the Taioba leaf contains large
amounts of chlorophyll, which contains a substantial amount of nitrogen in its chemical structure.

Table 2 shows that the LTL contains appreciable amount of amino acids like aspartic acid,
glutamic acid, proline, arginine, leucine and lysine, the last 3 being considered either
indispensable or conditionally indispensable for human nutrition. Histidine, methionine and
cysteine were found at low concentrations. The content of most amino acids in LTL was higher in
comparison with broccoli leaves flour (dry basis) (Campas-Baypoli and others 2009), except for
tyrosine. The aspartic acid, serine, glycine, valine and methionine contents found in LTL were
about twice those in broccoli leaves; phenylalanine, glutamic acid, arginine, isoleucine and
leucine concentrations in LTL were three times greater than broccoli leaves.

Final moisture in the LTL was 2.72 + 0.07/100g, but in fresh faioba leaves the moisture
content 1s 83.0 g/100g (Monteiro, 2011). The total ash content of taioba is high in comparison
with other green leaves. The calcium and iron amount in faioba was found to be higher than
species like leaf mustard, rocket, cabbage and spinach (TACO, 2011). Many of the green leafy
lesser known and underutilized vegetables grown in South India have lower ash content (Gupta
and others 2005). Looking into the high prevalence of micronutrient malnutrition among the
vulnerable sections in the developing countries, the need for exploration of underutilized foods

like taioba, may prove worthwhile to overcome nutritional disorders.

3.2. Animals and experimental procedures
Neither substitution nor supplementation with LTL of a normal diet of healthy rats did lead to
significant changes in weight gain, diet consumption or feed efficiency ratio (FER) (Table 3).

This observation could be taken as evidence that no toxic or antinutritional components are

53



present in the LTL. Mean fecal mass, meanwhile, was significantly higher in the CETA-7.5%
than the other groups, which may be associated with the presence of large amounts of insoluble
fiber in LTL. Additionally, studies continue to show that ingestion of insoluble fiber decreases
food bolus transit time and carry some energetic nutrients out of the body (I0OM, 2001; Isken and
others 2010; Kristensen and others 2012), resulting in the excretion of increased fecal weights. In
CETA_5%, there was no significant difference in fecal mass, probably because either the amount
or the type of insoluble fiber in the diet was not adequate enough to produce an effect. Isken
(2010) investigated the potentially protective effects of insoluble cereal fiber (10% w/w) diluting
the insoluble with soluble guar fiber (10% w/w) in obese mice. The animals fed insoluble fiber
showed energy loss via faeces significantly higher suggesting that less metabolizable energy was

extracted from the insoluble, little fermentable fiber diet.

Table 3. Mean daily consumption, body weight gain, fecal mass during 48 hours (g) and food

efficiency ratio (FER) of male Wistar rats (means + SE).

Group Body weight | Consumption FER (body weight | Fecal mass (g) % fat in feces
gain (g) (g)/day change / daily
consumption, g)
CG 184.3 £4.9° 20.2 £ 04° 0.33+0.01° 10.47 £1.27° 4.03 +£0.34°
CEIN_5% 174.7+7.8* 19.6 £0.3" 0.32+0.01° 8.54 +0.8° 5.63+0.1"
CETA_5% 183.9 £ 6.6* 20.2 £ 0.6 0.32 £ 0.00* 13.47 £1.9° 6.69 £ 1.14*
CEIN_7.5% 185.5+5.9" 20.5 +0.5° 0.32+0.01° 12.14 £0.91° 3.54 +0.24°
CETA_7.5% 184.3 £4.4° 21.0+£04° 0.31 £0.01° 17.39 + 1.89° 7.11 £0.45°

Mean + EP; Different superscript letters in column indicate statistical differences (P<0.05). CG — Control Group
(AIN 93G); CEIN_5% - AIN 93G diet with 2.5% of cellulose + 2.5% of inulin; CETA_5% - AIN 93G diet
containing 2.5% of cellulose + 2.5% of taioba fibre; CETA_7.5% - AIN 93G diet with 5% of cellulose supplemented

with 2.5% of taioba fibre; CEIN_7.5% - AIN 93G diet with 5% of cellulose supplemented with 2.5% of inulin.
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The rats that received inulin in the lower concentration (CEIN_5%) showed a significantly
lower plasma glucose in comparison to groups CETA_5%, CETA_7.5% and CEIN_7.5%. Intake
of inulin has been reported to improve bacterial population and induce a reduction of the pH in
ceca associated with rising SCFA concentrations. SCFA, especially butyrate, can prevent insulin

resistance and improve glucose levels (Bartolomeo and others 2012).

Table 4. Plasma total cholesterol (TC), triacylglycerol (TG), fasting glucose and insulin in male

Wistar rats.

Group TC (mg/dl) TG (mg/dl) Fasting glucose (mg/dl) Insulin (ng/ml)
CG 86.0£5.24° 157 £22° 119 +4.73™ 0.3253 £0.07*
CEIN_5% 61.1 £4.53° 148 £29° 116 £6.65°¢ 0.3895 +0.09*
CETA 5% 80.5+3.84° 157 £29° 134.6 +5.36™ 0.5614 £0.14*
CETA_7.5% 762+253" 172+21* 140 £4.63° 0.4180+0.11°
CEIN_7.5% 73.5+3.15" 106+16* 132 £3.85% 0.4876 +0.11*

Meédia + EP; Different superscript letters in a column indicate statistical differences (P<0.05). CG — Control Group
(AIN 93G); CEIN_5% - AIN 93G diet with 2.5% of cellulose + 2.5% of inulin; CETA_5% - AIN 93G diet
containing 2.5% of cellulose + 2.5% of taioba fibre; CETA_7.5% - AIN 93G diet with 5% of cellulose supplemented

with 2.5% of taioba fibre; CEIN_7.5% - AIN 93G diet with 5% of cellulose supplemented with 2.5% of inulin.

There were no significant differences in TG (p = 0.483), plasma insulin (p = 0.605), and TC

fractions among groups (p = 0.430 for HDL and p = 0.470 for LDL; data not shown) (Table 4).

55



CEIN_5% exhibited a lower TC compared to the control group and CETA_5%, and the mean of TC was
similar between CETA_7.5% and CEIN_7.5% (Table 4). Proposed mechanisms for the
hypocholesterolemic effect of dietary fibers in vegetables and fruits were recently reviewed (Hamauzu
and others 2011; Jackix and others 2013), but the effect of the taioba leaf as an agent in the prevention
of hypercholesterolemia has not been studied. The high content of fat in the faeces (but without
steatorrhea) of the groups receiving LTL — CETA_5% and CETA_7.5% (40 and 43.3%, respectively,
higher than those in the control group — G1, Table 3) demonstrated that substances in the leaf possess a
high capacity to bind to dietary fats, thereby promoting a greater elimination of fat from the body.
Although the fecal output of cholesterol was not determined, studies show that dietary fiber is capable of
increasing the excretion of triacylglycerol and cholesterol. This in turn drives the hepatic conversion of
cholesterol into bile acids, thereby decreasing hepatic pools of free cholesterol and eventually resulting
in a factor that aided in the control of serum cholesterol. In the present study, the supplementation of the
diet with LTL resulted in higher fat fecal output compared with control group, but without promoting the
reduction of serum cholesterol to any significant extent. In contrast, the rats fed the diet with inulin,
especially in CEIN_5%, showed an expectedly significant serum cholesterol decrease compared to the

control and CETA_5% groups.

The colonic content of secondary BAs (deoxycholic and lithocholic acids) in the CEIN_5% was
significantly higher than in the CETA_5% group (Table 5), despite the concentrations of primary BAs
remained similar and low. This condition was expected, since the colon is the main production site of
secondary BA. Although the total BA concentrations in colon were no significantly different among the
groups, the percentage of secondary BA in groups CG and CEIN_5% was higher (85 and 95% of total
BA, respectively) than those fed taioba (CETA_5% and CETA_7.5%) and supplemented with inulin
(CEIN_7.5%). Considering that lithocholic and deoxycholic acids are cytotoxic to normal colonic
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mucosa causing compensatory mucosal proliferation (Bernstein and others 2005; Wu and others 2011),

the groups consuming the taioba and inulin are all potential factors that lower the risk of colon cancer.

Table 5: Colonic and caecal bile acid contents of rats fed with different fibre sources.

Primary BAs Secondary BAs
Chenodeoxycholic Cholic Acid Lithocholic Acid Deoxycholic  Sum TOTAL
Acid (umol/g) (umol/g) Acid (umol/g)
(umol/g) (umol/g)
CG
Colon 0.11+0.05" 0.14+0.04* 0.96+0.25" 0.48+0.12° 1.70+0.37*
Cecum 0.18+0.16" 0.39+0.19* 0.76+0.11* 0.61+0.19* 1.93+0,35"
CEIN_5%
Colon 0.04+0.02° 0.15+0.04* 1.18+0.43" 2.28+0.73" 3.65+1.09"
Cecum 0.11+0.08" 0.13+0.07* 0.4240.17™ 1.66+1.04" 2.32+1.28*
CETA_5%
Colon 0.01+0.003* 0.26+0.17* 0.36+0.13° 0.83+0.39" 1.54+0.61"
Cecum 0.01+0.004" 0.34+0.12* 0.09+0.05°¢ 0.25+0.17* 0.60+0.38"
CEIN_7.5%
Colon 0.76+0.54" 0.47+0.26" 0.70+0.14% 1.39+0.31% 3.3240.83"
Cecum 0.31+0.10" 0.94+0.86" 0.80+0.17* 1.04+0.30" 3.09+1.13*
CETA_7.5%
Colon 0.25+0.17* 0.25+0.12* 0.48+0.12% 0.57+0.11° 1.55+0.28"
Cecum 0.24+0.08" 0.06+0.04" 0.21+0.05°¢ 0.26+0.09" 0.77+0.24*

Mean + SE; N=6-7 (caecal) e 9 (colon);; Different superscript letters in a column indicate statistical differences
between corresponding intestinal segments (P < 0.05). CG — Control Group (AIN 93G); CEIN_5% - AIN 93G diet
with 2.5% of cellulose + 2.5% of inulin; CETA_5% - AIN 93G diet containing 2.5% of cellulose + 2.5% of taioba
fibre; CETA_7.5% - AIN 93G diet with 5% of cellulose supplemented with 2.5% of taioba fibre; CEIN_7.5% - AIN

93G diet with 5% of cellulose supplemented with 2.5% of inulin.
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In a preliminary study accomplished with the same experimental protocol, Monteiro (2011)
analyzed intestinal contents of SCFA aiming to evaluate a prebiotic effect of LTL. In cecum, the groups
receiving taioba (CETA_5% and 7.5%) showed significantly higher contents of propionic and butyric
acids, instead of acetic acid. In colon, the content of total SCFA (sum of propionate, butyrate and
acetate) in the groups fed with LTL was significantly higher, showing that faioba leaves have high
fermentability by intestinal microbiota. In addition, the concentration of propionic acid was significantly
higher in CETA_5% and the butyrate content was significantly higher in both CETA_5% and
CETA_7.5%, in comparison to the other groups. Current researches show that butyrate and propionate
inhibit growth of colon tumor cells, with butyrate also causing apoptosis, reducing metastasis in colon

cell lines, and protecting from genotoxic carcinogens (Monteiro, 2011).

4. Conclusions

The chemical composition of the taioba leat showed that besides being an appreciable
source of the classical nutrients and, particularly, insoluble fiber, in-vivo evaluation reveals to
have potential intestinal health properties. This study showed that consumption of the cooked leaf
by male Wistar rats could result in significant reduction of factors associated with the risk of
colon cancer. Normal animals consuming AIN 93G diets responded favorably exhibiting reduced
concentrations of colon and cecum secondary bile acids, which are associated with cancer, and a
higher production of butyric and propionic acids, which have protective properties in
colonocytes. These findings suggest that, besides components of the leafy vegetable reaching the
large intestine and becoming usefully fermentable, the undigested portion significantly

contributed to the removal of dietary fat yet without causing steatorrhea.
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ABSTRACT

The consumption of vegetables has been correlated with reduced risk of chronic non-
communicable diseases due to the high fiber content and bioactive compounds found in vegetables. The
arrowleaf elephant ear (Xanthosoma sagittifolium), which is known in Brazil as taioba, is a common
plant in tropical America. Although its leafy portion possesses a high nutritional value, it is not widely
consumed and has not been well studied. This study assessed the effect of lyophilised taioba leaf (LTL)
as a hypolipidemic and prebiotic agent. Thirty-two Wistar rats were assigned to four groups: group 1
was fed a high-fat diet containing 3.67% (w/w) cellulose (Low Cellulose - LCEL); group 2 received a
high-fat diet supplemented with 10% (w/w) cellulose (CEL); group 3 received a high-fat diet
supplemented with 10% (w/w) inulin (INU); and group 4 was fed a high-fat diet supplemented with
28,4% LTL (TAI) to provide 10% (w/w) taioba fiber. The groups were fed their respective diets for 4
weeks. The addition of LTL to the diet resulted in reduced weight gain, reduced liver fat, and increased
fecal mass and lipid, in addition to higher fecal short chain fatty acid and bile salt concentrations,
compared to the LCEL group. Additionally, only the TAI group exhibited a lower serum cholesterol
concentration and a higher body ash content (p<0.05) than the LCEL group. Both the high bile salt
binding capacity and high fermentability of LTL suggest that this plant may have a protective effect

against cardiovascular diseases and bowel cancer.

Keywords: Taioba (Xanthosoma sagittifolium); cholesterol; dietary fiber; functional properties in vivo
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1. Introduction

Consumer interest in foods with functional properties such as vegetables is increasing. The
beneficial properties of fruits and vegetables are attributed to the presence of vitamins, minerals, dietary
fiber, phenolic acids, flavonoids, sterols, carotenoids and others, most of which are essential for health
and contribute to the high nutritional quality of the vegetable products (Bumgarner, Scheerens &
Kleinhenz, 2012; Giampieri, Alvarez-Suarez, Mazzoni et al, 2012; Hounsome N., Hounsome B., Tomos
et al, 2008). Xanthosoma sagittifolium (commonly known as taioba) is an edible aroid widely grown as
a tuber crop in many parts of Africa, America, and Asia. The tubers are commonly consumed and
constitute an important energy and nutrient source in the diet of some populations. The leaves of this
plant are underutilized and found only occasionally in small markets as a green vegetable (Pérez,
Gutiérrez &, Dedelahaye, 2007). Although the leaves also grow rapidly and have a significant nutritional
value, their use is less widespread (Pérez, Gutiérrez &, Dedelahaye, 2007). In South America, the faioba

leaves are consumed steamed or boiled.

Dietary fiber, which is a major constituent of the taioba leaf, is not digested by enzymes in the
gastrointestinal tract of mammals. Thus, dietary fiber can pass unaltered through the large intestine or
undergo fermentation by colonic microflora. These characteristics result in positive physiological
effects, including reduced cholesterol, delayed stomach emptying and eased transit of the fecal bolus
(Institute of Medicine of the National Academies, 2005). Nevertheless, it is generally agreed that the
overall beneficial effect are the result of a number of substances that are present in vegetables, including
the fiber, and that when the benefits are attributed to dietary fiber, the food matrix as a whole should be
taken into consideration and not only the fiber (Fardet, 2010; Institute of Medicine of the National

Academies, 2005).
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Fiber may be classified as soluble and insoluble, and the insoluble fraction is predominant in the
taioba leaf (Monteiro, 2011). Several studies have reported that the insoluble fiber type has beneficial
effects, including an increase in intestinal motility and a shorter contact time between nutrients and non-
nutrients, and the absorptive mucosa. These effects can include the eased excretion of toxic and co-
carcinogenic compounds of dietary or endogenous origin, such as secondary bile acids, as well as the
elimination of residual energy that was not utilized in the foregut (Isken, Klaus, Osterhoff et al, 2010;
Brownlee, 2011). These phenomena are associated with the prevention of colon cancer and obesity
(Ferguson, Chavan & Harris, 2001; Hamauzu & Mizuno, 2011), provided the greater motility does not
result in the loss of efficiency in nutrient utilization. The decreased availability of triglycerides,
cholesterol, and bile salts, however, may result in a reduction of the oversupply of these substances and
is part of the mechanism by which insoluble fiber manifests its hypocholesterolemic effect (Hamauzu &
Mizuno, 2011). An adequate intake for total fiber in foods has been set at 38 and 25 g/d for young men
and women, respectively, based on the intake level observed to protect against coronary heart disease.
Levels of 10 to 12 g of dietary fiber/1,000 kcal have been suggested as safe, but adverse effects of
overconsumption (such as a reduced bioavailability of minerals and gastrointestinal distress) have been

observed at levels of up to 75 to 80g/day (IOM, 2005).

The fact that taioba is grown in humid tropical and sub-tropical regions, and that it can constitute a
subsistence food, makes this plant a target vegetable for a study of this nature. To date, no studies have
been published on the taioba leaf, particularly on its functional properties in vivo. Therefore, the aim of
this investigation was to assess some of the in vivo nutritional and functional properties associated with

the consumption of taioba leaves, especially concurrently with high-fat fed diets.
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2. Material and methods

2.1. Production of LTLs

Taioba leaves were obtained from Central Supply of Campinas S.A. (CEASA, Campinas, SP, Brazil),
washed, chopped, boiled in water, lyophilised (Model LP 1010, Liobras, Sao Carlos, SP), and
subsequently ground in a micro-grinder (Model TE 048, Tecnal, Piracicaba, SP) to obtain a powder

with a particle size of 10 pm.

2.2.Chemical composition of lyophilized taioba leaf (LTL)

The nitrogen content was estimated by the Kjeldhal method, based on the assumption that plant
proteins contain 16% nitrogen. Protein content of the LTL was then calculated using the formula, %
protein = % nitrogen x 6.25. Fat and ash (minerals) were determined using the Bligh and Dyer and the
AOAC methods (Bligh & Dyer, 1959; Association of Official Analytical Chemists, 1995). Insoluble
and soluble dietary fibers were determined after separation of non-starch polysaccharides by the
enzymatic-gravimetric method of Prosky et al. (1988). Moisture was determined by standard methods
(Association of Official Analytical Chemists, 1995). All analysis were performed in triplicate. The total

carbohydrate content was estimated by difference.

2.3.Animals and diets

A total of 32, 28-day old, specific-pathogen free male Wistar rats, received from the Multidisciplinary
Center for Biological Research /UNICAMP, were grown with commercial chow in the animal quarters
until a mean weight of 270 + 18.2 (SD) g was attained (8 weeks of age, when the high fat diet was fed
for 4 more weeks). From this point on, the animals were fed the experimental diets. They were
maintained under a light/dark cycle of 12/12 hours and a temperature of 22 + 2°C throughout the
experiment. The study was approved by the Ethics Committee of the Institute of Biology at UNICAMP

(University of Campinas) (Protocol 2404-1). An experimental diet rich in saturated fat was used
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because diets with high fat and low fiber contents are known to induce hypercholesterolemia in both
rats and humans (Buttner, Parhofer, Woenckhaus et al, 2006). Both pork lard and coconut oil were
sources of dietary fat, and further supplemented with cholesterol in order to magnify the
hypercholesterolemic effect (Merat, Casanada, Sutphin et al, 1999). All of the animals received a high-
fat and low-fiber diet containing 3.67% (w/w) cellulose (LCEL) diet for 4 weeks, before the stating of
the experimental diets. At the end of this period, the animals were assigned to 4 groups (n=8/group)
with different experimental diets: (group 1) was fed a high-fat, low-fiber diet containing 3.67% (w/w)
cellulose (low cellulose - LCEL); (group 2) was used as the negative control, received a high-fat diet
supplemented with 10% (w/w) cellulose (CEL); (group 3) was used as the positive control, was fed
with a high-fat diet supplemented with 10% (w/w) inulin (INU); and (group 4) was fed with a high-fat
diet supplemented with 10% (w/w) taioba fiber, corresponding to 28,4% lyophilised faioba leaf - LTL
(TAI). Tables 1 and 2 show the compositions of the diets and LTL, respectively. Throughout the
experiment, food and water were provided ad libitum. Food efficiency ratio (FER) was estimated by
the ratio between body weight increase and daily consumption. Feces were collected, fresh weights
recorded and moisture contents determined, 1 week before the animals were sacrificed. After fasting

for 12 hours, the animals were decapitated, and their blood was collected in heparinized tubes.

2.4.Determination of total cholesterol (TC), triglycerides (TGs), lipid fractions - HDL-c (high

density lipoprotein) and LDL-c (low density lipoprotein), insulin and the glucose tolerance

test (GTT)

The TC and lipid fractions were determined in serum, which was obtained by centrifuging blood at
12,235 g at 4°C for 15 minutes. The TC and TG levels were determined in triplicate, by colorimetric
reactions using specific enzymatic kits (CHOD-PAP; Roche Diagnostic GmbH®, Mannheim,
Germany). The variation of TC over time, was the difference between the final (end of the experiment)
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TC and initial (after 4 weeks of induction period) TC levels. HDL-c was quantified using a commercial
precipitation kit, in triplicate (Wiener Lab®). LDL-c was estimated using the Friedewald formula
(1972) (Friedewald, Levy & Fredrickson, 1972): LDL-c = TC — HDL-c — (TG/S5). The GTT was
performed one week prior to sacrifice, after the rats were subjected to fasting for 6 hours as well as 30,
60, 90, and 120 minutes after a glucose solution (2 g/kg of rat weight, intraperitoneal) was
administered. The blood glucose concentration was measured using the Accu-Chek-Performa® system
(Roche). Insulin was measured with a radioimmunoassay using Coat-a-Count® Kkits (Diagnostic

Products Corporation, USA).

Table 1. Composition of experimental diets (g/kg diet).

Ingredient composition LCEL CEL INU TAI
Cellulose 36.7 100 - ---
Inulin - --- 100 -
Taioba fiber -—- - - 100
Lard 100 100 100 100
Coconut fat 170 170 170 170
Cholesterol 5.6 5.6 5.6 5.6
AIN-93 Mineral mixture 50 50 50 50
AIN-93 Vitamin mixture 10 10 10 10
L-cystine 1.8 1.8 1.8 1.8
Choline bitartrate 3 3 3 3
Tert-butylhydroquinone 0.02 0.02 0.02 0.02
Casein (89%) 135 135 135 135
Corn starch 149 130 130 130
Sucrose 339 295 295 295

LCEL: 3.67% of cellulose; CEL: 10% of cellulose; INU: 10% of inulin; TAIL: 10% of taioba fiber
(corresponding to 284g/kg of lyophilized taioba leaf).
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2.5.Determination of total lipids in liver

After sacrifice, the livers of the animals were frozen at 18°C/2 weeks. After thawing, the livers of the
animals were macerated and homogenised with a Polytron® (PRO200) for 3 minutes. Total lipids in
the liver were determined in triplicate according to the method developed by Bligh and Dyer (Bligh &
Dyer, 1959). A 3g sample was homogenized with 10 mL chloroform, 200 mL methanol and 8 mL of
distilled water for 30 minutes. The solution was re-homogenized with 10 mL chloroform and sodium
sulfate (1.5%). This mixture was stirred for 2 minutes, producing three separated layers. The upper
layer contained a methanol-water mixture. The fluffy middle layer contained nonlipid substances and
the clear lower layer the tissue lipids dissolved in chloroform. This bottom layer was isolated, filtered

and the lipid content determined gravimetrically after evaporating a measured aliquot.

2.6.Determination of fat, relative abdominal fat (RAF), fat-free mass (FFM), and ash in animal

carcasses

After thawing, the carcasses were sectioned, lyophilised, and homogenised in a blender. The fat
and ash contents were obtained using the Bligh and Dyer and the AOAC methods and analysis
performed in triplicate (Bligh & Dyer, 1959; Association of Official Analytical Chemists, 1995).
After sacrifice, the abdominal fat was removed, weighed and weights recorded adjusted by body
weight to estimate the RAF. Therefore, RAF was defined as the abdominal fat weight (g) / body
weight (g). The FFM was calculated by subtracting body fat percentage from total body weight

and expressed as grams of fat-free mass.

2.7.Determination of short chain fatty acids (SCFA) in feces

The method used was adapted from AOAC (1997) (Association of Official Analytical Chemists,

1997). A 150-mg of feces was homogenised with 2.5 mL of pure acetone (Sigma-Aldrich®) by
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vortexing and then incubated for 15 minutes. The samples were filtered through a 0.45-pym membrane
and transferred to a vial. Then, 5-uL aliquots were injected into a gas chromatograph (Young Lin,
model 6000 series GC System Controller, FID detector, Anyang, Korea) equipped with a SGE® (USA)
capillary column (BD20 60 m, ID: 0.25 pm; Film: 0.25 um; International Pty. Ltd., Australia). The
chromatographic conditions were as follows: injector and detector temperatures of 260°C and a flow of
1.4 mL/min. The oven temperature was set to 70°C during the first 4 minutes, increased to 175°C at a
rate of 13°C/min, maintained at 175°C for 1 minute, increased to 208°C at a rate of 4°C/min,
maintained at 208°C for 25 minutes, increased to 240°C at a rate of 5°C/min, and maintained at 240°C
for 30 minutes. Helium was used as the carrier gas, and the split ratio was 10:1. The SCFAs were
quantitatively determined by a comparison of the retention times and peak areas of the samples with
those of standards (acetic, propionic, and butyric acids; Sigma, Missouri, USA). Analyses were

performed in triplicate.

2.8.Determination of bile acids (BAs) in feces

The method was adapted from Batta et al. (1999) (Batta, Salen, Rapole et al 1999). A 150-mg of feces
was homogenised in 0.8 mL n-butanol (Sigma-Aldrich®) and 0.15 mL hydrochloric (Sigma-Aldrich®)
acid by vortexing and than incubated at 60°C for 4 hours. The samples were centrifuged (4000 g x 5
min), and 0.2-mL aliquots were transferred to 2-mL Eppendorf tubes and dried under nitrogen. Then,
0.2 mL of hexamethyldisilazane:trimethylchlorosilane:pyridine derivatization solution (3:1:9 v/v) was
added (Sigma, Steinheim, Germany) to the residue. The mixture was incubated at 55°C for 30 minutes
and then dried under nitrogen. To the trimethylsilyl derivative formed 0.2 mL of hexane (Fisher
Scientific, New Jersey, USA) were added, followed by stirring and filtration through a 0.45-um
membrane. A 2-uL of the filtrate was injected into a gas chromatograph (Young Lin, model 6000 series
GC System Controller, FID detector) equipped with an Ohio Valley capillary column (OV- 1 Bonded
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30 m, ID: 0.32 um, Film: 0.50 um; Ohio, USA). The chromatographic conditions were: injector and
detector temperatures 285°C; helium gas flow of 2.0 mL/min, with a split ratio of 5:1. The oven
temperature was set to 150°C for the first 2 minutes, increased to 278°C at a rate of 5°C/min, and
maintained at 278°C for 50 minutes. The BAs were quantitatively determined by a comparison of the
retention times and peak areas of the samples with those of standards (cholic, chenodeoxycholic,

deoxycholic, and lithocholic acids; Sigma, Missouri, USA). Analysis were performed in triplicate

2.9.Statistical analysis

The results are expressed as the mean + standard error (SE). Analysis of variance (ANOVA) was
performed. The Duncan test was then applied using the program SPSS® (Chicago, USA), version 18.

Differences were considered significant if p <0.05.

3. Results and discussion

The feed efficiency ratio (FER) was lower in the TAI group compared to the LCEL and CEL
groups. Thus, although consumption of the TAI diet was higher, consumption did not lead to a higher
weight gain of the rats (Table 3). Owing to its bulky consistency, the diet containing LTL had a lower

energy density than the other diets, leading to a higher feed intake of the animals in this group.

Table 2. Proximate composition of lyophilised taioba leaf (LTL) (g per 100g dry matter).

Total carbohydrate Protein  Fat (%) Ash (%) Moisture TDF SDF IDF (%)*

(%) (%) (%) (%)* (%)*
49.0 +0.82 294+ 106+  824%  272+0.07 352+ 682+ 284+
1.76 0.26 0.06 026 0.06 0.21

*% of total carbohydrate; TDF: total dietary fiber, SDF: soluble dietary fiber, IDF: insoluble dietary fiber.
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No literature was found pertaining the safety of consumption of the taioba leaf by animals or
humans. However, since the tubers have been traditionally consumed by small communities and there
was a tendency of the animals to ingest greater volumes of food in a apparent attempt to compensate for
the lower energy density of the LTL diet, this was understood as a sign of food acceptance or a lack of
depression of food intake. The slightly lower weight gain observed in the animals that ingested LTL
(Table 3) was associated with the presence of large amounts of insoluble fiber (Table 2). This is
supported by earlier studies showing that diets with high content of insoluble fiber have less
metabolizable energy and significantly higher energy loss via the feces, in contrast with diets containing
high soluble fiber (Isken, Klaus, Osterhoff et al, 2010; Kristensen, Jensen, Aarestrup et al, 2012). This
also explains the high fecal mass and the lower FER observed in the TAI group because of the high
ingestion by this group of compounds with zero energy contribution (Table 3). Recent studies have
reported that, similar to the case of insoluble fiber, indigestible substances associated with the plant cell
wall bind to and carry some energetic nutrients out of the body (Isken, Klaus, Osterhoff et al, 2010;
Kristensen, Jensen & Aarestrup, 2012). Taioba leaves have not been studied in great detail and the
possibility should not be discarded that other indigestible compounds besides fiber could eventually

explain why the TAI group exhibited a lower weight gain than the CEL group.

Although there were no significant differences in final blood glucose concentration among TAI
group and LCEL group, the area under the curve (AUC) obtained after the 30-minute GGT was lower (p
<0.05) in the TAI group than in the LCEL group (Table 4). These results indicate that consumption of
the leaf resulted in a lower increase in the glucose concentration during the glycaemic peak, which
occurred 30 minutes after glucose administration. No significant difference was observed among the
different groups when the total AUC was evaluated after 2 hours (Table 4). Although this is the first
study of taioba leaf consumption, other studies have shown that plant compounds act as competitors for
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glucose in the intestine, thereby resulting in a low AUC (Baldea, Martineau, Benhaddou-Andaloussi et

al, 2010; Zheng, Shu, Yang et al, 2012).

Table 3. Average daily consumption, weight gain, faecal mass (g) and food efficiency ratio (FER) (means

+ SE) of rats fed high fat diets containing cellulose, inulin or faioba fiber.

Groups  Consumption Weight Fresh fecal mass ~ FER (body weight increase/ daily
_ consumption. g)
(g/day) gain (g) (2)*
LCEL 2134+1.61° 74.84 £5.42%°  13.04 £ 0.65° 0.12 £ 0.03*
CEL 19.92 + 1.41% 82.40+9.75° 2120+ 1.97° 0.13 £0.02°
INU 18.26 + 0.92 63.25+9.01" 11.35+0.76° 0.11 £0.04*®
TAI 24.83 + (.74 61.07 £9.67° 25.31 +1.22° 0.08 £ 0.03"

Different superscript letters in column indicate statistical differences (P<0.05). N=8. * No significant differences
were found in moisture contents among the groups.

Both the positive control group INU and the TAI group exhibited a lower increase in the TC over
time, compared to the LCEL and CEL groups (-0.5%, +0.6%, +4.1%, and +7.5%, respectively).
However, at the end of the experiment, only the TAI group had a TC concentration that was significantly
lower than that of the LCEL group (Table 4). There was no significant difference in the lipid and TG

fractions between the groups (data not shown).
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Table 4. Final fasting glucose, Total Area Under the Curve (AUC), AUC after 30 min., Insulin Levels,
Initial cholesterol (after 4 weeks with diet LCEL) and final cholesterol (Initial and Final total cholesterol - TC) of

rats fed high fat diets containing cellulose, inulin or faioba fiber.

Experimental groups

LCEL CEL INU TAI

Final glucose (mg/dL) 130 + 3.36™ 118 +3.45" 109.5 £3.40° 136 +6.49°
Total AUC 139 + 35.6 123 + 16.9° 91.0+259"  77.6+22.16"
AUC after 30 min. 55.8 £ 15.8" 49.9 +3.76" 39.6 £8.76™  34.1%10.1°
Insulin (ng/dL) 3.08 £ 0.41° 1.83 +0.69* 1.37 £0.20° 2.65+0.48"
Initial TC (mg/dL) 71.0 +5.4° 63.5 + 1.5° 70 £ 3.7° 62.3 +2.86°
Final TC (mg/dL) 74.1 £ 4.5 68.6 +2.8° 70 + 3.9 62.7+3.11™

Means with different superscripts in the same row differ significantly (P<0.05). N=8.

The excretion of BAs by the rats in the TAI group was approximately 2-fold higher than that in the
LCEL and negative control (CEL) groups (Figure 1, p=0.001). These results suggest that there was an
elevated BA binding capacity in the TAI group, which can result in a decrease of the hepatic pool of
BAs and a reduction of TC (Hamauzu & Mizuno, 2011; Qiang, Lee, Ye et al, 2012). The high quantity
of fat in the feces of the TAI group (55% more than in the feces of the LCEL group, Table 5)
demonstrated that the leaf has a high capacity to bind to dietary fats, thereby promoting a higher
excretion of this substance from the body. Both effects may be responsible for the lower TC

concentration observed in the TAI group compared with the LCEL group.
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M Total BA
b B Sum of primary BA
T Sum of secondary BA

Bile Acids in faeces (umol/g)

LCEL CEL INU TAI

Groups

Fig 1. Concentration of Total Bile Acids (primary + secondary), Sum of primary BA (chenodeoxycholic
acid + cholic acid) and sum of secondary BA (deoxycholic acid + lithocholic acid) in feces of rats fed high fat
diets containing cellulose, inulin or taioba fiber. The values represent the means + SE. Different superscript letters

in column indicate statistical differences (P<0.05). N=4.

Cholesterol is converted to BA through different routes. The final products of this conversion are
the primary BAs: chenodeoxycholic and cholic acids. Cholic acid is reabsorbed by hepatocytes and
promotes increased activity of CYP7A1 (cholesterol 7a-hydroxylase), which in turn increases the
synthesis and transport of BAs to the intestine (Qiang, Lee, Ye et al, 2012; Wu & Chen, 2011). As
shown in Figure 2, the experimental group, ingesting LTL, exhibited higher cholic acid excretion than
the other groups (p = 0.002), with the exception of the negative control (CEL) group. This result
indicates that some component of the leaf may also reduce blood cholesterol through the increased
synthesis of BAs and suggests that leaf consumption reduced the reabsorption of cholic acid thus

favouring its excretion.
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B LITHOCHOLIC
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Bile Acids in faeces (umol/g)

LCEL CEL INU TAI
Groups

Fig 2. Concentration of chenodeoxycholic acid, cholic acid, deoxycholic acid and lithocholic in feces of
rats fed high fat diets containing cellulose, inulin or faioba fiber. The values represent the means + SE. Different

superscript letters in column indicate statistical differences (P<0.05). N=4.

The high excretion of BAs by the rats in the TAI group was due to increased excretion of primary
rather than secondary BAs, as seen in Figure 1. The CYP7A1 enzyme, which is responsible for the
conversion of primary BAs to secondary BAs, is present in bacterial species such as Clostridia and
Eubacteria but not in Lactobacilli and Bifidobacteria (Wu & Chen, 2011; Ridlon, Kang & Hylemon,
2006; Takahashi & Morotomi, 1994). Although our data offers no direct support, the possibility that the
taioba leaf alters the microbiota structure in a way to reduce the production and/or activity of CYP7AI,
thereby reducing the conversion of primary BAs to secondary BAs, should not be discarded.
Furthermore, considering the greater food ingestion and the high content of insoluble fiber in the LTL
diet, and the fact that there were no significant differences in the moisture contents of the feces, it was

concluded that the taioba leaf accelerated intestinal transit (inferred from the higher fecal weight, Table
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3) and thus reduced the possibility of transforming primary acids into secondary acids. In addition, the
activity of CYP7A1 is inhibited in more acidic media (Takahashi, Morotomi, 1994; Christl, Bartram,
Paul et al, 1997), and inhibition may have occurred as a result of the high fermentability of the LTL (as
demonstrated by the higher fecal SCFA content, Table 4). Moreover, it was observed that the TAI group
exhibited the lowest fecal concentration of lithocholic acid, while the TAI and the negative control,
CEL, groups showed a lower deoxycholic acid concentration than the INU group (p <0.05, Figure 2).
Previous studies have shown that secondary BAs, such as lithocholic and deoxycholic acids, are toxic to
cells of the intestinal mucosa and lead to a compensatory proliferation of enterocytes, which increases
the risk for the development of colon cancer (Wu & Chen, 2011; Ridlon, Kang & Hylemon, 2006).

Therefore, the raioba leaf can potentially reduce the risk of toxicity to colonocytes.

Whereas both the TAI and positive control (INU) groups exhibited high total SCFA production (p
< 0.05), both the LCEL and negative control (CEL) groups showed low fermentative capacity and the
lowest SCFA production (Table 5). Inulin has been proven to be a prebiotic polymer that promotes the
production of SCFAs (Beylot, 2005), but the effect of the faioba leaf as a prebiotic vegetable has not
been studied. Prebiotic compounds target the colon and affect the environment of the gastrointestinal
tract through the production of SCFAs and other bioactive substances. The production of SCFAs in the
intestine has been associated with a reduced risk of some diseases, including the irritable bowel
syndrome, inflammatory bowel disease, cardiovascular disease, and cancer (Jenkins, Kendall & Vuksan,
1999; Wong, de Souza, Kendall et al, 2006). Because the LTL was found to possess high fermentability,
it may be proposed that the boiled taioba leaf is a prebiotic source yet without excluding the possible

contribution of other fermentable substances to such an effect in addition to the soluble fiber.
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Table 5. Fat content in faeces, liver and body (g/100g), Free Fat Mass (FFM) (g/100g), body ash (g/100g),

concentration of total of SCFA in faeces (mg/g), and relative abdominal fat (RAF) (g) of rats fed high fat diets

containing cellulose, inulin or taioba fiber.

Experimental groups

LCEL CEL INU TAI
% Fat in feces* 9.24 +0.42° 7.20 £0.93¢ 125+0.61°  14.2+0.54°
Total SCFAt 0.35 +0.04° 0.36 + 0.04° 1.30£0.09°  1.05+0.21°
Acetate? 0.21 +0.04¢ 0.22 +0.05° 0.59+0.13">  0.83+0.11°
Propionate? 0.07 +0.00 0.07 £ 0.00 0.47+0.15*  0.12+0.01°
Butyrate? 0.08 +0.00 0.07 £ 0.00 0.24 +0.04*  0.10+0.00°
Liver fat content*  28.6 + 1.40" 25.0+1.94° 240+ 194" 213 +0.90°
Body fat* 51.6 +2.59° 48.3 +6.12* 43.9 £2.93¢ 49.8 +2.83"
FFM* 48.4+2.46°  51.7+2.53" 56.1 £2.86™  50.2+3.09™
Ash* 5.69 + 0.64° 6.03 + 0.67“ 6.96 +0.53°  7.33+0.77%
AFR* 0.043£0.003*  0.044 +0.004"  0.033 +0.003" 0.038 = 0.003*

*N=6; T N=4. Means with different superscripts in the same row differ significantly (P<0.05).

As expected, the predominant short fatty acid in the feces of all of the animals was acetic acid
(Sembries, Dongowski, Mehrlander et al, 2006; Wong, de Souza, Kendall et al, 2006), although the TAI
group exhibited the highest proportion of acetic acid (78%, Table 5). This effect may be related to the
presence of fermentative substrates (in high proportions in the LTL) that specifically favored the
production of acetic acid compared to other SCFAs. It is suggested that the lower excretion of butyrate
and propionate in the TAI group compared to the INU group may reflect the increased use of these fatty

acids by the microbiota that colonize the large intestine to obtain energy for maintenance and growth.
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This result is consistent with the findings reported by Monteiro (2011), who observed high
concentrations of butyric and propionic acids in the caecum and colons of animals receiving LTL
compared with animals that received inulin. These results demonstrate a positive physiological effects of
the leaf because both of these fatty acids are associated with growth inhibition and apoptosis of colon
tumour cells (Ferguson, Chavan & Harris, 2001; Wong, de Souza, Kendall et al, 2006; Mcorist,

Miller, Bird et al, 2011).

The percentage of liver fat was lower in the TAI and in positive control (INU) groups (p < 0.001),
although the TAI group was the only group that significantly differed from the CEL and LCEL groups,
with approximately 25.5% less fat (Table 5). Therefore, LTL prevented the accumulation of fat in the
liver of animals ingesting a high-fat diet, thereby also demonstrating a hepatoprotective effect. The
analysis of the body composition of the animals (Table 5) revealed that only the INU group presented a

fat percentage and relative abdominal fat (RAF) lower than those observed in the LCEL group.

Only the LCEL group exhibited a low proportion of FFM and ash in the carcass; however, the only
significant difference found was in the ash content of the TAI group (p < 0.05). These results indicate
that faioba leaf consumption resulted in a greater preservation of the mineral content in the body than
the other fiber sources. Other studies have shown that some plant families exhibit a protective effect on
bone mass perhaps by several not yet well established mechanisms of action that include the
participation of their bioactive compounds (Muhlbauer, Lozano, Palacio et al, 2003). The high
fermentability of the LTL contributed to the reduction of intestinal pH (Wong, de Souza, Kendall et al,
2006), which is consistent with increased bioavailability of minerals (Banu, Varela & Fernandes, 2011).
Furthermore, the high ash and calcium content of the LTL also explains the increase in the body mineral
content that was observed in the animals that consumed the plant (Brownlee, 2011; Tabela brasileira de

composi¢ao de alimentos, 2011).
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Although no studies were found about possible bioactive components of the Taioba leaf, a
diverse variety of substances beneficial to human health are known to exist in practically all leaves
studied, such as lettuce, spinach, cabbage and sweet potatoes leaves. Beyond the dietary fibers, phenolic
and polyphenolic compounds (i.e., flavonoids, phenolic acids, and lignans), glucosinolates, terpenoids
(sterols, phytol, carotenoids) and alkaloid compounds, have been reported in edible leaves (Hounsome

N., Hounsome B., Tomos et al, 2008; Johnson & Pace, 2010).

4. Conclusions

The results suggest that the faioba leaf has high fermentability and binding capacity for bile acids, as
compared to the positive and negative controls, resulting in the excretion of greater amounts of the
primary acids in the feces. These properties indicate that the leaf exhibits the potential of being a dietary
aid to lower blood cholesterol and the risk of bowel cancer. No negative effects were noticed after four
weeks of feeding the cooked leaf to growing rats, thereby adding an extra advantage to the health
benefits observed in this study. The possibility that the positive effects associated with the ingestion of
the leaf are related to a synergy between the fiber and other bioactive substances is not excluded. This
report shows data characterizing some nutritional and functional properties and related health-benefits of

a poorly studied leafy vegetable.
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CONCLUSAO GERAL

e A fibra € um dos principais constituintes da folha de taioba, representando 35,2% da folha
liofilizada. A ingestdo frequente desse nutriente estd associada a redugdo do risco de
DCNTs;

e O monossacarideo encontrado predominantemente na folha de taioba liofilizada foi a
glicose (61%), sugerindo a presenca de grandes quantidades de celulose e hemicelulose.

e Observou-se menor propor¢do de dcidos biliares secunddrios nos animais alimentados
com folha de taioba, em substituicdo ou adi¢cdo a dieta. Esse resultado evidencia o efeito
protetor da folha, j4 que os 4cidos biliares secundarios sdo citotoxicos e estdo associados
ao desenvolvimento de cancer de cbélon;

e A ingestdo de folha de taioba propiciou maior excrecao de gordura pelas fezes, sugerindo
que esse vegetal possa auxiliar na remog¢do de gordura corporal, sem causar esteatorréia;

e Os animais alimentados com dieta hiperlipidica suplementada com folha de taioba,
apresentaram elevadas concentragdes de AGCC nas fezes, evidenciando a elevada
fermentabilidade da folha. A producdo de AGCC no intestino estd associada ao menor
risco do desenvolvimento de doengas inflamatérias intestinais, assim como doencgas
cardiovasculares e cancer;

e A folha de taioba promoveu elevada excrecdo de sais biliares nas fezes, sendo os
primérios excretados em maior propor¢do. Sugere-se, portanto, que a folha pode reduzir a
formacao de acidos biliares secundérios, que sdo potencialmente carcinogénicos.

e A possibilidade de que a folha de taioba contenha outros compostos bioativos, além da

fibra, que contribuam para os efeitos fisioldgicos observados, nio € descartada.
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ANEXOS - PROTOCOLOS DA COMISSAO DE ETICA
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CEUA/Unicamp

m

Comissao de Etica no Uso de Animais
CEUA/Unicamp

CERTIFICADO

Certificamos que o Protocolo n° 2140-1, sobre "Caracterizagdo parcial da
estrutura e propriedades fisioldégicas das fibras da folha de taioba

(Xanthosoma sagittifolium)”, sob a responsabilidade de Prof. Dr. Jaime Amaya

Farfan / Elisa Bernardes Monteiro, esta de acordo com os Principios Eticos na

Experimentacdo Animal adotados pelo Colégio Brasileiro de Experimentacao
Animal (COBEA), tendo sido aprovado pela Comissao de Etica no Uso de Animais
— CEUA/Unicamp em 03 de maio de 2010.

CERTIFICATE

We certify that the protocol n°® 2140-1, entitled ™ =
is in agreement with the Ethical Principles for Animal Research established by the

Brazilian College for Animal Experimentation (COBEA). This project was approved
by the institutional Committee for Ethics in Animal Research (State University of
Campinas - Unicamp) on May 3, 2010,

Campinas, 13 de maio de 2010.
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Profa. Dra. Ana Maria A. Guaraldo Fatima Alonso
Presidente Secretaria Executiva
CEUA/UNICAMP Telefone: (19) 3521-6359
Caixa Postal 6109 E-mail: comisib@unicamp br
13083-970 Campinas, SP — Brasil http://ww.ib.unicamp.br/ceea/
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Comissio de Etica no Uso de Animais
CEUA/Unicamp

CERTIFICADO

Certificamos que o projeto "Caracterizacdo parcial da estrutura e

propriedades fisioloégicas das fibras da folha de taioba (Xanthosoma
sagittifolium)" (protocolo n° 2404-1), sob a responsabilidade de Prof. Dr. Jaime

Amaya Farfan / Elisa de Almeida Jackix, esta de acordo com os Principios

Eticos na Experimentagdo Animal adotados pela Sociedade Brasileira de
Ciéncia em Animais de Laboratério (SBCAL) e com a legislacéo vigente, LEI
N° 11.794, DE 8 DE OUTUBRO DE 2008, que estabelece procedimentos para o
uso cientifico de animais, e o DECRETO N° 6.899, DE 15 DE JULHO DE 2009.

O projeto foi aprovado pela Comissdo de Etica no Uso de Animais da
Universidade Estadual de Campinas - CEUA/UNICAMP - em 02 de maio de
2011.

Campinas, 02 de maio de 2011.
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