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RESUMO

A soja atrai considerdvel atencdo no atual cendrio econdmico mundial devido ao seu
elevado potencial nutritivo e efeitos potencialmente benéficos a saiide humana, que sao
atribuidos principalmente as isoflavonas. Esta classe de fendis heterociclicos é conhecida
por suas atividades bioldgicas, tais como as atividades estrogé€nica, antioxidante e
antitumoral, sendo as formas agliconas mais ativas do que as glicosiladas. Contudo, estudos
tém mostrado que a eficdcia clinica das isoflavonas estd relacionada com a capacidade de
producdo de equol, um metabdlito da daidzeina que, segundo a literatura vigente, €
produzido exclusivamente pela acdo da microbiota intestinal. No entanto, ha evidéncias de
que nem todos os individuos sdo capazes de metabolizar as isoflavonas a equol, sendo essa
variabilidade atribuida as diferencas na composi¢cdo da microflora intestinal, habitos
alimentares, fatores genéticos, dentre outros. Neste contexto, os produtos a base de soja sdao
uma forma de incluir as isoflavonas na dieta, sendo que o extrato hidrossoldvel de soja
(EHS) € um substrato que tem se apresentado com potencial para produgcdo de novos
alimentos com apelo saudavel. Desse modo, com o propdsito de aumentar o conteido de
isoflavonas bioativas e avaliar a viabilidade de um processo biotecnoldgico para producio
de equol in vitro, neste projeto foi investigada a aplicacdo de culturas starters e bactérias
lacticas probidticas na fermentagao do EHS, aliado a acdo do extrato bruto de tanase obtido
a partir de Paecilomyces variotii. Além disso, também foi avaliada a biotransformacao dos
compostos fenodlicos e atividade antioxidante do produto obtido. A agdo do extrato
semipurificado de tanase de P. variotii frente aos padrdes comerciais de isoflavonas foi
avaliada por CLAE-DAD. O teor de fendis totais dos extratos, antes e depois dos processos
de bioransformacao, foi avaliado pelo método de Folin-Ciocalteau, a atividade antioxidante
pelos métodos in vitro ORAC e de sequestro de radicais DPPH e o perfil quimico por
CLAE-DAD. Ap6s o processo fermentativo e/ou tratamento enzimético do EHS, houve um
significativo aumento no teor de fendlicos totais e capacidade antioxidante, evidenciada por
ambos os métodos empregados (ORAC e DPPH), quando comparados com o controle do
EHS sem tratamento. Além disso, foi verificada uma modificag¢do no perfil polifendlico das
amostras do EHS biotransformadas evidenciado por CLAE-DAD, resultando em um

aumento na concentracdo das formas agliconas em relacdo as glicosiladas, bem como o
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aumento da concentragdo de equol apds os processos de biotransformacdo propostos. Os
resultados obtidos por CLAE-DAD confirmaram que o extrato de tanase de P. variotii foi
capaz de biotransformar as formas glicosiladas (daidzina e genistina) das isoflavonas em
suas respectivas formas agliconas (daidzeina e genisteina), indicando uma atividade
diglicosidica do extrato semipurificado de tanase. Pelo que se tem conhecimento, a
hidrdlise de isoflavonoides glicosilados por tanase, bem como a formacao de equol, € um
relato inédito na literatura demonstrando que € possivel desenvolver um processo in vitro
para a obtencao deste composto bioativo, sem a presenca de bactérias intestinais, utilizando

apenas uma biotransformag¢do enzimatica.

Palavras-chave: Isoflavonas, equol, fermentagdo, tanase, biotransformacgdo, extrato
hidrossoluvel de soja.
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ABSTRACT

Soy is attracting a considerable amount of attention in the current global economic scenario
due to its high nutritional capability and potentially beneficial effects of human health,
which are mainly attributed to isoflavones. This class of heterocyclic phenols is known for
its biological activities, such as estrogenic, antioxidant and antitumor activities, and the
aglycone forms are more active than glycosides. However, studies have shown that the
clinical efficacy of isoflavones is related to the capacity to produce equol, a metabolite of
daidzein, which according to current literature is exclusively produced by the action of the
gut flora. Thus, there is evidence that not all individuals are able to metabolize isoflavones
to equol, and this variability is attributed to differences in the composition of gut flora, diet,
genetic factors, among others. In this context, soy-based products are a way to include
isoflavones in the diet, and soymilk is a substrate that has shown the potential to produce
new food substances with healthy appeal. Hence, in order to increase the content of
bioactive isoflavones and assess the viability of a biotechnological process for in vitro
production of equol, this project investigated the application of starters and probiotic lactic
bacteria strains in the fermentation of soymilk, combined with the action of the crude
extract of tannase obtained from Paecilomyces variotii. Furthermore, the biotransformation
of phenolic compounds and antioxidant activity of the obtained product was assessed. The
action of the semi-purified extract tannase in relation to commercial standards of
isoflavones was evaluated by HPLC-DAD. The total phenolic content of the extracts,
before and after the biotransformation processes, was evaluated by the Folin-Ciocalteau
method; the antioxidant activity was tested by in vitro DPPH and ORAC assays, and the
chemical profile was evaluated by HPLC-DAD. After the fermentation process and/or
enzymatic treatment of the soymilk, there was a significant increase the total phenolic
content and antioxidant capacity, as evidenced by both methods employed (ORAC and
DPPH), compared with the untreated soymilk. Additionally, a change was observed in the
polyphenolic profile of biotransformed soymilk samples, proven by HPLC-DAD, resulting
in an increase in the concentration of aglycones in relation to glycosides forms, as well as a
significant increase in the concentration of equol after the biotransformation processes

proposed. The results obtained by HPLC-DAD confirmed that the extract of tannase from
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P. variotii was able to biotransform the glycoside forms (daidzin and genistin) into their
aglycone forms (daidzein and genistein), indicating a diglycosidase activity of the crude
extract of tannase. From what is known, the hydrolysis of glycosides isoflavone by tannase,
in addition to the formation of equol, is an unpublished report in literature demonstrating
that it is possible to develop an in vitro method for obtaining this bioactive compound,
without the presence of an intestinal bacteria process using only an enzymatic

biotransformation.

Keywords: Isoflavones, equol, fermentation, tannase, biotransformation, soymilk.
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INTRODUCAO GERAL

A medida que diversos estudos tém mostrado a relacio direta entre a dieta e a
saide e observa-se um crescente interesse da populacdo em uma alimentagcdo saudavel, a
pesquisa de novos componentes naturais € o desenvolvimento de novos ingredientes
possibilita a inovagdo em produtos alimenticios visando atender a demanda por produtos
que sdo vistos como um veiculo de promog¢ao do bem-estar e saide (KOMATSU; BURITI;

SAAD, 2008).

Utilizada como alimento bdsico na dieta dos paises orientais € como ingrediente
em produtos industrializados no ocidente, a soja e seus produtos vém obtendo éxito no
mercado uma vez que o seu consumo tem sido associado a varios efeitos benéficos a saide
(BEHRENS; SILVA, 2004). Esta leguminosa possui elevada importancia no cendrio
econdmico mundial devido ao seu elevado potencial nutritivo, composi¢cdo quimica e
caracteristicas agrondmicas favordveis (FAO, 1992). Porém no Brasil o consumo humano
ainda € pouco expressivo em relagdo ao consumo nos paises orientais, sendo a maior parte

da produgdo destinada ao 6leo e a proteina para alimentacdo animal (LAZZAROTTO;
HIRAKURI, 2011).

Dentre os produtos derivados da soja, destaca-se o extrato hidrossolivel de soja
(EHS), conhecido popularmente como “leite de soja”, alvo de grande atengao por parte de
pesquisadores e industriais, devido as suas qualidades nutricionais e as suas atrativas
possibilidades, que se devem ao baixo custo de producdo (BEHRENS; SILVA, 2004).
Além disso, também constitui boa fonte de isoflavonas, grupos de fendis heterociclicos, que
apresentam atividades bioldgicas ditas promotoras da sadde, tais como as atividades
estrogénica, hipocolesterolémica, anti-carcinogénica e antioxidante (ABELUSCU;
POPOVICI, 2007; BARNES, 2010; PAN; LAIL; HO, 2010). No entanto, pesquisas tém
revelado que os efeitos benéficos das isoflavonas estdo relacionados a capacidade de
producdo de equol, um metabdlito da daizeina, produzido exclusivamente pela acdo da
microflora intestinal (SETCHEL; BROWN, LYDEKING-OLSEN, 2002; YUAN; WANG:;
LIU, 2007; CAVALLINI; ROSSI, 2009; SETCHELL; CLERICI, 2010).
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Um fator importante a ser considerado € a absorcdo e biodisponibilidade das
isoflavonas uma vez que as formas glicosiladas ndo sdo absorvidas diretamente, sendo
necessdria a biotransformacio para as suas formas bioativas, as agliconas (IZUMI et al.,
2000; SETCHEL; BROWN, LYDEKING-OLSEN, 2002). Sendo assim, a hidrdlise desses
compostos fendlicos conjugados pode ser uma alternativa para aumentar a concentracio de

polifendis livres e bioatividade dos produtos a base de soja (GEORGETTI et al., 2009).

Virios estudos mostram que diferentes processamentos promovem modificacdes
quimicas nas isoflavonas da soja podendo alterar suas taxas de absor¢do e metabolismo
como, por exemplo, o processo fermentativo que pode alterar os niveis e formas das
isoflavonas, promovendo um aumento nas formas agliconas (FUKUTAKE; TAKAHSHI;
ISHIDA, 1996; WANG; MURPHY, 1994; GEORGETTI et al., 2009). Além disso,
processos enziméticos também sdo capazes de causar a biotransformacao destes compostos
trazendo diversos efeitos benéficos para a satde, como demonstrado por Park et al. (2001)
que relataram o uso de B-glicosidase para hidrdlise das isoflavonas glicosiladas a fim de

aumentar a concentracao das respectivas agliconas em extrato de farinha de soja.

O fungo Paecelomyces variotii, utilizado no presente trabalho, foi isolado e
selecionado por Macedo, Matsuda e Battestin (2005) dentre 400 linhagens fingicas
pertencentes ao laboratério de Bioquimica de Alimentos da Faculdade de Engenharia de
Alimentos da Unicamp como sendo o micro-organismo que apresentou melhor capacidade
de sintese da enzima tanase. Desde entdo, este fungo vem sendo empregado por nosso
grupo de pesquisa em estudos tanto de produg¢do como de aplicagdo da tanase em matrizes
alimentares (MADEIRA, MACEDO, MACEDO, 2012; MACEDO et al., 2011; SCHONS
et al. 2011; FERREIRA et al., 2013).

Em estudo desenvolvido por FERREIRA et al. (2013), foi avaliada a
especificidade do extrato semipurificado de tanase de P. variotii frente a diferentes padroes
comerciais de polifendis na proporcao 1:1 (p/p) de enzima:padrdo. Os resultados obtidos
por estes autores demonstraram que esta enzima foi capaz hidrolisar rutina, naringina e
hesperidina, demonstrando que além das atividades esterdsicas e depsidicas ja descritas na
literatura para tanase, o extrato enzimdtico atuou na ligacdo entre a aglicona e o

dissacarideo dos flavonoides estudados, indicando uma atividade de diglicosidase. Baseado
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nas observacdes de modo de acdo da tanase de P. variotii comparado a outras tanases e [3-
glicosidases (BATTESTIN, MACEDO, 2007; BATTESTIN, MACEDO; FREITAS; 2008),

foi que prop0s-se este trabalho.

Neste contexto, o objetivo do presente trabalho foi avaliar trés processos de
biotransformacgdo do extrato hidrossolivel de soja e evidenciar o efeito destes processos na
composi¢do, quimica quantitativa e qualitativamente, das isoflavonas e na obtencdo do
equol, bem como avaliar as alteragdes nos parametros de fendlicos totais e capacidade
antioxidante das amostras biotransformadas. Para isso, os trés processos de
biotransformacao propostos consistiram na aplicacdo de cepas de bactérias lacticas e

probioticas comerciais e/ou reagdo com a enzima tanase de Paecilomyces variotti.

O presente trabalho serd apresentado na forma de artigos cientificos e, portanto,
serd dividido em dois capitulos. O primeiro capitulo consiste de uma revisao bibliografica
que aborda teoricamente aspectos relacionados ao metabolismo, diferencas na produgao,
atividade bioldgica e as implicacdes clinicas do equol. O segundo capitulo trata da
aplicacdo de trés processos de biotransformacdo dos polifendis do extrato hidrossoluvel de
soja e na avaliacdo de alteracOes dos compostos fenodlicos, propriedades antioxidantes e

perfil das isflavonas das amostras biotransformadas.
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CAPITULO I

EQUOL: A CHAVE PARA A EFETIVIDADE DAS ISOFLAVONAS DE SOJA?

L.D. Queiros, G.A. Macedo

Formatado segundo as normas da revista “Quimica Nova”

RESUMO

As isoflavonas, classe importante de fitoestrogenos, sdo encontradas em niveis elevados na
soja e tem sido extensivamente estudadas devido aos seus efeitos benéficos na prevencao
e/ou tratamento de muitas doencas hormonio-dependentes, incluindo cancer, sintomas da
menopausa, doengas cardiovasculares e osteoporose. No entanto, pesquisas t€ém revelado
que a eficdcia clinica destes compostos fendlicos estd relacionada a capacidade do
individuo em biotransformar as isoflavonas a equol, um metabdlito da daidzeina produzido
exclusivamente pela microbiota intestinal. A eficiéncia biologica deste composto esta
relacionada aos seus efeitos anticarcinogénicos, propriedades anti-inflamatdrias, maior
afinidade por receptores estrogénicos e atividade antioxidante superior as demais
isoflavonas. Sabe-se que existem diferencas interindividuais na capacidade de produzir
equol, sendo que tal variabilidade pode ser decorrente de fatores genéticos, composicao da
microflora intestinal, bem como a idade e hébitos alimentares. Portanto sugere-se que a
eficdcia dos alimentos a base soja difere dependendo da capacidade do individuo produzir
ou ndo o equol. Na tentativa de elucidar a importancia do principal metabdlito da daidzeina,
este artigo aborda teoricamente aspectos relacionados ao metabolismo das isoflavonas,
atividade bioldgica, bem como as evidéncias, clinicas e ndo clinicas, sobre os fatores que

interferem na capacidade de produzir o equol.

Palavras-chave: Isoflavonas, equol, biotransformagdo, microbiota intestinal.


http://www.sciencedirect.com/science/article/pii/S030881461200074X

ABSTRACT

Isoflavones, an important class of phytoestrogens, are found in high levels of soybean and
have been extensively studied because of their beneficial effects in the prevention and/or
treatment of many hormone-dependent diseases including: cancer, menopausal symptoms,
osteoporosis, and cardiovascular diseases. However, studies have shown that the clinical
efficacy of these phenolic compounds is related to the consumer’s ability to biotransform
isoflavones to equol, a metabolite of daidzein exclusively produced by the intestinal
microbiota. The biological efficiency of this substance is related to its anticarcinogenic
effects, anti-inflammatory properties, greater affinity of estrogen receptors, and antioxidant
activity superior to all other isoflavones. Interindividual differences exist in the ability to
produce equol, and such variability may be due to genetic factors, the composition of
intestinal microflora as well as one’s age and eating habits. Therefore, it is suggested that
the efficacy of soy-based foods differs depending on the individual’s ability to produce
equol. In an attempt to elucidate the importance of the major metabolite of daidzein, this
review theoretically discusses aspects related to the metabolism of isoflavones, biological
activity along with the evidences, both clinical and non-clinical, of the factors that interfere

with the ability to produce equol.

Keywords: Isoflavones, equol, biotransformation, intestinal microbiota.



1 INTRODUCAO

As isoflavonas, grupo de flavonoides presentes em quantidades relevantes na soja,
sdo uma classe de fendis heterociclicos naturais que atuam como fitoestrogenos devido a
sua estrutura quimica muito semelhante ao 17p-estradiol.* Nos alimentos, as isoflavonas
encontram-se predominantemente na forma de glicosideos (daidzina, genistina e glicitina).
Porém, diversos estudos apontam que as agliconas (daidzeina, genisteina e gliciteina) sdo
absorvidas mais efetivamente pelo organismo humano sugerindo que as formas glicosidicas

. . . .. .. 34
precisam ser hidrolisadas para tornarem-se biodisponiveis.

Devido aos seus efeitos potencialmente benéficos para a saide humana, as
isoflavonas t€m sido de grande interesse em vdrios estudos. Pesquisas t€m mostrado que
individuos que ingerem uma dieta rica em isoflavonas possuem ocorréncias
significativamente mais baixas de doencas cardiovasculares, osteoporose e alguns tipos de
cancer.”™ No entanto, os efeitos benéficos das isoflavonas tém sido atribuidos 2 capacidade

o o 9-11
do individuo sintetizar o equol.

Produzido exclusivamente pela acdo da microflora intestinal,'* o equol € um
metabolito da daizeina que tem despertado grande interesse da comunidade cientifica uma
vez que apresenta alta afinidade por receptores estrogénicos, propriedades anti-
. L. . . . ~ . . .. . . 8,13-
inflamatorias, exerce efeitos anticarcinogénicos e possui elevada atividade antioxidante.

!> No entanto nem todos os individuos, mesmo em populacdes que fazem uso do mesmo

tipo de dieta contendo isoflavonas, sdo capazes de converter a daidzeina a equol, o que
o ~ 16,1

levou a classificacdo de ser um "equol-produtor” ou um "ndo equol-produtor”. 617 Tal

variabilidade sugere que a eficicia dos alimentos a base soja difere dependendo da

capacidade do individuo produzir ou ndo o equol.

Esta revisdo bibliogrifica aborda aspectos relacionados ao metabolismo das
isoflavonas, diferencas na producio, propriedades bioldgicas e implicagdes clinicas do

equol.



2 REVISAO BIBLIOGRAFICA

2.1 ISOFLAVONAS

As isoflavonas, compostos quimicos fendlicos também chamados de
isoflavonoides, t€ distribuicdo limitada na natureza. Embora poucas plantas sintetizem
isoflavonas, a sua forma bioativa estd contida em poucos vegetais de consumo humano,

. . 12
sendo a soja a maior fonte destes compostos.

Provenientes do metabolismo secundario de plantas, as isoflavonas possuem
estrutura basica fendlica muito semelhante a do estrogeno 17f-estradiol (Figura 1). Esta
semelhanga estrutural permite a interacdo com os receptores estrogénicos (ER) no
organismo, resultando em efeitos estrogénicos e antiestrogénicos, dependendo do nivel de

o . , 18,19
hormdnios sexuais endogenos e do receptor (ERa ou ERp).

Isoflavona 17B-estradiol

CHs

O

HO

Figura 1. Estrutura da isoflavona e 17B-estradiol.

A soja contém trés tipos de isoflavonas que se apresentam em quatro diferentes
formas: os B-glicosideos daidzina, genistina e glicitina; as agliconas daidzeina, genisteina e
gliciteina; os derivados acetilados, a 6"-O-acetildaidzina, 6"-O-acetilgenistina e 6"-O-
acetilglicitina; e os derivados malonilados 6”-O-malonildaidzina, 6”-O-malonilgenistina, 6"-
O-malonilglicitina.*>* As estruturas dos B-glicosideos e agliconas estdo representadas na

figura 2.
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Figura 2. Estrutura quimica das isoflavonas glicosiladas e agliconas.

Fonte: Adaptado de Lampe (2009)"7

Nos alimentos, as isoflavonas encontram-se, predominantemente, na forma
conjugada com agucares, sendo que a absorcdo de tais formas glicosidicas ndo é eficiente
pelo organismo humano devido ao seu alto peso molecular e por serem bastante
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hidrofilicas.* Somente as isoflavonas livres da molécula de acucar, as agliconas, s@o
capazes de atravessar a membrana plasme’ltica,3 portanto, a formas glicosidicas necessitam
de hidrdlise para tornarem-se biodisponiveis (Figura 3). Além de serem mais facilmente
absorvidas do que as formas conjugadas, as agliconas mostram uma maior afinidade para os

A 24,25
receptores de estrogénio.

Perda da molécula de actcar para

formacao de agliconas

£||] _
: C

HO—C ——CHIe— R
i i
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aAcetil  —pi -
-+———Malonil ——-—PB-glicosideos -t Agliconas ———#

Figura 3. Hidr6lise das formas glicosidicas em agliconas.

Fonte: Adaptado de Setchell, Brown, Lydeking-Olsen (2002).°

Estudos recentes vém demonstrando que as isoflavonas podem trazer efeitos
benéficos para a sadde, tais como reducdo do risco de cancer de mama, c6lon e prdstata,
prevencdo da osteoporose e de doengas cardiovasculares, acao hipolipemiante e diminui¢ao
de alguns sintomas associados a menopausa.s'8 No entanto, pesquisas tém revelado que ha
uma maior complexidade no paradigma de que a soja da dieta protege contra tais doencas,
sendo que os efeitos mencionados acima estdo relacionados, em sua maioria, a capacidade

de producio de equol no organismo.”"!
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2.2 EQUOL

O equol, assim denominado devido a sua origem equina, foi isolado pela primeira
vez em 1932 por Marrian e Haslewood a partir da urina de éguas gravidas. Curiosamente,
os pesquisadores observaram que o equol estava presente em grandes quantidades na urina
de equinos durante os meses de verdo, mas os niveis diminuiam no outono e inverno,26 de

. . . .5
acordo com o que hoje conhecemos como variagcdo sazonal das isoflavonas nos vegetais.

Posteriormente, poucas informagdes sobre o equol foram encontradas na literatura
cientifica até que na década de 40 este composto foi associado com uma grave doenca
reprodutiva em ovelhas, conhecida como “doenga do trevo”, devido a presenca de
isoflavonas estrogé€nicas em espécies do trevo T rifoliurrz.27 Por volta da década de 70, varios
trabalhos foram realizados definindo o metabolismo das isoflavonas e a¢des bioldgicas do
equol.zg’29 Somente no inicio dos anos 80, sua estrutura foi completamente elucidada por

espectrometria de massa e espectroscopia de ressonancia magnética nuclear™ (Figura 4).

e} OH

HO

Figura 4. Estrutura quimica do equol.

O primeiro estudo mostrando que o equol é derivado das isoflavonas de soja da
dieta foi relatado por Axelson et al, em 1984.%" Estes investigadores mediram o equol na
urina de adultos saudéveis apds a adi¢do de varios componentes alimentares em uma dieta
semissintética. Dentre os alimentos testados, incluindo trigo, centeio, aveia, milho, cevada,
alfafa, farinha de soja e feijao branco e marrom, apenas a farinha de soja gerou equol. A
partir de entdo, o equol foi identificado na urina de humanos adultos que consumiam
produtos a base de soja e, desde entdo, foi isolado a partir de um nimero de fluidos

C . . . . 32,33
bioldgicos, incluindo tecido humano da mama, soro, urina e fezes.”™
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O equol [7-hidroxi-3-(4-hidroxifenil)-cromano] € um estrogénio nao esteroidal da
classe das isoflavononas.>* Sua composi¢do molecular € C;sH 403, e seu peso molecular é
de 242.27 daltons. Sua estrutura heterociclica contém dois grupos hidroxil reativos e um de
oxigénio relativamente inerte e ndo reativo no anel furano central. Fisico-quimicamente o
equol é uma molécula apolar e pouco solivel em solucdo aquosa, o que deve ser

considerado na realizacdo de experimentos in vifro que o utilizem em altas concentragc”)es.35

Por ser uma isoflavonona, o equol possui um dtomo de carbono quiral na posicao
C-3 podendo ocorrer em duas formas enantioméricas, o R-(+)equol e S-(-)equol que
diferem significativamente na estrutura conformacional e apresentam atividades bioldgicas

. 12
diferentes.'>%

Estudo realizado por Setchell et al. (2005)"* demonstrou pela primeira vez que o S-
(-)equol é o unico enantidbmero encontrado no plasma e urina de humanos e que esta
exclusividade ndo € devido a diferencas na biodisponibilidade ou metabolismo do S- e R-
equol, mas sim devido ao fato de que as bactérias intestinas sdo enantioseletivas uma vez
que, quando incubadas in vitro com isoflavonas de soja ou com daidzeina pura, sintetizam

exclusivamente o S-(-)equol.

Além disso, as formas enantioméricas do equol apresentam diferentes
comportamentos em relacdo a afinidade por receptores estrogénicos. A forma S-(-)equol
apresenta maior afinidade pelo receptor estrogénico B (ERB) e a forma R-(+)equol exibe
preferéncia pela ligacdo ao receptor estrogénico o (ERa),”” sendo que ambos 0s iSOmeros
de equol apresentam maior afinidade para ambos receptores quando comparados com seu

. , 12
precursor, a daidzeina.

Quando sintetizado quimicamente, pode-se obter uma mistura racémica (£)equol,
sendo esta a forma comercialmente disponivel e mais utilizada em estudos para avaliacdo
das propriedades farmacoldgicas, o que pode sub ou super estimar os efeitos do equol in
vivo.'** Portanto, estabelecer o estereoisomerismo da produgio equol é importante tanto
em vista das possiveis diferencas de acdes bioldgicas dos enantidmeros quanto no auxilio

. ‘. ‘- . 12
do desenvolvimento de estratégias do uso farmacoldgico deste isoflavonoide.
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2.3 METABOLISMO DAS ISOFLAVONAS E BIOSSINTESE DO EQUOL

Enzimas hidroliticas de bactérias intestinais sdo responsdveis pela hidrdlise das
isoflavonas conjugadas,3'5 liberando as formas biologicamente ativas, ou seja, as agliconas
genistefna, daidzeina e, em menor propor¢do, a gliciteina (Figura 2).3 Ap6s a conversao,
cerca de 1/3 das agliconas sdo absorvidas como isoflavonas livres, sendo o restante
fermentado por bactérias do limen intestinal resultando em novos metabdlitos que sdo
posteriormente absorvidos. Por exemplo, a genisteina € convertida no composto p-etilfenol,
enquanto a daidzeina pode ser convertida em dihidrodaidzeina, O-desmetilangolensina (O-

DMA) e equol.9

Estudo realizado por Setchell et al. (2003), em que mulheres sauddveis no periodo
de pré-menopausa que receberam doses orais de 0.4 ¢ 0.8 mg/Kg de peso de ['°C] daidzeina
e [°C] genisteina, mostrou de forma conclusiva que o equol é formado a partir daidzeina e
ndo da genisteina, sendo que as reagdes de conversdo da daidzeina a equol sdo lentas e a

taxa de formacdo de equol é proporcional as doses de daidzeina administradas.”

A produgdo de equol requer trés passos principais (Figura 5). A daidzina €
primeiramente submetida a uma hidrolise para retirar a por¢ao glicosidica e liberar a forma
biodisponivel, a daidzeina. Esta hidrélise € extremamente eficaz e inicia-se na por¢ao
proximal do intestino delgado pela acdo tanto da membrana da “borda em escova” quanto
pelas p-glicosidases bacterianas.*” Apés esta metabolizagdo inicial, as isoflavonas agliconas

N

sdo diretamente absorvidas através do epitélio intestinal ou submetidas a nova

L ~ ‘o A 41,42
metabolizacio pela acdo de bactérias presentes no colon.
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Figura 5. Metabolizagdo da daidzeina para sintese de equol.

Fonte: Adaptado de Riifer, Kulling (2006).14

Apds a hidrdlise, a porcdo ndao absorvida € hidrogenada dando origem a
diidrodaidzeina (DHD) e esta € entdo transformada em O-desmetilangolensina (O-DMA)

ou em equol. No entanto, o metabdlito O-DMA parece ser de pouco interesse na medida

- .. 1, . . 43-4.
em que ndo apresenta atividade bioldgica conhecida. 345

A biotransformacdo da daidzeina a equol (Figura 5) € realizada exclusivamente

. . ~ . - 4o 9,12,30,46
por bactérias intestinais e, provavelmente, pela acdo conjunta de vdrias bactérias.

Virios estudos confirmam o papel crucial da microflora intestinal para a formagio do

41,43

equol. Ratos, nascidos livres de germes, alimentados com uma dieta a base de soja (221

mg de isoflavonas agliconas/Kg peso), ndo excretam equol na urina,”’ e falta de equol no
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plasma e urina de criancas sauddveis com idade de 4-6 meses, alimentadas exclusivamente
com férmula infantil a base de soja, corrobora com a necessidade de uma microflora ativa
para a formacdo de equol.*® Além disso, a incubacdo de proteina texturizada de soja ou
daidzeina com bactérias fecais humanas de adultos, as quais sdo capazes de sintetizar o
equol em condi¢des anaerdbias, confirmou o papel crucial das bactérias intestinais na

. ~ S 214
biotransformacao da daidzeina em equol.”” ?

Em vérios estudos ja foram isoladas e identificadas bactérias de origem animal e
humana capazes de converter a daidzeina em equol (Tabela 1). No entanto, a eficicia da
biotransformacdo microbiana e a identificacdo das espécies bacterianas envolvidas na
conversdao das isoflavonas em formas bioativas é um grande desafio dado a grande

. . . . . . 12
diversidade da microbiota intestinal humana.

Tabela 1 - Lista de bactérias intestinais que, cultivadas in vitro, foram capazes de

biotransformar daidzeina em equol.*

Referéncia Cepa bacteriana Fonte
Tsangalis et al., 2002 Bifidobacterium Humanos
Tsangalis et al., 2002° Bifidobacterium animalis Culturas puras
Ueno; Uchiyama, 2002°! Bacteroides ovatus Humanos
Rafii et al., 2004°> Bactérias fecais Macacos Rhesus
Decroos et al., 2005" Finegoldia magna Humanos
Minamida et al., 2006 Asaccharobacter celatusdo 03 Ratos

Wang et al., 2007>* Lactobacillus sp. Niu-O16 Humanos
Ishimi et al., 2008 Lactococcus garvieae (Lc 20-92) Humanos
Minamida et al., 2008°° Asaccharobacter celatus 03 Ratos
Matthies et al., 2008’ Coriobacteriaceae strain Mt1B8  Ratos
Yokoyama; Suzuki, 2008 Eggerthella sp. YY7918 Humanos

Yu et al., 2008’ Eubacterium sp. D1 and D2 Porcos
Matthies et al., 2009% Slackia sp. HES Humanos
Tsuji et al. 2010° Slackia sp. strain NATTS Humanos

*Na maioria dos casos, a estrutura definitiva do produto equol nao foi determinada, mas pode-se supor que, em todos os casos, o produto

foi o enantidmero S-(-)equol.
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O metabolismo das isoflavonas parece variar significativamente entre os
individuos, uma vez que existe uma variabilidade consideravel na biotransformacgdo destes
compostos através da acdo da microflora intestinal. Embora a presenca de bactérias
intestinais capazes de converter a dadizeina a equol seja um fator primordial para a
producdo deste metabdlito, componentes dietéticos, como as fibras e prebidticos,
fermentagdo e tempo de transito intestinal também desempenham um papel importante na

formacdo do equol, influenciando na absor¢do e biodisponibilidade deste composto.éz'66

Ohta et al. (2002)®" observaram que camundongos alimentados com racdo
contendo uma mistura de isoflavonas e frutooligossacarideos (ra¢do controle adicionada de
5% de frutooligossacarideos e 0,2% de isoflavonas) apresentaram elevagdo significativa
nos niveis plasmaticos de equol (p<0,05), em relacdo ao grupo que recebeu apenas a dieta
com isoflavonas. Tais resultados evidenciam que os prebidticos podem aumentar a
biodisponibilidade das isoflavonas e alterar a producdo de equol uma vez que estimulam o

. .. . . . . 68
crescimento e/ou a atividade da microbiota intestinal.

As principais fontes de precursores de equol, por serem alimentos ricos em
isoflavonas, sdo a soja e seus derivados, o trevo vermelho e o kudzu (Pueraria lobata), uma
espécie nativa do Japﬁo.69 No entanto, alimentos de origem vegetal e animal também

70-75
podem conter equol.

Em estudo realizado por Hounsome et al. (2009),” em que foram avaliadas
mudancas na composi¢cdo quimica de repolhos brancos armazenados sob refrigeragdao
durante seis meses de inverno, o equol foi identificado em niveis semelhantes a outros
compostos fendlicos e permaneceu estdvel durante todo o periodo de armazenamento. Além
disso, o equol também foi identificado em alfaces, ervilhas e feijﬁo,71 mostrando a

existéncia deste isoflavonoide em produtos de origem vegetal.

Dentre os alimentos de origem animal, o leite de vaca e seus derivados sdo os que
podem conter quantidades significativas de equol,””” sendo que o conteddo deste
composto bioativo no leite depende de diversos fatores, tais como a composi¢do e
sazonalidade dos constituintes da racdo animal. Um total de 26 amostras de leite bovino

comercializadas na Franc¢a foram avaliadas por Antignac et al. (2004)" quanto ao contetudo
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de equol e apresentaram concentracdes deste metabdlito numa taxa de 1-29 pug/100 mL,
dados comparéveis com valores encontrados para amostras comercializadas na Austrélia (5-
29 ug/100 mL equol)’? e Finlandia (6-32 pg/100 mL equol).”* Vacas alimentadas com
silagem a base de trevo vermelho (Trifolium pratense), uma leguminosa forrageira rica em
isoflavonoides, produziram leite com altas concentracdes de equol (458-643 pg/L)
enquanto o leite de vacas alimentadas com uma silagem padrdo apresentou baixas

concentracdes (171-287 ug equol/L).”

Em estudo desenvolvido por Kuhnle et al. (2008) com 115 alimentos de origem
animal (leite, queijo, manteiga, sorvete, iogurte, ovos, carnes, peixes e frutos do mar), bem
como seus substitutos vegetarianos, foram analisados os teores de fitoestrogenos, incluindo
isoflavonas totais e equol. As amostras dos alimentos foram adquiridas em, pelo menos
cinco supermercados de Cambridgeshire (Reino Unido), sendo de diferentes fabricantes.
Foram relatados baixos teores de isoflavonas e equol em todas as amostras de leite e em
seus derivados l4cteos, sendo os teores médios de 6 pug/100 g peso para as isoflavonas e 3
ug/100 g peso para o equol. Ja as amostras de peixes, frutos do mar e manteiga, nas quais o
equol ndo foi detectado, o teor médio de isoflavonas foi de 4 ng/100 g peso para os peixes e
frutos do mar e 10 pug/100 g peso para a manteiga. Ja os substitutos vegetarianos, que em
sua maioria eram produtos a base de soja, apresentaram os maiores teores de fitoestrogenos,
e, em particular, de isoflavonas, sendo que o leite e iogurte de soja apresentaram quase 500
vezes mais fitoestrogenos quando comparados com seus respectivos produtos a base de
leite bovino. Ja o equol ndo foi detectado em todas amostras dos substitutivos

: 76
vegetarianos.

Existem patentes que relatam composi¢des e produtos contendo equol tanto na
forma de mistura racémica quanto nas formas de S-(-)equol e R-(+)equol, com a finalidade
de serem aditivos em preparacdo de alimentos, suplementos alimentares, farmacos e
nutracéuticos. Em sua maioria, os processos para obtengcao do equol, ou seus respectivos
enantidmeros, envolvem a conversdo da daidzeina em equol pela acdo de uma cepa de
micro—organismo.w’83 Outra forma de obtencdo das duas formas enantioméricas R- e S-

. , - . . . 4
equol é através de reacdes quimicas com controle de quiralidade.®
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2.4 PRODUCAO DE EQUOL EM HUMANOS E IMPLICACOES CLINICAS

Uma vez estabelecida a relagdo entre as isoflavonas de soja e em particular a
daidzeina e o equol, estudos clinicos verificaram que nem todos os adultos sauddveis sdo
capazes de produzir equol mesmo com o consumo didrio de alimentos a base de soja.66’85'87
Além disso, mesmo quando doses padronizadas de 50 mg de daidzina e daidzeina sdo
administradas, removendo-se assim qualquer influéncia da matriz alimentar, muitas pessoas
ndo sdo capazes de converter a daidzeina a equol.ﬂ’39 Este fendmeno levou a criagdo de
uma classificacdo em "equol-produtor” e "ndo equol-produtor" para descrever tal

. 16,17
diferenca.

Essa variabilidade sugere que os efeitos benéficos para a saude decorrentes
da ingestdo dos alimentos a base soja difere dependendo da capacidade do individuo

produzir ou nio o equol.’

As razdes para tais diferenca ainda ndo foram totalmente elucidadas, no entanto a
composi¢do da microflora intestinal, etnia, idade, sexo, hdbitos alimentares e alguns
polimorfismos genéticos das enzimas metabdlicas humanas parecem ser fatores que

. . . e . Ly 85,88-90
influenciam a capacidade do individuo em metabolizar a daidzeina em equol.

Virios estudos evidenciam que os vegetarianos e os individuos de origem asiética
sd0 0s que apresentam uma maior capacidade para a producdo do S-(-) equol e as razdes
para tal fato estdo provavelmente relacionadas nas diferencas significativas da
macrocomposi¢io das dietas bem como o consumo regular de alimentos a base de soja por

9,86,91
estes grupos.

Além disso, aproximadamente 50-55% dos orientais sdo capazes de produzir S-(-
Jequol, enquanto apenas 20-35% da populagdo ocidental adulta apresenta esta

3292 Ta] diferenca pode ser explicada pelo fato de que a dieta oriental é rica em

capacidade.
soja e a propor¢ao do consumo de isoflavonas na forma aglicona € mais elevada do que na
forma glicosilada uma vez que os alimentos de soja fermentados, que apresentam maior
teor de agliconas, correspondem cerca de um terco do total de alimentos a base de soja

. . 4
consumidos no orlente.93’9
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Wiseman et al. (2004),” investigaram se o consumo cronico de soja por homens e
mulheres saudaveis tem influéncia sobre a biodisponibilidade das isoflavonas no organismo
humano. Para tanto, analisaram as concentracdes plasmadticas e excre¢do das isoflavonas
agliconas, como também possiveis modificacdes na atividade da microflora intestinal dos
individuos avaliados. Além disso, os autores analisaram se havia diferenga entre os sexos
no metabolismo destes compostos. Os resultados mostraram que as concentragdes das
agliconas, genisteina e daidzeina, e dos metabdlitos equol e O-DMA, no plasma, urina e
fezes, bem como atividade de B-glicosidase fecal, foram significativamente maiores nos
individuos que consumiram uma dieta rica em soja do que naqueles que consumiram a dieta
pobre em soja. Em relacdo as diferencas entre os sexos dos individuos, os resultados
mostraram que somente a concentracdo de O-DMA, no plasma e na urina, foi influenciada
pelo sexo do individuo, sendo as taxas deste metabdlito maiores em homens do que em

mulheres.

Em um estudo realizado com mulheres em periodo de pds-menopausa, que
ingeriram 100 mg/dia de isoflavonas agliconas através de barras de cereais e iogurtes, foi
verificado um aumento de trés vezes no teor de equol na concentracdo plasmatica e
excre¢do urindria naquelas mulheres “produtoras de equol”. No entanto, em estudo
realizado por Vedrine et al. (2006)* a administracdo cronica das isoflavonas nao foi capaz
de induzir a capacidade de produzir equol naquelas “ndo produtoras de equol”. Os mesmos
resultados foram relatados em outros trés estudos que testaram a exposi¢do a dietas
enriquecidas com isoflavonas num periodo de 4-10 semanas.”®®® Tal estabilidade do
fendtipo “equol-produtor” levanta a possibilidade de que a predisposi¢do genética do
individuo pode influenciar o perfil das bactérias intestinais, determinando a existéncia ou

ndo de bactérias produtoras de equol.”

Outros estudos que também avaliaram a administragdo cronica de isoflavonas
mostraram que os individuos capazes de produzir equol (classificados a partir da anélise da
concentracdo de equol no soro e urina) parecem manter-se "produtores de equol" ao longo

p . 91
de um periodo de dois anos de estudo.”

Demais pesquisadores também sugerem que, a
menos que uma pessoa esteja em uso cronico de antiobioticos, a capacidade de produzir

1 4 100,101
equol mantem-se relativamente estavel.” 10010
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Como um polifenol, o equol apresenta a capacidade de ser um doador de elétrons
e, portanto, pode combater radicais livres do organismo. Sua capacidade antioxidante €
superior a das isoflavonas agliconas, daidzeina e genisteina, quando medida in vitro.">*
Além disso, estudos comparativos de andlise de compostos fendlicos demonstraram que o
equol € um potente antioxidante, exibindo capacidade antioxidante superior em relacdo as

. . o . . . 14
vitaminas C e E em varios testes in vitro.

Em estudos de comportamento farmacocinético que avaliaram a cinética
plasmdtica da daidzeina, genisteina e equol em adultos sauddveis, que receberam uma dose
padrao de 50 mg dos isoflavonoides analisados, foi demonstrado que o equol apresenta
biodisponibilidade superior quando comparado com a biodisponibilidade de genisteina e
daidzeina.”"*® Além disso, estudo realizado com ratos mostrou que a taxa de depuracio de
equol € significativamente mais lenta do que o das isoflavonas de soja, o que contribui para

~ ~ . 102
a manutencao de concentracdes elevadas de equol circulante no plasma.

Em estudo no qual foi investigado os efeitos da daidzeina sobre o estresse
oxidativo e sistema de defesa antioxidante em figado de ratos, tratados por 4 semanas com
20 mg/dia de daidzeina dissolvida em 6leo de milho, os resultados mostraram que os efeitos
de inibi¢do da peroxidagdo lipidica e reducdo na concentragdo de glutationa em células
neuronais corticais dos animais estdo associados com o principal metabdlito desta

. 103
isoflavona, o equol.

Estudos mostram que o equol também € capaz de inibir a producdo de radical
superoxido (Oy) e estimular a produgdo de 6xido nitrico livre (NO), prevenindo assim a

104
|

oxidacdo da LD Além disso, o equol apresenta atividade vasodilatadora, induzindo o

relaxamento endotelial NO-dependente, sendo assim capaz de atuar na redugdo do risco de

. 105,106
doencas cardiovasculares.

No que diz respeito aos marcadores de risco cardiovascular, Clerici et al.
(2007),107 realizaram um ensaio randomizado controlado com placebo com 62 homens e
mulheres que apresentavam hipercolesterolemia e que receberam uma dieta a base de massa

enriquecida com isoflavonas agliconas (33 mg/dia). Os autores observaram uma redugao
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dos niveis de colesterol total e lipoproteina de baixa densidade (LDL), bem como a redugao

da rigidez arterial, em maior intensidade nos individuos produtores de equol.

Como implicagdo clinica, o equol também apresenta propriedades relevantes na
prevencdo da perda de massa 6ssea'™ como foi observado no estudo realizado por Taku et
al. (2010),'"” que demonstraram que a suplementacdo de 10 mg/dia de S-(-)equol impediu a
diminui¢do na densidade mineral 6ssea em mulheres japonesas, ndo produtoras de equol e

se encontravam em periodo de pds-menopausa, sem efeitos adversos.

110-114

Estudos epidemioldgicos mostram de forma consistente que individuos equol

produtores apresentam um risco significativamente reduzido de desenvolver cancer de

prostata. Jackson et al. (2010)113

avaliaram a relacdo das concentragdes urindrias de
fitoestrogenos com cancer de prdstata em um estudo caso-controle em uma sede hospitalar
na Jamaica. Foram analisadas amostras de urina a partir casos diagnosticados (n=175) e
controles (n=194). Como resultado, foi verificado que os homens que apresentaram maior
concentracdo de equol na urina mostraram uma reducdo significativa para o risco de cancer

de prostata.

Devido a similaridade com o hormonio feminino 17 B-estradiol, as isoflavonas t€ém
sido utilizadas como uma alternativa de tratamento de reposi¢do hormonal a fim de

11 .
> realizaram um estudo

minimizar os sintomas e efeitos da menopausa.5 Jou et al. (2008)
clinico para avaliar o efeito da ingestdo didria de 135 mg de isoflavonas nos sintomas da
menopausa em mulheres produtoras e ndo produrtoras de equol. Apds seis meses de estudo,
os autores concluiram que a suplementacdo com isoflavonas era eficaz na redug¢do dos
sintomas da menopausa (fraqueza, palpitacdo, ondas de calor, transpiracdo excessiva)

somente nas mulheres produtoras de equol.

Apesar das fortes evidéncias que apontam para a importincia do equol na

prevencdo de doencas cronicas, alguns estudos clinicos nao foram capazes de comprovar a

116,117
N

efetividade desse metabdlito em marcadores de risco cardiovascular e osteoporose. 0

entanto, na maior parte dos estudos clinicos, os efeitos benéficos relatados foram mais

. . . ., . . 107,111,11
evidenciados nos individuos capazes de converter a daidzeina a equol.'””'!""11°
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3 CONCLUSOES

O equol tem despertado grande interesse da comunidade cientifica devido a sua
eficiéncia bioldgica e implicagdes clinicas decorrentes da sua alta afinidade por receptores
estrogénicos, propriedades anti-inflamatdrias, efeitos anticarcinogénicos e atividade

. . . < .. “11
antioxidante superior as demais isoflavonas.®

No entanto, nem todos os individuos apresentam a capacidade de biotransformar as
isoflavonas a equol,m’17 sendo vdrios os fatores que influenciam em tal capacidade.88'90
Portanto, compreender o porqué da variacao de producio de equol entre os individuos, bem
como analisar os processos de obtencdo do equol, torna-se importante uma vez que a
capacidade individual de sintetizar o equol parece ser um fator limitante para a magnitude

dos efeitos observados em decorréncia da ingestdo das isoflavonas.’
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CAPITULO II

ENRICHMENT OF EQUOL AND BIOACTIVE ISOFLAVONES IN SOYMILK BY
BIOTRANSFORMATION USING LACTIC ACID BACTERIA AND TANNASE

L.D. Queiros?, J.A. Macedo®, G.A. Macedo®

Formatado segundo as normas da revista “Food Chemistry”

ABSTRACT

Soy isoflavones have received considerable attention for their health-promoting potential.
The soybean aglycones daidzein and genistein have proven beneficial functions,
demonstrated by in vitro and in vivo studies. However, recent works have suggested the
importance of equol, a daidzein metabolite formed by intestinal bacteria that seems to be
superior to all other isoflavones in its biological effects. The goal of this work was evaluate
the wviability of producing equol using in vitro bioprocess from soymilk. Three
biotransformation processes of soymilk were proposed based in soymilk fermentation by
probiotic lactic acid bacteria strains and tannase application, obtained from Paecilomyces
variotti. It was demonstrated that all three biotransformation processes were able to
biotransform glucosides isoflavones to aglycones and led to an increasing of equol content.
Furthermore, these processes were very effective in increasing the total phenolic content
and potential antioxidant (ORAC and DPPH) of biotransformed samples. The results
suggest that fermentative process or enzymatic biotransformation with tannase was an

efficient strategies to improve bioactive potential of soymilk.

Keywords: soymilk, isoflavones, equol, tannase, biotransformation, antioxidant activity.
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1 INTRODUCTION

Soybeans have attracted considerable attention worldwide for their health-
promoting and disease-preventing effects, which are mainly attributed to isoflavones, a
group of flavonoids present in relevant amounts in soybean and soybean-based products.
Isoflavones are a class of natural heterocyclic phenols which act as phytoestrogen
compounds due to their structurally and functionally similar to 17fB-estradiol and show a
weak estrogenic activity (being able to show estrogenic or anti-estrogenic effects, according
to the situation), as well as antioxidant properties (Mueller, Chae, & Korach, 2004).

The composition and distribution of different chemical forms of isoflavones in
soy-based products can be affected during processing methods (Chien, Hsieh, Kao, &
Chen, 2005). In native soybeans, isoflavones exist mainly as glucoside forms. However,
some food processing, such as fermentation, converts the glucosides into their respective
aglycone forms (Coward, Smith, Kirk, & Barne, 1998). These changes on isoflavone
composition may affect the bioavailability of soy isoflavones in soy products, once the
aglycones are known to be more bioactive than their respective glucosides (Xu, Harris,
Wang, Murphy, & Hendrich, 1995).

Epidemiological and clinical studies have shown several possible mechanisms for
the health-promoting effect of isoflavones that include the alleviation of postmenopausal
syndrome and the prevention of osteoporosis, cancer and cardiovascular disease (Albulescu
& Popovici, 2007; Barnes, 2010; Pan, Lai, & Ho, 2010; Wang, Wan, Lu, Kao, & Chen,
2009). However, these effects seem to depend on individual ability to transform soy
isoflavones to equol (Setchell, Brown, & Lydeking-Olsen, 2002). There are great
interethnic variations in this conversion capacity (Akaza et al., 2004; Song et al., 2006).

Marrian and Haslewood, in 1932, were the first researchers to isolate equol from
the urine of pregnant mares and elucidated its chemical structure (Marrian & Haslewood,
1932). Equol [7-hydroxy-3-(4-hydroxyphenyl)-chroman] is a nonsteroidal estrogen of the
isoflavonone class formed in the biotransformation of the dietary soy isoflavones daidzin
and daidzein (Kenneth, Nadine, & Eva, 2002; Muthyala et al., 2004). It is exclusively a

metabolic product of intestinal bacterial metabolism and it possesses estrogenic activity,
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having affinity for both estrogen receptors, ERa and ERfS. (Atkinson, Newton, Bowles,
Yong & Lampe, 2008; Yuan, Wang, & Liu, 2007).

Equol can be produced in majority of animals, including rodents. However, only
approximately 30-50% of humans individuals who consume soy foods produce equol
(Setchell, & Clerici, 2010). Several recent studies suggest that those who are equol
producers show more favorable responses to soy isoflavone-containing diets, indicating that
the metabolite equol has greater biological potency than either daidzein or genistein
(Setchell et al., 2002). For this reason, associate with the interest in the development of
bioprocesses for the production or extraction of bioactive compounds from natural sources,
there is considerable interest in using isolated equol as a pharmaceutical or nutraceutical
agent, as well as a food additive for health promoter (Yee et al., 2008).

Tannin acyl hydrolases, commonly referred to as tannase (E.C. 3.1.1.20), is an
extracellular enzyme and its production is inducible in presence of tannic acid by fungi,
yeast and bacteria (Lekha; Losane, 1997; Battestin & Macedo, 2007a). Tannase have
mostly been characterised by their activity on complex polyphenolics and are able to
hydrolyse the ester bond (galloyl ester of an alcohol moiety) and the depside bond (galloyl
ester of gallic acid) of substrates such as tannic acid, epicatechin gallate, epigallocatechin
gallate, and chlorogenic acid (Garcia-Conesa, Ostergaard, Kauppinen, & Williamson, 2001;
Battestin; Macedo; & de Freitas, 2008).

Based on these information, microbial and/or enzymatic process were performed
in this study with the purpose of biotransforming the soymilk isoflavones (daidzin and
genistin) and increase equol concentration, in this way, modifying the biological activity

and improving the nutraceutical potential of this product.

2 MATERIALS AND METHODS

2.1. MATERIALS

Soybean (Glycine max) was purchased at a local supermarket (Nattus, Campinas,
SP, Brazil). Daidzin, genistin, daidzein, genistein, equol, tanic acid, gallic acid 2,2'-azobis

(2-methylpropionamidine) (AAPH) (97%), 2,2-diphenyl-1-picrylhydrazyl (DPPH) were
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purchased from Sigma-Aldrich (Steinheim, Germany). Fluorescein was purchased from

ECIBRA (SP, Brazil), and Trolox® (97%) was purchased from Acros Organics (Belgium).

The commercial cultures of lactic acid bacteria and bifidobacteria were donated by Chr.

Hansen Ind. & Com. Ltda (Valinhos, Sao Paulo, Brazil). HPLC grade methanol was from

J.T. Baker® (Mexico City, Mexico), deionized water was used for all HPLC analyses. All

other chemicals were purchased in the grade commercially available.

The following flowchart shows the steps of the work.

Preparation of Soymilk

(Mandarino & Carrao-Panizzi, 1999)

(¢

haracterization of soymilk:

* Total phenolic contente — Folin-Ciocalteu

\- Antioxidant capacity — ORAC / DPPH

* Profile and quantification of isoflavones — HPLC-DAD

/

v

Process I

4 N

Microbial
biotransformation

Soymilk
Lactic acid cultures
10® UFC mL"!

Reactivation — 12 horas
Fermentation — 24 horas

K 37°C /

4 N

Process 11

Followed by
enzymatic
biotransformation

Fermented soymilk
(process I)
+
Tannase from P. variotii

\Reaction: 40 °C - 30 min/

'

-

Process 111

Enzymatic
biotransformation

Soymilk
+
Tannase from P. variotii

Reaction: 40 °C - 30 min

~

/

Samples characterization:

* Total phenolic contente — Folin-Ciocalteu

- Identification and quantification of equol

* Profile and quantification of isoflavones — HPLC-DAD
- Antioxidant capacity —- ORAC / DPPH
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2.2. SOYMILK PREPARATION

Soymilk was prepared following the adapted processing technology as described
by Mandarino and Carrao-Panizzi (1999). Whole soybeans were soaked for 6 hours at room
temperature in distilled water. After decanting the soaking water, soybeans were submitted
to boiling in water for five minutes. Then soybeans were blended with distilled water (1:4
w/v) for 3 min. The resultant slurry was centrifuged at 9630 x g for 15 min at room
temperature and the supernatant, known as soybean milk, was obtained and heated to
boiling for 10 min. Soymilk was dispensed into flasks, and was sterilized by heating at 121

°C for 15 min before refrigeration.

In this article, the raw soymilk refers to sterilized soymilk without

biotransformations.

2.3. ENZYME OBTENTION AND ASSAY

Tannase (E.C: 3.1.1.20), obtained from Paecilomyces variotii, as described by
Battestin and Macedo (2007a), was used in this study. A 250 mL erlenmeyers containing
10 g of wheat bran, 10 mL of distilled water and 10% tannic acid (w/w) was used as culture
medium (pH 5.7) and it was sterilized at 121 °C for 15 min. After sterilization, the
erlenmeyers were inoculated with 2,5 mL (5.0x10" spores/mL) of the pre-inoculum
suspension in destiled water and incubated at 30 °C for 120 h. After fermentation, 80 mL of
acetate buffer (20 mM, pH 5.0) was added and samples were shaken at 200 rpm for 1 h.
The final solution was filtered and centrifuged at 9630 x g for 30 min at 4 °C (Beckman J2-
21 centrifuge, Beckman-Coulter, Inc. Fullerton, CA, USA). The supernatant was then
treated with solid ammonium sulfate (80% saturation) and incubated overnight at 4 °C. The
precipitate was collected by centrifugation (9650 x g for 30 min), resuspended in distilled
water and dialyzed for 48 h against distilled water. The dialyzed preparation was freeze-

dried and used as a semi-purified tannase extract.
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The tannase activity was assayed according to Battestin & Macedo (2007b). The
substrate was a 0.7% (w/v) solution of tannic acid in 0.2 M acetate buffer at pH 5.5. The
reaction was conducted by adding 0.3 mL of substrate solution to 0.5 mL of enzyme extract
and incubating at 60 °C for 10 min. After incubation, the reaction was stopped by the
addition of 3 mL of a 1.0 mg/mL bovine serum albumin solution (BSA) prepared in a 0.17
M sodium chloride solution in 0.2 M acetate buffer, pH 5.0. The solution was then filtered
and centrifuged at 10,070 x g for 15 min at 4 °C. The precipitate was dissolved in 3 mL of
SDS-triethanolamine and 1 mL of FeCl; reagent added and held for 15 min for stabilization
of the color. The absorbance was measured at 530 nm (Mondal, Banerjee, Jana, & Pati,
2001) and the enzyme activity calculated: Abss3;p=AbScontror—AbStest. One unit of tannase
activity was defined as the amount of tannic acid hydrolyzed by 1 mL of enzyme per

minute of reaction.

2.4. ENZYMATIC BIOTRANSFORMATION OF ISOFLAVONOIDS

The commercial standard control of isoflavonoids (daidzin, daidzein, genistin,
genistein, equol) were used as substrates for enzymatic hydrolysis by tannase isolated from

Paecilomyces variotii (Battestin & Macedo, 2007a).

The standards of isoflavonoids (1 mg) were dissolved in 1 ml of phosphate buffer
(pH 7.4, 75 mM) and incubated with 0.18 U of tannase, at 40 °C for 30 min. The hydrolysis
process was stopped by placing the reaction in an ice bath for 15 min. The final products of

standards isoflavonoids were evaluated by HPLC-DAD.
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2.5. SOYMILK BIOTRANSFORMATION PROCESSES

2.5.1 PROCESS I - MICROBIAL BIOTRANSFORMATION

The starter organisms used for the fermentation of soymilk were Streptococcus
ssp. Thermophilus (YF-L811) and Lactobacillus delbrueckii ssp. Bulgaricus (LB-340) and
probiotic lactic acid bacteria were Bifidobacterium animals ssp. Lactis (Bb-12) and
Lactobacillus  acidophillus (LA-05). All lyophilized cultures were recultivated,
individually, in the sterilized soymilk at 37 °C for 12 h in condition of anaerobiosis, using
an anaerobic jar. The starter organisms were inoculated at a concentration of 1% (v/v) and
probiotic lactic acid bacteria of 5% (v/v), providing the count between 10° - 10’ log CFU
ml” (Cruz et al., 2013).

The preparation process of fermented soymilk was conducted according to
traditional methodology (Tamime & Robinson, 2007). The sterilized soymilk was
aseptically inoculated, simultaneously, with all activated cultures. Inoculated soymilk were

incubated at 37 °C for 24 h, in condition of anaerobiosis using an anaerobic jar.

The fermented soymilk sample was submitted to chemical profile evaluation (total

phenolic content and HPLC analysis) and to antioxidant acitivty (ORAC and DPPH

assays).
252 PROCESS 1IIT - MICROBIAL FOLLOWED BY ENZYMATIC
BIOTRANSFORMATION

The fermented soymilk (1 mL), obtained in process I, was incubated with 1.8 U of
tannase, at 40 °C, for 30 min. The hydrolysis process was stopped by placing the reaction in

an ice bath for 15 min.

Biotransformed soymilk samples were submitted to chemical profile evaluation
(total phenolic content and HPLC analysis) and to antioxidant acitivty (ORAC and DPPH

assays).
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2.5.3 PROCESS III - ENZYMATIC BIOTRANSFORMATION

The raw soymilk (1 mL) was incubated with 1.8 U of tannase, at 40 °C, for 30 min.

The hydrolysis process was stopped by placing the reaction in an ice bath for 15 min.

Biotransformed soymilk samples were submitted to chemical profile evaluation
(total phenolic content and HPLC analysis) and to antioxidant acitivty (ORAC and DPPH

assays).

2.6. CHEMICAL PROFILE EVALUATION

2.6.1 TOTAL PHENOLIC CONTENT

The total phenolic content was determined by the Folin-Ciocalteu assay modified
by Chandler and Dodds (1983). Brief, 1 ml of sample was diluted 1:5 using 70% methanol
and then assayed for total phenolic content. To each 1 mL sample of diluted extract (or
blank, 1 ml 70% methanol), 5 ml of distilled water were added, followed by 0.5 ml of 1 M
Folin-Ciacalteu phenol reagent. The samples were vortexed and then allowed to stand at
room temperature for 5 min. Next, 1 ml of Na,COj3 solution 5% (w/v) was add into the each
sample. The samples were then vortexed and incubated in a dark at room temperature for 1
h. Later, the samples were vortexed again, and the absorbance was measured at 725 nm
using a UV-visible spectrophotometer (DU®640, Beckman Coulter TM, EUA).
Concentrations were determined by comparing the absorbance of the samples with a
calibration curve constructed using catechin. Results were expressed as pug of catechin ml™

soymilk.
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2.6.2 HPLC ANALYSIS OF ISOFLAVONES

The glucosides isoflavones (daidzin and genisntin), aglycones (daidzein and

genistein) and equol were identified and quantified on all samples by HPLC-DAD.

The isoflavonoids extraction of soymilk samples was performed according to
Aguiar (2003), with modifications. 1 mL of biotransformed soymilk samples were mixed
with 5 ml of 70% (v/v) methanol at 25 °C, during 60 min, at 100 rpm. After, the mixture
was centrifuged for 10 min, at 5790 x g and the supernatants obtained were filtered through

a 0.45 um membranes before being injected into a reversed-phase HPLC.

The chromatographic condition used was previously described by Park et al.
(2001). A Dionex UltiMate 3000 (Germany) liquid chromatography equipped with a C-18
Atlantis® (Waters, 5 um, 4.6 x 150 mm) column maintained at 30 °C was used. The
detection was carried out using a UV/VIS (DAD-3000). The mobile phase consisting of
deionized water (A) and metanol (B). The gradient elution was as follows: 20% B (0-15
min), 20-80% B (15-75 min), 80-100% B (75-80 min), 100-20% B (80-90 min) and 20% B
(90-95 min) with a flow rate of 0,5 mL min™'. The injection volume was 20 ul and all
samples were analysed in triplicate. The spectra were obtained at 190 and 480 nm and the

chromatograms processed at 254 nm.

Individual phenols were identified by comparing their retention time and spectrum
to those of the standards: daidzin, genistin, daidzein, genistein an equol. Quantification of
individual phenols was carried out by integration of the peak areas and using calibration
curves that were established in the concentration range 0.01-1.0 mg/mL standards of
isoflavones and equol. Results were expressed as pug of each phenolic compound mL" of

sample.
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2.7. ANTIOXIDANT ACTIVITY OF BIOTRANSFORMED SOYMILK
POLYPHENOLS

2.7.1. ORAC antioxidant assay

ORAC assays were performed using fluorescein (FL) as the fluorescente probe, as
described by Macedo, Battestin, Ribeiro, & Macedo (2011). The automated ORAC assay
was carried out on a Fluostar Optima Microplate reader (FLUOstar OPTIMA — BMG
Labtech, Germany) with fluorescence filters for an excitation wavelength of 485 nm and an
emission wavelength of 520 nm. The measurements were made in a Costar® 96 well black
opaque plate (Corning Costar Corporation, Cambridge, EUA). The reaction was performed
at 37 °C, being that it was started by thermal decomposition of AAPH in a 75 mM
phosphate buffer (pH 7.4) due to the sensitivity of FL to pH. The solution of FL (70 nM) in
phosphate buffer (PBS) (75 mM, pH 7.4) was prepared daily and stored in complete
darkness. The reference standard was a 75 uM Trolox (6-hidroxi-2,5,7,8-tetrametilcromo-
2-carboxylic acid) solution, prepared daily in PBS, and diluted to 1.5-1500 umol/ml
solutions for the Trolox standard curve preparation. Before the reaction, 1 ml of sample was
diluted 1:5 using 70% methanol. In each well, 120 pl of FL solution were mixed with either
20 pl of sample, blank (PBS), or standard (Trolox solutions), before 60 ul of AAPH (12
mM) was added. The fluorescence was measured immediately after the addition of AAPH
and measurements in triplicate were then taken every 6 min during 87 min. ORAC values
were defined as the difference between the area under the FL decay curve and the blank
(net AUC). Regression equations between net AUC and antioxidant concentration were
calculated for all of the samples. A control for the tannase was performed as regular
sample, and the ORAC value obtained was subtracted from the samples treated with the

enzyme. ORAC-FL values were expressed as pmol of TroloxL ' equivalent of soymilk.
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2.7.2. DPPH antioxidant assay

The potential antioxidant activity of the soymilk, fermented and unfermented, was
also assessed by the scavenging activity on the stable 1.1-diphenyl-2-picrylhydrazyl
(DPPH) free radical, as described by Macedo et al. (2011). Various concentrations (0.01-
0.1 mg ml™ in 70% (v/v) methanol) of test samples were prepared. The reaction mixtures
(50 pl of test samples plus 150ul of 0.2 mM DPPH in methanol) were mixed in 96-well
plates (BMG Labtech 96, Germany), before the reaction was carried out on a Fluostar
Optima Microplate reader (Fluostar Optima — BMG Labtech, Germany) with absorbance
filters for an excitation wavelength of 520 nm. The decolourising process was recorded
after 90 min of reaction and compared with a blank control; for the coloured samples and
tannase treated samples, an additional blind control was performed which contained the
extract solution (or tannase solution) and pure methanol, instead of DPPH. The solutions
were freshly prepared and stored in darkness. The measurement was performed in triplicate
and anti-radical activity was calculated using the linear regression equation determined by
plotting the. anti-radical activity of Trolox solutions of known concentrations. Antiradical

activity was expressed as pmol of Trolox L' equivalent of soymilk.

2.8. CALCULATIONS AND STATISTICS

Results are expressed as the arithmetic means and standard deviation. The statistical
significance of the differences between the groups was analysed using the Tukey test.

Differences were considered significant when p < 0.05.
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3 RESULTS AND DISCUSSION

3.1. BIOPROCESS EFFECT ON TOTAL PHENOLIC CONTENT AND ANTIOXIDANT
ACTIVITY OF SOYMILK SAMPLES

The effects of fermentation and/or enzymatic biotransformation in soymilk total
phenolic content (TPC) and antioxidant activities measured by ORAC and DPPH methods
are presented in Table 1. Significant differences (p < 0.05) in TPC, ORAC and DPPH

values were found in all bioprocess.

Table 1. Total phenolics content and antioxidant activities from ORAC and DPPH assays

of soymilk before and after the biotransformations process.

Process Samples TPC ORAC DPPH
ug of catechin mL™'  Trolox Eq umol L' Trolox Eq pmol L™

Standard Raw Soymilk 101°+ 6 11,584+ 1,022 821 + 14
I Fermented Soymilk 254"+ 11 25,987°+977 1,729 + 27
Il Fermented Soymilk 387°+9 31,801+ 858 4,439+ 39
+ Tannase
I Soymilk + Tannase 847° +7 45,758+ 937 6,724 + 36

The results are expressed as mean + standard deviation (n = 3). Mean in the same column with different letters are significantly different
(p <0.05).

The results showed that there was a significant increase in the total phenolics
content for all the biotransformed samples (p < 0,05). After the fermentation process with
lactic acid bacterias (process 1), the total soluble phenolic content of soymilk increased
significantly from 101 to 254 ng mL", an increase of nearly 2.5 times, compared to
standard (raw soymilk). In the process II, this fact also was observed when analyzed the
reaction of the fermented soymilk with tannase in which the increased of the total phenols

content was about 3.8 times (101 to 387 pg mL™), compared to standard. The process III
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showed the highest increase on total phenolic content (101 to 847 pg mL™), about 8.4 times
after the reaction of raw soymilk with tannase. These results suggest that the fermentation
process and enzymatic biotransformation with tannase improves the release of phenolic

compounds from the soymilk matrix.

McCue and Shetti (2005) studied the phenolic antioxidant mobilization during
yogurt production from soymilk using Kefir cultures and showed that total phenolic content
of soymilk increased 80% from 232 + 32 ug catechin equivalents (CAE/mL) of yogurt
sample, initially, to 418 + 13 ug CAE/mL, at 40 h of fermentation. The authors
hypothesized that the degradation of polymeric phenolic structures by [-glucosidase

enzymes of the Kefir cultures could explain increase in soluble phenolic content.

Nam et al. (2011) showed that the fermentation process of meju, a fermented
soybean derivative, with Aspergillus oryzae NL 5 showed an increasing of total phenolics
probably due to accumulation of free forms of isoflavones. A wide range of phenolic
constituents in soy by-products was previously reported by Tyug, Prasad and Ismail (2010)
that also demonstrated that total phenolics content had depended on the soybean variety and

the processing conditions to produce soymilk.

Various methods have been developed to characterize the potential antioxidant of
several compounds and biological samples. One such method, the semiautomated ORAC
protocol, developed by Cao, Sofic and Prior (1996), has received extensive coverage and
utilisation in the field of antioxidant and oxidative stress. In the DPPH method, the
substances tested were reacted with the DPPH, which is a stable free radical, where a
decrease in the absorbance measured at 520 nm was induced, suggesting the scavenging

potential of the extracts. (Huang, Ou, & Hampsch-Woodi, 2002).

The bioactivity of the samples, before and after the three biotransfomations of
soymilk, were assayed using DPPH and ORAC methods. The results are described in Table
1 and expressed as Trolox® concentration equivalents. In general, the results demonstrated
that there was a significant increase in the antioxidant capacity of the biotransformed

samples in both methodologies (p < 0,05), corroborating TPC results.
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These results (Table 1) indicate that the fermentation process of soymilk (process
I) resulted in significantly increase of about 2.2 times the antioxidant capacity by the
ORAC method and an increase of approximately 2.1 times by the DPPH method. The
fermentation followed by the enzyme biotransformation (process II) resulted in an
increased antioxidant capacity of 2.7 and 5.4 times by ORAC and DPPH assays,
respectively. Similarly, in the biotransformation of soymilk catalyzed by only tannase
(process 1III), there was a significant increase in the antioxidant capacity of 4 and 8 times by

ORAC and DPPH assays, respectively.

Some studies (Chang et al., 2009; McCue, & Shetty, 2005; Pyo, Lee, & Lee, 2005;
Wang, Yu, & Chou, 2006; Wardhani, Vazquez, & Pandiellaa, 2010) based on fermented
soymilk cultured with kefir, lactic acid bacteria, bifidobacteria and filamentosus fungi, have
focused on antioxidant activities of raw or processed soymilk. Their findings have
demonstrated that fermented soymilk possessed significantly higher antioxidant properties

than unfermented soymilk.

The increased of the total phenolic content and antioxidant activity of the
biotransformed samples of soymilk observed in the present study is consistent with
previous reports. Tempeh, a fermented product from soybean, using by Rhizopus
oligosporus exhibited superior antioxidant activity, determined by the DPPH method, than
unfermented soybean (Chang et al., 2009). Cho et al. (2009) evaluated the changes in total
phenolics and DPPH radical scavenging activity during the fermentation, for 60 h at 37 °C,
of cheonggukjang, a fermented soybean paste used in Korean. The total phenolics increased
markedly from the starting amount of 253 to 9414 mg/kg and the level of DPPH radical

scavenging activity increased from 53.6 to 93.9% at the end of fermentation process.

Soybeans and soy based products are nutritionally rich foods and they contain
various phytochemicals (isoflavones, phytosterols, saponins, phenolic acids, phytic acid
and trypsin inhibitors) that show functional, antioxidant and radical-scavenging properties
(Wardhani, Vazquez, & Pandiellaa, 2010). The phenolics compounds of soybean have free
radical scavenging activity (Kim, Kwon, Lee, Choung, & Moon, 2005; Shon et al., 2007),
which may explain the correspondence of the increase of total phenolic content with

antioxidant activity shown in Table 1.

45



The application of tannase from P. variotii in foods matrices has previously been
reported in some studies (MACEDO at al., 2011; FERREIRA et al., 2013) and resulted in
products with heightened functional activity in relation to the originals samples. However,
in this present study the potential of action of tannase led to results more promising, since

the increases in the ORAC and DPPH assays were higher compared to this others works.

According to Macedo et al. (2011), the antioxidant power of green tea and yerba
mate, after enzyme treatment with tannase from Paecelomyces variotii, increased by 55%

and 43%, respectively, by ORAC method, while the results by DPPH method showed an

increase of 23% and 17%, respectively.

Similar results were also found in a study developed by Ferreira et al. (2013) in
wich the biotransformation of orange juice catalyzed by tannase from P. variotii, led to a
significant increase in the antioxidant capacity of the biotransformed sample, both in the
ORAC method (50% increase), as well as the DPPH method (70% increase). In this study it
was demonstrated that the tannase extract from P. variotii was able to remove the
glycosides of naringin and hesperidin and this enzymatic biotransformation led to an
increase in bioactivity of orange juice. Similarly, in the present study, the enzymatic
treatment with the tannase was probably able to hydrolyse the glycosides forms of
isoflavones in soymilk, and the products of hydrolysis (aglycones forms) contributed to the
observed increase in the antioxidant capacity of soymilk since the aglycones isoflavones are

known to be more bioactive than their respective glucosides (Xu et al., 1995).

The highest antioxidant activity by ORAC and DPPH methods, as well as the total
phenolic content, occurred in soymilk after the enzymatic biotransformation (process III).
These results indicate that the enzymatic biotransformation with tannase provided higher
increase in the soymilk antioxidant capacity in relation to the fermentation process,
showing the potential of the tannase application to increase the antioxidant power of this

beverage.

The results of this work indicates a trend toward increased the total phenolic

content after the three proposed bioprocess. This trend was similar to the one observed in
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radical scavenging capacity by ORAC and DPPH method, supporting the results obtained

by microbial and enzymatic treatments of the soymilk.

3.2. ISOFLAVONES PROFILE

The concentration of genistin, daidzin, genistein, daidzein and the formation of
equol were evaluated before and after the three process of biotransformation using HPLC-
DAD (Table 2). The isoflavones and equol were successfully separated and identified
according to Aguiar (2003) methodology.

Table 2 - Concentration of isoflavone isomers and equol (ug mL™) in soymilk before
(standard) and after the biotransformations process.

Isoflavone contents (ug mL™)

Process Samples Glucoside Aglycone Equol

Daidzin Genistin Daidzein Genistein

Standard Soymilk 313.0°+2.0 393.8°+3.2 25.6"°+ 0.6 10.2*+0.5 0.08"+ 0.0003

I Fermented 194.2°+57 202.5°+59 914°+19 523°+2.0  0.31°+0.0008
Soymilk

11 Fermented n.d. n.d. 717.2°£11.0 251.4°£69 0.63°+0.0142
Soymilk +
Tannase

111 Soymilk + n.d. n.d. 9445+0.9 321.6°+08 0.82'+0.0104
Tannase

n.d. = not detected.

The results are expressed as mean + standard deviation (n = 3). Mean in the same column with different letters are significantly different
(p <0,05).

The results demonstrated that all bioprocess developed were able to significantly
increase the content of aglycones forms (daidzein and genistein) and equol in soymilk. Due
the hydrolysis of daidzin and genistin, the contents of corresponding aglycones, daidzein
and genistein, in raw soymilk increased after the fermentation and enzymatic

biotransformation (p < 0,05).
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As shown in Table 2, the glucosides isoflavones were the predominant forms in
raw and fermented soymilk. However, the concentrations of glucosides daidzin and genistin
of fermented soymilk (process I) decreased about 1.6 and 2 times, respectively, and the
aglycones daidzein and genistein increased about 3.5 and 5 times, respectively, when
compared to the standard. Therefore, this result suggests that the glucosides isoflavones
were transformed to aglycones forms as a result of fermentation process. This could be due
to the B-glucosidase activity inherent in the microorganisms used to carry out the

fermentation process as well documented before (Dueiias et al., 2012).

The concentration and distribution of isoflavones in soybean foods depends on the
soybean varieties and processing techniques, such as fermentation and heat treatment
(Barbosa, Lajolo, & Genovese, 2006; Chun, Kim, & Kim, 2008; Yamabe, Kobayashi-
Hattori, Kaneko, Endo, & Takita, 2007). Studies have demonstrated that the fermentation
process of soybean promotes changes in the phytochemical compounds. In general, the
glucosidic isoflavones are the predominant isomeric forms in non-fermented soymilk and
these forms require bacterial induced hydrolytic deconjugation for transformation into a

bioavailable aglycone forms (King, & Bignell, 2000).

Rekha and Vijayalakshmi (2008) reported a significant bioconversion of the
glucoside isoflavones into their corresponding aglycones during soymilk fermentation.
They tested five different combinations of lactic acid bacteria and yeast Saccharomyces
boulardii, all of them resulting in glycosyl bond cleavage by microbial fermentation. Chen
and Wei (2008) studied the aglycones isoflavones concentrations in soybean and its
derivatives, including unfermented (tofu, soy extract and soy flour) and fermented (natto,
miso and sufu) products. The isoflavones concentration found in soybean and its derivatives
ranged between 109 and 508 mg per 100 g. Isoflavone aglycones had the concentration of
2-19% of total isoflavones in soybeans and non-fermented soybean products. There was a
broad distribution of isoflavone aglycones at 4-94% of total isoflavones in fermented
soybeans. The authors showed that the increase in the aglycone forms was due to the -

glycosidase produced by the microorganisms used to ferment these products.

As observed in Table 2, after the process II and III the glucosides forms (daidzin

and genistin) were not identified, showing that these forms were converted to theirs
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respectives aglycones forms, as shown by the significant increase in the levels of daidzein
and genistein after these bioprocesses. The concentrations of aglycones forms of fermented
soymilk, after the process II, significantly increased about 28 times (from 25.6 to 717.2 pg
mL™") for daidzein and 25 times (from 10.2 to 251.4 pg mL™) for genistein, compared to raw
soymilk. In the process III, the aglycones forms increased markedly compared to raw
soymilk about 37 times (from 25.6 to 944.5 ug mL™) for daidzein and 32 times (from 10.2
to 321.6 pg mL™) for genistein. These results indicate that the enzymatic reaction with
tanasse (process III) showed the highest increase on the bioactive forms of isoflavones,
which was also observed for the results of total phenolic content and ORAC and DPPH
assays.

The aglycone isoflavones were reported to exhibit stronger bioactive function than
glucosides (Cederroth, & Nef, 2009; Setchell, 1998). Therefore these forms are mainly
responsible for the antioxidant activity of soy foods although other soy constituents such as
phenolic compounds might also contribute to antioxidant capacity to a certain extent

(Cheng, Lin, & Liu, 2011).

Ferreira et al. (2013) demonstrated that the semi-purified tannase extract of
Paecilomyces variotii was able to modify the chromatographic profile of the polyphenolic
composition of the orange juice and there was a significant increase in the antioxidant
capacity of the biotransformed sample, both in the ORAC method (50% increase), as well
as the DPPH method (70% increase).

Similar results have been demonstrated by Nam et al. (2011). These authors
demonstrated that the antioxidant activity of fermented soy with Aspergillus oryzae was
proportional to the concentration of aglycones isoflavones. Cheng, Lin and Liu (2011)
showed that the high antioxidative activity of fermented black soybean milk by
immobilized Rhizopus oligosporus was due to the higher daidzein and genistein (aglycone
forms) content compared with the unfermented soymilk. Cho et al. (2009) showed that
soybean fermentation by Bacillus pumilus afforded changes in esterase activity and
phenolic content. They observed a markedly increase in radical scavenging activity, which

could be related to increase level of isoflavone aglycones and decrease of its glycosides.
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Therefore, the bioconversion of the glucoside isoflavones into aglycones forms
observed after the three proposed processes of biotransformation, proved to be very
effective in increasing the antioxidant capacity of these samples by the tested methods, as
demonstrated with in vitro tests of antioxidant activity (ORAC and DPPH).

The tannase ability to catalyze the biotransformation of commercial standards of
glucosides isoflavones (daidzin, genistin) was proven in the tests that were carried out. Fig.
1 presents the chromatograms obtained after 30 min at 40 °C for the reaction of standard
daidzin (A) and genistin (B) with the semi-purified tannase extract of P. variotti and

presents the time of retention and the absorption spectrum of the products of the reaction.
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Fig 1. HPLC-DAD chromatograms of the tannase reaction at 30 min at 40 °C of: (A)
daidzin and (B) genistin.
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As shown in Fig. 1, it is possible to evidence that the reaction between the tannase
and the glucosides isoflavones (daidzin and genistein) led to the formation of the respective
aglycones daidzein (A) and genistein (B). It can be confirmed based on the similarity
between the time of retention of the products of the reactions. These results obtained prove

that the tannase is able to act on glucosides isoflavones.

Similar results were found by Ferreira et al. (2013) that used the tannase from P.
variotti to catalyze the biotransformation of commercial standards of typical citric
polyphenols, hesperidin and naringin, 1:1 (w/w) tannase:standard. The results of this study
demonstrated that the tannase was able to act in naringin and hesperidin in the removal of

glycosides and lead to the formation of the aglycones molecules, naringenin and hesperitin.

Studies conducted by Park et al (2011) also reported the biotransformation of
isoflavones by an enzymatic process. The work demonstrated that the application of -
glucosidase enzyme was able to hydrolyze glucosides isoflavone into theirs respectives

aglycones forms.

In addition to the deglycosylation activity observed in the results presented, in a
study developed by Battestin, Macedo, and De Freitas (2008) was desmonstrated that the
tannase, from P. variotti, can completely hydrolyse the epigallocatechin gallate in green tea
to epigallocatechin and gallic acid. resulting in an increased antioxidant activity of the tea

extract after the enzymatic reaction.

Previous researches has shown that tannase catalyzing the decomposition of
hydrolysable tannins such as tannic acid, methyl gallate, ethyl gallate and n-propyl gallate
(Lekha, & Lonsane, 1997), as well as demonstrating activity in the hydrolysis of
chlorogenic acid with the formation of caffeic acid and quinic acid (Aguilar et al., 2007,

Yao, Fan, Lu, & Liu, 2011).

Studies have shown the importance of biotransformation of soy isoflavones to the
equol into consideration in several clinical studies on the beneficial effects of soy
isoflavones on prevention of chronic deseases (Alekel et al., 2000; Cheng et al., 2010;
Clericti et al., 2007). Several works show that the enzymatic and microbial activity can lead

to conversions of isoflavones of soy, leading to higher bioavailability of these bioactive
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molecules and the formation of equol (Chien, Huang, & Chou, 2006; Di Cagno et al.,
2010).

As shown in the Table 2, the concentration of equol after the fermentation of
soymilk with lactic acid bacterias (process 1) increased significantly the content of equol,
about 3.9 times. In process I, the enzymatic treatment of fermented soymilk this bioactive
compound increased significantly about 7.9 times, compared to raw soymilk. In process III,
after enzymatic treatment of raw soymilk (process III) increased significantly, about 10
times. These results indicate that tannase processing showed higher hydrolytic catalysis of
isoflavone glycosides in relation to the fermentation process and than was able to improve

the content of equol in soymilk samples.

The capacity of the tannase to biotransformation isoflavones of soymilk and
increase the content of equol was proven in the tests that were carried out. Fig. 2 presents
the chromatographic profile of the general composition in polyphenols for the soymilk
without biotransformation (A) and for the soymilk fermented with acid lactic bacteria (B),
as well as for the fermented soymilk (C) and unfermented soymilk (D) treatred with 20 mg

mL™" of semi-purified tannase extract.
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Fig. 2. HPLC-DAD chromatograms of the (A) raw soymilk, (B) fermented soymilk, (C) fermented soymilk reacted with 1.8 U of

tannase and (D) raw soymilk reacted with 1.8 U of tannase at 30 min at 40 °C.
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As observed in Fig. 2, it is possible to see that the both fermentation process and
the tannase were able to significantly increase the content of aglycones forms (daidzein and
genistein). Furthermore, these bioprocess led to the formation of equol. It can be confirmed

based on the similarity between the time of retention of the equol.

The literature affirm that the gut microflora performs the transformation of the
isoflavones into equol (Cavallini, & Rossi, 2009; Yuan, Wang, & Liu, 2007). A number of
bacteria in intestinal flora have also been reported to be responsible for this conversion

(Setchell, & Cleirici, 2010).

However, some studies also have considered the synthesis of equol during soy
milk fermentation without the presence of bacteria from intestinal microflora. The use of
bifidobacteria and lactic acid bacteria to convert isoflavone glucosides into aglycones
and/or equol during soy milk fermentation is related in several works (Tsangalis, Ashton,
Mcgill, & Shah, 2002; Wei, Chen, & Chen, 2007; Di Cagno et al., 2010; Rekha &
Vijayalakshmi, 2011).

Study developed by Tsangalis et al. (2002) evaluated the enzymatic transformation
of isoflavone phytoestrogens in soymilk by B-glucosidase from bifidobacterias. The results
showed that the soymilk fermented with Bifidobacterium animalis contained the highest
concentration of aglycones and equol after 24 h of incubation, and this strain also showed
the highest B-glucosidase activity amongst the strains studied. The authors proposed that
there would be correlations between [-glucosidase activity of bifidobacteria, their growth

characteristics in soymilk, and transformation of isoflavone glucosides to bioactive forms.

The results on table 2 showed that the tanase from P. variotti was able to
synthesize equol at a higher level than strains used in fermentation process. To our
knowledge, studies in this area are rare and there is little information on correlation

between equol formation and use of enzymes.

Despite the need for more in-depth analytic studies for a detailed characterization
of the changes observed in the phenolic profile of the soymilk after the activity of tannase
extract, it can be observed that the action of this enzyme was not limited to the

deglycosylation of isoflavones (Fig 1). The tannase was also able to increase the content of
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equol. These results make tannase an interesting option for application on soy foodstuff,
with a rich composition of polyphenols in which the enzyme can act in different ways in the

biotransformation.

4 CONCLUSION

In this study was proposed microbial and/or enzymatic processing of soymilk to
improve equol and bioactives isoflavones. The results demonstrated that biotransformation
process by microbial fermentation and by enzyme were able to promoted a significant
bioconversion of the glucosidic form of isoflavones into their respective bioactive
aglyconic forms and increase significantly the equol content. Furthermore, the three
proposed process act significantly on the increase the bioactivity of soymilk, as shown by

the ORAC and DPPH assays and total phenolic compounds.

It was demonstrated that the action of the tannase extract from P. variotii was
better than fermentation process in increasing the antioxidant power by biotransformation
of polyphenols of soymilk and not limited to the deglycosylation of isoflavones, but also

was able to increase the content of equol, although there is no mechanism elucidated.

A few information is available in the literature about the bioprocess that aimed at
the formation of equol in soy-derivatives. To the best of our knowledge, this is the first

study that has focused on evaluating the obtaining of equol from a biological process.

The novelty was produce a significance equol concentration in soymilk using only
enzymatic processing without microbial action, proving that is possible develop a simple
and effective process in vitro without microbial intervention, which was not possible until

now according to actual literature.
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CONCLUSAO GERAL

Ao melhor de nosso conhecimento, este é o primeiro estudo que se concentrou em
avaliar a obtencdo de equol em um derivado da soja a partir de um processo biolégico in
vitro, sem acdo de bactérias intestinais, a partir da reacdo enzimdtica com extrato de tanase

de P. variotii.

Os processos de biotransformacdo por fermentacdo microbiana e/ou reagdo com a
enzima tanase foram capazes de promover mudancas no perfil polifendlico do extrato
hidrossoluvel de soja promovendo a bioconversdo da forma glicosidica das isoflavonas em

suas respectivas formas bioativas (agliconas).

Assim, este trabalho revela uma nova forma de biotransformar os compostos
fendlicos de extrato hidrossolivel de soja para obtencdo de um produto rico em compostos
antioxidantes, principalmente o equol, sugerindo sua utilizagdo como ingrediente para

bebidas funcionais como opcao para individuos ndo produtores deste composto bioativo.
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SUGESTOES PARA TRABALHOS FUTUROS

- Identificar os compostos fendlicos do extrato hidrossolivel de soja antes e apds os
processos de biotransformacgdo (fermentativo e com o extrato semipurificado de tanase

de P. variotii) por espectrometria de massas;

- Caracterizar a forma enantiomérica do equol obtido pelos processos de biotransformacao

estudados;

- Otimizar as condi¢des do processo fermentativo e da reacdo entre os substratos

polifendlicos e o extrato semipurificado de tanase de Paecilomyces variotii;

- Purificar a tanase de P. variotii e avaliar a biotransformacgao dos padroes de isoflavonas e
da matriz extrato hidrossolivel de soja com o extrato semipurificado de tanase

imobilizado;

- Testar o extrato hidrossoluvel de soja antes e apds biotransformagdo em estudos in vivo

para modelos anti-inflamatoérios e de quimioprevencao.
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ANEXOS

ANEXO 1 - Caracterizacao do extrato semipurificado de tanase

O extrato semipurificado de tanase de Paecilomyces variotii utilizado nos ensaios
foi primeiramente caracterizado quanto o seu teor de proteinas totais, sua atividade e
atividade especifica nas condicdes empregadas no estudo (pH 7,4 e 40 °C). Os resultados

obtidos encontram-se na Tabela 1 a seguir.

O teor de proteinas totais do extrato semipurificado de tanase foi determinado
segundo Bradford (1976) com o resultado expresso em mg de proteina/g enzima. A
determinacdo da atividade enzimadtica foi realizada conforme o método de Battestin &

Macedo (2007b), como descrito anteriormente no capitulo II.

Tabela 1: Medida da atividade enzimdtica especifica de tanase do extrato enzimdtico

semipurificado de Paecilomyces variotii.

Atividade Proteinas totais Atividade especifica
Atividade de tanase U*/g (mg proteina/ g (U* / mg proteina)
enzima) enzima)
Extrato semipurificado de 89,53 311,97 0,287

tanase de Paecilomyces variotii
*1U de atividade enzimatica foi definida como a quantidade em pmol de 4cido galico formado por minuto de
reacgao.
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Com o objetivo de avaliar se o extrato semipurificado de tanase sofria alguma
alteracdo durante as condi¢Oes de andlise que pudesse comprometer os cromatogramas
obtidos nas reacdes dos isofalvonodides, o controle da enzima foi avaliado por cromatografia
liquida de alta eficiéncia acoplada a detector de arranjo de diodos (CLAE-DAD) e os

cromatogramas processados a 254 nm.
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Figura 1 - Cromatograma obtidos por CLAE-DAD da tanase de Paecilomyces variotii no
tempo de 30 minutos de reacdo a 40 °C em tampdo fosfato 75 mmol.L™" pH 7,4 processado

a 254 nm.

Conforme o esperado, o cromatograma do controle da enzima apresentou baixa
intensidade dos sinais e pouca alteracao no perfil cromatografico durante os 30 minutos de
reacdo, indicando que simplesmente a presenca da tanase no meio reacional ndo foi capaz

de gerar qualquer modificagdo significativa no perfil dos isoflavonoides reagidos.
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ANEXO 2 - Caracterizacao dos padroes comerciais de isoflavonas

Os padroes comerciais de isoflavonas, daidzina, genistina, daidzeina, genisteina e
equol, foram caracterizados por CLAE-DAD para defini¢cdo do tempo de reten¢do e perfil

de absor¢do de cada composto nas condi¢des de andlise (Figura 2).

Para todos os polifendis avaliados sem reacdo com o extrato semipurificado de
tanase, os cromatogramas nao apresentaram diferenca com o decorrer do tempo de reagdo,

logo ndo sofreram degradacdo espontanea devido as condi¢des de andlises.
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Figura 2 - Cromatograma obtido por CLAE-DAD com tempo de reten¢do dos padrdes de

isoflavonoides (A) daidzina, genistina, daidzeina, genisteina e (B) equol em tampao fosfato
75 mmol.L™".
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