A,

{4 _ )
® Yy AWW)7
" —ea
UNICAMP

UNIVERSIDADE ESTADUAL DE CAMPINAS

FACULDADE DE ENGENHARIA DE ALIMENTOS
DEPARTAMENTO DE CIENCIA DE ALIMENTOS

GRETHEL TERESA CHOQUE DELGADO

“AVALIACAO DOS EFEITOS DO CONSUMO REGULAR DE YACON
(Smallanthus sonchifolius) SOBRE O SISTEMA IMUNE MURINO”

Tese de doutorado apresentada a Faculdade de
Engenharia de Alimentos, da Universidade

Estadual de Campinas para obtencao do titulo de
Doutor em Ciéncias de Alimentos.

Profa. Dra. Glaucia M. Pastore.
Orientadora

Este exemplar corresponde a verséao final da tese
defendida por Grethel Teresa Choque Delgado,

aprovada pela comissao julgadora em 16/03/2012 e
orientada pela Profa. Dra. Glaucia Maria Pastore.

Glaucia Maria Pastore

Campinas

2012



FICHA CATALOGRAFICA ELABORADA POR LUCIANA P. MILLA - CRB8/8129-
BIBLIOTECA DA FACULDADE DE ENGENHARIA DE ALIMENTOS - UNICAMP

Choque Delgado, Grethel Teresa,

C456a Avaliacdo dos efeitos do consumo regular de
yacon (Smallanthus sonchifolius) sobre o sistema
imune murino / Grethel Teresa Choque Delgado.--
Campinas, SP:[s.n.], 2012.

Orientador: Glaucia Maria Pastore
Tese (doutorado) - Universidade Estadual de
Campinas. Faculdade de Engenharia de Alimentos

1. Prebidticos. 2. Frutooligossacarideos. 3.
Yacon. 4. Sistema imune. 5. Camundongo. |. Pastore,
Glaucia Maria. Il. Universidade Estadual de Campinas.
Faculdade de Engenharia de Alimentos. lll. Titulo.

Informac@es para Biblioteca Digital

Titulo em inglés: The effects of regular intake of yacon root (Smallanthus sonchifolius) on
the murine immune system.

Palavras-chave em inglés (Keywords):

Prebiotics

Fructooligosaccharides

Yacon root

Immune system

Mice.

Area de concentracio: Ciéncia de Alimentos
Titulagdo: Doutor em Ciéncia de Alimentos

Banca examinadora:

Glaucia Maria Pastore [Orientador]

Claudia Cardoso Netto

Mario Roberto Marostica Janior

Patricia Ucelli Simioni

Yong Kun Park

Data de defesa: 16/03/2012

Programa de P6s Graduagédo: Ciéncia de Alimentos.



BANCA EXAMINADORA

Profa. Dra. Glaucia Maria Pastore
Faculdade de Engenharia de Alimentos - UNICAMP
Orientadora

Dra. Claudia Cardoso Netto
Centro de Ciéncias Bioldgicas e da Saude - UNIRIO
Titular

Prof. Dr. Mario Roberto Mardstica Junior
Faculdade de Engenharia de Alimentos - UNICAMP
Titular

Dra. Patricia Ucelli Simioni
Nanocore Biotecnologia Ltda.
Titular

Prof. Dr. Yong Kun Park
Faculdade de Engenharia de Alimentos - UNICAMP
Titular

Prof. Dra. Helena Maria André Bolini
Faculdade de Engenharia de Alimentos - UNICAMP
Suplente

Profa. Dra. Wirla Maria da Silva Cunha Tamashiro
Instituto de Biologia - UNICAMP
Suplente

Profa. Dra. Yara Maria Franco Moreno
Centro de Ciéncias da Saude/Curso Nutricdo - UFSC
Suplente






AGRADECIMENTOS

Primeiramente agradeco a Deus, meu Pai, pelo seueaworrecdo. Pela oportunidade de
fazer este doutorado e por ter cuidado de mim deiesses anos.

Eterna gratiddo ao meu pai Julio, que do céu coatim me abencoar e inspirar para
enfrentar os desafios da vida.

A minha mée, Glenda, pelo seu amor e pelas sugdewaas quais me fortaleceram e
animaram durante a minha passagem pelo Brasil.

Aos meus irmaos Gleny e Cesar pelo apoio e motvaghito agradecida pelas suas
palavras de conforto e de animo em todos os mommeletsta corrida.

Aos meus tios e primos pelo seu carinho que mesntordie me incentivaram a continuar
lutando pelos meus objetivos.

A minha orientadora Professora Glaucia M. Pastorepreditar em mim e ter confiado em
minha capacidade para desenvolver esta pesquisa.

A professora Wirla M.S.C. Tamashiro por abrir astg® acolher-me e instruir-me nas
pesquisas. Muito agradecida pela paciéncia nass hdeadiscussdo dos resultados e
correcdo dos manuscritos. A minha imensa gratid&lo parinho e consideragdo para
comigo.

Ao professor Mario Mardstica, pela ajuda nas hassuras por ter me dado a luz para
continuar o caminho.

Aos membros da banca examinadora, pelas correcé@s @portunas sugestbes que

contribuiram para o aprimoramento desta tese.



A Dirce pela enorme ajuda na parte experimentgbegauisa, muito agradecida pela sua
amizade e carinho. A vocé, minha grande admiragéogqua dedicagéo e responsabilidade
em seu trabalho.

Ao meu querido amigo, Rodolfo, muito agradecida @goio nos experimentos e por ter
me ensinado as metodologias e a parte estatisti@a, da paciéncia na elaboragdo dos
manuscritos.

Ao pessoal do IB do Departamento de Microbiologidmeinologia: José Raimundo,
Marcos Meneguetti e Luis Antonio Peroni.

Aos amigos do laboratdrio de Bioaromas: Dora e Nadiito agradecida pela amizade.

Ao pessoal do Departamento de Alimentos e Nutrigdeli, Susana Corréa, Nice, Paula
Poeta e Glaucia Carielo.

Ao pessoal do Laboratério de frutas e hortalicaB@é: Ana, Bernadete e Adalton.

As amigas e amigos: Mery Rendon, Cecilia CastrouRbBMaciel, Fabiola Aliaga, Elizama
Aguiar, Gustavo Obando, Salatir Rodrigues, Fabiardda Juliano Bicas, Caroline
Bittencourt, Roberto Marcilio, Fabiana Rodriguesze Matsumoto, Selma Lopes, Igor
Bresolin, Fernando Tello, Renan Chisté, Polyanalguetc. Muito agradecida aqueles que
estiveram ao meu lado durante a execucdo desw@hoab minha gratiddo por todos os
momentos de alegria que passamos juntos.

Ao meu amigo Oscar Diaz pela amizade, pelo sewmhmare compreensdo nas horas
dificeis, pela escuta e pelos a&nimos recebidos.

A minha amiga Lucia Marquez Cayro pelo incentivapeio, pelos conselhos, conversas e

risadas, pelas palavras animadoras nos momentesoraplicados.

Vi



Aos meus irmdos da comunidade 9 da paréquia Nouaalém em Jundiai, pela acolhida e
pelo carinho para comigo. Agradeco por terem sidoirtha familia durante esses anos.
Deus os abencoe e retorne em acréscimo.

A UNICAMP por todos os bens e servicos brindadas, especial ao Restaurante
Universitario e ao CECOM.

Ao Conselho Nacional de Desenvolvimento Cientifieo Tecnoldgico (CNPQq) pela
concessao da bolsa de doutorado para o desenvolamesta pesquisa.

Aos funcionarios da secretaria de Pos-graduac&@daldade de Engenharia de Alimentos
da UNICAMP, Cosme Perota e Marcos Sampaio, pelcéefiia e empenho em seus
Servigos.

A Corn products Brasil, pela doacdo de frutooligossideos (Nutraflora) para o
desenvolvimento da pesquisa.

Ao Laboratério de Nutricdo e Metabolismo e ao Lab@io de Ensaios Bioldgicos da
FEA, pelo apoio das andlises de composicdo cerdesndoacdo de materiais para a
elaboragao das dietas.

Ao Laboratério de Inflamacdo e Imunologia celulatapassisténcia nas analises de perfil

imunoldgica.

E a todos que de alguma forma contribuiram parasert/olvimento deste trabalho, minha

imensa gratidao.

Vii






“Tudo posso naquele que me fortalece!" (F[4,13)

'‘Quanto mais amamos, mais parecidos com

Deus nos tornamos!" V. Gozzi (I Jodo 4,7-8).

“Um pouco de ciéncia nos afasta de Deus.

Muito, nos aproxima” Louis Pasteur.






SUMARIO

LISTADE FIGURAS ...ttt e et e e e e anaas XV
LISTADE TABELAS ..ot eaaas XVii
LISTA DE ABREVIATURAS E SIGLAS ..ot eeeee e XiX
1 11V @ XXi
AB S T R A T e e e a e aaan XXiii
INTRODUGAO GERAL ..ottt 1
REFERENCIAS BIBLIOGRAFICAS .....cciiiiiirieieeieee st eesasaeeeeenns 5
CAPITULO 1: THE PUTATIVE EFFECTS OF PREBIOTICS A
IMMUNOMODULATORY AGENTS ..o i e et e 9
ADSTIACT. ...ttt eeeem et e e e e e e 10
L. INEOAUCTION. ...ceiiiiiiii et e e e e e e e e e e 11
P e =] o] ] 1o PP PPPPPPI 12
3. The immunomodulatory effecCt..............eeeriiiiiiiii e 15
A, CONCIUSIONS. ... e e e e e e e e e e ee e e e e e eeeeees 24
RETEIEINCES. ...ttt ettt et e e e e e e e e e e e e e s nnnnr e e e e e e e e e e e s 25
=T 1T T £ 36
CAPITULO 2: IMMUNOMODULATORY EFFECTS OF FRUCTANS......... 41
ADSIIACT. .. .t e e A2
L. INEFOAUCTION ..eiiiiiiiiieeeee et e e e e e e e e e 43
2. Fructan COMPOSITION........uueiiiiiieees e e e e e e e e e e e e e eeeeeeeeees 45
3. The IMMUNE SYSIEM.....ceiiiiiii e e e e e e 46
4. Bifidogenic effect of fruCtans..........oouuueiiiiiii e 49
5. The immunomodulatory effect of fructans........c..oovvvvveviiiiiiiiii e, 51
5.1. Gastrointestinal diSEASES............. .o eeeeeeeeeeee e ee e e e 52
5.2. Mineral abSOrPtioN...........coiiiiiiiiicmmmmm e e 53
RGN \\[=To] o] F= TS - L S PP PUUPPPRTRRPRR 53
5.4. Cholesterol and triglyceride reduction............ccooooeeeeiiiiiiiiiiiiiiiiccee e 54
5.5. Immune system mModUulator.............ooecccei e e 54
6. CONCIUSIONS. .. .ottt e e e e e e e e 56
RETEIEBINCES. ... ettt e e e e e e e e e e e e e e e e aeeaaeeeeeeeeenees 57



=0 1T T £ 64
CAPITULO 3: YACON ROOT Emallanthus sonchifolijts FUNCTIONAL

PROPERTIES ... o e e e e e e e e e e aan 67
ADSITACT. .. .ttt e e e 68
I 0 To 18 [ i (o] PP T PP TP TP PP PPPPPPI 69
P - ToTo ] I (oo | PP PRR R UPPPPIPR 71
3. The functional effects of yacon root.........ccceuiiiiiiiiie 75
VAN = ToTo ] TN o To ] B o] o Yot 271 | o TR 79
5. CONCIUSIONS. ...ttt eeeee ettt et e e e e e e e e e e e e e e e s s e nnnneeeaeeaeeas 80
B. REIEIENCES. ... ittt s e e e e e e e e e e e et eeeesaeeenneeesrnnnaes 81
0T 1] T SRR 87

CAPITULO 4: EFFECTS OF THE REGULAR INTAKE OF
FRUCTOOLIGOSACCHARIDES DERIVED FROM YACON Smallanthus
sonchifoliu3 ON THE MURINE IMMUNE SYSTEM............cooiiiiiinnn, 91
ADSIIACT. .. .t e 92

I ] 0 To 1§ [ 1[0 ] PP T PP TP P PP PPPPPPI 93
2. Materials and MethOdsS. ...........uuuiiiiiiiiieeeeeeiiiii e 94
2.1 ANIMAIS. ..t e et e e e e bbb b————————aaa——_ 94
A - (o o | o P PSP 94
2.3.Diets and experimental groUPS........... i ieeereeeeeeeeeriuiiiiiiiaseaeeeeeeeeeeseeeesnnennes 95
2.4.Serum and feCeS SAMPIES.......iuuiri it — 95

2.5.Macrophage CUlUIES..........oeiii it nenieeee. 96
2.6.T lymphocyte proliferation...........cccoooiii i, B

2.7.Flow cytometry analysiS..........ovie e i i e e 97

2.8. CYtOKINE MEASUIEIMENT. .. ... it ittt it e e e e e e e e e e e eeeeereees 97
2.9.Detection of serum and fecal antibodies...........ccooe oo e e . 97
2.10. Nitric OXide MEASUIEMIENT. .. ...ttt et e e e e e aans 98

2.11. StatistiCal @NalySiS........ovei i e e e e 99

S RESUILS ... 99
3.1. Chemical composition of yacon flour and expemntal diets.................... 99
3.2. Food intake, body weight..........cccoiiiiiiiiii . 99
3.3. Levels of antibodies: Serum IgM, IgG and Idg#&cal IgA....................... 100

Xii



3.4. Effects of yacon on frequency and activityyofiphocytes....................... 100
3.5.Effects of yacon on peritoneal macrophages: siN@tivity and cytokine

PrOAUCTION. .. e e e 101
4. DISCUSSIONS. .. .uuuiiititiiiiieeeeeee et e e e e e e e e e e e e s s s s s e bbb bbb e ettt ittt e e e e e eeee e e s seesnsessneeeeees 101
5. CONCIUSIONS.. ... ettt et e e e e e e e e e e e e e e e e e s s e 105
RETEIEINCES. ..t ettt e e e e e e e e e e e e e e aaeeeaaeeeeeeennnes 105
0T 1] T SRR 111

CAPITULO 5: THE EFFECTS OF THE REGULAR INTAKE OF YACON
ROOT ©Gmallanthus sonchifoliils ON TNBS-INDUCED COLITIS IN

L P 119
Y 0L 1 =T F TS SRRPPP 120
I ] 0 To [§ [ i [o ] PO PP TP PP PP P PPPPPPP 121
2. Materials and MethOdsS. ...........uuuiiiiiiiiieeeeeeiiiii e 123
2.1 ANIMAIS. .. e e e et e e e tr b rn———————ana——n 123
A - (o o | o DTSR 123
P0G TR B 1= 3OS RRRRUPRRR 123
2.4.INAUCEION OF CONITIS. ..ottt eeeme e e e e e e 124
2.5.T lymphocyte proliferation.................eecemiiiieee e 124
2.6. CYtOKINE MEASUINEIMENT. ... .uuiii it e s 125
P2 o 115 o [T [ Toar= T F= 1 Y £S £P 125
2.8. Statistical aNAIYSIS........uuuiiiiiii e 125
3. RESUILS @Nd DiSCUSSION......uuuuiiiiiiiee e eeeeeeeitiiere e e e e e e e e e e e e e eeeeeeeebaennnnaneee 125
7 @ o] o o3 [U 1] 0] o U 129
RETEIEINCES. ...ttt ettt et e e e e e e e e e e e e s s e nnnnr e e e e e e e e e e e s 129
=T 1T T £ 135
CONCLUSOES GERAIS.......ciiiiieirieieieieiee ettt 141
SUGESTOES DE PESQUISAS FUTURAS. ...t ieeeeee et 142
ANEXO 1: Aprovacdo da Comisséo de Etica no Uso de Animais.................. 143

Xiii






Capitulo 1
Capitulo 1

Capitulo 2
Capitulo 3
Capitulo 3
Capitulo 4
Capitulo 4

Capitulo 4

Capitulo 4

Capitulo 5

Capitulo 5

Capitulo 5

Capitulo 5

Figure 1
Figure 2

Figure 1
Figure 1
Figure 2
Figure 1
Figure 2

Figure 3

Figure 4

Figure 1

Figure 2

Figure 3

Figure 4

LISTA DE FIGURAS

The structural formulas of pogbs........................ 37
Interactions of prebiotics, lpadics and immune system

in the intestinal mucosa................coooc e i venn. 38
Structural formulas of fructans........................... 65
Functional effects of yacompla................c...oooot .. 88
Yacon plants ....o.oveiicvce e 89

The effects of regular yaconstmnption on weight of
BALB/CMICE. ...t e e e
The effects of regular yaconstmnption on the antibody

115
levels in serum and feces............oovecicievnienanns 116
The effect of regular yacon stomption on peripheral
IMMUNE SYSeM......oiiiiii i eneens. 117
The effects of the regular yaconsumption on NO and
cytokine production by in vitro stimulated peritahe
MAacrophages..........cooovvevviiiiiiiieiieiiie i ie e e eene. 118
The effects of regular yaconstmnption on body weight
and food INtake.........cooooiviiiiii e
The physiological effects ofjular yacon consumption
on the clinical manifestations of COIitiS......ccccc....ooeeuneees
The proliferation and cytokipeoduction of antigen-
SPECIfIC T CellS. .o
The proliferation and cytokipeoduction of T cells

stimulated With CON-A. ...,

XV






LISTA DE TABELAS

Capitulo 1 Table 1 Trial of prebiotics in inflammatory disorders in rhan

SUDJECES. ..ot e 39
Capitulo 4 Table 1 Formulation of experimental diets.......................o.oee.. 113
Capitulo 4 Table 2 Chemical composition of experimental diets.................114

XVii






LISTA DE ABREVIATURAS E SIGLAS

AOM Azoxymethane
APCs Antigen-Presenting Cells
BCG Bacillus Calmette-Guérin

CEMIB Centro multidisciplinar para investigacaolbigica

na area de ciéncia em animais de laboratorio

CEUA Comissao de ética no uso de animais
CFU Colony-forming units

ConA Concanavalin A

CTLs Cytotoxic lymphocytes

DCA Deoxycholic acid

DNFB Dinitrofluorobenzene

DSS Dextran Sodium Sulfate

FAE Follicle-associated epithelium

FOS Fructooligosaccharides

GALT Gut-associated lymphoid tissue

GF2 Kestose

GF3 Nystose

GF4 Fructofuranosyl nystose

GOS Galactooligosaccharides

HIV Human immunodeficiency virus

HPLC High-performance liquid chromatography
HRPO Horseradish peroxidase

IBDQ Inflammatory Bowel Disease Questionnaire
IEL Intraepithelial lymphocytes

IFN-y Interferony

IgA Imunoglobulina A

lgG Imunoglobulina G

IgM Imunoglobulina M

IL-1 Interleucina

IL-4 Interleucina 4

XiX



IL-10
IL-17
LAB
LDL
NDOs
NDV
MICs
MOS
MRSA
PAMPs
PBS
PP
SCFAs
SPF
STZ
SYN
TNF-a
uc
X0OS

Interleucina 10

Interleucina 17
Lactic acid bacteria
Low density lipoprotein

Non-digestible oligosaccharides
Newcastle Disease Virus

Minimal inhibitory concentrations
Mannanoligosaccharides
Methicillin-resistant Staphylococcus aureus
Pathogen-Associated Molecular Patterns
Phosphate buffered saline

Peyer's patches

Short-chain fatty acids

Specific pathogen free

Streptozotocin

Synbiotic

Tumor necrosis factar-

Ulcerative colitis

Xylooligosaccharides

XX



RESUMO

O yacon Smallanthus sonchifolijisraiz andina, tem se destacado pelo seu potencial
prebiotico devido aos elevados teores de frutostigoarideos (FOS) e inulina em sua
composicao. O objetivo deste trabalho foi verifisara alimentacdo com yacon alteraria o
sistema imune de camundongas BALB/c e se sua amesgular seria capaz de modular a
resposta intestinal induzida pela instilacéo rééaécido trinitrobenzeno sulfénico (TNBS).
Para avaliar os efeitos do consumo regular de yawlme o sistema imune murino,
camundongas BALB/c com oito semanas de idade fadasmdidas em quatro grupos
experimentais alimentados por trinta dias com dietmtrole AIN-93M; 5% de FOS
comercial; 3% e 5% FOS de yacon. O peso corpora@iomsumo da racdo foram
acompanhados semanalmente. Os niveis de antidg@ogM, IgG séricos e IgA fecal, a
producdo de oxido nitrico (NO) por macréfagos, eq@i€éncia de linfécitos T e B
sanguineos e a proliferacdo de células esplémcasro foram avaliados. Para avaliar o
efeito do consumo regular de yacon sobre a caokipergmental, metade dos animais que
ingeriram as dietas teste foi instilada por vialreturante sete dias consecutivos com
solucdo contendo TNBS, enquanto que o restantebeaceeiculo (etanol). Foram
analisados o0 peso corporeo, histopatologia dostints, bem como a proliferacdo de
células esplénicas e dosagem de citocinas. Os Bnimanentados com yacon
apresentaram respostas semelhantes aos camundpegogyeriram as demais dietas em
relacdo ao ganho de peso, consumo de racdo, wigeasticorpos séricos, frequéncia de
linfécitos T e B sanguineos e producdo de NO parréiagos. Entretanto, observou-se um
aumento significativo tanto na secrecédo de IgA Ifegmnto na proliferacdo de células

esplénicas de animais alimentados com yacon. Osir@dongos alimentados com yacon

XXI



sofreram menor perda de peso apos instilacdo coBST#d que os animais alimentados
com AIN93M e FOS. Os animais que consumiram yagoasgéntaram intestinos integros e
funcionais, oposto ao observado nos animais dosaidegnupos. Nao foram encontradas
diferencas significativas na proliferacdo de c&w@aplénicas e producdo de citocinas entre
os diferentes grupos, salvo a maior producdo d&7Ile menor secre¢do de IL-10 nas
culturas de células de animais alimentados com R@&sos dados indicam que o
consumo regular de yacon nao acarreta efeitos smvex fisiologia e sistema imune

murino, levando & melhora no quadro de colite irdhupor instilagdo com TNBS.

Palavras-chave:Prebioticos, Frutooligossacarideos (FOS), Yacd¥BS-colite, Sistema

imune.
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ABSTRACT

Yacon Smallanthus sonchifoliisAndean root, has been recognized for its prebiot
potential due to its high levels of fructooligoshadades (FOS) and inulin. The objective of
this study was to verify if the regular consumptmiyacon alters the immune system of
BALB/c mice and if it may modulate intestinal inflanation induced by the rectal
instillation of trinitrobenzene sulfonic acid (TNBSTo evaluate the effects of regular
yacon consumption on the murine immune system,t-ewglek-old BALB/c mice were
divided into four experimental groups fed for thidays with diet: control AIN-93M, 5%
commercial FOS, or 3% or 5% yacon FOS. Body wemd food consumption were
monitored weekly. The serum levels of IgA, IgM aigé and fecal IgA, the nitric oxide
(NO) production by macrophages, the frequency ahd B lymphocytes in the blood and
the proliferation of spleen cells(vitro) were evaluated. To evaluate the effects of regula
yacon consumption on experimental colitis, halthe#f animals was instilled rectally with a
solution containing TNBS for seven consecutive daysle the rest received vehicle
(ethanol). We analyzed the body weight, histopatiplof the intestines, spleen cell
proliferation and cytokine production. The animidd yacon showed responses similar to
mice that consumed the other diets in relation éight gain, food intake, serum antibody
levels, frequencies of T and B lymphocytes in tHeot and NO production by
macrophages. There was a significant increase th Ilecal IgA secretion and the
proliferation of spleen cells from animals fed yacdhe mice fed yacon suffered less
TNBS-induced weight loss than animals fed the FO& AIN93M diets. The animals that
consumed yacon also showed intact and functiortaktimes, as opposed to the other

groups of animals. There were no significant déferes in spleen cell proliferation or

xXxiii



cytokine production among groups, except for tleedased production of IL-17 and lower
IL-10 secretion in the cultures of cells from anisned FOS. Our data indicate that the
regular consumption of yacon does not cause adwdfsets on the physiology or the
murine immune system and that yacon consumptioriamaes colitis induced by TNBS

instillation.

Keywords: Prebiotics, Fructooligosaccharides (FOS), Yacant, rdNBS-colitis, Immune

system.
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INTRODUCAO GERAL

A preocupacdo com uma alimentagdo mais adequagqaceara pelo bem-estar tem
direcionado as pesquisas para a busca de alimeummsalém de fornecer nutrientes,
possam trazer beneficios a salde humana e a gleligavida. A alimentacdo é um fator
importante no desenvolvimento e prevencao de disaisencas. O aumento na incidéncia
de doencgas crbnicas e degenerativas € mais unmuéstnmvestigacdo por alimentos com
potencial terapéutico e preventivo. Nesse senbdoalimentos funcionais oferecem uma
grande oportunidade de se obter uma alimentacdaéasau (ORGANIZACION

PANAMERICANA DE LA SALUD (OPS), 2007; WATZL et al2005).

Os alimentos funcionais sdo aqueles que, além wasHés nutricionais basicas,
provocam efeitos benéficos, tanto metabdlicos ésniogicos, a saude (ANVISA, 2005).
Entre os alimentos funcionais se incluem aqueles pmwpriedades prebidticas. Para um
alimento ser considerado prebidtico, ele deve sestaj aos seguintes critérios: 1)
resisténcia a acidez géstrica; 2) ser fermentad® écrobiota intestinal; 3) estimular
seletivamente o crescimento e/ou a atividade d&has intestinais associadas com saude

e bem-estar (GIBSON et al., 2004).

Os oligossacarideos nao digeriveis (NDOs, do inglésn-digestible
oligosaccharidel constituem um grupo de prebidticos encontrasopkantas e vegetais
como compostos de reserva energética. O consurped®ticos provoca a modulagéo de
fungBes fisioldégicas-chaves como a absorcdo deéoc@lcmetabolismo de lipidios, assim
como a modificagdo da microbiota intestinal para padrdo mais adequado

(ROBERFROID, 2005).



O crescimento de bactérias benéficas de ®ididobacteriume Lactobacillus
decorrente do consumo de prebidticos (efeito bid@daco) inibe o desenvolvimento de
espécies bacterianas tanto putrefativas quantay@aittas na regido intestinal (POOL-
ZOBEL et al., 2002). Os metabdlitos de probidtieos producdo de acidos graxos de
cadeia curta por bifidobactérias estimulam a al@sodg célcio, o metabolismo de lipidios

e a modulacdo das respostas imunes associadaaanniestinal (ROBERFROID, 2005).

O Yacon Gmallanthus sonchifolilis raiz andina, é uma fonte potencial de
prebioticos de tipo FOS e inulina (GRAEFE et ab04£). Alguns estudos tém avaliado os
efeitos benéficos do consumo de yacon como font€@®8 em humanos e animais de
experimentacdo. Recentemente, foi demonstrado afes diabéticos alimentados com
farinha de yacon apresentaram reducdo significabganiveis séricos de colesterol LDL,
contrastando com os animais alimentados com rag@iourm. Os resultados obtidos
denotam o potencial hipolipidémico do consumo deogaem situacoes de alteragcao
metabdlica, como no diabetes (HABIB et al., 20@gnta e colaboradores (2009) também
demonstraram que o0 consumo de xarope de yacon giberas em fase pré-menopausa
reduziu o indice de massa corporal e os niveisie dcomparados com as pacientes que
ingeriram placebo. Por conta de seus atributosidiietss, 0 consumo de yacon pode ser
capaz de modular as respostas imunes inflamat@sgcialmente as que ocorrem em

nivel intestinal.

A doenca intestinal inflamatoria, mais conhecidagu@ sigla de origem inglesa IBD
(Inflammatory bowel diseageé uma condicdo inflamatéria observada em humanos
geneticamente predispostos. Embora a causa nadotajaente esclarecida, a IBD esta

associada as altera¢fes na funcdo da barreiréinategue incluem a redugéo da expressao



de proteinas de juncdo e aumento de apoptose tldascépiteliais intestinais. Tais
alteracdes sdo causadas por antigenos do lUmenadteside bactérias ndo patogénicas que
entram em contato com células do sistema imunadéda camada mucosa subjacente

(HELLER et al., 2005; SCHULZKE et al., 2006).

A IBD pode ser considerada uma doenca auto-imujgensanifestacéo é vista como
uma resposta imune anormal da mucosa aos antiganmogcrobiota que sao normalmente
tolerados, dada sua proximidade e persisténcia @BHR et al., 2002). Em uma situacéo
de normalidade, as células T sdo ativadas e exgmsdie modo polarizado (Thl, Th2,
Thl7) para destruir e proteger contra a invasagatégenos entéricos no intestino.
Contudo, quando este processo nao € devidamentkadegas células efetoras entéricas
podem promover uma inflamacéo intestinal cronic®BIOZIEV et al., 2010). Nesse
sentido, a origem dos sintomas da colite resultauera resposta imune desequilibrada,

com producdo exacerbada de citocinas inflamat@@@JMA, STROBER, 2003).

A Doencga de Crohn e a Colite Ulcerativa sao as @uasipais formas clinicamente
definidas de IBD. Elas apresentam condi¢cdes infléries progressivas ou cronicas
remitentes que afetam o trato gastrointestinalneuaosa do cdélon e estdo associadas ao

aumento de risco de cancer de colon (KASER e2@l0).

E conhecido que diversas substancias naturaisdesor os processos envolvidos na
imunidade. Contudo, a literatura carece de infoffeacacerca dos possiveis beneficios
decorrente do consumo regular de yacon sobre ensasimune. Nesse sentido, o objetivo
do presente estudo foi verificar se a ingestdo deory altera o sistema imune de
camundongas BALB/c, e se seu consumo regular ézcdpamodular a inflamacéo

intestinal induzida pela instilacéo retal de adiifuitrobenzeno sulfénico (TNBS).



A presente tese esta dividida em cinco capituloformaa de artigos cientificos. Os
capitulos um, dois e trés correspondem as revibiidiograficas acerca dos efeitos
benéficos do consumo de prebidticos, frutanos @rya® capitulo quatro apresenta os
resultados a respeito dos efeitos do consumo nedalyacon sobre o sistema imune de
camundongas BALB/c. No capitulo cinco estdo exmosie resultados do efeito do
consumo regular de yacon sobre o curso da cotiiezida em camundongas BALB/c pela
administracdo de TNBS. Ao final, sdo apresentadaaclusdes gerais e as sugestdes de

pesquisas futuras.
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Abstract

The gradual increase of degenerative diseasesvalosar the last decades has been
raising morbidity, incapacitation and mortality.elccurrence of these kinds of diseases is
related to the aging of humanity as well as theeaithy choices of individuals, particularly
those dwelling in large urban centers, which aosally linked with poor nutrition, obesity,
and tobacco and alcohol consumption. The introdnadf functional compounds in the diet
seems to be an attractive alternative to ameligheequality of life of all age groups. The
prebiotics stand out because of their beneficiféctd, favoring the growth of colonic
microbiota, helping the gastrointestinal metabolismd regulating the serum cholesterol
and mineral absorption. Experimental data indicatest prebiotics could reduce the
severity or incidence of degenerative diseasesh f#c neoplasias, diabetics, coronary
diseases, and infectious diseases. They also seenormote a positive modulation of the
immune system. Their effects on the immune systeubdceven be associated to increase
of resistance to infection and microbicide capahilas well as to decrease in allergic
reactions. This article's goal is to analyze thentmomodulatory potential of prebiotics

observed in experimental and trial studies.

Keywords: Prebiotics, Bifidogenic effect, Immunomodulatidmmune disorders.
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1. Introduction

In recent years, poor eating habits have had aoprwed impact on our health and
quality of life. The excessive consumption of faspecially saturated fats, surplus sugar
and salt and low consumption of resistant stardh dietary fibers have led to a raised
incidence of chronic degenerative diseases, sucltaadiovascular problems, cancer,

diabetes, and obesity ([OPS] Organizacion Panaaraide la Salud (OPS), 2007).

However, all around the world there is a growingiast on functional foods, that is,
foods containing compounds benefiting physiologieativities and strengthening the
immune system, acting in the prevention and redoctif degenerative diseases (Watzl,

Girrbach, & Roller, 2005).

The modulation of the immune system resulted froenibhgestion of functional foods
Is a striking strategy for optimizing immunity anchnsequently, improving health. The
food components which have been most evaluatadnminonutrition research are the fatty
acids omega-3, amino acids (arginine, taurine,aghine, and cysteine), micronutrients
(selenium, zinc), prebiotics, and probiotics (LofMaela et al., 2002; Singh, Gopalan, &

Sibal, 2002; Choque-Delgado, Tamashiro, & Pas&i&0).

Probiotics are live microorganisms, which confendfecial effects to the host when
administered in adequate amounts (FAO/WHO, 200he Tost studied genera are
BifidobacteriumandLactobacillus The bacteria producing lactic acid, suchLastococcus
and Streptococcusould also be included in this group. Other prangigrobiotics include
the genera Bacillus Bacteroides Enterococcus Escherichia Faecalibacterium

Propionibacteriumand theSaccharomycegeast (Preidis & Versalovic, 2009).
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Prebiotics are the functional compounds of foodsctvplay an important role on the
prevention and treatment of gastrointestinal disgaPBrebiotics consumption could result
in some advantages to the host, due to their s&tentetabolism in the intestinal tract
(Gibson, Probert, Van Loo et al., 2004). The meligproduced by healthy microbiota
interact with the immune system in the preventiomegluction of intestinal inflammatory

diseases (Damaskos & Kolios, 2008).

Products containing a mixture of probiotics andoptcs are called synbiotic. They
have the potential of promoting the survival andr@asing the function of the probiotics
and beneficial microorganisms residing in the naota. It has been demonstrated that the
consumption of synbiotics could be responsible dtierations on the composition of
microbiota in a more effective way when comparedh® ingestion of probiotics alone

(Gibson & Roberfroid, 1995; Preidis & Versalovi€(B).

The food industry, mindful of these results, igably accruing value of their products
by supplementing them with prebiotics. To undemdtahat the actual beneficial properties
of these compounds are and how they can improveahumealth, in this work we will
evaluate the literature concerning the immunomdduyeeffects of the intake of prebiotics,

both in experimental models and in humans.

2. Prebiotics

In order for a food component to be consideredehiptic, it must meet the following

criteria: (1) resists gastric acidity; (2) is femmed by the intestinal microbiota; 3)
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stimulates selectively the growth and/or activityrdestinal bacteria associated with health

and wellbeing (Gibson et al., 2004).

Most of the studies about prebiotics have beendedwon fructans, such as inulin,
fructooligosaccharides (FOS) and galactooligosawtbs (GOS), which are manufactured
at relatively low cost, since they can be extradtedh plants or produced by enzymatic
synthesis. They are also valuable functional ingrgd for the food industry with the
potential to improve the sensory properties of f(ddcfarlane, Macfarlane, & Cummings,
2006; Macfarlane, Steed, & Macfarlane, 2007). Fanstare found as reserve carbohydrates
in plant species. The occurrence of these sugaregatables is scant as compared to that

of starch (De Carvalho & Figueiredo-Ribeiro, 2001).

Fructans are found in almost every species inAsteraceadamily, many of which
show economic importance, such as cichoriu@iclforium intybuy and Jerusalem

artichoke Helianthus tuberosggCarabin & Flamm, 1999; Figueiredo-Ribeiro, 1993)

Fructans are composed of one or as many as 70afrfiisctose linked or not linked
to a terminal sucrose molecule. Fructans can shdimear or ramified structure, with
molecules united by frutosil-fructose bonds of t§§2—6), found in fructans of levan
type, or B(2—1) bonds, which are found in inulin type fructafsg( 1a) (Carabin &
Flamm, 1999; Roberfroid, Gibson, & Delzenne, 199Bhrough enzymatic reactions,
inulins give rise to FOS and oligofructoses. FO%s maon-digestible oligosaccharides
(NDOs) and are considered non-caloric agents, dineg are resistant to the hydrolytic

action of digestive enzymes.

Upon reaching the colon, the FOSs are degradednt®stinal bacteria such as

bifidobacteria, which produces short-chain fattidadSCFA) such as acetate, propionate,
13



and butyrate, as well as lactic acid, carbon diexidnd hydrogen (Luo et al., 1996;
Roberfroid et al., 1993). They play a very impottesie in health as a bifidogenic agent,
regulating gastrointestinal tract, improving lipimetabolism, and increasing mineral
absorption. They also reduce glucose levels ofddied, modulate the immune system,
decrease incidence of colon cancer and synthedisgbfcerides, among others (Kaur &
Gupta, 2002; Kruger, Brown, Collet, Layton, & Choli, 2003; Passos & Park, 2003,

Thakur & Kumar, 2008).

GOS is present in human milk, which contains vagioligosaccharides originating
from lactose (Macfarlane et al., 2007). GOSs armipn@roduced using lactose from milk
serum after protein removal. In this way, GOS ctuists a byproduct of the dairy industry
(Macfarlane et al., 2007). The GOS is mainly ol#dity the action of-galactosidase on
lactose, resulting in the production of a lactoseletule with one or more galactosil
residues linked by1-3, p1-4 andpl-6 (Fig. 1c). Thei-galactosidase acts as a hydrolytic
enzyme and also as a condensation enzyme, indbes ¢or a transglycosylation reaction
(Gibson, 2008; Rabiu, Jay, Gibson, & Rastall, 2004ko, Matsumoto, & Tanaka, 1999;
Santos, Simiqueli, & Pastore, 2009). Others sulbstnclassified as prebiotics are

lactulose, Xylooligosaccharides (XOS) and manngaskccharides (MOS).

Lactulose (4-(3-D-galactopyranosyl-D-fructofuranose) is a disaciea composed
of galactose and fructose, found in milk and milloqucts which undergo thermal
treatments, used in the baby food and pharmacéuthastries (Fig. 1b) (Saron, Sgarbieri,
& Lerayer, 2005; Schumann, 2002). It can be usedllazative, for preventing and treating
chronic constipation, portal systemic encephalopand other hepatic or intestinal

disorders (Holsinger, 1999).
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Xylooligosaccharides (XOS) are sugar oligomers fainby units of xylose found
naturally in fruit, vegetables, milk, and honeygFid). Its industrial production is carried
out through lingo cellulosic materials. XOS canused for various purposes, among which
applications in the foods and pharmaceutical imtksst Its ingestion favors the selective
growth of Bifidobacterium sppwhich regulates intestinal functions. Moreover, X@re
moderately sweet, stable over a wide range of piHteamperatures and have organoleptic
characteristics suitable for incorporation into deqAlonso, Dominguez, Garrote, Parajo,
& Vazquez, 2003). Trials with human subjects shdwat tXOS can be considered as

prebiotic and benefits the intestinal microbiotaefMzes & Durrant, 2008).

Mannanoligosaccharides are obtained from the callswof yeast $accharomyces
cerevisiag. They not only promote the balance of the miaptdbi but also have

immunomodulatory properties (Ferket, 2004).

The health promoting effects of prebiotics includecontribution to the nutrition of
the host, inhibition of the growth of potential pagens and promotion of beneficial
microbiota. The latter causes fermentation of ngestible fibers, energy saving, synthesis
of B and K vitamins, metabolism of plant compoulaasl pharmaceuticals, production of
SCFA and polyamines, improvement in gastrointektimatility and function, cholesterol
reduction, and stimulation of the local immune sysi{Hidaka, Eida, Takizawa, Tokunaga,

& Tashiro, 1986; Penders et al., 2006; Shadid.ef807).

3. The immunomodulatory effect

Prebiotics act like growth factor to particular aoensal bacteria, which inhibit the

adherence and invasion of pathogens in the colepithelia by competing for the same
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glycoconjugates present on the surface of epithedids, altering the colonic pH, favoring
the barrier function, improving the mucus produatiproducing short-chain fatty acids and
inducing cytokine production (Fig. 2) (Korzenik &oéolsky, 2006; Walker, 2000). The
gut-associated lymphoid tissue (GALT) is the biggassue in the immune system
comprising 60% of all lymphocytes in the body. dintains Peyer's patches (PP), lamina
propria (LP) and intraepithelial lymphocytes (IEfgrming a unique immune network
(lijima, Takahashi, & Kiyono, 2001; Mowat & Vineyl997). PP contains follicle-
associated epithelium (FAE) that covers M-cellgoesible for transporting the antigen
onto the lymphatic tissue where dendritic, T andells are found. Activated lymphocytes
in the PP are drained to and expand in the mesemgarph nodes and transit through the
blood stream into mucosal sites (Mowat, 2003). £Rhe region between the epithelium
and the muscle and contains mast cells, dendmis,cnacrophages and B- and T-cells

(MacDonald, 2003).

The establishment of normal microbiota is fundarakefdr the development of the
immune system. In germ-free animals, for examglerd is a dramatic reduction in the
number and function of lymphocytes in both the GA&id spleen and peripheral lymph
nodes. In general, the host tolerates the presainoecroorganisms that form the normal
microbiota, developing an immune response in wielgments such as regulatory T cells
(Treg), Thl and Th17 are present in a balanced eraesulting in a state of “physiological
inflammation” (Sansonetti, 2011). Lymphocytes thetre initially activated in GALT
express addressins that direct them to other musites, such as salivary gland, mammary
gland, cervix vagina uterus, and bronchus lymphasdociated tissue, composing the

common mucosal immune system (Kaufman & Baroucl®9R0Thus, modulation of the
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microbiota at the gastrointestinal tract by prabsand probiotics has a broad influence on

the immune response of the host.

Several studies have highlighted the importance irdfaluminal bacteria in
maintaining the integrity of intestinal mucosa bgdulating the inflammatory process in
this microenvironment. Recent studies have assmtiaertain compositions of intestinal
bacteria with severe acute pancreatitis, incluadiagletion of beneficial intestinal bacteria
such as lactobacillus and colon proliferation ahpgens (reviewed by Hegazi, 2010). As
discussed by these authors, a recent trial studwesth that supplementation of isocaloric
and isonitrogenous jejunal feeding with the higlsel@f prebiotics mix (insoluble and
soluble fibers) improved clinical outcome and dangmksystemic inflammatory disease in
patients with severe acute pancreatitis (Karakaguf Dogan, Cindoruk, & Unal, 2007),
although there was no data on the effects of ptiesisupplementation on the composition

of the intestinal microbiota.

The administration of prebiotics has been assatiaith immunomodulatory effects
encompassing innate, adaptive immunity as a reduhe interaction with the microbiota
(Vulevic, Drakoularakou, Yaqoob, Tzortzis, & Gibsd@®008). Most information about the
effects of prebiotics on the immune system comes fexperimental trials with inulin and
FOS. The general observations are that inulin copsion increases the phagocytic
capacity of macrophages and the production of smgranmunoglobulin A (IgA-s), which
plays an important role in the defense of the gasstinal tract (reviewed in Van Loo,
2004). However, the enhancement of the specifipaese of delayed type hypersensitivity
in aninfluenzavaccination model used as a marker for Thl typaumty has been shown,

in rats supplemented with a mixture of GOS/FOSdratl; optimum at 5% w/w of total
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diet) as well as the increase of the proportionfaafal bifidobacteria and lactobacilli
(maximal effect at 10% w/w of total diet), whered®S/inulin (2% w/w of total diet)
enhanced the specific response of delayed typerssmpsitivity but did not affect the

proportion of fecal bifidobacteria and lactobaqfios et al., 2006).

Mice which consumed a diet rich in oligofructosel anulin showed greater activity
in the Natural Killer (NK) splenic cells and increase in phagocytic\afgtiof peritoneal
macrophages. Furthermore, a decrease in total flgAhé feces was observed, when
considering the total volume of feces produced l{k@uagliana et al., 2003, Kudoh et al.,
1999). Severe colitis was also experimentally adled in a genetically susceptible host

fed with a mixture of lactobacilli, bifidobacteriand inulin (Schultz et al., 2004).

The addition of mannanoligosaccharides to the afi¢tirkey poults reduced the pro-
inflammatory immune response induced by LPS (Ferk@02), as well as increased the
humoral immune response in the vaccination of ppugainst Infectious Bursal Disease
Virus (IBDV) and Newcastle Disease Virus (NDV) (@ira, Figueiredo-Lima, Faria
Filho, Marques, & Moraes, 2009). However, the FO8 BOS intake (5 g/kg in addition
to basal diet) resulted in a significant reductiiorthe proportion of B cells and in mitogen
responsiveness of lymphocytes in cecal tonsil atkans in comparison with those

observed in birds treated with the antibiotic Znacitracin (Janardhana et al., 2009).

Although well designed clinical trials in humans acarce, the specific effects of
prebiotics have been investigated, particularlyinflammatory disorders in infants and
elders. Some of the data obtained in these resesmrate summarized in Table 1. For
example, Guigoz, Rochat, Perruisseau-Carrier, Rpchad Schiffrin (2002), while
studying the effects of supplementing with FOS [(@ag) in elderly subjects, observed a
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decrease in the expression and secretion of IL-@dyjpheral blood mononuclear cells.
Another independent study showed that supplementati diet of elders with GOS (5.5 g/
day) resulted in significant reduction in the prolon of proinflammatory cytokine IL-6,
IL-1B, and TNFe, as well as in increase of the activity of NK sedind production of IL-

10, an anti-inflammatory cytokine (Vulevic et &Q08).

In children and teenagers infected by HIV, ingestid a supplement containing FOS
(3,75 g/day) for three months resulted in an ineeaa lymphocyte proliferation specific to
the BCG (Bacillus Calmette-Guérin) vaccine that wasd to evaluate cellular immune
response in these patients (Moreno, 2007). A digtleed with a FOS:inulin mix (5%) was
able to trigger and stimulate the gut mucosal imensipstem and supports the concept of
using food supplements containing a FOS:inulin ixenhance the oral vaccine efficacy.
This study reflected the capacity of FOS mix tormpote a Thl-like adjuvant effect which
might have supported the strong specific humogpaases observed in FOS mix-fed mice.
Any signs of immune suppression or other potersidé effects in the study upon feeding
with FOS mix were not discerned. The results shotatithere was an improvement in the
Salmonella vaccine protection rate upon feedindh wite FOS mix (from 40 to 73%)
(Benyacoub et al., 2008). In infants who lack famsfer of protective maternal SIgA from
breast milk receiving standard formula containingniature of 0.6 g GOS+FOS (9:1)/100
mL until the eighth month, a tendency for incre@sendogenous secretory IgA in the feces

was observed (Bakker-Zierikzee et al., 2006).

Oligosaccharides were also able to alter the dewedmt of the postnatal immune
system in a prospective clinical double-blind ramdmed trial controlled by placebo,

conducted with 259 infants at risk for atopy. le thfants who ingested a mixture with 0.8
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GOS+FOS (9:1)/200 mL, during the first six montHdif@, the cumulative incidence of

atopic dermatitis was significantly reduced (Motalk, 2006).

Some investigations have pointed out that the figgebiotics, or other microbiota
modulators, could contribute to the prevention kérgic diseases in human population.
The normal intestinal microbiota associated with fut intestinal mucosa represents the
first line of defense against various potentialhpgens. The recognition and presentation
of the antigen in the GALT are fundamental for demstruction of an immune response,
whether to develop protection, tolerance, or dise@3anani, Passariello, Buccigrossi,
Terrin, & Guarino, 2008; Chierici, Fanaro, Saccodia& Vigi, 2003; Gibson, 1999). The
intestinal tract of the newborn is a sterile enmiment, which becomes colonized by
microorganisms through breastfeeding. The abseng®ar colonization of the intestinal
mucosa is usually associated with the developmieali@rgic conditions in childhood. The
oligosaccharides and bifidogenic nucleotides in &nnmmilk interact with the sterile
gastrointestinal tract of neonates, promoting thedpminance of bifidobacterias (Ly,
Litonjua, Gold, & Celedén, 2011; Macfarlane et &007). The adequate colonization of
intestines is necessary for the development of ith@une system, especially in the
synthesis and secretion of polymeric IgA, as wslbalanced production of T helper cell
response, and modulation of hypersensitivity reasti(Fanaro & Vigi, 2008). In this
regard, it has been shown that allergic infantspldis an abnormal “adult-type”
bifidobacterium flora, with high levels &ifidobacterium adolescentsrain instead of the
typical infant flora dominated bBifidobacterium bifidum(He, Ouwehand, Isolauri et al.,

2001).
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It was recently demonstrated that the long-termsaorption of orally administered
lactulose (1 or 3%) had an immunomodulatory eftecthe composition of T-cell subsets
in gut-associated lymphoid tissue, secondary lymphissues, and peripheral blood of
probiotic fed calves, that could impact on calf lttegFleige, Preisinger, Meyer & Pfaffl,

2009).

Use of Lactobacillus helveticudM92 in combination with inulin, lactulose, or
raffinose (10 g/l) resulted in immunomodulatiomcs the application of these synbiotic
was able to stimulate the mucosa and the total hainimmune response in mice. The
combination with inulin showed the best synbiofieet over both the intestinal microbiota
and the immune system. The concentration of bothet®y IgA and total seric IgA in

immunized mice was bigger than in the controls ¢Eret al., 2009).

On the other hand, oral treatment with lactuloge gdday) during 4months had no
beneficial effects in patients with intestinal béwléseases such as ulcerative colitis (UC)
and Crohn's disease, in particular with regard lioical activity, endoscopic score or
immuno histochemical parameters. According to tleentan version of the Inflammatory
Bowel Disease Questionnaire (IBDQ), however, sigaift improvement of quality of life
was observed in UC patients receiving lactulosepamed to the control group (Hafer et

al., 2007).

In another prospective, randomized, double-blindcgbo-controlled trial, healthy
term infants with a parental history of atopy wéed either a prebiotic-supplemented (8
g/L short-chain GOS/large chain FOS) or placebgimpented (8 g/L maltodextrin)
hypoallergenic formula during the first 6 monthslieé. The scGOS/IcFOSmixture led to
significant reduction in the cumulative incidencé allergic manifestations (atopic
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dermatitis, recurrent wheezing episodes, and atleugticaria) and in the number of
infectious episodes (overall, upper respiratorgttnafection, fever episodes, and infections
requiring antibiotic therapy) during the 18 mond#fter the termination of oligosaccharide

supplementation (Arslanoglu et al., 2008).

Probiotics and prebiotics may have both adjuvaaperties on immune defense, via
up-regulating Thl responses, and anti-inflammatagtions which prevent contact
hypersensitivity responses, via downregulating Tiresponses. In this regard, an
experimental study showed the dietary supplemematiith FOS (50 g/kg diet) and.
pseudolongunwas partially responsible for the reduction in thé-dinitrofluorobenzene
(DNFB) induced contact hypersensitivity responsethly modulation of antigen-induced
cytokine production. This effect was associatechwart increased production of IL-10 and
decreased production of interferpn-which might be mediated, at least in part, by
increased proliferation ofB. pseudolongumin the gastrointestinal tract. Although
modulation of antigen-induced production of inflaatory and regulatory cytokines might
be involved in the inhibitory effect of gut micraba on contact hypersensitivity response,
further studies remain to be performed, especraljarding IL-17 production (Sasajima et

al., 2010).

A dietary intervention with a mix of prebiotics (30S/IcCFOS/pAQS; 9:1:1) in mice
orally sensitized with whey act as a protectiveeeffon allergic symptoms. The prebiotic
diet caused only a minor reduction in whey-spediicHowever, partial ex vivo CD25
Treg cell depletion abrogated the protective eff@ftthe adoptive transfer with donor cells
of whey-sensitized mice fed the prebiotic diet. Theults suggest, at least in part, the

involvement of whey-specific Treg cells in the tséar of tolerance (Schouten et al., 2010).
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The effect of daily intake of a synbiotic on immumactions of colon cancer patients
was investigated in a randomized double-blind, gb@econtrolled trial with of colon
cancer and polypectomised patients. No negatiexisfivere observed in cancer and polyp
patients with daily consumption of the synbioticY(§ encapsulated bacteria (1X20
colony forming units ofLactobacillus rhamnosusnd 1x16° colony forming units of
Bifidobacterium lactis and a 10 g sachet of inulin enriched with oligofose, for 12
weeks. The synbiotic supplement had only minorat$feon the immune systems of the
subjects in both groups. It is possible that SYpt@mentation in humans preferentially
affects the gut-associated lymphoid tissues rattar the systemic immune system (Roller,

Clune, Collins, Rechkemmer, &Watzl, 2007).

Another set of data suggest beneficial effectshefgrebiotic dietary inulin in colon
cancer prevention. This effect seems to be relatetie ability of short-chain fatty acids
and secondary bile acid deoxycholic acid (DCA) i\t from the culture of fecal inocula
and mixture of inulin enriched with oligofructode,inhibit growth and induce apoptosis in
colon cancer cells. However, further studies areesgary to determine whether this
mechanism could be involved with protection agacwbn cancer (Munjal, Glei, Pool-

Zobel, & Scharlau, 2009).

It has been demonstrated that prebiotics such aknirf5%) may increase Zn
absorption, a mineral known to play a central roléhe immune system since Zn-deficient
states are characterized by suppressed immuneidnndhulin also helped to conserve
femur Zn concentrations during diet restriction,ewhdietary Zn was available despite
reduced energy intake, but not during Zn deficiemdyen the availability of Zn was

severely limited (Ryz, Meddings, & Taylor, 2009).
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4. Conclusions

Several investigations have suggested that prebioan improve health and prevent
chronic diseases such as obesity, atheroscletoggrtension, osteoporosis, diabetes, and
cancer. Many bacteria residing in the gastroimtastiract can be stimulated by the
consumption of prebiotics, but most investigatishew that the growth of bifidobacteria
and, to a lesser extent, lactobacilli, is partidyldavored. Although data from human
studies is still scarce, the results from recemmnahstudies clearly suggest that prebiotics
benefit the gastrointestinal tract by stimulatihg immune system. The metabolites from
bifidobacteria and lactic acid bacteria seem toseapositive regulation of the immune
system, and thus reducing the incidence and sgwdribflammatory diseases and allergies
through the modulation of the functions of residestlls, particularly in the down

regulation of the production of pro-inflammatorytakines in those areas.

Nutritional intervention with prebiotics is an aittive option for modulating both the
gastrointestinal tract and the immune system, qddily for some divisions of the
population such as infants, elders, and the immuymuessed. However, well designed
clinical studies in humans are still necessary ntlep to investigate the optimal dosage,
duration of treatment, and the specific effecteath prebiotic in different dietary matrices,
in different populations showing different compasit of the intestinal microbiota and

immune response.
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Legends:
Figure 1.- The structural formulas of prebiotics

Figure 2.- Interactions of prebiotics, probiotics and immunetem in the intestinal
mucosa. Prebiotics promote the growth of healthycroorganisms in intestinal
environment, which display immunomodulatory funosp and inhibit the adherence and

invasion of pathogens in the colonic epithelia.

Table 1.-Trial of prebiotics in inflammatory disorders inrhan subjects.
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Abstract

According to the Pan-American Health Organizati®AKIO), there is a growing
increase of degenerative diseases in countrieseoAmericas, bringing on disability and
death of the population. As eating properly is inest effective way to reduce the risk of
diseases, food scientists are seeking alternaftovasore nutritional foods, mainly through
the investigation of functional compounds in natufeods. Among the functional
compounds, fructans stand out for their benefiefdcts on the animal body, favoring the
growth of bifidobacteria in the colon that improgastrointestinal metabolism, as well as
regulating the levels of serum cholesterol andaibsorption of minerals. Besides, fructans
seem to be involved in the positive modulation loé immune system, mainly in an
increased resistance to infections and microbicaddvity as well as by the reduction of
allergic reactions and cancer in experimental nedehis paper aims to analyze literature
data concerning the benefits of consuming the &nstontained in natural food, especially

their immunomodulatory actions in both animals hodhans.

Keywords: Functional foods, Prebiotics, Fructans, Immuneesgs

42



1. Introduction

In most countries throughout the Americas, chraliseases have presented a greater
increase in comparison to transmissible diseaskghwbrings on concern to both public
and private health care entities. According to Ben-American Health Organization
(PAHO) (Organizacion Panamericana de la Salud (QB®)7), the death rate caused by
chronic diseases will increase 17% in the next éary, especially the ones derived from
diabetes, the incidence of which will increase ath80%. A significant increase in the
number of overweight men and women in the Amerisagxpected up to 2015, mainly

owing to bad eating habits. A great many of suabselpeople are going to catch diabetes.

In the last few years, the extensive substitutibnadural foods by their industrialized
peers has seriously affected health as well agtléty of life of human populations. Bad
eating habits and the excessive consumption ofhfainly saturated fats, excessive use of
sugar and salt, and the low intake of starch aetktic fibers have led to a high incidence
of chronic degenerative diseases, such as cardiohasdiseases, cancer, diabetes, and

obesity (Organizacion Panamericana de la Salud (®@87).

In the face of such issues, public health carecigsishould prioritize action towards
changing people’s habits, particularly as far aslfquality, physical activity maintenance,
and tobacco-use reduction are concerned. It imattd that changes in eating habits alone
should reduce the incidence of cancer at about B@-@rganizacion Panamericana de la

Salud (OPS), 1997).

In that regard, an increasing worldwide interess Hzeen developed towards

functional food, i.e., food with compounds that\pde physiological or metabolic activity
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benefits and strengthen the immune system, actintheé prevention and decrease of

degenerative disorders (Watzl, Girrbach, & RolB05).

Functional or nutraceutical foods can be foundegitim their natural or processed
forms. The natural functional foods are the onest tbreserve their innate functional
nutrients and compounds. The processed foods, ein tland, are the ones to which
functional ingredients have been aggregated inram@&nhance their value (Roberfroid,

2005).

Fructans set an example of functional ingrediealso known as non-conventional
sugars due to their prebiotic properties, fructaage up a good opportunity to add value to

the product either in terms of functionality orgrofitability for the food industry.

The regular intake of prebiotics such as fructamdaecharides (FOS) and inulin
improve a few physiological features, enhancingstasce against intestinal as well as
extra-intestinal pathogens and promoting good imentesponse development, including

the decrease of allergies (Fujitani et al., 20035 ¥t al., 2007).

The immune system is able to discriminate “selfdlecules from “non-self’ ones
and to perceive the absence of the “self’ elenfBatan, Melvold, Viselli, & Waltenbaugh,
2008). The main activities of this system are thienieation of pathogens and the
immunesurveillance against tumors. Such activiaes developed by different, though
integrated elements, which are known as innateaalagtive immune systems. The innate
iImmunity comprises an ancestor set of defense nmmésiing found in multicellular
organisms whereas the adaptive immunity is evahatiby more recent, having appeared in
the vertebrate group (Abbas & Lichtman, 2005; Datnal., 2008). Several scientific

reports have shown an increase in immune systeigiegity through the consumption of
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functional foods, mainly fructans. On an experinagbiasis, it has been demonstrated that
the regular intake of such compounds provides taagie against intracellular pathogens

and lead to a decrease in digestive tract allerdiesse effects seem to be correlated to the
increase in bifidobacteria in the intestinal micotd through fructan intake (Kelly-

Quagliana, Nelson, & Buddington, 2003; Watzl et 2005).

Due to the large demand for quality eating habits, inclusion of prebiotics of the
fructan type in the production of different foodsr fhuman use will represent a great
opportunity to innovate and add value to the fuoral food industry. This paper is aimed
at examining the knowledge acquired about the feataf fructans as well as at the effects
from the regular intake of such prebiotics upon timenune system activities in both

humans and animals.

2. Fructan composition

Fructans are reserve carbohydrates comprising O@rif€ of fructose, linked or not
to a terminal sucrose molecule. Fructans can presdimear or branched structure with
molecules bound together througf2—6) fructosyl-fructose linkages found in fructans of
the levan type of(2—1) bonds found in fructans of the inulin type (Gana& Flamm,
1999; Roberfroid, Gibson, & Delzenne, 1993). Frostaf the inulin type are divided in
two compound groups: inulin and its hydrolysis pros (oligofructose) plus the FOS
(fructooligosaccharides), which are sucrosesynteesi These carbohydrates have
generally been differentiated by their polymeriaatievel, which, in inulin, may vary from
2 to 70 monosaccharidic units with an average valoeind 10. The FOSs are used to

describe fructans with a polymerization level lowean 10 (Carabin & Flamm, 1999). The
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FOS present 1 or 4 fructose molecules connectétkip-(2—1) sucrose position in Fig. 1.
Their main types are: kestose (GF2), nystose (@R8)1- fructofuranosyl nystose (GF4)

(Passos & Park, 2003; Sangeetha, Ramesh, & Prap0D&).

The FOSs are non-digestible oligosaccharides (ND€os)sidered as non-caloric
agents as they are resistant against the hydroagion of saliva and small intestine
enzymes. As they reach the colon, the FOS are dedrdby intestinal bacteria as
bifidobacteria, which produce short-chain fattydsc{SCFASs), such as acetate, propionate,
and butyrate, besides lactic acid, hydrogen antborardioxide (Luo & et al., 1996;

Roberfroid et al., 1993).

Fructans are reserve carbohydrates found in al®thd@&isand vegetable species. In
the dicotyledon class, the fructans are found mosk every species of the Asteraceae
family, several of which presenting economic relemea such as the wild chicory
(Cichorium intybuy and Jerusalem artichokelélianthus tuberosys(Carabin & Flamm,
1999; De Carvalho & Figueiredo-Ribeiro, 2001). Thectooligosaccharides can also be
found as natural compounds in asparagus, beegadt¢, chicory, onion, wheat, honey,

banana, barley, tomato, and rye (Grajek, Olejnil§ig, 2005).

3. The immune system

The immune system of higher vertebrates comprie#is innate and adaptive defense
mechanisms capable of either preventing or limiiimfgctions, in addition to eliminating
tumor cells. The innate immunity comprehends arestac set of defense mechanisms that

is found in most multicellular organisms, whereas adaptive immunity is evolutionarily
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more recent, having appeared in the vertebratepgrobe cells involved in the innate
immunity, such as macrophages, neutrophiles, andrde cells present receptors for the
recognition of molecular patterns in microorganisitiee so-called Pathogen-Associated
Molecular Patterns (PAMPS), through which theyraté with the microbes and phagocyte
them. Next, the cells destroy these microbes thrdbg action of proteolytic enzymes and
oxygen free radicals generated in the inner parthef phagolysosomes (Janeway &
Medzhitov, 2002; Reis & Sousa, 2004). The cellsvkm@s Natural Killers (NK) also play
an important role in innate immunity by eliminatioglls that have been altered by virus
infection or malignant transformation. Several otfaetors contribute to the efficiency in
the destruction of exogenous cells within innatenumity, with an impressive role played
by the Complement System and the inflammatory m®cehich are responsible for the
activation and recruitment of phagocytes towar@ssike where injury or infection is to be

found (Abbas & Lichtman, 2005).

In addition to the huge efficiency of phagocytes dbminate pathogens and
exogenous substances from the organism, the ihtwnhan and antigenic processing
followed by the exposition of peptidic fragmentsamftigens processed in its surface lead to
the activation of adaptive immunity mechanisms. Hagocytes are called Antigen-

Presenting Cells (APCs) as they accomplish this tfpactivity (Reis & Sousa, 2004).

The adaptive immunity is based upon lymphocytevagti cells specialized in the
recognition of molecular details of exogenous amigy through highly specific antigen
receptors clonally distributed in its surface. Tigmphocytes encompass two main cell
types: lymphocytes B and T, which are developedh® bone marrow and thymus,

respectively. Each T lymphocyte owns a single amigeceptor called TCR, composed of
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two different polypeptidic chains (alpha and betmins or gamma and delta chains)
immersed in the cell surface through a carboxy-tesirhydrophobic region. In addition,
the CD3 molecule is still to be found in associatwith the TCR, forming the antigen
recognition complex. This molecule is indistinctlypressed in all T lymphocytes and acts
in the transduction of cell activation signals geged as the TCR and the specific antigen
meet. The T lymphocytes only recognize the antigeaswere processed and expressed as
antigenic peptides associated with the moleculesn fithe major histocompatibility
complex (MHC) expressed in the surface of the AP& T lymphocytes are subdivided
into two populations with different functional agties, i.e., TCD4+ and TCD8+
lymphocytes. The TCD4+ lymphocytes present a hdlp®stion (Th) in immune responses
and interact with the APCs through the class Il MiHGlecules. The Th lymphocytes may
be of the Thl or Th2 types, each one producingr attivation, a given pattern of
cytokines with diverse immunity functions. CD4+ E€lls can leave the thymus already
expressing the CD25 molecule; in this circumstaaateas natural regulators of the immune
response, and are called T reg cells. In the peesari IL-23, CD4+ T cells can
differentiate into cells secreting IL-17, and thealled Th17, which contributes to the
pathogenesis of diseases such as asthma, rheunaatbrdis, lupus and others (Winn,
2005). The TCD8+ lymphocytes interact with the AR@santigenic peptides linked to the
class | MHC molecules, turning into cytotoxic lyngaytes (CTLs), which are able to
eliminate either infected or malignantly transfodntarget cells (Abbas & Lichtman,

2005).

The B lymphocytes, on their hand, present an amtrgeeptor called BCR in their
surface. This receptor is composed of IgM and I¢a3 immunoglobulins, which are able

to establish a direct connection with a given porf the antigen’s native molecule, which
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is called epitope or antigenic determinant. A fevyBiphocytes can be directly activated
through the antigen and be differentiated in amlybreleasing plasmocytes. In this case,
the plasmocytes will always secrete IgM-class aaliks under the same specificity
presented by the receptor found in the surfacesobriginating B cell. The antigens that

activate B lymphocytes directly are called thymodependent antigens.

However, most B lymphocytes are connected to thigemto which they are specific
and it is internalized by them. The endocytosedgantis processed in small peptidic
fragments that will be exposed in the surface efBhlymphocytes in association with the
class I MHC molecules, becoming an APC for Th Iyropytes. The subsequent
interaction between Th and B lymphocytes will résulthe clonal expansion of both cells
and in the differentiation of B lymphocytes intoagpmocytes. Such plasmocytes may
secrete immunoglobulins of the same specificityhasoriginal molecule, though in diverse
classes (IgG, IgA or IgE), depending on the cytekimeleased by the Th lymphocytes

involved in their maturation (Janeway & Medzhit@002).

4. Bifidogenic effect of fructans

According to Hidaka, Eida, Takizawa, Tokunaga, dighiro (1986), the benefits
obtained from the consumption of Fructans for then&n organism include the production
of short-chain fatty acids (SCFAs) the main fudi€@onocytes, that lead to a decrease in
the intestinal pH, a decrease in the productiopuifefactive substances in the intestine,

and an increase in the bifidobacteria population.
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The microbiota is a complex ecosystem that shel@msund 18 microbes
representing between 400 and 500 different spe&iesn the microbiological point of
view, the digestive tube can be divided into thmesn regions: stomach, small intestine,
and colon. As far as the microbial population ise@ned, the stomach presents a small
number of bacteria owing to its low pH; a prevakernd facultative anaerobes is noticed,
such as lactobacilli, streptococci, and yeast, Wwhace found in the proportion of 100
colony-forming units (CFU) per mL. The small iniest presents a heavier bacterial load
composed of facultative anaerobes as lactobagiligeptococci, and enterobacteria, in
addition to anaerobes suchBifidobacterium spp Bacteroides sppandClostridia at 1¢
and 16 CFU/mL. Meanwhile, the colon is the region thantzins the largest quantity and
diversity of microorganisms, i.e., around'4€0> CFU/mL. The main genders found in
the colon are Bacteroides Bifidobacterium Clostridium Eubacterium Bacillus

PeptostreptococcususobacteriumandRuminococcus

The intestinal microbiota plays an important rofe human health. The colonic
microbiota is the predominant target of intestieeblogy in dietetic interventions (Fanaro,
Chierici, Guerrini, & Vigi, 2003; Rastall, 2004; &ttid et al., 2007). The health-promoting
effects include: (a) contribution to host’'s nutttj (b) inhibiting the growth of potential
pathogens; (c) non-digestible fiber fermentatial); €nergy economy; (e) synthesis of B
and K complex vitamins; (f) metabolism of both gland drug compounds; (g) production
of short-chain fatty acids (SCFAs) and polyamin@y; improvements in motility and
gastrointestinal function; (i) cholesterol redunti@nd (j) stimulation of the local immune

system (Penders et al., 2006; Sanders & Gibsorg; Zltadid et al., 2007).
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A healthy microbiota is the one that is predomihasaccharolytic, with a significant
prevalence oBifidobacteriumandLactobacillus since these genders do not contain known
pathogens, produce a wide range of antimicrobiabntsgy and ferment mainly
carbohydrates, unlike other groups, suchBasteroidesand Clostridia, which ferment

proteins and amino acids as well (Macfarlane & Mdehe, 2006; Rastall, 2004).

The butyric acid, which is the main product resgtifrom oligosaccharide
hydrolysis, is the main energetic substrate for ¢bon mucosa, and seems to play a
protective role against colon diseases, such &satlge colitis and cancer. Both propionic
and acetic acids produced by these microorganigs $0 beneficially interfere with the
metabolism of lipids and carbohydrates. The inaess SCFAs can also lead to pH
decrease, which, on its hand, may stimulate imtaktibsorption of minerals in the colon as
well as increase local blood flow. Furthermorego$iaccharide digestion products are able
to suppress tha vitro activity of the nuclear transcription factor kappaNF«B), a key

element for inflammatory responses (Rodriguez-Caberal., 2002).

5. The immunomodulatory effect of fructans

Fructans (inulin and FOS) reach the large intebte@ion where they are, to a greater
or lesser extent, hydrolyzed and metabolized by kb&al microbiota, selectively
stimulating the growth of certain bacterial spediest are considered as being beneficial
for the host. Therefore, the fermentation of susbass achieve clinical meaning due to
their important metabolic effects on large intestphysiology, showing the ability to affect
the metabolism of carbohydrates, fats and minesald, to act in immunologic function

modulation (Delzenne, Daubiol, Neyrinck, Lasa, &&gn 2002; Lobo & Filisetti, 2003;
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Schley & Field, 2002; Scholz-Ahrens, Schaafsma,déanHeuvel, & Schrezenmeir, 2001,
Scholz-Ahrens & Schrezenmeir, 2002; Wolever, 1998 following information is about
the benefits from the intake of prebiotic compountishe fructan type for the physiology

of both digestive and immune systems.

5.1. Gastrointestinal diseases

Evidence shows that the intake of prebiotics of mloa-digestible oligosaccharide
type (NDO) leads to the increment of fecal volurhé&{2 g per NDO gram ingested), and
to the normalization in the frequency under whiebels are eliminated, thus regularizing
intestinal functions of constipated individuals l§€on, Beatty, Wang, & Cummings, 1995
Apud Van Loo et al., 1999). Research performed \‘aboratory animals showed that the
daily oral administration of inulin produced an ianflammatory effect over the distal
colitis pattern induced by Dextran Sodium Sulfads$) in mice. As a result from the
fermentation of inulin by the colonic microbiotay &ncrease in the production of short-
chain fatty acids was observed in the colonic lurasnwell as a mild acidification of its
contents. A reduction in the local inflammatoryidty and in damages caused by the
inflammatory agent to the distal colon mucosa wasikaneously observed (Videla et al.,
2001). The current research found out that inubnstimption increased the number of
bifidobacteria and lactobacilli in the colon. In datbn, it reduced the number of
clostridium and bacteroids as well as other noreifipeanaerobic microorganisms and
aerobic microorganisms. The authors concluded that increase in the number of
lactobacilli after the intake of inulin significdptcontributed to the anti-inflammatory
effect ascribed to inulin (Videla et al., 2001).

52



5.2. Mineral absorption

The stimulation of fructan-induced absorption oherals such as Ca, Mg, and Fe
through inulin and transgalactosilated oligosaddear has been repeatedly confirmed by
studies performed with mice (Scholz-Ahrens & Schremeir, 2002). It has also been
noticed that, in humans, the consumption of frugtaithe inulin type leads to an increase
in Ca absorption, resulting in bone mineral densaiigment (revised by Van Loo et al.
(1999)). Several studies actually prove that thiégydatake of combined fructans in both
short and long chain inulin types significantly ieases calcium absorption, besides bone
mineralization during the puberty growth period.eTéffects of these dietetic factors on
calcium absorption seem to be modulated by genétors, including genetic
polymorphism of the specific vitamin D receptor (Ams et al., 2005). Moreover, studies
have shown that the consumption of fructans of ithéin type also exerts impact on
osteoporosis progression owing to the increasalriwm bioavailability with a meaningful

increase in bone density and mineral mass (Roheyf2000).

5.3. Neoplasias

The regular intake of pre- and probiotics also $etma reduction in azoxymethane
(AOM)-induced colon carcinogenesis in animal paiterAlthough the active mechanisms
of prebiotics are not very clear for carcinogenesistrol, literature suggests that they may
act through a combination of factors involving timerease in SCFA production, the
reduction in proliferative cancer cell activity,dathe reduction in the expression of certain
enzymes involved in colon cancer pathogenesis eevby Femia et al. (2002) and Van

Loo et al. (1999)). In that regard, it has beericeot that chicory fructans — either of the
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oligofructose or of the inulin types — cause aptpteffects in the tumor cells of colon
cancer induced in mice, thus proving their tumadatiproperties (Hughes & Rowland,

2001).

5.4. Cholesterol and triglyceride reduction

Evidences have indicated that moderate level irgestf inulin or oligofructose
affect the fat metabolism of experimental animald Aumans (Delzenne et al., 2002; Van
Loo et al., 1999). Hence, it has been demonstritadoligofructose consumption along
with fat-rich diets leads to the decrease in mierus triglycerides owing to the extra-
hepatic increase in the catabolism of triglycerideh lipoproteins (Kok, Taper, &
Delzenne, 1998). Likewise, studies performed inmahi patterns with hyperlipidaemia
present meaningful reductions in triacylglycerotlaegular decrease in the levels of total
cholesterol and LDL owing to oligofructose consuimipt(Williams & Jackson, 2002). The
reduction in the risk of atherosclerotic cardiovdsc disease is directly correlated to
dyslipidaemia, especially in hypertriglyceridaerarad in insulin resistance, both associated
with hypercaloric diets, mainly the carbohydratirones. Also in these cases, the regular
consumption of fructans has brought on benefitated with either the reduction or

prevention of cardiovascular disease (Roberfrad®(2.

5.5. Immune system modulator

Changes in the composition and metabolic featufegastrointestinal tract bacteria

resulting from a fructan-rich diet bring about p® effects upon the immune system
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(Buddington, Donahoo, & Buddington, 2002). Resear@dde with rodents demonstrated
that diets with plenty of inulin and oligofructosecrease the quantity as well as the
diversity of lactic acid bacteria in the gastrosiieal tract, leading to a general
improvement in animal health (Buddington et al.020 The lactic acid bacteria (LAB)
stimulate various innate and acquired immune fonesti possibly through cytokine
expression modulation (Buddington et al., 2002)céMundergoing an oligofructose and
inulin-rich diet presented greater activity of g@enic Natural Killer cells, increase in the
phagocytic activity of peritoneal macrophages, ddiion to a decrease in feces total IgA
when the total fecal volume produced is taken atocount (Kelly-Quagliana et al., 2003;
Kudoh et al., 1999). It has been experimentally alesirated that a FOS/inulin-based diet
results in the rise of the IL-10 and IFNproduction for cells in the Peyer’s patches, which
suggests that prebiotic-based supplements simolt@heactivate different subpopulations
of T lymphocytes and/or dendritic cells of the gaisttestinal tract (Watzl et al., 2005).
Further studies demonstrated that mice undergoinguetan-based diet (FOS/inulin)
presented a reduction in colon cancer (Femia et280D2) as well as a reversion in the
inhibition of NK cell activities provoked by the @histration of the AOM carcinogen
(Roller, Rechkemmer, & Watzl, 2004). Furthermoregcaenfed with a diet containing
fructans presented an increased resistance agafestions caused bypalmonellaand
Listeria and against tumor development, which is consistetiit the increase in NK cell

functions and macrophages found in those animalddBgton et al., 2002).

55



6. Conclusions

The general health condition of humans depends bathereditary factors and
environmental interferences in the organism, iniclgdife style and access to appropriate
eating habits. The so-called functional foods hgredually become more popular due to
the benefits that seem to be related to the consompf such foods. Although functional
foods do not constitute a panacea capable of lgpdiseases and other conditions that
affect human beings, experimental evidences hage bleowing that their compounds have
prebiotic properties, i.e., the ones that act wofaof the gastrointestinal tract functions.
Among the most important compounds found in fumaldoods are the oligosaccharides
of the fructan type acting as bifidogenic agentd emmune system stimulators associated
with the intestinal mucosa. Literature presentsdewces pointing to the fact that the
formation of a microbiota rich in bifidobacteriadatactic acid bacteria may regularize fat
metabolism through triglyceride synthesis and nah@bsorption, and such effects are
positively correlated with the reduction of colomncer incidence. The metabolites
produced by bifidobacteria and lactic acid bactetso play an important role in immune
system regularization. There has been experimewidence of their participation in the
control of inflammatory diseases and allergic itited reactions through the modulation of
resident cell functions, particularly in the dowguéation of the pro-inflammatory cytokine
production in these places. Although experimerdaults clearly suggest that fructans play
a prominent role for the improvement in the funcficof the digestive tract and immune
system associated with the mucosae, the studiag #t® effect of fructans in daily diets
for human beings are scarce and additional resdarcbquired to establish them more

clearly.
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Legends:

Figure 1.- Structural formulas of fructans
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Abstract

Among the natural functional foods appears yac®mdllanthus sonchifolja an
Andean tuberous root, which contains nutraceutcahpounds of fructooligosaccharides
(FOS) type, inulin and phenolic compounds. Consummpbdf FOS and inulin favors the
growth of bifidobacteria in the colon, helping thlgastrointestinal metabolism and
regulating the serum cholesterol and mineral altsorpBesides, prebiotics promotes a
positive modulation of the immune system, maingnslated into increment of resistance
to infections, of microbicidal capacity and decesasd allergic reactions. Some studies
show the potential of yacon as alternative food@tor the necessary changes in the diet
of our population. This article intends to describe functional potential of yacon, aiming

at encouraging its cultivation and industrial pissiag for the benefit of population health.

Keywords: Prebiotics, Fructans, Fructooligossacharides, dllteG@ompounds.
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1. Introduction

In recent years, extensive replacement of natwad fby industrialized food has
caused great impact on the health and qualityfefdf human population. Poor diet and
bad eating habits have produced a high incidencgegénerative chronical diseases like
cardiovascular problems, obesity, cancers and tiabe (ORGANIZACION

PANAMERICANA DE LA SALUD (OPS), 2007).

Before this problem, public policies in health mysioritize actions that lead to
changes in habits of their populations, particyland relation to the quality of food,
maintenance of physical activity and reduction abdcco use. It is estimated that only
changes in eating habits would reduce cancer incele by about 30-40%

(ORGANIZACION PANAMERICANA DE LA SALUD (OPS), 1997)

There is a worldwide increasing interest in nutwiical foods, i.e., foods with
properties that benefit physiological and metabatitivities, acting in the prevention and

reduction of degenerative diseases (WATZL et 8l05).

Consumption of prebiotics such as FOS and inulihaeas some physiological
functions, promotes the immune response and ineseth®e resistance to pathogens (VOS

et al., 2007).

Yacon is an Andean plant that is attracting glob#kention for its prebiotics
advantages and benefits, due to its high contenbofdigestible oligosaccharides (NDOSs)
such as fructooligosaccharides and inulin, as aglhenolic compounds (GRAEFE et al.,

2004; VALENTOVA et al., 2006) (Fig. 1).
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The tuberous roots of vyacon contain large amounts ilulin  and
fructooligosaccharides - even more than chicory andhokes - and are used as natural
sweeteners and syrups for digestive problems, qodatiy to balancing the intestinal
microbiota. Traditional population attributes amdloktic properties to yacon dry leaves,

used in the preparation of teas used in low caltiges.

In addition to prebiotics, yacon has a reasonaitvleuet of phenolic compounds such
as flavonoids, phenolic acids and tryptophan, wtshbws various defense functions of
antioxidant, anti-inflammatory, antimicrobial anatigancer type. The phenolic compounds
in yacon preserve biomolecules, such as DNA anddipnd proteins of cell membranes,

against damage caused by free radicals (SIMONOVSK&A., 2003).

Several studies show an increase in the effici@i¢lre immune system by the intake
of nutraceuticals, especially fructans. Experimintat has been shown that regular
consumption of these compounds confers resistanoddction by intracellular pathogens
and leads to a reduction in allergies in the digedtact. It seems to be correlated with the
rise of bifidobacteria in the intestinal microbidig the consumption of fructans (WATZL

et al., 2005).

The absence of toxicity associated with benefioiatabolic activity are important
aspects to consider when choosing the basic rawerrahtfor processing products
containing sugar to be used in treating obesity artter aspects of diabetes
(VALENTOVA et al, 2006). Since it has such propesti yacon has great potential to
become a profitable niche market in systems of lsseale farming in Brazil, especially in
Séo Paulo state, emphasizing the practice of acgaiivation (GRAEFE et al., 2004). In

producer countries, there is a wide variety of pid made of yacon such as flour,
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dehydrated products, slices type "chips"”, tea (deaves), juices, purees, sweeteners in the
form of syrup with high content of FOS (NATIONAL FSEARCH COUNCIL (NRC),

1989).

Due to the high demand for quality food, the indusof yacon as a source of
prebiotic of fructan type in the production of éifént foods for human use represents a
great opportunity for innovation and for addinguealn the functional food industry. In this
article, we intend to examine the current knowledgethe functional characteristics and

the effects of regular consumption of yacon on huirad animal physiology.

2. Yacon root

Yacon is plant from the Andes in South America, chhiis widespread from
Venezuela to northwestern Argentina (ZARDINI, 1991acon is cultivated between 900-
3500m above sea level in Peru, between 600-25008oliria and Ecuador, and between

600-800m in Argentina (NATIONAL RESEARCH COUNCIL BC), 1989).

Yacon has been part of the diet of Andean peopleespre-Columbian times. In the
last decade of the 20th century, the cultivationyaton has spread to several countries
outside the Andean region, such as western NewaddaEurope, USA and Japan, due to
the medicinal properties of its roots and leaveaA TN DNAL RESEARCH COUNCIL
(NRC), 1989) (GRAU & REA, 1997). The Czech Repuldias been a pioneer in the
cultivation of yacon in Europe (VALENTOVA et al.0@5). In Brazil, yacon is becoming

an important crop, especially in Sado Paulo.
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According to Zardini (1991), the name yacon derifrem the Quechua plant "yaku",
which means water. But it is also known in othegiosas by other names such as (1)
Arboloco, (2) Aricoma, (3) Jicama/chicama, (4) Yiga, (5) Jiquimilla, (6) Llacon. In

English, it is known as “yacon strawberry”, andmrench is “poire de terre”.

Yacon was initially classified aBolymnia (Compositae, Helianthejebut further
studies ranked the species that grow in Central Sondth America in the genus
SmallanthugNATIONAL RESEARCH COUNCIL (NRC), 1989). The yacemployed in
the diet of the indigenous tribes that inhabit thgh mountains of the Andean region
belongs to the speci&@mallanthus sonchifoliuef the family Asteraceae (GRAU & REA,

1997).

Yacon is sold in markets and fairs in the Andeagiome with apples, chirimoyas,
avocados and pineapples and not along with tubersais (NATIONAL RESEARCH
COUNCIL (NRC), 1989). In Peru, Bolivia, Ecuador Argentina, it is usually eaten at
religious festivals, such as Corpus Christi and2duls' Day. Yacon is usually consumed
peeled and fresh, like a fruit, and in fruit saleith bananas, oranges and papayas. It can
also be baked in the oven or be consumed in time &drrefreshing beverage by extracting

its juice.

In the early 1990s, a Brazilian farmer born in Jap@roduced this specie in the State
of S&o Paulo. In the region of Capao Bonito/SP tibers of 60-80g are planted in beds of
1.0m wide by 0.4m high, spaced 1.4m between rowl0a®m between plants (VILHENA,

1997).

12



The leaves of yacon have several soluble phenofigpounds in water that enable an
epiphytic bacterial flora with very particular mitdic properties, inhibiting the attack of

pathogens (VALENTOVA et al., 2005).

The roots of yacon can weigh between 200-500 graath, and can reach up to
2000g. Each plant produces bunches of 5-20 unikg)ggan average of 5 kg/plant. The
freshly harvested roots are insipid, but after a6 days of exposure to the sun, they
become juicy and sweet. The taste of sweet yacerbban described as similar to a fresh

apple or watermelon (NATIONAL RESEARCH COUNCIL (NRQ@989) (Fig. 2).

As to its chemical composition, the fresh rootsyaton have 69-83% of moisture,
0.4 to 2.2% of protein and 20% of sugars (NATIONRESEARCH COUNCIL (NRC),
1989). The tuberous roots contain as a perceng§8:of ash, lipids from 0.3 to 1.5, 3.88
of crude fiber, nitrogen free extractable of 85.K90 1.76, 0.18 to CaO, 0.13 MgO and
0.31 ROs. It is about 35% of fructose and 58% of glucossu¢rose (HOLA & MICHL,

1996).

The oligosaccharides from yacon have repeated whifs1.2-D-frutoranosil with
terminal sucrose, being, therefore, oligosacchariokinulin type. The major FOSs in
yacon are kestose, and 1-nystose frutosilnistasdlas to those found in the tubers of

Jerusalem artichoke (Helianthus tuberosus) (PAS&PB3RK, 2003).

Levels of sugars in yacon roots may vary dependimdactors such as localization,
farming, the growing season and harvest time angpéeature in the post-harvest. In
Brazil, it has been found 34-55% of FOS, 7-9% oicgke, 13-14% of fructose and 10-13%

of sucrose (LOBO et al., 2007; CHOQUE et al., 2012Peru, researchers have found 40-
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70% of FOS, 5-15% sucrose, 5-15% fructose and feas 5% glucose (dry basis)

(PEDRESCHI et al., 2003; MANRIQUE & PARRAGA, 2005).

Yacon contains low-polymerizatiof-oligosaccharide, inulin, small amounts of
vitamins and minerals and contains no starch. Thetrmbundant minerals in yacon are
calcium and potassium. In addition, the yacon jugeich in free essential amino acids
(KAPULER & GURUSIDDIAH, 1994). The tuberous yacooot is rich in bioactive
substances such as phenolic compounds, ester tileg/anethyl esters, and glycosides.

These compounds occur naturally in both leavesaois.

Polyphenols ofSmallanthus sonchifoliuproduce acrid or astringent flavor of the
leaves and barks, as well as they affect an oduocdl perception. Polyphenols are also
substrates for the enzymatic browning of damagedudéis, becoming green or black
substance by a condensation reacting of polypheaonipounds with amino acids and
enzymatic polymerization of polyphenols. By contrathe phenolic and flavonoid
compounds can modulate lipid peroxidation involuadatherogenesis, thrombosis and

carcinogenesis through antioxidant activity on supede G ion (ZHISHEN et al., 1999).

Yacon juice contains 850ppm of polyphenolic compmsusauch as chlorogenic acid,
considered the main antioxidant of yacon along withtophan (TAKENAKA et al, 2003).
The phenolic acids seem to be responsible for thedical activity of yacon, including
effects anti-hyperglycemic, cito-protective and teadisposal. Total phenol levels in young
leaves of yacon were lower than in leaves colleca¢dthe time of tuber harvest

(VALENTOVA et al., 2006).

The yacon is rarely used in cooking because oflitsrt lifetime and their rapid

browning of juices and injured tissues. Yacon rpaickly darkens in storage even at low
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temperatures. After cutting and during processing,dimming trend may be related to its
phenolic content, especially the levels of caffaiad chlorogenic acids and endogenous
activity of polyphenol oxidase. Although, the prese of polyphenol oxidase from yacon
has been demonstrated, there are not any publisiuglies on these enzyme properties

(NEVES & DA SILVA, 2007).

3. The functional effects of yacon root

Yacon administered as dietary supplement is widrated and produces no negative
response, toxicity or adverse nutritional effecesiBles that, its low glucose content and
high contents of fructooligosaccharides allow thealg of the possible effects in patients
with metabolic diseases, such as diabetes and olietalyndrome (GENTA et al., 2005).
In this regard, yacon proved to have an effecteducing temporal levels of glucose in
normal and diabetic rats with hyperglycemia (AYBA&Ral., 2001; VALENTOVA et al.,

2005).

Because of its inulin and FOS content, it is pdssthat yacon presents the most
important prebiotic characteristics, i.e., resis&ato digestion in the upper digestive tract,
being hydrolyzed and fermented only at the endhefpath by colon bacteria. Thus, the
intake of yacon could benefit the development dbri@ microbiota by its potential natural
bifidogenic effect. Recently, it was shown the temcly of certain probiotics, such as
lactobacillus and bifidobacteria to ferment FOSyaton roots; that is why this root has
been considered a new option in prebiotics (PEDRESE& al., 2003). Bifidobacteria

inhibit the growth of putrefactive bacteria in tb@on, promote the absorption of Land
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PO " ions, and synthesis of B vitamins, besides stitindathe immune system

(ROBERFROID, 2005).

Supplementation of diets with yacon flour in experntal diabetes has shown a link
between FOS consumption and the insulin productbteast in part, via the stimulation of
insulin release and/or insulin-like activity by FQISABIB et al., 2011). It seems that the
regular intake of yacon flour exerts its lipid-loivey activities through the activation of the
lipoprotein lipase enzyme and a slight increasiagting plasma insulin levels (HABIB et
al., 2011). For these characteristics, the saadbsrin yacon, particularl-(2 — 1)
fructooligosaccharides could indeed modulate theabwdic syndrome that occurs in type-2

diabetes and dyslipidemia, risk factors for athelerssis.

It has been shown that polyphenolic compounds ntigy glucose metabolism and
antihyperglycemic activity acting like antidiabetiagents. This effect on glucose
metabolism may be mediated by the insulin-like effer by improvement in antioxidant
status (CHEMLER et al., 2007). In this regard, piienextracts of yacon leaves were able
to reduce glucose production in rat hepatocytesirmreasing glucokinase mRNA

expression (VALENTOVA et al., 2004; VALENTOVA et.aR007).

Among the phenolic compounds present in yacon yabisrogenic acid, tryptophan
and derivatives of caffeine acid predominate. Asirz antioxidants, these compounds are
of great importance to human health, particulanyprotecting cell membranes against
damage from oxygen radicals and its consequenceardiovascular disease and cancer
(NEVES & DA SILVA, 2007). Antioxidant activity andito-protective effect against tert-
butylhydroperoxide in a model of oxidative damagerats’ hepatocytes were found in
alcoholic extracts of yacon leaves (SIMONOVSKA &t 2003). Trials in humans have
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also reported the antioxidant activity of phenalienpounds present in yacon leaves, acting
to prevent chronic diseases, such as atherosdesodisease that involves the participation

of free radicals in its development (VALENTOVA dt, 2005).

A search using diabetic rats showed that the hgtlhanolic extract of yacon leaves
significantly reduced serum glucose levels. Furtiae, treatment with the extract restored
the activity of plasma enzymes and reduced dialagtimals’ body weight gain. According
to the authors, the inhibitory action of hyperglysa induced by streptozotocin (STZ) can
be attributed to the fact that yacon induces tonarease in plasma insulin concentration

(BARONI et al., 2008).

Studies with yacon syrup, fructooligosaccharide reeurevealed that their
consumption over a long period produced benefigHects on obese and slightly
dyslipidemic in pre-menopausal women’s health wittsulin resistance. The daily
consumption of yacon syrup produced a significaeduction in body weight, waist
circumference and body mass index. It was alsorebdeeduction in fasting serum insulin
and an index of homeostasis. Furthermore, ingestibryacon syrup increased the

frequency of defecation and satiety (GENTA et2009).

A recent study evaluated the hypoglycemic actigitphenolic compounds in organic
extracts from yacon leaves in Wistar rats. Theltedad to conclude that enhydrin, the
main sesquiterpene lactone from yacon leaves affdicacids, chlorogenic acids and
three dicaffeoilquinic (CAF, 3-CQ; 3.4-DCQ, 3.5 atdb-DCQ -DCQ) are related to the
hypoglycemic effect, since they reduced levels o8 glucose in diabetic animals

(GENTA et al., 2010).
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Two new sesquiterpene lactones and eleven knowampallides were isolated from
yacon leaves and showed nitric oxide inhibition Ny LPS in murine macrophages

(HONG et al., 2008).

Low pH and production of SCFA due to the consumptib prebiotics result in the
hypertrophy of the mucosal cells, enlargement o thtestinal surface and enhance
solubility of mineral ions (ROBERFROID & DELZENNHZ998). Yacon consumption for
relatively short period also resulted in increasedstinal absorption of minerals and bone
mass, favoring the biomechanical properties of bioneats (LOBO et al., 2007). The
enlargement of the caecal wall observed after cimsumption of yacon seems to contribute
to the increased mineral absorption in those asintalfact, several studies show that daily
consumption of inulin-type fructan combination dfiost and long chains increases
significantly calcium absorption and bone minerian during pubertal growth. Effects of
these dietary factors on calcium absorption appedse modulated by genetic factors,
including genetic polymorphism of specific D-vitamieceptor (ABRAMS et al., 2005). It
has been observed that consumption of inulin-typeténs also provides a reduction in
osteoporosis progression by increasing the bioawditly of calcium with a significant

increase in density and mass mineral bone (ROBERBPRZDO05).

Studies by Pinto and colleagues (2001) showed ythabn produces antimicrobial
compounds and pesticides, which could explain #u¢ that in its cultivation it is hardly
necessary to use pesticides. These authors repbeeidhibition of aflatoxin production
when aqueous and ethanol yacon extracts are addespergillius flavuscultures (PINTO
et al.,, 2001). Recently, Joung and colleagues (R@8hOwed that n-hexane fraction of

yacon leaf extract have antimicrobial activity angaisix different strains of methicillin-
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resistantStaphylococcus aureuUdIRSA) in the presence of 4000 lux, with a minimal
inhibitory concentrations (MICs) assay (15.6 g/mlp activity was detected when the tests

were performed in the absence of light.

4. Yacon root processing

There is great potential for commercial productst tre generated from yacon. In
this sense, the National Research Council rankad gromising raw material based on its
high content of fructans (ZARDINI, 1991). Due te ltigh concentration of fructose, yacon
root is a fruitful source for development of natulsaeeteners and syrups for people with
digestive problems. Yacon leaves are consumedam fter diabetic patients or those who

suffer from digestive and kidney diseases.

Some studies have shown that incorporating inufid &uctans in various foods,
especially baked goods, makes them acceptable nsunwers because of their sensory
characteristics. Yacon syrup has already been pocated into delicious product
formulations, considered "light” easy to chew anithvporous texture. Likewise, products
using inulin, low calorie, are known for their sens characteristics such as neutral and
mild flavor that increases palatability, stabilignd acceptability (MOSCATTO et al.,

2006).

There are already some industrial products derfv@th yacon on market, such as:
flour, candy, sliced-chip, teas, nutritional drinksd purees. Hisa and colleagues (1996)
patented a method for preparing nutritional drirffksm skim milk and yacon juice

fermented by the action of lactic acid bactetiactobacillus plantarum According to the
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authors, the method helps to counteract the astmingharacteristic of yacon, and prevent
from FOS degradation. In the 90s, drinks were dgped in Japan from milled yacon
subjected to the action of cellulase at 45°C ftwoRrs. The juice was used as a sweetener
in formulations ready to drink (KANEGAFUCHI et dl994). "Chancaca" is a concentrated
sweet with high content of sugars that Andean eatiprepared by boiling the root juice
until crystallization and resulting in solid blocksf dark brown color (NATIONAL
RESEARCH COUNCIL (NRC), 1989). Fructose from yadwms a sweetener power of 30-
70% greater than sucrose, besides being a noneaaleeetener. Finally, the presence of
inulin in the yacon tubers is of great interestirtolinase's industrialization produced by

microorganisms (CAZETTA et al., 2005).

5. Conclusions

According to OPS, the health status in humans dipem both hereditary and
environmental factors, including lifestyle and ax¢o adequate food. In this respect, the
functional foods are gaining more supporters bexdls benefits are associated with their
consumption. Yacon, a natural resource from Anbtas,great potential as functional food
for its high content of fructooligosaccharides andlin that promote a good intestinal
development in the colonic microbiota. In addittanthe roots, yacon’s leaves are also
exploited because their phenolic compounds, to hvhias been attributed antioxidant
properties that protect cell membranes against dancaused by oxygen radicals and its
consequences in cardiovascular disease and cdteeegular use may benefit patients
with digestive and kidney diseases, as well asethoth diabetes and metabolic syndrome.
The high levels of FOS and phenolic compounds espriea potentially profitable niche for
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the yacon in the farming systems at small scalaradterized by ecological practices and
local processing, thereby contributing to sustdmatbevelopment of the region. An
alternative production may be sweet syrups andralasweetener for people with digestive

problems and obesity, reaching a wider group otheiaries.

6. References

ABRAMS, S. A. et al. A combination of prebiotic shoand long-chain inulin-type
fructans enhances calcium absorption and bone alin&tion in young adolescents.

American Journal of Clinical Nutrition , v. 82, p. 471-476, 2005.

AYBAR, M. et al. Hyploglycemic effect of the watef Smallantus sonchifoliug§vacon)
leaves in normal and diabetic ralsurnal of Ethnopharmacology, v. 74, p. 125-132,

2001.

BARONI, S. et al. Effect of crude extracts of leawd Smallanthus sonchifoliuyacon) on
glycemia in diabetic rat8razilian Journal of Pharmaceutical Sciencesv. 44, n. 3,

p. 521-530, 2008

CAZETTA, M. et al. Yacon Rolymnia Sonchifolip extract as a substrate to produce
inulinase by Kluyveromyces marxianusvar. bulgaricus Journal of Food

Engineering, v. 66, p. 301-305, 2005.

CHEMLER, J.A, et al. Standardized biosynthesislafdn-3-ols with effects on pancreatic
beta-cell insulin secretiodpplied Microbiology and Biotechnology. v.77(4), p.797-

807, 2007.

81



CHOQUE G, et al. Effects of the regular intake nfctooligosaccharides derived from
yacon Emallanthus sonchifolii®on the murine immune systemutrition Research

(submitted) 2012.

GENTA, S. et al. Hypoglycemic activity of leaf orga extracts fromSmallanthus
sonchifolius Constituents of the most active fraction€hemico-Biological

Interactions, v. 185, p. 143-152, 2010.

GENTA, S. et al. Yacon syrup: Beneficial effects olmesity and insulin resistance in

humansClinical Nutrition , v. 28, p. 182-187, 20009.

GENTA, S. et al. Subcronic 4-month oral toxicitydy of driedSmallanthus sonchifolius
(Yacon) roots as a diet supplement in RRtseod and Chemical Toxicologyv. 43, p.

1657-1665, 2005.

GRAEFE, S. et al. Effects of post-harvest treatnm@nthe carbohydrate composition of

yacon roots in the Peruvian Andéseld Crops Researchv. 86, p. 157-165, 2004.

GRAU, A.; REA, J. YaconSmallanthus Sonchifolia (Poepp. & EndH. Robinson. In:
HERMANN, M.; HELLER, J. (Eds)Andean roots and tubers: ahipa, arracacha,
maca, yacon: promoting the conservation and use ahderstanding and neglected
crops. Gatear Slaben, Institute of plant genetic ang @iant research. 1997. Cap. 2,

p. 199-241.

JOUNG, H. et al. Antibacterial and synergistic eféeof Smallanthus sonchifoliukeaf
extracts against methicillin-resistai@taphylococcus aureusnder light intensity.

Journal of Natural Medicines, v. 64, p. 212-215, 2010.

82



HABIB, N.C. et al. Hypolipidemic effect o6mallanthus sonchifoliu§yacon) roots on
diabetic rats: biochemical approa€@hemico-Biological Interactions v. 194, n.1, p.

31-39, 2011.

HISAE, T. et al. Preparation of fermented yacomklr(Cl. A2312/52). Japan 08294379 A.

27 Apr.12 Nov. 1996.

HOLA, Z.; MICHL, J. Yacon Polymnia Sonchifolig a non traditional source of fructose.
Listy cukorvarnicke a reparske. Praga, Republicanec@. Journal of fruits

vegetables and nutsv. 110, n. 7, p. 194-196, 1996.

HONG, S. et al. Melampolides from the leavesSrhallanthus sonchifoliuand their
inhibitory activity of LPS-Induced nitric oxide pdaction. Chemical &

Pharmaceutical Bulletim, v. 56, n. 2, p. 199-202, 2008.

KANEGAFUCHI KAGAKU KOGYO, K. et al. Beverages comténg enzyme treated

ground yacon. (Cl. A23l 1/30). Jp04, 1772. 24 ARRO0, 07 Apr. 1992.

KAPULER, A.; GURUSIDDIAH, S. The twenty protein angiacids free in the juices of
our common vegetables and herbsurnal of home & consumer horticulture, v. 1,

n. 1, p. 3-18, 1994.

LOBO, A. et al. Effects of fructans-containing yacmallanthus sonchifolius Poepp &
Endl) flour on caecum mucosal morphometry, calcium arajnesium balance, and
bone calcium retention in growing ragxitish Journal of Nutrition , v. 97, p. 776—

785, 2007.

83



MANRIQUE, |.; PARRAGA, A. Conservaciéon y uso de la biodiversidad de raices y
tubérculos Andinos: Uma década de investigacion parel desarrollo (1993-2003).
Jarabe de yacon: principios y procesamiento. LiGentro Internacional de La Papa,

2005. 40p.

MOSCATTO, J. et al. The optimization of the forntida for a chocolate cake containing
inulin and yacon mealnternational Journal of Food Science and Technolog v.

41, p. 181-188, 2006.

NATIONAL RESEARCH COUNCIL (NRC).Lost crops of the Incas: Little-known
plants of the Andes with promise for worldwide Cultvation. Washington, DC,

USA: National Academy Press, 1989.

NEVES, V., DA SILVA A. Polyphenol oxidase from Yagoroots GEmallanthus
sonchifloliug. Journal of agricultural and Food Chemistry, v. 55, n. 6, p. 2424-

2430, 2007.

ORGANIZACION PANAMERICANA DE LA SALUD (OPS).Salud en las Américas

Volumen I-Regional, 2007.

ORGANIZACION PANAMERICANA DE LA SALUD (OPS)Alimentos, nutricién y la

prevencion del cdncer: una perspectiva mundiall997.

PASSOS, M. L.; PARK, Y. K. Frutooligossacarideasiplicacdes na saude humana e

utilizagdo em alimento€iéncia Rural, v. 33, n. 2, p. 385-390, 2003.

84



PEDRESCHI, R. et al. Andean Yacon Ra@&mallanthus sonchifolius Poepp. BEndl
frutooligosaccharides as a potential source ofiptels. Journal of agricultural and

food chemistry, v. 51, p. 5278-5284, 2003.

PINTO, M. et al. Activity of the aqueous extracorft Polymnia sonchifolialeaves on
growth and production of aflatoxin B1 bAspergillus flavusBrazilian journal of

microbiology, v. 32, p. 127-129, 2001.

ROBERFROID, M. BInulin- type fructans: functional food ingredients. CRC Series in

Modern Nutrition, CRC Press. USA, 2005.

ROBERFROID, M.B., DELZENNE, N.M. Dietary fructan&nnual Review of Nutrition,

v.18, p.117-43, 1998.

SIMONOVSKA, B. et al. Investigation of phenolic dsi in yacon $mallanthus
sonchifoliug leaves and tubergdournal of chromatography A, v. 1016, p. 89-98,

2003.

TAKENAKA, M. et al. Caffeic acid derivates in theoats of yacon $mallanthus

sonchifoliug. Journal of agricultural and chemistry, v. 51, p. 793-796, 2003.

VALENTOVA, K. et al. Induction of glucokinase mRNBy dietary phenolic compounds
in rat liver cells in vitro.Journal of Agriculture and Food Chemisty, v. 55(19),

p.7726-31, 2007.

VALENTOVA, K. et al. The biological and chemical nability of yacon.Journal of

agricultural and food chemistry, v. 54, p. 1347-1352, 2006.

85



VALENTOVA, K. et al. Radical scavenging and anpédperoxidative activities of
Smallanthus sonchifoliueaf extractsJournal of agricultural and food chemistry,

V. 53, p. 5577-5582, 2005.

VALENTOVA, K. et al. The effect of Smallanthus sdmifolius leaf extracts on rat hepatic

metabolismCell Biology and Toxicology v. 20(2), p. 109-20, 2004.

VILHENA, S. Efeitos da exposicao ao sol e do armazenamento selar composi¢cao dos
carboidratos de reserva em raizes tuberosas de yacolymnia sonchifolia Poep.
Endl) Botucatu, 1997, 63p. Dissertacdo, (mestre em ¢iditira), Faculdade de

Ciéncias Agrondmicas, Universidade Estadual PaulSNESP).

VOS, A. P. et al. Dietary supplementation with speoligosaccharide mixtures decreases
parameters of allergic asthma in mit@ernational immunopharmacology, v. 7, n.

12, p. 1582-1587, 2007.

WATZL, B. et al. Inulin, oligofructose and immunochdation. British Journal of

Nutrition , v. 93(1), p. S49-S55, 2005.

ZARDINI, E. Ethnobotanical notes on yacdtglymnia sonchifoligasteraceae). St. Louis,

USA. Economic Botany, v. 45, n. 1, p. 72-85, 1991.

ZHISHEN, J. et al. The determination of flavonoidntents in mulberry and their

scavenging effects on superoxide radictsd Chemistry, v. 64, p. 555-559, 1999.
Acknowledgement

We thank the CNPg (Conselho Nacional de Desenvanmio Cientifico e

Tecnoldgico - "National Counsel of Technologicatl @cientific Development").

86



Legends:
Figure 1.- Functional effects of yacon plant.

Figure 2.- Yacon plants. A) Vegetative and reproductive asgd) Yacon roots; C) Slices
of yacon root (Sources: A) http://www.mothereartheaeom/multimedia/image-
gallery.aspx?id=74438&seqg=1; B) http://yacon.wosgs.com/about/; C) G.T. Choque-

Delgado).
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Abstract

Objective: Due to its high fructooligosaccharides (FOS) andin contents, the yacon root
(Smallanthus sonchifoliidias excelled in traditional Andean medicine, wehélis used as
a substitute for cane sugar in diabetes and fosipbprevention. This study evaluates the
physiological and immunological effects of incorgibong yacon flour (Smallanthus

sonchifolius)in the normal diet of mice.

Methods: BALB/c mice were fed an AIN-93M diet supplementedh 5% commercial
FOS or either 3% or 5% yacon FOS. Thirty days Jateight gain and food intake, serum
antibody levels of IgA, IgM, 1gG, fecal levels ofA, nitric oxide (NO) production in
peritoneal macrophages, T and B lymphocytes frecanperipheral blood, T lymphocyte

proliferative capacity, and cytokine production eewraluated.

Results: Mice fed diets supplemented with commercial or oypd=OS showed no
significant differences in weight gain and nitriide and cytokine production by
peritoneal macrophages in comparison with the cbghoup, except the ILfLproduction

that was more reduced. Similarly, no differencesengbserved in serum immunoglobulin
production or T and B-lymphocyte frequency in theripheral blood and spleen.
Significant increases were observed in the spl@nigmphocyte proliferation and IFM-

production, as well as in fecal IgA levels in miegl a diet containing 3 or 5% of yacon

FOS in comparison with control group.

Conclusion: These results indicate that intake of yacon FOShaloalter the peripheral

immune system equilibrium and promotes the produatif fecal IgA.

Keywords: Yacon root; fructooligosaccharides; immunomodulatio
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1. Introduction

The absence of a balanced diet containing carbalsglrproteins, and lipids deprives
the immune system of components necessary to casatesustain an effective immune
response [1]. Dietary imbalance is associated with development of chronic diseases,
such as cardiovascular disease, type 2 diabetds;ater, greatly affecting the quality of
life. "Immunonutrition” is a field of research thatudies the relationship between food
intake and a functional immune system [1,2,3]. €ufliy, research in this area is
concentrated in on evaluating potential immunomaitdus resulting from consuming

functional diets.

Several studies have shown increased immune sysfémency following the
consumption of functional foods such as fructanshictv are non-digestible
oligosaccharides [4,5]. The fructooligosacchari@Ee®S) and inulin found in plant foods
belong to fructans. The Andean yacon plant conthigis levels of these compounds in the
roots, while the leaves have high amounts of flavds, phenolic acids, and tryptophan.
These components are able to stimulate immune skefby exercising antioxidant, anti-

inflammatory, antimicrobial, and anticancer effdé&¥,8].

The ingestion of FOS and inulin modulate key phipgiwal functions such as
calcium absorption, lipid metabolism, and modificatof intestinal microbiota [9]. The
growth of bifidogenic bacteria following FOS andulim consumption, which inhibit the
establishment of pathogenic and/or putrefactiveadvas is directly related to colon cancer
prevention in experimental models [10]. Similarly, has been reported that these

compounds promote increased resistance to infectiod reduce allergies [11,12].
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The immunomodulatory potential of the functionabstances contained in the yacon
root is not yet fully understood. This study aints @valuate the physiological and

immunological effects resulting from incorporatipgcon flour in the diet of young mice.

2. Materials and Methods

2.1.Animals

Female mice from the BALB/c strain, aged 8 weekgrewobtained from the
Multidisciplinary Center for Biological Research E®IB) at UNICAMP and were
maintained throughout the experimental phase igiBpgathogen free (SPF) conditions.
The mice were housed in metabolic cages with at/ighk cycle of 12 hours at a
temperature 22 + 2°C. The mice were given waterfaad ad libitum Ethics Committee
in the use of animals at UNICAMP (CEUA) approvet ttesearch protocol under license

1659-2.

2.2.Yacon

Yacon roots, cultivated in Sdo Paulo, Brazil, wacquired at the CEASA market in
Campinas, Brazil. The slices of yacon were frozem@°C and lyophilized at 40°C and
500 pHg during 12 h (LP 1010; Liobras, Sado CarRBrszil) and then they were milled.
Quantitative analyses were performed for proximetaracterization of the lyophilized
yacon, including determination of the protein, fagrbohydrate, ash, fiber and water
contents. The FOS content was determined by higloqpeance liquid chromatography
(HPLC) wusing a Dionex lon Chromatograph Model [IG®3 (USA).

Fructooligosaccharides were identified by the wmdfom index and categorized by
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comparison with the retention standard of 1l-kestosterns (GF2), nystose (GF3) and
fructofuranosyl nystose (GF4). Proteins were mesaswising the micro-Kjeldahl method
[13]. The Bligh and Dyer method [14] was used ttedmine the lipid content. The crude
fiber determination was made using the Scharrerk&réchner method [15]. The moisture

and ash contents were determined gravimetrica8y. [1

2.3.Diets and experimental groups

The basic maintenance diet was prepared accorditiget Reeves and collaborators
[17] guidelines. For preparation of the diets conty FOS, the sucrose in the basic diet
was replaced by lyophilized yacon flour containBt$ or 5% of FOS or 5% commercial

FOS. Table 1 illustrates the final formulation loétdiets.

Mice were divided into four experimental groupseigig the specified diets for 30
consecutive days. The control group (G1): AIN93Mnstard diet. Group 2 (G2): standard
diet supplemented with 5% commercial FOS (Corn &ctsl Brasil-Industrial Ingredients
Ltda., Sao Paulo, Brazil). Group 3 (G3): standaed plus yacon flour containing 3% FOS.
Group 4 (G4): standard diet plus yacon flour cantey 5% FOS. Feed consumption and

the mice's weights were monitored weekly.

2.4.Serum and feces samples

Thirty days after receiving the specified dietscenwere bled; sera were individually
separated and maintained at “Q0until use. Feces were individually collected and
resuspended in PBS, 0.2 M, pH 7.4, at a 1:3 (waltipy vortex stirred and centrifuged at
200g for 10 min. The feces extracts and sera waraediately used in ELISA assays to

detection of antibodies.
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2.5.Macrophage cultures

Peritoneal macrophages were isolated from mice iqusely stimulated
intraperitoneally with 3% thioglycollate (DIFCO, &fklin Lakes, NJ, USA) and cultured
as indicated elsewhere [18]. The suspensions wdijtestad to a concentration of 1X10
cells/mL in complete medium [RPMI 140 (Sigma) camtag 10% FBS (Nutricel) and
antibiotics (Sigma)]. Aliquots of 1 mL were platedeach well of 24 well plates (Corning)

and incubated for 2 hours at °€7with 5% Cg. After removal of non-adherent cells,

monolayers were incubated with LPS {ig0/mL) and IFNy (150 IU/ml) for 48 hours.
Cells cultured in complete medium alone were usedamtrols. The culture supernatants

were used to evaluate NO and cytokine production.
2.6.T lymphocyte proliferation

Proliferation assays were performed as indicatestvdtiere [19]. Spleens were
individually collected to prepare suspensions gtheocyte free splenic cells. The cells
were re-suspended in complete RPMI 1640 in 96-pikdtes (Corning) at a density of
2.5x10 cells per well and incubated for 48 hours &C3@nd 5% of C@in the presence of
2.5 pg/mL Concanavalin A (Con-A, Sigma, USA). Thgernatants were collected and
stored at -8@C for cytokine dosages. Cell proliferation was ased by the MTT method
(4.5 -Dimethyl-2 thiazolyl-2,5-diphenyl-2H-tetraaain bromide) read at 540 nm following
formazan crystal dissolution. All samples were gredl in sextuplicate. The absorbency
results obtained from each treatment were expreased SEM (Standard Error of the

Mean) averages.
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2.7.Flow cytometry analysis

To block nonspecific reactions, the cell suspersi¢ghG cells) were initially
incubated with culture supernatant from clone 2.4@gti-CD16/32), prepared in our
laboratory. Then, cells were stained with eithexcsijic monoclonal antibodies or with the
control isotypes, according to the manufactureesommendations (eBiosciense; San
Diego, CA. USA). Finally, the cells were re-suspethdn 50QL of PBS containing 1%
formaldehyde. The following antibodies were useai-&D3 (Clone 2C11, labeled with
Percp-Cy5.5 or PE), anti-CD4 (clone GKL1.5, rat IgGabeled with FITC), anti-CD8 (in
conjunction with PE clone 53-6.7, and rat IgG2)d amti-CD19 (clone 1D3, rat IgG2a
kappa labeled with PE-Cy5.5). Rat IgG2 and IgGabgled with PE, FITC or PE-Cy5.5
were used as isotopic controls. The preparationg \@palyzed using a FACS-Aria flow
cytometer (Becton, Dickinson and Company, Franklakes, NJ, USA) located at the
UNICAMP's Hematology Center. The event analysesewmarformed using FACSDIVA

software (Becton, Dickinson and Company, Frankbkés, NJ, USA).
2.8. Cytokine measurement

Cytokines IFNy, IL-4, IL-1[3, IL-10 (eBioscience; San Diego, CA. USA) and TNF-
(OptEIA, BD Biosciences; San Diego, CA. USA) wereasured by ELISA in the culture

supernatants using commercial kits, following thenofacturers' guidelines.
2.9.Detection of serum and fecal antibodies

Serum concentrations of IgM, IgG and IgA and fecahcentrations of IgA were
measured by a capture ELISA developed in our ldaborausing commercially available
antibodies (Sigma). 96-well microtitration platégufc, Roskilde, Denmark) were coated
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with a solution of polyclonal anti-murine immunogldin antibodies produced in goat,
diluted in carbonate/sodium bicarbonate buffer, ,lpH 9.6. The plates were incubated
overnight at 4°C and washed with PBS at 0.2 M, pH @ontaining 0.05% Tween 20. The
free sites were blocked and the plates washed@asalbhe supernatant was used for fecal
IgA detection. The serum and feces samples weredattlthe wells at various dilutions,
and the plates were incubated for 1 h aC3After washing, the specific anti-IgG, anti-
IgM or anti-IgA antibodies were tagged with HRPQladded at predetermined dilutions.
The reaction was developed by adding the chromegéstrate (0.03% 4D, and 0.04%
orthophenylenediamine in citrate-phosphate bu@€¥5 M, pH 5.5) followed by incubation
in the dark for 15 min. The reaction was stoppedatiging 4 N HSQO, to each well. The
absorbance was read in a microplate reader (Mali$kS, Labsystems, Helsinki, Finland)
at a wavelength of 492 nm. The average concentiatecd each immunoglobulin tested

were calculated with a standard curve prepared putified IgM, 1gG and IgA (Sigma).
2.10. Nitric oxide measurement

Nitrite was measured using the Green specificat[@d$ Briefly, aliquots of 50 ul
Griess reagent (1% sulphanilamide in 5% phosplawrid and 0.1% naftilethylenediamine
dihydrochloride in distilled water) were added tentical volumes of supernatants from
cultures of macrophages, distributed previousl96ravell plates. After a 15 min incubation
followed by plate agitation, the readings were @ened in a spectrophotometric ELISA

reader at 540 nm using sodium nitrite solutionat3820uM) as standards. The results

6
were expressed M nitrite/1x10 cells/mL.
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2.11. Statistical analysis

Statistical analysis on the results was performsohguthe ANOVA analysis of
variance followed by Bonferroni’s test using GraptiPrism software. The minimum

probability acceptable for differences betweenaherages was considered to k© [05.

3. Results

3.1.Chemical composition of yacon flour and experimentadiets

The results of the proximate analyses of the Iyiggd yacon flour revealed a high
carbohydrate proportion (86.13 %), proteins (2,49,89%), lipids (0,87 £ 0,10%), ash
(2,53 + 0,14%), moisture (8,02 = 0,08%), and crudeer (3,46 + 0,12%). The
chromatography analyses by HPLC identified thegmes of sugars such as glucose (7.3 =
0,59 %), fructose (14.1 + 0,41 %), and sucroses(2®,45 %). The fructooligosaccharides
GF2-GF4 accounted for 34.31+ 1.63% of the sugagsgmt in the mixture. Based on these
findings, diets were prepared in which the sucrosetent normally present in AIN93M
was replaced by either 5% commercial FOS or 3% %r y@acon FOS. The proximate
analysis of these diets revealed no significarfecehces in their chemical compositions.
However, the diets that included 3% or 5% yacon F@8 8 kcal less sugar than the

control diet (Table 2).

3.2.Food intake, body weight

The dietary intake of FOS-supplemented diets asdBALB/c mice’s weights were

evaluated by weekly weighing (Figure 1). There wassignificant difference between the
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weekly consumption of rations supplemented with FED8 the standard diet (Fig. 1 C).
Similarly, mice fed a diet supplemented with FOSwad no significant variation in

weight compared to control mice (Figure 1 A, B).

3.3.Levels of serum IgM, IgG, and IgA and fecal IgA

The levels of antibodies in serum and stool werdyaied in samples collected from
mice fed either a diet containing FOS or a standdied (Figure 2). There were no
significant differences in serum IgG and IgA levéfsgure 2A, B), but there was a slight
but statistically significant decrease in serum IgiVmice fed a diet containing 3% yacon
FOS (Fig 2C). Fecal sample analysis showed a #gnif increase in the amount of IgA in

samples collected from mice fed diets containingpyaFOS (Fig 2D).

3.4.Effects of yacon on the frequency and activation dymphocytes

To verify the influence of yacon consumption on gegipheral distribution of T and
B-lymphocytes, blood cells and spleens of micewet either the standard diet or the diets
containing FOS were collected thirty days after skaat of the experiment for analysis by
flow cytometry. The results illustrated in FiguresBow no significant differences in the
proportions of these cell populations in either tth@od (Figure 3A) or the spleen (Figure

3B) between the groups.

ConA-induced proliferation in splenic T lymphocytess significantly higher in
mice fed a diet containing yacon FOS than that meskin cells from mice fed a standard
diet (Figure 3C). Following these findings, we atvsel a slight but significant increase in
IFN-y secretion in the cultures of spleen cells fromenfexd 3% yacon FOS. There were no

significant differences in IL-4 secretion obser¢Edyure 3 D, E).
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3.5. Effects of yacon on peritoneal macrophage iNOS awity and cytokine production

To evaluate the possible effects of yacon FOS tme®n peritoneal macrophage
activity, INOS and the cytokines ILB1 TNF-a, and IL-10 were measured in supernatants
from thioglycollate-acquired macrophage culturessltatedin vitro with LPS+IFNy. No
significant changes in NO production were observetiveen macrophages obtained from
the different dietary groups (Figure 4A). Similarlgyo significant difference in IL-10
secretion was identified. However, II3-Becretion was found significantly reduced in the
cells cultures derived from mice fed with ratiorentaining either commercial or yacon

FOS.

4. Discussions

According to Roberfroid and associates [21], prebieffects may be defined as “the
selective stimulation of growth and/or activityq)jeof one or a limited number of microbial
genus (era)/species in the gut microbiota thatergsf health benefits to the host”. Thus,
the incorporation of prebiotics in the diet leadshealth benefits by changes in the gut's
microbiota composition, especially an increase bé tfecal concentrations of the
bifidobacteria. The presence of healthy intestm&robiota promotes a state of immune
tolerance, which prevents the elimination of comga¢sand antigenic organisms from the
diet, food allergies, and bowel disorders suchrigslle bowel syndrome. Moreover, the
consumption of prebiotics improves stool qualityrasasured by pH, SCFA, frequency and
consistency, reduces the risk of infections andrgasteritis, and increases Ca absorption,
bone calcium accretion, and bone mineral densi®2[9 As observed in this study, yacon

root flour contains reduced quantities of glucose sucrose and high levels of FOS, which
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is found in higher proportion in the yacon thaneither chicory or Jerusalem artichokes
(22.9/100 g and 13.5/100 g, respectively) [23,Zé¢cent studies have shown positive
effects resulting from yacon consumption. In adudimen (31-49 years of age) with mild
obesity and dyslipidemia, consumption of 0.14 &90g FOS/kg body weight over 120
days, resulted in decreased body weight, body madgx, and serum insulin, in addition to
increased frequency of defecation and feelingsatiety [25]. The consumption of yacon
flour containing 5% or 7% FOS for 27 days increasaldium absorption in Wistar rats, as
well as an increase in the depth and number ostint crypts [26]. Habid and associates
[27] showed hypolipidemic effects in diabetic Wistats that consumed yacon flour
containing 340 or 6,800 mg FOS/kg body weight/d 96r days. These effects on lipid
metabolism were correlated with an increase inlingositive pancreatic cells within the
exocrine parenchyma, although only a slight in@eas plasma insulin levels was

observed.

The partial or complete replacement of sucrosehbyyacon flour in the diet resulted
in similar levels of food intake and body weightthese observed in mice fed a standard
diet. Similar observations have been reported ihertexperiments using diets
supplemented with FOS [4,28]. The consumption 0§KQ.20 g /day/mouse) over 24 days
by older female C57BI/6J mice (33 to 35 weeks @)dgom the second generation of mice
fed with a diet poor in n-3-polyunsaturated fattyda resulted in weight gain and better

utilization of nutrients compared to the group &dontrol diet [29].

In our study, we observed that the intake of a sligiplemented with commercial or
yacon FOS resulted in no changes in serum levdtg®and IgA. Literature data show that

normal levels of IgM in sera of Balb/c mice arevibetn 1.1 and 1.3 mg/mL [30]. In our
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study, we found IgM levels ranging from 2.39 (x4B) and 1.73(x 0.097) mg/mL. Thus,
although statistically significant, the diferenceserum IgM levels observed between 3%
yacon FOS and control groups seems to have nodmalosignificance. However, the
amount of fecal IgA was significantly higher in eegroups compared to mice fed a
standard diet. Hosono and associates showed thiaBBAmnice, when fed 2.5% FOS, had
increased fecal IgA levels as well as increasedesiea of IgA by lymphocytes from the
Peyer's patches of mice fed 2.5 % or 7% FOS, white then cultured in bacterial extract
[31]. Likewise, it was observed that the consumptad 5% FOS raised IgA levels in
intestinal tissues extracts [32]. Other prebiotissch as cicloinulooligossacharides and
iIsomaltooligosaccharides, have also been showmdeease fecal IgA levels in mice
[33,34]. Conversely, inulin consumption did notrsfgcantly alter the levels of fecal IgA in

mice [12].

The IgA can function as a high affinity system teutralize toxins and pathogenic
microorganisms or as a low affinity process to aonthe dense microbiota content of the
intestinal lumen [35]. Diets enriched in FOS andlim can provoke and stimulate the
intestine's mucosal immune system, and may impttoeefficacy of vaccines administered
orally [36]. In this study, we found increased felggA in mice fed FOS in the absence of
specific antigenic stimuli, which may be involvea ithe fixation of commensal

microorganisms in the intestinal lumen.

Although we did not observe any diet-related changethe frequency of T and B
cells in the blood or spleen, our results showed #plenic lymphocytes from mice fed
diets containing yacon FOS were more responsivaidoConA, in terms of proliferative

response. Lymphocytes from mice fed AIN93-3% yaetso presented a more elevated
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production of IL-4 and IFN¢than splenic lymphocytes from mice fed the stachdhet,
although differences were statistically significamtiFN-y. Thus, it seems to us there was

no biological significance in these differences.

Despite of macrophages from mice fed FOS produmeddvels of IL-B in response
to in vitro stimulation with LPS, the levels of TNiwhere slightly more elevated in those
groups. In consequence, no alterations in NO andOllevels could be observed in
macropahges supernatants, thus indicanting a hkedapcoduction of pro- and anti-

inflamatory mediators in macrophages by the consiompf yacon.

Several studies convey the importance of healthgrobiota in maintaining the
intestinal tract's physiological and immunologicdlinctions, including inducing
tolerogenesis toward exogenous antigens, such @ tpresent in the diet [37]. The
immune response against pathogens is charactebyethe recognition of molecular
patterns combined with strong innate responseswell by an adaptive response to
eliminate the offending agent, which often resuftsdamage to the host's tissues. The
response toward components of the symbiotic miotabihowever, is characterized by a
complex integrated system of microbial recogniteomd inhibition of immune effector
activation [38]. This process involves both the memance of a significant number of
macrophages and dendritic cells in a state of imantgtand an appropriate balance
between regulatory T (Treg) lymphocytes and "inftaatory” T lymphocyte subsets, such
as Thl and Th17 [39]. Similarly, the levels of feaatibodies play an important role in
digestive tract homeostasis. IgA is only inducedhigh levels in the intestines of animals
with intestinal microorganisms. In germ-free mittee numbers of IgA-producing cells are

decreased almost two times [38]. Our results shothat regular consumption of yacon
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FOS by mice presents no adverse effects and net tile peripheral immune system
balance, as well as encourage the production estimal IgA. Despite of yacon is being
used in folk medicine for long time, well-designelthical studies testing the effects of

regular yacon consumption in humans are still resrgs

5. Conclusions

Our results show that regular consumption of yabgrBALB/c mice showed no
adverse side effects to the whole-organism phygiglparticularly to the immune system
balance. This paper is the first to describe tlatsamption of yacon flour rich in FOS

promotes increased levels of intestinal IgA.
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Legends:

Table 1.- Formulation of experimental diets. Four differergtd were prepared as follow:
A) AIN93M, control diet, (B) 5% FOS, (C) 3% yaco®B, (D) 5% yacon FOS. In diets B,
C, and D, sucrose was replaced by FOS or yacom. flear diet D, the starch was also

replaced.

Table 2.- Chemical composition of the experimental diets.e Tfour diets were
gravimetrically analyzed for moisture, ash, analtsblids contents. Protein was measured
by the micro-Kjeldahl method [13], Total lipids veemeasured by the Bligh & Dyer
method [14]. The calories were calculated using dbeversion factor for proteins 4.0,

carbohydrates 4.0, and lipids 9.0.

Figure 1.- The effects of regular yacon consumption on we@hBALB/c mice: A) The

average weekly consumption during the trial pemasd evaluated. B) The mouse weight
was monitored weekly, during the diet intake. Cg Tercentage of weight gain variations,
relative to the start of feeding. Data were analyasing the ANOVA analysis of variance
followed by the Bonferroni’s test in comparisonhwihe group that consumed AIN93 in

the same period. Values of@05 (*) were considered significant (n=18).

Figure 2.- The effects of regular yacon consumption on thigady levels in serum and
feces. A-C) Serum IgG, IgM, IgA and fecal IgA, respvely. The data collected were then
analyzed by the ANOVA analysis of variance followay Bonferroni’s test, with values
p<0.05 considered significant. (*) represent0®5 compared with the AIN93M group

(n=6). The data are representative of two indepanelgeriments.
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Figure 3.- The effect of regular yacon consumption on pemighenmune system. A) T
and B-lymphocyte frequency in peripheral blood. Band B-lymphocyte frequency in
spleen. C) Con-A induced proliferation of spleefiscdd-E) Levels of IL-4 and IFN-in
culture supernatants. Statistical analysis was wcted using the ANOVA analysis of
variance followed by Bonferroni’s test, with valu@$<0.05 considered significant (n=6).
(*) represents $0.05 compared with the AIN93M group, and (#) reprgs <0.05 when

compared with the FOS group.

Figure 4.- The effects of the regular yacon consumption onax@ cytokine production by
in vitro stimulated peritoneal macrophages. A) NO productias measured by MTT
method. B-D) Levels of ILfi, TNF- and IL-10, respectively. Statistical analysis was
conducted using the ANOVA analysis of variancedakd by Bonferroni’s test. Values of
p<0.05 were considered significant (n=6). (*) reprasep<0.05 compared with the

AIN93M group, and (#) represents@@05 compared with the FOS group.
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Tables:

Ingredients (g/Kg) AIN 93M FOS 5% YACON 3% YACON 5%
Cornstarch 465,69 465, 69 465,69 425, 69
Casein (>= 85%) 140,0 140,0 140,0 140,0
Dextrinized cornstarch 155,0 155,0 155,0 155,0
Sucrose 100,0 52,5 7,0 0,0
FOS 0,0 47,5 0,0 0,0
Yacon root 0,0 0,0 93,0 140,0
Soybean oil (no additives) 40,0 40,0 40,0 40,0
Fiber 50,0 50,0 50,0 50,0
Mineral mix 35,0 35,0 35,0 35,0
Vitamin mix 10,0 10,0 10,0 10,0
L-cystine 1,8 1,8 1,8 1,8
Choline bitartrato 2,5 2,5 2,5 2,5
Tert-butylhidroquinona 0,008 0,008 0,008 0,008
Table 1
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Components AIN93M FOS 5% YACON 3% YACON 5%
Moisture 8,02+0,28 8,13+0,53 9,85+0,48 9,60+0,00
Total Solids 91,98+0,28 91,87+0,53 90,15+0,48 0680400
Protein 11,48+0,31 11,47+0,03 13,08+0,77 12,1120,
Lipids 4,27+0,13 4,09+0,20 4,53+0,13 4,18+0,08
Ash 2,62+0,10 2,68+0,05 3,12+0,17 2,93+0,18
Carbohydrate 73,61 73,63 69,42 71,19
Energy Kcal /100g 378,78 377,19 370,78 370,77

Table 2
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Figures

Figure 1.
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Abstract

Fructooligosaccharides (FOS) have been shown torowep intestinal function,
increase resistance against pathogens and prommoteinomodulation. The yacon root
contains a high content of FOS and inulin. The afrthis study was to evaluate the effects
resulting from the incorporation of yacon flouranthe diet of mice with TNB-induced
colitis. Six-week-old female BALB/c mice were feb) the control diet AIN-93M, (2) a 5%
commercial FOS diet and (3) a 5% yacon FOS dieirtyfdays later, half of each group
was challenged by the intrarectal administratiomBS, while the others received vehicle
(ethanol). The mice challenged with TNBS and fediet containing 5% yacon FOS
suffered significantly less weight loss compared ammals fed the control diet or
commercial FOS. Spleen T lymphocytes of mice withtis did not respond to TNB#
vitro. The intake of the AIN93M, FOS and yacon diets mnlod induce significant changes
in Con-A induced T cell proliferation. The prodwstiof the cytokines TN-and IFNy by
these cultures was high in all experimental grolipd.7 was increased in groups fed FOS,
while IL-10 was lower. The macroscopic and histadabanalysis of sections of the large
intestine from yacon FOS-fed mice with colitis slealxa lower degree of inflammation and
better preservation of the structure of the intedtiwall in comparison with the other
groups. Altogether, our data indicate that the l@gconsumption of yacon FOS results in
the moderate protection of the mouse mucosal immeystem against inflammatory

agents.

Keywords: yacon root $mallanthus sonchifolijis(FOS), colitis, mucosa, IBD.
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1. Introduction

The mucosal immune system is continuously exposedassive amounts of foreign
antigens derived from microbes and the diet. Thiwirenment is usually a non-
inflammatory Th2 type, as evidenced by the predamte of IgA and IgG and the
secretion of the cytokines IL-4, IL-10 and T@Hsy NKT cells and intestinal epithelial
cells [1]. In contrast to the peripheral immunetegs the microenvironment of mucosal
surfaces inhibits the development of inflammatanynune responses in a scenario where

the tolerance of foreign materials is the normeathan the exception [2].

Breaking of tolerance to microbial antigens hasnbielentified as one of the main
factors leading to the development of intestinaodiers such as Crohn's disease and
ulcerative colitis, which are collectively calledflammatory bowel disease (IBD) [1,3].
The reduced expression of junction proteins andeamed apoptosis of epithelial cells,
which allows luminal antigens derived from non-megénic microorganisms to come into
contact with cells of the mucosal immune systenmyehalso been implicated in the
pathogenesis of colitis [4-6]. The activation ohdatic cells (DCs) by flagellin derived
from commensal bacteria appears to be one of itial iavents in the development of IBD
in humans and experimental models [7]. The actwatf DCs via Toll like receptors
results in the increased production of inflammataggokines such as TN&-and a
reduction in the regulatory cytokines normally gmsin this microenvironment, such as
TGFf and IL-10. Consequently, there is a marked redodti the number of regulatory T
cells from the CD4+ CD25+ Foxp3+ subpopulation,skhiavors the formation installation

of an inflammatory environment [8,9].
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The conventional therapeutic approaches for IBlve the use of drugs that down-
regulate the immune system, such as corticoster@nsnosalicylates, azathioprine or

infliximab (anti-TNF-a) [6,10].

Recently, new therapeutic approaches for IBD tmaiude the consumption of
probiotics [11], prebiotics [12-14] and symbiotjd®] have shown promising results. The
aim of these therapies is the manipulation of theestinal microbiota into a more
appropriate profile with regard to the diversity gfbecies and products derived from

microbial metabolism [16].

Prebiotics like FOS and inulin have shown a morenédiate potential therapeutic
use [17]. It has been observed that the consumpifothese compounds leads to an
increase in bifidobacteria in the intestinal trasith beneficial consequences for the
mucosal immune system [18,19]. FOS/inulin is préserhigh amounts in many plants
used as food, such as chicory, Jerusalem artich@dsggaragus, honey, onions, garlic,
barley and bananas, among others [20-22]. The yacaoot used in traditional Andean
medicine for the prevention of diabetes and metabsyndrome, also represents an

abundant source of FOS/inulin [23,24].

The literature, however, lacks studies on the &fdtat the regular consumption of
yacon has on the immune system in inflammatory itimmd of the intestinal tract, such as
IBD. This manuscript aims to evaluate the physimalgand immunological effects of

regular consumption of yacon on TNBS-induced wlitiyoung mice.
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2. Material and Methods

2.1. Animals

Female BALB/c mice were obtained from the Multidimary Center for Biological
Research (CEMIB) at UNICAMP. The animals were housemetabolic cages and were
kept under specific pathogen free (SPF) conditiwite a light / dark cycle of 12 hours,
temperature of 22 + 2°C and water and feadlibitum The experimental protocols were
approved by the Ethics Committee on the Use of AaniCEUA), UNICAMP, under no.

1659-2.

2.2. Yacon

The roots of yacon were grown in the region of Saalo, Brazil, and subjected to
freeze-drying and grinding to obtain the flour thats maintained at -8G until use. The

chemical composition of yacon flour was similathat reported previously [25].

2.3. Diets

The control AIN93 maintenance diet was preparedmieg to the specifications of
Reeves and colleagues [26]. In the experimentas,dseicrose and starch were replaced by
FOS or yacon flour, as described previously [25{-\ieek-old BALB/c mice were divided
into the following groups (n = 12): (1) control tikIN93M; (2) 5% commercial FOS diet
and; (3) 5% yacon FOS diet. Mice were fed with ¢hesets for 4 weeks before the

induction of colitis.
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2.4. Induction of colitis

Colitis was induced in 10-week-old BALB/c mice amtiog to Neurath and
colleagues [27] with modifications. Brieflialf of each group of mice was challenged by
the rectal administration of 0.5mg TNBS/10®0% ethanol, and the other half received
only the vehicle (108 50% ethanol) for seven consecutive days. The finvake and
weight of the mice were monitored weekly for tharfaveeks before the induction of colitis

and daily for seven days after the induction oftisol

2.5. T lymphocyte proliferation

The spleens were collected individually for thepamation of erythrocyte-free cell
suspensions. The cells were resuspended in RPMiumedith 10% fetal bovine serum,
seeded into 96-well plates (Corning, MA, USA) atemsity of 2.5 x 10cells per well and
incubated for 48 hours at 37°C and 5%,0®the presence of 215/mL Concanavalin A
(Con-A, Sigma, USA) or 5@/mL TNBS-ovalbumin (OVA) previously prepared inrou
laboratory [28]. After incubation, the supernatawesre collected and stored at -80°C for
cytokine analysis. Cell proliferation was deterntinegy the addition of MTT (3-[4, 5-
dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium braode) to the cultures. After the
dissolution of formazan crystals, the plates wegalrin a spectrophotometer at 540nm. Al
tests were performed in sextuplicate. The proliferaresults were expressed as the niean

SEM absorbance obtained for each treatment.
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2.6. Cytokine measurement

[FN-y, IL-4, IL-10, IL-17 (eBioscience; San Diego, CASW) and TNFe (OptEIA,
BD Biosciences; San Diego, CA. USA) were quantifigdELISA using commercial kits

according to the manufacturer's instructions.

2.7. Histological analysis

The intestines were removed, sectioned in the negidhe cecum and photographed.
The intestinal segments were fixed in 1% bufferetafprmaldehyde, embedded in
paraffin, cut using a microtome (cutting thicknesd 6um) and stained with

hematoxylin/eosin (H/E) for histopathological arsagy

2.8. Statistical analysis

The experimental data were analyzed using ANOVAoteéd by Bonferroni’'s test.
Analyses were performed with GraphPadPrism softwamgh p<0.05 considered

statistically significant.

3. Results and Discussion

TNBS-induced colitis is an experimental model thaimics many inflammatory
events observed in human diseases such as uleelitis and Crohn's disease. It is
characterized by weight loss, bloody diarrhea amgbrdanization of the intestinal
architecture [29,30]. FOS oligosaccharides are ¥etlwn for their beneficial effects on

the body, particularly on the composition of integk microbiota and the modulation of the
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mucosal immune system [18,31]. Recent evidencelhasn that these compounds play an
important role in preventing the clinical manifégias of experimental colitis [32,33]. In a
previous study, we showed that substituting thecaecand starch in the standard diet with
an equivalent amount of yacon FOS showed no sggmfi alterations in weight gain and
the humoral immune responses associated with testinal mucosa [25]. Data obtained in
this work confirm our initial findings, as BALB/c ige fed a diet containing commercial or
yacon FOS had food intake and weight gain levefsparable to those of animals fed the
standard AIN93M diet (Fig. 1). Colitic mice fedleet the standard diet or commercial FOS
showed an accentuated loss of weigth, whereas tedsgacon FOS showed no alteration
in comparison with animals in control group (Fig @nd C). Ribeiro [34] showed that the
yacon meal contains high levels of phenolic aciasd is well known that phenolic
compounds may act synergistically with FOS to poadiis beneficial effects. Thus, the
association between FOS and fenolic compound inrydlour may be responsible for the

protection against cachexia observed in those gobupice fed diet containg yacon.

Macroscopic examination of intestinal pieces shthed yacon-based diets seem to
protect mice against TNBS-induced inflammation &sracterized by the absence of
bloody feces, integrity of intestinal walls andrfa@tion of stool. The intestines of mice fed
yacon FOS showed no infiltrating leukocytes, asogep to what we observed in the
intestines of mice that consumed the standardodiebmmercial FOS. The epithelial layer
of the large intestine of mice fed a diet includiyaron was also better preserved than the
epithelial layers in the other groups with coli{iSig. 2A). The benefits of prebiotic
consumption have been attributed to the way in wkhese compounds are metabolized in
the intestinal tract [35]. It has been shown thatihgestion of such food favors an increase

in the proportion of symbiotic bacteria suchlastobacillus and bifidobacterium which
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produce short chain fatty acids specially butyratethe intestinal flora [36,37]. The
metabolites produced by these intestinal bactdag an important role in the intestinal
mucosal immune system, favoring the developmentamwfenvironment that inhibits
inflammatory responses [38,39]. The destructiorthaf epithelial layer of the intestinal
mucosa is an important element in the establishneéntolitis in both humans and
experimental models [1,2]. It is possible that finetection against the establishment of a
more severe TNBS-induced colitis in yacon-fed micay due to a prebiotic effect of
yacon. In previous study, we observe an elevatfathe levels of fecal IgA in absence of
infection and inflammation that support this ide2b]] New researchs, however, are
necessary to determine the effects that regulaonyaonsumption has on the intestinal

microbiota and their products in both mice and husna

To assess the systemic effects of FOS and yacosungtion on the adaptive
immune response, spleen cells were stimulated @ahA or TNBS to determine cell
proliferation and the production of pro- and anflammatory cytokines. Figures 3 and 4
summarize the results obtained in these experim@hisse figures show that stimulating
splenic lymphocytes with TNBS did not cause spleeltls from any of the experimental
groups to proliferate (Fig. 3A). Likewise, pro- aadti-inflammatory cytokine levels in
these cultures did not differ significantly fromafimulated cultures of spleen cells from
mice fed standard diet or a diet containing commeFOS (Fig. 3B-F). However, TN&-
and IFNy were found augmented in the supernatants of TNBSikated cultures of
spleen cells from mice fed yacon FOS. It has bdwwa that TNBS-induced colitis in
BALB/c mice is a Th2 model of the disease, and dones a mix Th2/Thl model. The
balance of Th2/Thl response may be related todh&ibuition of normal microbiota and

its mitogens (LPS, CpGs, etc) in activation or mdtthe IL-12 pathway in antigen
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presenting cells [2]. However, consumption of yadawors the imbalance between
Th2/Th1 responses with the predominance of a Tedomse. On the other hand, IL-17 that
now has been implicated as the main responsiblddarages in bowel diseases [40] was

not significantly altered by consumption of FOS.

The regular consumption of commercial FOS and yae@% did not affect the
proliferative capacity of T lymphocytes in resportseConA, showing that cells from
different experimental groups of mice were equadlyponsive to non-specific stimulation
(Fig. 4A). However, stimulation with ConA resulted the increased production of Thl-
type cytokines (TNFx and IFNy) in the cultures of spleen cells from all expenmad
groups, regardless of the diet consumed (Fig. 4 @n Surprisingly, IL-17 production
was significantly higher in the cultures of spleyies from mice fed FOS (Fig. 4D).
Moreover, the production of IL-10 was lower in thdtures of cells isolated from mice fed
a diet containing commercial FOS or yacon FOS (##). Arribas and colleagues [32] also
found that the consumption of FOS protects agatinst deleterious effects of TNBS-
induced colitis. However, the effect observed gsthauthors was associated with reduced
levels of colonic pro-inflammatory cytokines, myeévoxidase and nitric oxide. The
contradictory results we obtained may be attributethe source of cells used in the study.
Further studies are essential to clarify the ieterice of yacon consumption on the
intestinal immune response, particularly in lympytes from intestinal sites such as

mesenteric lymph nodes, Peyer’s patches and lgmopaia.
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5. Conclusion

Taken together, our data show that the regularwopsion of yacon FOS reduces the
clinical signs of colitis in mice by mechanismsttihamain to be elucidated but may be
related to changes in the microbiota and the ocedfiponse profile in the intestinal

microenvironment.
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Legends:

Figure 1.- The effects of regular yacon consumption on bodight and food intake. Six-
week-old BALB/c mice (n=12) consumed diets contagnb% commercial FOS, 5% yacon
FOS or a control diet (AIN-93M) for thirty consem& days. The results were analyzed
using ANOVA followed by Bonferroni’s test. P valugb.05 (*) in comparison with the

group that consumed AIN93M were considered sigaific

Figure 2.- Effects of regular consumption of yacon on clihisgns of colitis. Six-week-
old BALB/c mice (n=12) consumed diets containing Bétnmercial FOS, 5% yacon FOS
or a control diet (AIN-93M) for thirty consecutiviays. For the induction of colitis, half of
each group of mice was immunized and challengeld &b mg TNBS/100 50% ethanol
per rectum, while the controls received the vehjeteanol) for seven consecutive days. A)
Macroscopic and histological evaluation of the éabgpwel (intestines were dissected, fixed
in paraformaldehyde, embedded in paraffin and @see for histological analysis with
H/E). Magnification: 400X . B-C) Body weights atethveek of colitis induction and at the
end of the experiment. Data were analyzed using XA @llowed by Bonferroni’'s test. P
values<0.05 (*) in comparison with the group that consur#dbd93M were considered

significant.

Figure 3.- The proliferation and cytokine production of aetigspecific T cells. Six-week-
old BALB/c mice (n=12) consumed diets containing Bénmercial FOS, 5% yacon FOS

or a control diet (AIN-93M) for thirty consecutiviays. For the induction of colitis, half of
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each group of mice was immunized and challengeld &% mg TNBS/100 50% ethanol
per rectum, while the controls received the veh(elinanol) for seven consecutive days.
(A) At the end of the experiment, spleen cells wesected and placed in culture in the
presence of a specific stimulus (@mL TNBS-OVA). (B-F) The culture supernatants
were collected and assayed for TMFHN-y, IL-17, IL-4 and IL-10. Statistical analysis
was performed by ANOVA followed by Bonferroni’'s te® values<0.05 were considered
significant; (#) represents a p vaki@.05 compared with the AIN93 group; (*) represemts

p value<0.05 compared with the baseline group (no stimulus)

Figure 4.- The proliferation and cytokine production of Tlsedtimulated with ConA. Six-
week-old BALB/c mice (n=12) consumed diets contagnb% commercial FOS, 5% yacon
FOS or a control diet (AIN-93M) for thirty conseugt days. For the induction of colitis,
half of each group of mice was immunized and chakel with 0.5 mg TNBS/1Q0 50%
ethanol per rectum, while the controls receivedvileicle (ethanol) for seven consecutive
days. (A) At the end of the experiment, spleensocetre collected and placed in culture in
the presence of 2u§/mL ConA. (BF) The culture supernatants were ctdld and assayed
for TNF-a, IFN-y, IL-17, IL-4 and IL-10. Statistical analysis wasrformed by ANOVA
followed by Bonferroni test. P value®.05 were consider significant; (#) represents a p
value<0.05 compared with the AIN93M group; (*) represeatp value<0.05 compared

with the baseline group (no stimulus).
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CONCLUSOES GERAIS

Considerando que os frutanos de tipo inulina eofligosacarideos agem como
agentes bifidogénicos, nos propusemos neste tabatstudar o efeito do consumo regular
de yacon sobre o sistema imune murino em condifiSieddgicas e apds a inducdo de

doenca inflamatéria intestinal provocada pela atstracdo de TNBS.

Os resultados obtidos no presente estudo indicguam

* O consumo regular de yacon néo acarreta efeite$édiels ao sistema imune murino. Os
animais que consumiram dieta suplementada com EG&abn mantiveram os mesmos
padrdes de perfil celular, secrecdo de citocindsgis1 séricos de anticorpos e

proliferagcéo celular observados nos animais aliateyg com dieta padréo;

» O yacon parece possuir propriedades prebioticasrdaendo a expansdo de microbiota
mais adequada, uma vez que o consumo de dietandonyacon levou a elevacéo dos

niveis de IgA intestinal na auséncia de infeccao;

* A alimentacdo com dieta contendo FOS de yacon meepelo menos parcialmente o
desenvolvimento de rea¢des inflamatorias no traesiinal. Camundongas alimentados
com yacon tornaram-se menos susceptiveis ao ddgenento de sintomas clinicos da
colite experimental induzida por TNBS, embora osapeetros imunolégicos nao

tenham sido completamente modulados.

Desta forma, consideramos que 0 yacon possui grpotencial como alimento
funcional devido a sua elevada concentracdo de EQSulina e pelos efeitos ora

observados sobre o sistema imune em murinos.
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SUGESTOES DE PESQUISAS FUTURAS

Os estudos de consumo de yacon em humanos sacassasnovas pesquisas sao
necessdarias para avaliar seu potencial immunomdalulam uma situacdo de desafio,
como nas doencas inflamatorias do trato intestiialda se faz necessario determinar as
dosagens otimas, duracdes de tratamento e osseéspecificos de consumo de yacon em
matrizes e populacdes diferentes, como infantesoil e imunosuprimidos. Além disso, é
importante avaliar os efeitos do consumo regularydeon sobre a composicao da

microbiota intestinal murina e humana.
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ANEXO 1: Aprovacgio da Comisséo de Etica no Uso de Animais
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