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YOSHIARA, Luciane Yuri. Isoflavonas e B-Glicosidases de Soja: Germinacgao,
Otimizacao da Extracdo, Hidrdlise e Conversdo em Agliconas e Atividade
Antioxidante. 2012. 200 f. Tese (Doutorado em Ciéncia de Alimentos) —
Universidade Estadual de Londrina. Londrina — PR.

RESUMO

O processo de germinacdo da soja provoca alteragées na composi¢ao quimica e no
teor das diferentes formas de isoflavonas. O grédo de soja contém as isoflavonas
daidzina, genistina e glicitina que sdo encontradas sob quatro formas distintas, e
denominadas de agliconas, glicosidicas, malonilglicosidicas e acetilglicosidicas,
totalizando assim 12 formas de isoflavonas. Na maioria dos sistemas biolégicos, as
isoflavonas se comportam como estrogenos e apresentam propriedades como
antitumorais, antioxidantes e antimutagénicas. O objetivo deste trabalho foi
investigar as isoflavonas e [B-glicosidases de soja com relagdo a germinacgao,
otimizacdo da extracgdo, hidrélise e conversdo em agliconas, compostos fendlicos e
atividade antioxidante. Sementes de soja (BRS 257) foram germinadas em camaras
germinadoras na presenca e na auséncia de luz por 72, 96, 120, 144 e 168 h, a
35°C e umidade relativa de 100%. As partes do eixo embrionario — cotilédone,
hipocdtilo, epicétio e radicula — foram separadas para as analises de atividade de B-
glicosidase, proteinas soluveis, teor de isoflavonas, teor de compostos fendlicos e
atividade antioxidante pelos métodos de DPPH e ABTS. Foi otimizada a extragao de
isoflavonas utilizando um delineamento experimental simplex-centréide. Foi
otimizada a extracdo da B-glicosidase de epicotilos de soja germinada por 144 h na
presenca de luz e esta enzima utilizada para otimizacado da conversao de isoflavonas
glicosidicas em agliconas. O rendimento de B-glicosidase de cotilédones de soja
germinada com luz por 96 h foi maior que o do epicétilo. A maior atividade especifica
de B-glicosidase ocorreu nos epicotilos de soja germinada com luz por 144 h, sendo
recomendados como fonte alternativa desta enzima. Os cotilédones de soja
germinada por 144 h resultaram em 91,05% de isoflavonas agliconas daidzeina e
genisteina e 8,95% da forma glicosidica genistina, enquanto que o hipocétilo e
radicula, embora em baixas concentragdes, resultaram 100% das trés formas de
isoflavonas agliconas. A maxima extragdo de B-glicosidase de epicétilos de soja
germinada ocorreu a 30°C e pH 5,0. A extrag&o das diferentes formas de isoflavonas
foi otimizada, sendo que os melhores extratores para malonilglicosidicas e totais
foram agua, acetona, etanol (2:1:1; v:viv), para as glicosidicas, agua, acetona e
acetonitrila (2:1:1; v:v:v), e para as agliconas, agua e acetona (1:1; v:v). A maxima
conversdo de isoflavonas glicosidicas em agliconas foi de 98,7% em farinha de
cotilédone de soja desengordurada e ocorreu em pH 7,00 ou pH 7,61, a 35°C por 14
h. O cotilédone de soja germinada por 144 h e 35°C apresentou maior teor de
compostos fendlicos e isoflavonas, e maior capacidade antioxidante avaliada pelos
métodos DPPH e ABTS. Uma correlagao positiva foi confirmada entre a capacidade
antioxidante por ABTS e o teor de compostos fendlicos, bem como entre a
capacidade antioxidante por DPPH e isoflavonas em equivalente agliconas.

Palavras — chave: Soja. [(-glicosidase. Isoflavonas B-glicosidicas. Agliconas.
Otimizacao.



YOSHIARA, Luciane Yuri. Isoflavones and B-Glucosidase from Soybeans:
Germination, Optimization of Extraction, Hydrolysis and Conversion in
anglycones and Antioxidant Activity. 2012. 200 p. Thesis (Doctor's degree in
Food Science) -University of Londrina. Londrina -PR.

ABSTRACT

The germination process of soybean causes changes in chemical composition and
content of various forms of isoflavones. Soybean contains isoflavones daidzein,
genistein and glycitin that are found in four distinct ways, denominated aglycones,
glycosides, and malonylglicosidics acetylglicosidics, totaling 12 forms of isoflavones.
In most biological systems, isoflavones behave as estrogen and exhibit properties
such as antitumor, anti-oxidant and antimutagenic. The objective of this work was to
investigate the isoflavones and [-glucosidase from soybeans in relation to
germination, optimization of the extraction, hydrolysis and conversion to aglycones
and antioxidant activity. Soybean seeds (BRS 257) were germinated in chambers in
the presence and absence of light for 72, 96, 120, 144, and 168 h at 35° C and
relative humidity of 100%. Parts of the embryonic axis -cotyledon, hypocotyl, epicotyl
and radicle -were separated for analysis of B-glucosidase activity, soluble proteins,
isoflavone content, phenolic compounds content and antioxidant activity by DPPH
and ABTS methods. The extraction of isoflavonas was optimized using a simplex-
centroid experimental design. The extraction of B-glucosidase from epicotyls from
germinated soybean was optimized and this enzyme used to optimize the conversion
of isoflavone glucosides into aglycones. The yield of B-glucosidase from germinated
soybean cotyledons with light for 96 h was greater than that of the epicotyl. The
highest specific activity of B-glucosidase occurred in epicotyls from soybean
germinated In the presence of light for 144 h, beingrecommended as an alternative
source of this enzyme. The cotyledons from soybean germinated for 144 hours
resulted in 91.05% isoflavone aglycones genistein and daidzein and 8.95% genistein
glycoside form, while the hypocotyl and radicle, although in low concentrations,
resulted in 100% of the three forms of isoflavones aglycones. The maximum
extraction of B-glucosidase from germinated soybean epicotyls occurred at 30°C and
pH 5.0. The extraction of the different forms of isoflavones was optimized, and the
best extractor for malonylglicosidics and total isoflavones were water, acetone,
ethanol (2:1:1, v: v: v) for glycosidics, water, acetone and acetonitrile (2 1:1, v: v: v),
and aglycones, water and acetone (1:1, v: v). The maximum conversion of glycosidic
isoflavones to aglucones was 98.7% in defattedsoybean cotyledon flour and occurred
at pH 7.00 or pH 7.61 at 35°C for 14 h. The soybean cotyledon germinated for 144 h
and 35°C showed a higher content of phenolic compounds and isoflavones, and
higher antioxidant capacity evaluated by ABTS and DPPH methods. A positive
correlation was confirmed between the antioxidant capacity by ABTS and phenolic
content as well as between the antioxidant capacity by DPPH and isoflavones in
aglycones equivalent.

Keywords: Soybean  (-glucosidase.  B-glycosidic  isoflavones.  Aglycones.
Optimization.
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1 INTRODUCAO

A soja (Glycine max (L.) Merril) pertence a familia das leguminosas e
possui elevada importancia comercial e nutricional (SILVA et al., 2006). Seu
consumo tem sido incentivado, por constituir uma importante alternativa para a
nutricdo humana, sendo uma excelente fonte de proteina, energia, vitaminas
lipossolaveis, principalmente vitamina E, minerais como ferro, calcio e zinco e
compostos antioxidantes. Além disso, é rica em &cidos graxos essenciais como 0
acido linoleico, conhecido por auxiliar na reducéo do colesterol (CARRAO-PANIZZI;
BORDIGNON, 2000).

Os Estados Unidos, maiores produtores mundiais do gréo, na safra
de 2010/2011 responderam pela producéo de 90,6 milhdes de toneladas de soja. O
Brasil € o segundo maior produtor mundial de soja e na mesma safra, a cultura
ocupou uma area de 24,2 milhdes de hectares, o que totalizou uma producéo de 75
milhdes de toneladas. O Parana é o segundo maior produtor de soja do Brasil, com
4,6 milhdes de hectares e 15,4 milhdes de toneladas (EMBRAPA, 2012a). As
estimativas para 2020/2021, realizadas pela Assessoria de Gestdo Estratégica
(AGE) indicam uma producéo brasileira de 86,5 milhdes de toneladas. Essa projecao
€ maior em cerca de 17,8 milhdes de toneladas em relacdo ao que o Brasil deve
produzir na safra de 2010/2011 (BRASIL, 2012). Segundo os ultimos dados
publicados pelo Departamento de Agricultura dos Estados Unidos (United States
Department of Agriculture — USDA, 2012), os Estados Unidos tiveram uma queda na
producdo do grao na safra 2011/2012, indicando que o Brasil ser4 o maior produtor
mundial de soja na safra 2012/2013.

A soja € muito empregada em diversos setores por seu baixo custo,
alta disponibilidade e principalmente pela alta concentracdo de isoflavonas (de 1,2 a
4,2 mg/g de soja), cuja variagdo da concentracdo depende da cultivar, ano da
colheita e fatores edafoclimaticos (AHLUWALIA; BHASIN; SESHADRI, 1953,
CARRAO-PANIZZI; MANDARINO, 1998, PARK et al., 2002; HARJO et al., 2007).

O gréo de soja contém basicamente trés tipos de isoflavonas que se
apresentam naturalmente sob quatro diferentes formas, entre estas, as formas
agliconas e glicosiladas, totalizando assim 12 formas distintas de isoflavonas (LIU,
2004). Estas isoflavonas se comportam como estrogenos na maioria dos sistemas

bioldgicos, possuem diversas propriedades como antitumorais, antioxidantes e
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antimutagénica (COWARD et al., 1993, LIGGINS et al., 2000, BROUNS, 2002;
LEPRI et al, 2012). As isoflavonas sao fitoestrogenos que possuem uma
similaridade estrutural e funcional com o estrogénio humano e tem sido consumido
no mundo inteiro através dos tempos. De todos os fitoestrégenos, as isoflavonas de
soja tem sido as mais estudadas. Pelo consumo extensivo de produtos a base de
soja na Asia e Jap&o, ha conhecimento sobre os aspectos de seguranca alimentar,
bem como as possiveis interacdes entre o consumo de isoflavonas de soja e
diminuicao do risco de certos tipos de doencas. Em paises asiaticos, 0 consumo de
isoflavonas de soja é estimado em 20 a 100 mg/dia (BROUNS, 2002).

As [-glicosidases (B-D-glucoside glucohydrolase, E.C. 3.2.1.21)
catalisam a hidrélise das ligacdes B-glicosidicas entre dois nucleos de carboidratos
ou um carboidrato e uma aglicona (ESEN, 1992, MORANT et al., 2008). A -
glicosidase pode ser obtida a partir do metabolismo de fungos (ITO et al., 2008,
HORII et al., 2009), bactérias (HUR et al., 2000) e plantas como milho, feijées e soja
(SUZUKI et al., 2006; SUE et al., 2006; HAN; CHEN, 2008).

A germinacdo da soja por 72 h a 25°C, em presenca de
luminosidade aumentou a atividade de B-glicosidase e ocasionou altera¢cdes no teor
de isoflavonas totais e de suas diferentes formas, sendo que pode ocorrer aumento
ou diminuicdo no teor de isoflavonas nos cotilédones e radiculas, respectivamente.
Estas mudancas no contetdo de isoflavonas dependem da fase de germinacao da
soja e do metabolismo das sementes (RIBEIRO et al., 2007).

Considerando os beneficios das isoflavonas a saude humana e que
0os varios estudos que demonstraram que as formas agliconas possuem melhor
biodisponibilidade que seus conjugados glicosilados, nesta pesquisa foram
investigadas as isoflavonas e B-glicosidases de soja com relagcdo a germinacao,

otimizacdo da extracao, hidrolise e conversdo em agliconas e atividade antioxidante.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Investigar as isoflavonas e B-glicosidases de soja com relagdo a germinacéo,

otimizag&o da extracdo, hidrolise e conversdo em agliconas, compostos fendlicos e

atividade antioxidante.

2.2 OBJETIVOS ESPECIFICOS

Investigar a atividade de B-glicosidases do eixo embrionario, compreendendo
radiculas, hipocétilos, epicétilos e cotilédones de soja durante germinacao na
presenca e na auséncia de luminosidade.

Avaliar as mudangas no teor das diferentes formas de isoflavonas do eixo
embrionario, compreendendo radiculas, hipocétilos, epicétilos e cotilédones
de soja durante germinacao na presenca de luminosidade.

Otimizar a extracdo de B-glicosidases de epicotilos de soja germinada na
condicdo mais favoravel a sua biossintese, utilizando um delineamento
composto central.

Otimizar a conversao de isoflavonas glicosidicas em agliconas utilizando as -
glicosidases de epicétilos de soja germinada na condicdo mais favoravel a

sua biossintese, utilizando um delineamento composto central.

Otimizar a extracdo das diferentes formas de isoflavonas usando o
delineamento experimental simplex-centroide com quatro solventes de
diferentes polaridades e quantificar por HPLC.

Correlacionar o teor de isoflavonas em equivalentes agliconas, compostos
fendlicos e atividades antioxidantes dos diferentes componentes da soja

germinada na condigdo mais favoravel a biossintese de 3-glicosidase.
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3 REVISAO BIBLIOGRAFICA

3.1 CoMPOSICAO QUIMICA DA SOJA

Segundo historiadores, a soja (Glycine max (L.) Merril) é originaria
do continente asiatico, na antiga regido da Manchuria, atual China, e € um produto
agropecuario de grande interesse devido a destacada aplicabilidade de seus
produtos na alimentagdo humana e animal e ao seu elevado valor mercadolégico. A
soja € a leguminosa mais cultivada em diversas regiées do Brasil e do mundo
(MELLO FILHO et al., 2004, IBGE, 2010).

A soja fornece nutrientes ao organismo humano e beneficios para a
salde e é considerada alimento funcional. E rica em proteinas, contém isoflavonas,
saponinas, fitatos, inibidores de protease, fitosterdis, peptideos com baixo peso
molecular, oligossacarideos e acidos graxos poli-insaturados, que auxiliam na
reducao de riscos de doencas cronicas e degenerativas. Também constitui boa fonte
de minerais como ferro, potassio, magnésio, zinco, cobre fésforo, manganés e
vitaminas do complexo B (CARRAO-PANIZZI et al., 1998).

Tabela 1. Composicdo tipica da soja.

Componente Em 100 g de soja
Proteinas 40%
Lipideos 20%
Carboidratos 34%
Minerais 5%
Célcio 230 mg
Fosforo 580 mg
Ferro 9,4 mg
Saodio 1,0 mg
Potassio 1900 mg
Magnésio 220 mg
Cobre 0,1 mg
Isoflavonas 10 a 500 mg

Fonte: Adaptado de EMBRAPA (2012b).

Em média, a soja possui 40% de proteinas, 20% de lipidios, 5% de
minerais e 34% de carboidratos (agucares como glicose, frutose e sacarose, fibras e
os oligossacarideos como rafinose e estaquiose). Cada 100 g de graos contém 230
mg de calcio, 580 mg de fésforo, 9,4 mg de ferro, 1 mg de sdédio, 1900 mg de
potassio, 220 mg de magnésio e 0,1 mg de cobre, etc. (EMBRAPA, 2012b) (Tabela
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1) e outros compostos como cinzas (4%) e isoflavonas e fitoestrogenos (10 a 500
mg) (LIU, 2004). Segundo Fischer (2001), a proteina da soja é relatada como a
Gnica proteina vegetal de qualidade semelhante a de proteinas de origem animal,
em funcdo da presenca dos aminoacidos essenciais para humanos. A composicao
do grdo de soja ou de suas estruturas individuais € dependente de fatores como
cultivar, época de plantio, fatores localizacao geogréfica e condicdes ambientais.

O gréo de soja é constituido de 8% de tegumento (casca), 90% de
cotilédone 2% e de hipocotilo (Figura 1). O cotilédone é a parte morfologica que
apresenta alto teor de proteinas e 0leo e a casca apresenta teor de carboidratos
mais elevado. O hipocoétilo apresenta teor de proteinas semelhante ao encontrado
no cotilédone (LIU, 2004).

Hipocatilo

Figura 1. Estrutura da semente de soja. Fonte: LIU, 2004.

A soja contém substancias denominadas de fitoquimicos, como os
flavonoides, cujo consumo esta relacionado a reducéo dos riscos de muitas doencas
crbnicas como as cardiovasculares, carcinogénicas e osteoporose (MESSINA,
MESSINA, 1991, LICHTENSTEIN, 1998, MORAIS; SILVA, 2000, TAVARES et al.,
2000, MONTEIRO et al., 2004). Mulheres asiaticas, consumidoras de soja em sua
dieta tradicional, apresentaram melhores condi¢cdes cardiovasculares e désseas,
guando comparadas com as ocidentais (BROUNS, 2002). Tanto a soja em grao
qguanto os produtos derivados como a farinha (kinako), o tofu (“queijo” de soja), o
extrato solavel ("leite™), a proteina texturizada (PTS ou "carne" de soja) € 0 misso
possuem isoflavonas, cujos teores variam conforme os processos de elaboragao
(EMBRAPA, 2012b).
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3.2 CoMPOSTOS FENOLICOS

Os compostos fendlicos apresentam em sua estrutura 0S grupos
hidroxila caracteristicos como substituintes de anéis aromaticos (HERNANDEZ;
PRIETO GONZALES, 1999). Esta classe de compostos pode ser dividida em
flavonoides (polifendis), com esqueleto basico C¢C3Cs, € ndo flavonoides (fendis
simples ou acidos). Os atomos de hidrogénio dos grupos hidroxila adjacentes, as
duplas ligac6es do anel e a dupla ligacdo da funcdo oxo (carbono fazendo dupla
ligacdo com o oxigénio) de algumas moléculas de flavonoides garantem a esses
compostos, grande atividade antioxidante (RICE-EVANS; MILLER; PAGANGA,
1996).

A Figura 2 apresenta o exemplo da estrutura de dois compostos

fendlicos pertencentes ao grupo dos flavonoides.

OH OH
Flavan-3,4-diol

Figura 2: Estrutura quimica do flavan-3-ol e flavan-3,4-diol. (Fonte: ANGELO e
JORGE, 2007).
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Os compostos fendlicos atuam como antioxidantes em VAarios
sistemas por sua habilidade de doar hidrogénio e elétrons e também por formar
radicais intermediarios estaveis, que impedem a oxidacao de varios ingredientes do
alimento em particular os lipidios (BRAND-WILLIAMS; CUVELIER; BERSET, 1995).
Estes compostos sdo capazes de inibir a formacdo do oxigénio singlete, prevenir
reacfes em cadeia pelo sequestro dos primeiros radicais formados, quelar ions
metalicos impedindo sua acéo catalisadora e decompor os produtos primarios da
oxidacdo para espécies nao reativas (NACZK; SHAHIDI, 2004).

Os compostos fendlicos estdo amplamente distribuidos em muitos
vegetais. Estes compostos de natureza complexa fazem parte como constituintes
metabdlicos de uma grande quantidade de vegetais, frutas e produtos
industrializados. Podem se apresentar na forma de pigmentos que sao responsaveis
pela cor dos alimentos ou como produtos secundarios de metabolismo, provenientes
de reacbes de defesa das plantas contra agressdes do ambiente (BRAND-
WILLIAMS; CUVELIER; BERSET, 1995).

Nos grédos de soja, o teor de compostos fendlicos é variavel. Com
3,73 mg a 6,18 mg equivalente acido galico (EAG/g) na soja preta e entre 2,27 e
2,62 mg EAG/g na soja amarela. Em outras leguminosas pode variar entre 1,13 e
1,62 mg EAG/g na ervilha amarela; 1,04 a 1,53 mg EAG/g na ervilha verde; 1,28 a
6,89 mg EAG/g no feijao preto; 1,54 a 1,81 mg EAG/g no grao de bico e 1,02 a 7,53
mg EAG/g na lentilha (XU; CHANG, 2007).

Varios métodos sao descritos para caracterizar a capacidade
antioxidante em alimentos. No entanto, ainda ndo foi estabelecido um método
universal pelo qual a atividade antioxidante possa ser avaliada precisamente
(PRIOR; WU; SCHAICH, 2005). A capacidade antioxidante da soja e de seus
derivados foi avaliada pelos ensaios de DPPH (2,2 difenil-1- picrilhidrazil)
(BARBOSA et al., 2006), co-oxidagcado B-caroteno/acido linoleico (PRATT; BIRAT,
1979, BARBOSA et al.,, 2006) e ORAC (Oxygen Radical Absorbance Capacity)
(YEN; LAI, 2003). Outros métodos como ABTS (2,2-azinobis (3-etilbenzotiazolina-6-
acido sulfénico)) também podem ser utilizados como alternativa para verificar a

atuacao dos componentes da soja como antioxidantes.
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3.3 ISOFLAVONAS

Os flavonoides sao grupos de compostos fendlicos provenientes de
plantas que possuem um esqueleto de carbonos Cg-C3-Cy com dois anéis
aromaticos ligados entre si por uma cadeia alifdtica de trés carbonos, que
normalmente é condensado para formar um pirano. As isoflavonas diferem dos
flavonoides pois 0 segundo anel aroméatico esta ligado a posicao 3, e ndo na posicao
2, do anel de pirano (Figura 3).

As isoflavonas sdo compostos origindrios do metabolismo
secundario, com estrutura basica fendlica. Sua origem quimica estd no ciclo dos
acidos organicos (WILDMAN, 2001), sendo formadas durante todo o periodo de
enchimento do grdo (desde 35 dias apds o florescimento). As formas genistina e
malonilgenistina aumentam suas concentracdes no final do periodo de enchimento
do gréo, enquanto as formas daidzina e malonildaidzina aumentam durante todo o
periodo de enchimento do grdo (CARRAO-PANIZZI et al., 1998).

As isoflavonas sdo essenciais para a sobrevivéncia das plantas
leguminosas, protegendo-as contra o ataque de fitopatégenos pela acédo antifiingica
e também apresentam atividade antioxidante (VANETTEN et al., 1994; HSIEH,
GRAHAM, 2001).

O gréo de soja contém quatro diferentes formas de isoflavonas que
se apresentam normalmente como glicosiladas (daidzina, genistina e glicitina);
acetilglicosiladas (acetildaidzina, acetilgenistina e acetilglicitina); malonilglicosiladas
(malonildaidzina, malonilgenistina e malonilglicitina) e na forma estrutural n&o
conjugada aglicona (daidzeina, genisteina e gliciteina), constituindo assim os 12
isémeros (Figura 3) (LIU et al., 2004).

As isoflavonas se comportam como estrégenos na maioria dos
sistemas biolégicos, especialmente em sintomas da menopausa e osteoporose
(MURPHY, 1982, LIGGINS et al., 2000, TAKU et al., 2012). Em adicdo a sua
atividade antiestrogénica, estes compostos possuem diversas propriedades,
principalmente antitumoral (COWARD et al., 1993; LAMARTINIERE et al., 1995,
FRITZ et al., 1998, LIGGINS et al.,, 2000, MARRELLI et al., 2012), antioxidante
(BROUNS, 2002; PARK et al.,, 200la, DIXIT et al.,, 2012) e antimutagénica
(MIYAZAWA et al., 1999, LEPRI et al., 2012).

Ribeiro et al. (2007) descreveram que uma quantidade maior de
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isoflavonas agliconas de soja foi obtida em grupos de maturidade precoce enquanto
que a atividade de p-glicosidase nao foi correlacionada com os grupos de
maturidade. Nos grdos de soja as isoflavonas existem principalmente sob a forma
glicosilada, ou seja, ligada a molécula de acucar, na proporcdo aproximada de 3:6:1
de daidzina, genistina e glicitina, respectivamente (HARJO et al, 2007).

Na soja, a concentracdo de isoflavonas pode variar de 10 a 500
mg/100 g (COWARD et al., 1993) e depende das condi¢des climaticas, forma de
processamento e cultivar analisada (CARRAO-PANIZZI et al., 1999). No grdo, a
composicdo de isoflavonas pode ser dividida de acordo com 0S seus componentes,
ou seja, casca, cotilédone e hipocotilo. A concentracéo de isoflavonas no hipocétilo é
5,5 a 6 vezes maior do que no cotilédone, correspondendo a 10 a 20% do total de
isoflavonas do grdo, mesmo este representando somente 2% da massa total do
grao. Entretanto, ha no cotilédone 80 a 90% das isoflavonas do grédo de soja, pelo

fato desse representar maior propor¢ao na planta (TSUKAMOTO et al., 1995).
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HO O
R, O
OH

Agliconas

Isoflavona R4 Rs

Daidzeina (4,7-dihidroxiisoflavona) -H -H

Genisteina (4,5, 7-trihidroxiisoflavona) -OH -H

Gliciteina (4,7-dihidroxi-6-metoxiisoflavona) -H -OCHs;

CH,OR; /O O
© R
OH ?
HO H R, o)
OH
HO Glicosidicas

Isoflavona Ry Rz Rs
Daidzina -H -H -H
Genistina -OH -H -H
Glicitina -H -OCHjs -H
6"0-Acetil-daidzina -H -H -COCHs
6"0-Acetil-genistina -OH -H -COCHs5
6"0-Acetil-glicitina -H - OCHjs -COCH;
6"0-Malonil-daidzina -H -H -COCH;COOH
6"0-Malonil-genistina  -OH -H -COCH,COOH
6"0O-Malonil-glicitina -H - OCHs -COCH,COOH

Figura 3. Estrutura quimica de 12 formas de isoflavonas da soja (LIU, 2004).

Embora as formas glicosidicas daidzina e genistina (PARK et al.,
2002) e malonilglicosidicas (KIM; CHUNG, 2007) estejam em maiores propor¢des no
grao de soja, estas possuem menor atividade biolégica do que as suas formas

agliconas, daidzeina e genisteina. A absorcdo e retencdo das isoflavonas pelo
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organismo humano aumentam conforme a solubilidade em &gua. Assim, a
genisteina é mais absorvida que a daidzeina que é mais absorvida do que a
gliciteina (MURPHY; HENDRICH, 2002).

Para aproveitamento pelo organismo humano das formas
glicosidicas, estas necessitam ser hidrolisadas. As isoflavonas B-glicosidicas s&o
excelentes substratos para as (- glicosidases e seria esperado que os produtos
hidrolisados fossem absorvidos no intestino delgado. Entretanto, as isoflavonas
agliconas sao absorvidas na parte proximal do intestino delgado como ocorre com
muitos medicamentos de estrutura similar (PENALVO; NURMI; ADLERCREUTZ,
2004).

O efeito do processamento sobre o teor e perfil de isoflavonas em
produtos de soja tem sido relatado na literatura. Jackson et al. (2002) verificaram
que cada etapa de processamento pode contribuir para a perda de isoflavonas e
descreveram que a recuperacao de isoflavonas em tofu foi de aproximadamente
36% e de bebida de soja, de 54%, quando comparado ao grdo de soja. Certos
métodos de processamento como fervura, trituracdo e coagulacdo de proteinas no
tofu ndo destroem significativamente a daidzina ou genistina, enquanto que outros
métodos, como tostagem ou outros tratamentos em altas temperaturas, podem
resultar numa perda de 15 a 21% de daidzina e genistina (FRANKE et al., 1995). O
tratamento térmico, hidrélise enzimatica e fermentacao alteram significativamente a
distribuicdo de isoflavonas em alimentos de soja (WANG; MURPHY, 1994), ou pode
até ocorrer a remocdo dessas substancias dos alimentos (OKUBO; KOBAYASHI;
TAKAHASHI, 1983). No caso das isoflavonas agliconas se mostram estaveis a
temperaturas de até 150°C (ROSTAGNO; PALMA; BARROSO, 2007).

Embora a presenca das formas acetilglicosidicas das isoflavonas
esteja relacionada a aplicacdo de calor (FARMAKALIDIS; MURPHY, 1985), Jackson
et al.(2002), reportaram que a presenca de isoflavonas acetilglicosidicas foi
observado durante todo o processamento de tofu e extrato aquoso, ou seja, desde a
matéria prima até o produto final. Kim e Chung (2007) também descreveram que a
presenca de isoflavonas acetilglicosidicas foi observada em diferentes cultivares de
soja antes e durante o processo de germinacao.

A extracdo das isoflavonas de soja € frequentemente conduzida por
solventes polares como etanol, metanol ou acetonitrila ou em combina¢cdo com agua

ou acido. Os diferentes métodos de extracdo requerem tempo para procedimentos
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de limpeza com o objetivo de minimizar as interferéncias em fases subsequentes de
andlise (HSU et al., 2010).

Hutabarat; Greenfield e Molholland (2001) concluiram que as
isoflavonas de soja podem ser melhor extraidas utilizando solventes polares.
Eldridge (1982), Barbuch et al. (1989) e Ikeda; Ohta e Watanabe (1995) verificaram
gue solucédo aquosa de metanol a 80% foi mais eficiente na extracdo das formas
conjugadas das isoflavonas de soja e agliconas, contudo, acetonitrila, etanol e
metanol puros ndo demonstraram boa capacidade de extracdo. Genovese e Lajolo
(2001) ao determinarem o teor de isoflavonas em derivados de soja concluiram que
o melhor solvente para extracdo, em termos de eficiéncia e praticidade, foi o metanol
a 80% quando comparado com metanol a 70%, acetonitrila a 60 e 80% e estes
combinados com HCI 0,1N e agua destilada. Outros trabalhos (FARMAKALIDIS;
MURPHY, 1985, GRIFFITH; COLLISON, 2001) descreveram que a solu¢cdo aquosa
de acetonitrila a 80% seria mais eficiente que metanol a 80%. Sem duvida, a solugéo
de metanol a 80% tem sido relatada como a mais empregada para a extracdo das
isoflavonas de soja (COWARD; BARNES; SETCHELL, 1993, LIGGINS et al., 2000,
GENOVESE; LAJOLO, 2001, PARK et al., 2002).

Os métodos por cromatografia sdo empregados na analise do teor
de isoflavonas de soja devido a sua alta eficiéncia, rapidez e possibilidade de
utilizacdo de sistemas automatizados (CELEGHINI et al., 2001). Dentre essas
metodologias, sdo usualmente citadas na literatura a Cromatografia Liquida de Alta
Eficiéncia (CLAE ou HPLC) (BARBOSA et al., 2006, CHEN et al., 2007, HARJO et
al., 2007, ALEZANDRO et al., 2008, SAKTHIVELU et al., 2008, SHINDE et al., 2009,
HORII, et al., 2009, PHAM; SHAH, 2009, ZAFRA-GOMEZ et al., 2010),
Cromatografia Gasosa (CG) (SETCHELL, 2001) e mais recentemente,
Cromatografia Liquida de Ultra Alta Eficiéncia (CLUAE ou UHPLC) (FIETCHER et
al., 2010).

3.3.1 Consumo de Fitoestrégenos e Biodisponibilidade

Segundo Brouns (2002), uma das principais preocupacdes com
relacdo a funcionalidade de alguns componentes vegetais no corpo humano é como
esses componentes sédo realmente absorvidos no trato gastrointestinal, como séo

metabolizados e como alcancam seu alvo nos tecidos para exercer um efeito
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favoravel. A biodisponibilidade n&o representa apenas o0 processo de absorgéo e sim
a absorcdo, distribuicdo, conversdo metabdlica para compostos bioativos no
organismo e sua eliminacéo via urina e fezes. Testes clinicos bem controlados séo
feitos para determinar os niveis de fitoestrdgenos no sangue, urina e fezes, bem
como determinar o papel na circulagdo entero hepatica desses componentes
alimentares. Estes estudos sobre biodisponibilidade de fitoquimicos ainda séo
limitados pois ha outros aspectos para serem considerados. Na natureza, assim
como em alguns produtos processados, as isoflavonas, estdo ligadas a um
carboidrato (denominadas de gliconas: daidzina, genistina e glicitina) e apenas uma
pequena fracdo apresenta-se como isoflavona nao ligada (denominadas de
agliconas: daidzeina, genisteina e gliciteina).

O efeito da presenca da molécula de glicose sobre a velocidade de
absorcdo de quercitina, por exemplo, um flavonoide presente em vegetais e com
estrutura semelhante a das isoflavonas, foi confirmada quando a quercitina-3-
glicosidica foi administrada em humanos saudaveis. O pico de concentracdo de
quercitina em plasma humano foi cerca de 20 vezes maior e foi 10 vezes mais
rapido quando comparado com o seu glicosideo. Esses dados de farmacocinética
sugerem que a forma glicosidica da quercitina foi absorvida no intestino delgado
(STAHL et al., 2002).

Da mesma forma, lzumi et al. (2000) verificaram que as formas
agliconas das isoflavonas sdo absorvidas mais rapidamente e em maior quantidade
do que seus correspondentes glicosidicos, conforme estudos realizados em
humanos que testaram a ingestdo de baixa e alta quantidade de isoflavonas
glicosidicas e agliconas por 2 e 4 semanas.

As isoflavonas agliconas possuem maior atividade bioldgica do que
suas respectivas formas glicosidicas que sé@o as principais formas encontradas no
grdao de soja e constituem de 50 a 90% dos flavonoides de farinha de soja
(ELDRIDGE, 1982; FUKUTAKE et al.,, 1996). Somente as isoflavonas livres, néo
ligadas a moléculas de agucar, conseguem atravessar a membrana plasmética,
processo que ocorre passivamente via micelas. As malonil e acetilglicosil isoflavonas
modificadas sdo substratos inadequados para a hidrdlise enzimatica e sao
absorvidas no intestino grosso, apés hidrélise induzida por enzimas bacterianas no
intestino (PARK, et al., 2001b).
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As enzimas de bactérias intestinais podem ser responsaveis por
reacOes de hidrélise. No Iimen, as bactérias convertem parte dessas agliconas em
outras moléculas, mas existe grande variabilidade na eficiéncia digestiva das
isoflavonas. Apés a absorcéo, essas moléculas séao incorporadas aos quilomicrons,
que as transportam ao sistema linfatico antes de entrar na circulagdo sanguinea. Os
quilomicrons distribuem as isoflavonas em todos os tecidos extra-hepaticos, nos
quais exercem seus efeitos metabdlicos e retornam ao figado como quilomicrons
remanescentes. A retomada de isoflavonas da circulacdo ocorre passivamente e
todas as células que contém receptores de estrogénio podem ser influenciadas por
esta molécula. Quando estas moléculas sao secretadas na bile pelo figado, parte é
reabsorvida pela circulacdo entero-hepatica e parte € excretada com as fezes
(ANDERSON; GARNER,1997). Entretanto, a eliminacdo urinaria das isoflavonas é
maior e corresponde de 10 a 30% da circulagéo dietética (SETCHELL, 1998).

Apols a ingestdo, as formas malonil e acetil das isoflavonas néo
convertidas em (glicosidicas sdo metabolizadas por bactérias intestinais, que
removem a molécula de glicose, resultando nas respectivas agliconas. As formas
agliconas sao absorvidas pelos enterdcitos, ou no caso da daidzeina, parte é
convertida em equol e/ou metilangelolensina e sdo também absorvidos. Tem sido
demonstrado que nao sdo todos os individuos que possuem a capacidade de
metabolizar daidzeina em equol, a razdo exata ndo é bem conhecida. Porém,
algumas pesquisas demonstraram que mulheres que excretam equol possuem um
percentual maior de carboidratos, menor percentual de lipideos e mais proteina
vegetal na dieta diaria. Assim, como o consumo desses componentes alimentares
influenciaram no processo de fermentagcao no intestino grosso, pode-se supor que a
flora bacteriana é essencial para a conversao das isoflavonas em agliconas e equol.
O intestino delgado ndo apresenta relevancia nesse aspecto, ja que a parede
intestinal ndo expressa atividade de B-glicosidase e ndo possui bactérias que
expressem essa atividade, requerida para a conversao de glicosidicas em agliconas
(BROUNS, 2002).

3.3.2 Beneficios das isoflavonas a saude humana

Os alimentos funcionais contém substancias capazes de modular as

respostas metabdlicas do individuo, resultando em maior protecdo e estimulo a
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saude. Promovem o bem-estar dos individuos, previnem o aparecimento precoce de
doencas degenerativas e permitem aumentar a longevidade com qualidade de vida.
Portanto, sdo alimentos que contém uma ou mais substancias capazes de atuarem
no metabolismo ou na fisiologia do ser humano com promocao de beneficios a
saude (PACHECO; SGARBIERI, 2001).

No Brasil a legislacdo ndo permite as designacbes como suplemento
alimentar, suplemento nutricional, complemento alimentar ou complemento
nutricional e os produtos a base de soja encontrados no comércio ndo podem ser
considerados alimenticios por apresentarem alegacbes medicamentosas ou
terapéuticas conforme a ANVISA (Agéncia Nacional de Vigilancia Sanitaria, 2012) e
GENOVESE et al. (2003).

Segundo a Legislacdo Brasileira, Agéncia Nacional de Vigilancia
Sanitaria, alimento funcional é aquele que pode, além de fun¢Bes nutricionais
basicas quando se tratar de nutriente, produzir efeitos metabdlicos e/ou fisioldégicos
elou efeitos benéficos a saude, devendo ser seguro para a salde sem supervisao
meédica. As alegacfbes podem fazer referéncias a manutencéo geral da saude, ao
papel fisiolégico dos nutrientes e ndo nutrientes e a reducao de risco a doencgas. Nao
sdo permitidas alegacdes de saude que facam referéncia a cura ou prevencdo de
doencas (BRASIL, 1999a). As alegacdes de propriedades funcionais relacionadas a
soja incluem a proteina de soja, com a alegacdo de ajudar a reduzir o colesterol e a
fibra alimentar, com a alegacéo de auxiliar o funcionamento do intestino. Nos rétulos
dos alimentos de soja ou derivados, essas alega¢cdes devem vir acompanhadas da
recomendacdo de associar o consumo da proteina de soja ou fibra a uma dieta
saudavel. Apesar de estudos indicando efeitos benéficos a saude humana
associados ao consumo de isoflavonas, os dizeres de rotulagem e o material
publicitario dos produtos a base de soja ndo podem veicular qualquer alegacdo em
funcdo das isoflavonas, seja de conteudo (“contém”), funcional, de saude e
terapéutica (prevencao, tratamento e cura de doencgas) (ANVISA, 2012).

No entanto, algumas vantagens nutricionais podem ser obtidas pela
substituicdo de alimentos de origem animal por alimentos a base de soja. A soja
representa uma excelente fonte de proteina de alta qualidade, tem lipideos com
baixo teor de acidos graxos saturados e uma grande guantidade de fibras. Assim,
seu possivel uso como alimento funcional torna-se interessante, ja que o consumo

de proteina de soja e sua fibra dietética parecem reduzir o risco de doenca
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cardiovascular e melhorar o controle glicémico. Além do mais, as isoflavonas da soja
estdo associadas a diminuicdo de risco e tratamento de diferentes doencas. Dessa
forma, a soja pode desempenhar papel importante na promocdo da saude
(MATEOS-APARICIO et al., 2008).

As acdes benéficas das isoflavonas estdo associadas a sua
capacidade antioxidante devido ao nimero de grupos hidroxila presentes na sua
estrutura quimica. Essa capacidade decresce com a glicosilacdo ou a substituicdo
do grupo hidroxila pelo grupo metoxila (NAIM et al., 1976). Assim, a atividade
antioxidante da aglicona genisteina deve ser maior do que as formas glicosiladas
(KAO; CHEN, 20086).

Os beneficios do consumo de soja na terapia de portadores de
diabetes dependem do tipo de diabetes e de outros fatores como estilo de vida e
necessidades metabdlicas dos pacientes. Em diabéticos tipo 2, a soja pode ser uma
boa opcdo devido aos efeitos sobre a hipertensdo, hipercolesterolemia,
aterosclerose e obesidade, doengas comuns nesses pacientes, além de diminuir a
hiperfiltracdo renal, proteindria e o risco de doencas renais. Uma das complicacbes
mais comuns € o desenvolvimento de retinopatia diabética. Os efeitos angiogénicos
da isoflavona podem ser valiosos contra essa desordem (JENKINS et al., 2003). Liu
et al. (2010) estudaram o efeito de proteinas de soja com ou sem suplementacao de
isoflavonas sobre o controle glicémico e sensibilidade a insulina em chinesas em
periodo pés menopausal com pré diabetes ou diabetes nos estagios iniciais da
doenca. Os pesquisadores observaram que as mulheres tratadas por 3 ou 6 meses
com proteina de soja com ou sem suplementagdo de isoflavonas ndo mostraram
mudancas favoraveis para o controle glicémico e resisténcia a insulina e afirmaram
gue este estudo randomizado nédo esclarece a hipétese de que a proteina de soja e
isoflavonas possuam efeitos favoraveis no controle glicémico e resisténcia a insulina
entre chinesas na pés meunopausa e que os efeitos favoraveis sobre a curva
glicémica de 2 h ainda precisa ser confirmada.

Por outro lado, os receptores para insulina nas células sao enzimas
estimuladas por ela prépria, com atividade de proteina tirosina quinase (ALBERTS et
al., 1997). O célcio (Ca*") intracelular esta intimamente relacionado & secrecdo de
insulina, que envolve a ativacdo de uma proteina quinase dependente de Ca®". A
potencializagdo da secre¢do por agentes ativadores da proteina quinase parece

envolver um aumento na sensibilidade do sistema secretério para o Ca?'
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(ASHCROFT, 1994). A genisteina vem sendo estudada como um composto
regulador da secrecdo de insulina, devido ao efeito inibidor da proteina tirosina
quinase, cuja liberacdo é controlada por mecanismos complexos de sinalizacéao
celular que envolvem a acéo destes receptores (KAHN, 1998). Os efeitos benéficos
que vém sendo observados em estudos com animais e culturas de células sugerem
que a genisteina pode ser uma alternativa no tratamento do diabetes, principalmente
do tipo 2. Em concentracdes ndo estimulatérias de glicose, a genisteina ndo afetou a
liberacdo de insulina. Entretanto, em concentracdes estimulatérias (minimo de 20
ug/mL) a genisteina aumentou significativamente a liberacdo de insulina
(ASHCROFT, 1994).

Com relacédo as doencas cardiovasculares (DCV), estudos mostram
gue o consumo regular de leguminosas diminui significantemente o risco de DCV.
Estudos com soja reforcam que a substituicdo de proteina de origem animal pela
proteina de soja reduz a concentracdo de colesterol total e de colesterol de baixa
densidade (LDL) no plasma e diminui os niveis de triglicerideos (ANDERSON;
MAJOR, 2002). Ha uma hipo6tese de que as isoflavonas ingeridas em uma dieta que
contenha soja, possa inibir o desenvolvimento de aterosclerose devido as suas
propriedades antioxidantes contra a oxidagdo do LDL colesterol, que gera a cascata
de eventos que levam a producdo dos ateromas. Além disso, as isoflavonas
possuem efeito hipocolesterolémico, que pode ser devido a interacdo das
isoflavonas com o0s receptores de estrogénio devido a similaridade entre o
estrogénio (estradiol) e as isoflavonas e seus respectivos metabdlitos (Figura 4)
(ANDERSON et al., 1999).

Isoflavona

Figura 4. Comparacéo das estruturas quimicas do equol (metabdlito da daidzina) e
estradiol. (Fonte: SETCHELL, CASSIDY, 1999)



34

Os diferentes estudos indicaram que para alcancar o efeito de
diminuicdo de colesterol, € importante consumir a proteina de soja com sua fragdo
natural de isoflavonas, pois a separacédo ou o isolamento dos componentes naturais
da soja pode reduzir os efeitos benéficos das isoflavonas e proteinas (MATEOS-
APARICIO et al., 2008).

Com relagéo aos efeitos das isoflavonas na diminuicdo de risco e
tratamento de cancer, os dados existentes ndo sao suficientes para concluir como o
consumo de soja é benéfico nesses casos. Pesquisadores tém analisado as
diferencas dietéticas entre Japdo e as nac¢des ocidentais para tentar explicar as
variagdes nas taxas de mortalidade decorrentes do cancer (MATEOS-APARICIO et
al., 2008). Segundo Craig (1997), o gréo de soja contém alto teor de componentes
com atividade anticancerigena, como fitatos, inibidores de protease, fitosterois,
saponina, acidos fendlicos e isoflavonas, mas a maioria dos dados sugere que as
isoflavonas séo as responsaveis, devido a sua atividade estrogénica.

O crescimento de cancer de mama dependente ou ndo de
estrogénio em células in vitro, tem sido inibido pela genisteina, mas as
concentracfes necessarias para a inibicado in vivo ainda néo estdo estabelecidas. Ha
evidéncias de que as isoflavonas aumentam a atividade estrogénica em mulheres
com risco de desenvolver cancer de mama e mulheres que ja possuem a doenca
(TROCK et al., 2006).

Messina e Wood (2008) afirmaram que ainda ha controvérsias com
relacdo aos beneficios do consumo de isoflavonas e sua influéncia sobre o cancer.
Apesar de existir um numero consideravel de investigacdes a respeito do potencial
dos alimentos a base de soja na reducao do risco de cancer, especialmente o de
mama, a controvérsia se deve aos estudos baseados em experimentos in vitro.
Esses estudos alegam que as isoflavonas podem estimular o crescimento de
tumores sensiveis ao estrogénio ja existentes. HA poucas evidéncias que sugerem
gue o pequeno efeito estrogénico das isoflavonas da dieta produza um impacto
clinico relevante no tecido mamario de mulheres saudaveis. Outras evidéncias
mostraram um decréscimo do risco de cancer de mama invasivo. Assim, apesar das
controvérsias, Messina e Wood (2008) afirmaram que o consumo de isoflavonas na
dieta normal (<100 mg/dia) parece néo ter efeitos adversos sobre a promocao do
cancer de mama em mulheres saudaveis ou em mulheres sobreviventes de casos

de cancer de mama que nao estejam mais em tratamento.
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J& para cancer de proOstata, os possiveis efeitos benéficos podem
nao estar associados aos receptores de estrogénio. O estrogénio causa a morte
programada de células cancerigenas na prostata e inibe as enzimas associadas a
diferentes processos no desenvolvimento do cancer (ADLERCREUTZ, 2002). Assim,
os alimentos a base de soja podem ser um fator que contribui para a diminuicdo da
mortalidade decorrente deste tipo de cancer. Segundo Adlercreutz; Mazur e Bartels
(2000) a genisteina tem demonstrado reduzir a sintese de DNA em células de
cancer de préstata de humanos in vitro e diminuir o desenvolvimento de cancer de
prostata em ratos.

Segundo Mateos-Aparicio et al. (2008), existem também evidéncias
do efeito protetor da soja contra cancer de célon. Em estudos in vitro, produtos a
base de soja tém mostrado um efeito antiproliferativo sobre varios tipos de células,
incluindo as células do trato gastrointestinal. Os flavonoides da dieta demonstraram
efeito antiproliferativo em células cancerigenas do célon e essa propriedade pode
estar relacionada com a habilidade de inibir o acimulo de &cido ascorbico pelas
células, que é utilizado durante a divisao celular. Mesmo assim, os autores relataram
que héa resultados mostrando que as isoflavonas ndo protegem contra o
desenvolvimento de cancer de célon e os estudos ainda sdo contraditorios.

Os alimentos a base de soja também estédo associados a reducao do
risco de osteoporose. Estudos com isoflavonas e proteinas de soja sugerem que
mulheres que se aproximam do periodo menopausal e que consomem proteina de
soja rica em isoflavonas se beneficiam mais pelo aumento na densidade mineral

0ssea do que mulheres com dieta pobre em isoflavonas (ALEKEL et al 2010).

3.4 B -GLICOSIDASE

Segundo Izumi et al. (2000) as formas agliconas sdo absorvidas
mais rapidamente no organismo do que as outras formas de isoflavonas. Assim,
devido a este fato, muitos pesquisadores tém utilizado as enzimas B-glicosidases
para a biotransformacédo das formas glicosiladas em agliconas. A conversao de (3-
glicosideos em agliconas pode ocorrer com a utilizacdo de B-glicosidase proveniente
do metabolismo de microrganismos (fungos ou bactérias) ou do préprio grao de soja
(Park et al., 2001b)

Em produtos in natura e processados, os fitoestrogenos estdo
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normalmente ligados a carboidratos e sdo denominados de glicosideos. Exemplos
de isoflavonas glicosidicas sdo a daidzina, genistina e glicitina. Uma pequena fracéo
das isoflavonas sdo formas livres de fitoestrogenos e sdo denominadas de
agliconas. As agliconas derivadas da daidzina, genistina e glicitina sdo a daidzeina,
genisteina e gliciteina, respectivamente. As formas glicosidicas podem ainda ocorrer
como conjugados acetil ou malonil, porém, apenas as formas agliconas, a forma
biologicamente ativa, possui efeito estrogénico (Bokkenheuser; Winter, 1988, Pham;
Shah, 2009).

As [-glicosidases (B-D-glucoside glucohydrolase, E.C. 3.2.1.21)
compreendem um grupo heterogéneo de enzimas que catalisam as ligagbes [3-
glicosidicas entre dois nucleos de carboidratos ou um carboidrato e uma aglicona
(ESEN, 1992; MORANT et al., 2008). Nos tecidos intactos das plantas, as [3-
glicosidases estdo armazenadas separadamente do substrato e estdo envolvidas em
diversos aspectos da fisiologia da planta como a formagcdo de produtos
intermediarios da lignificacdo da parede celular, degradacdo da parede celular do
endosperma durante a germinacao e a ativacdo de fitormdnios e componentes de
defesa (VANETTEN et al., 1994, HSIEH, GRAHAM, 2001; MORANT et al., 2008).

A B-glicosidase pode ser obtida a partir do metabolismo de fungos
(ITO et al., 2008, HORII et al., 2009), bactérias (HUR et al., 2000) e plantas como
milho, feijées e soja (SUZUKI et al., 2006; SUE et al., 2006; HAN; CHEN, 2008). O
Japdo, entre outros paises orientais, utiliza ha séculos na alimentacdo, a soja
fermentada e, em paises europeus e nos Estados Unidos, ocorre um crescente
consumo desta leguminosa e seus derivados como um alimento funcional (PARK et
al., 2002).

Hosel e Todenhagem (1980) observaram que a [-glicosidase
encontrada em tecidos celulares da soja tem massa molecular igual 45 kDa, pH
isoelétrico entre 4,2-4,4 e para atividade, a faixa de pH étimo entre 5,2 e 6,0, sendo
sua temperatura 6tima de 50°C. Matsuura e Obata (1993) caracterizaram a enzima
B-glicosidase-C, sua massa molecular foi estimada entre 81 kDa e 36 kDa e o pH
isoelétrico ocorreu em 6,7 com atividade otima em pH 4,5 e temperatura de 45°C.

Em varios estudos, as enzimas tém sido obtidas de cotilédones de
soja, contudo, atividades de [-glicosidase relativamente altas também foram
observadas em outras partes da planta, bem como as raizes e radiculas (HSIEH,
GRAHAM, 2001; SUZUKI et al., 2006; RIBEIRO et al., 2006).
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A hidrolise enzimética de glicosil isoflavonas de soja foi demonstrada
com a utilizacdo de enzimas produzidas por Rhizopus oryzae (GYORGY; MURATA,;
IKEHATA 1964, Park et al., 2002), Rhizopus oligosporus (EBATA et al., 1972, Park et
al., 2002) e Lactobacillus casei (MATSUDA et al., 1994, Park et al.,, 2002).As (-
glicosidases isoladas de mudas de soja sdo preferidas quando comparadas aos
seus analogos microbianos, pois a B-glicosidase proveniente de radiculas de soja
germinada age exclusivamente sobre as formas conjugadas malonilglicosidicas e
permite maior controle sobre a producdo de isoflavonas agliconas que serdo mais
rapidamente absorvidas (SUZUKI et al, 2006).

Ao contrario da utilizacdo de B-glicosidase de origem microbiana
pouco se tem estudado o emprego de B-glicosidase do proprio grdo. Matsuura,
Sasaki e Murao (1995) verificaram gque deixando os gréos de soja em maceracéo, as
isoflavonas glicosiladas formavam por hidrélise as agliconas (daidzeina e genisteina)
devido a acédo da enzima B-glicosidase. Nos alimentos de soja fermentada (misso,
tempeh) predominam as formas agliconas genisteina e daidzeina. Provavelmente,
devido ao fato de que as glicosil isoflavonas séo hidrolisadas a agliconas durante o
processo de fermentacdo devido & agdo da B-glicosidase (PENALVO; NURMI;
ADLERCREUTZ, 2004, PARK et al., 2001b).

Ribeiro et al. (2006) descreveram que em soja (BR 213) geminada
por 72 h a 25°C, o teor de isoflavonas totais aumentou significativamente e a
atividade de B-glicosidase de radiculas e cotilédones foi 3,3 e 2,3 vezes maior,
respectivamente, quando as plantas foram germinadas sob luz. Assim, 0 processo
de germinacdo pode ser um método alternativo satisfatério para aumentar a
atividade de [-glicosidase e produzir isoflavonas agliconas. Mesmo que a
guantidade de radiculas seja menor que a quantidade de cotilédones resultante da
germinacdo da soja, este pode sem um processo alternativo para obtencdo de
radiculas com maior quantidade de -glicosidase.

Muitas fontes de B-glicosidase tem sido investigadas e com mais de
140 fontes da enzima relatadas, como as fontes vegetais, microbianas, animais e
seres humanos, e com diferentes atividades, pH de 2,5 a 10,0 e temperatura de 0°C
a acima de 100°C (BRENDA, 2012).
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3.5 O PROCESSO DE GERMINACAO E ALTERACOES NA COMPOSICAO DA SOJA

A germinacdo é uma alternativa para o processamento e consumo
dos grdos (RIBEIRO et al., 2006). Este processo é realizado mediante condicdes
apropriadas em que o eixo embrionario d4 prosseguimento ao seu desenvolvimento
que havia sido interrompido devido a maturidade fisiolégica (CASTRO, BRADFORD,
HILHORST, 2004).

As sementes germinam quando as condi¢cdes para 0 crescimento
sédo favoraveis e ndo apresentam nenhum tipo de dorméncia. A primeira condi¢éo
para germinacdo € a exigéncia de agua, além de condi¢cdes adequadas de
temperatura e luz. Assim, o processo de germinacdo se inicia pela embebicdo e
reativacdo do metabolismo. Neste estagio € comum observar um padrao trifasico de
absorcdo de agua e hidratacdo. A fase inicial (Fase 1) € um processo dirigido pelo
gradiente de potencial hidrico entre a semente e o seu ambiente. Em geral, esta fase
é rapida e puramente fisica que depende somente da ligacdo da dgua na matriz da
semente seca. Quando toda a matriz atinge hidratacao plena, o conteudo de agua
na semente alcanca um nivel de platd e € mantido constante por um periodo
chamado como intervalo ou fase de preparacao e ativacédo (Fase Il da embebicéo).
Nesta fase, as células do interior das sementes ndo podem mais absorver agua pois
ndo podem mais se expandir. Durante a Fase Il, sdo ativados 0S processos
metabdlicos requeridos para o crescimento do embrido e a conclusdo do processo
germinativo. A duracdo desta fase depende da temperatura e do potencial hidrico,
nesta fase, as sementes tendem a se manter tolerantes a desidratacdo e
dessecacdo. A Fase Il é marcada por um aumento no conteldo de agua da
semente, que acontece devido a absorcdo associada ao inicio do crescimento do
embrido (concomitante com divisao celular e consequente alongamento embrionério
— protusdo da radicula). Uma vez iniciado o crescimento, as sementes perdem a
tolerancia a desidratacdo (CASTRO, BRADFORD, HILHORST, 2004).

O broto de soja, ou moyashi (em japonés) (soja com 6 ou 7 dias de
germinacdo) se tornou um importante alimento vegetal em paises como a Coreia
(LEE et al., 2007), Japéo, China e Estados Unidos (VIEIRA; NISHIHARA, 1992, LIU,
1997). Apesar do seu alto valor nutritivo, o broto de soja tem baixo custo de
producédo e é relativamente facil de ser produzido. Muitos estudos descrevem sobre

a técnica de cultivo, valor nutricional, melhoramento genético, prevencdo contra
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problemas que podem ocorrer durante o cultivo, qualidade e quantidade de brotos
de soja. O teor de isoflavonas em brotos de soja verdes e amarelos, bem como o
efeito da quantidade de luz sobre o teor de isoflavonas tem sido relatados (Tabela 1)
(LEE et al., 2007).

Tabela 2: Teor de Isoflavonas (mg/g) em partes de soja germinadas com e sem a

presenca de luz

Parte Com luz Sem luz
Cotilédones 2,17 2,54
Hipocotilos 1,17 1,13

Radiculas 2,40 2,58

Fonte: Adaptado de Lee et al., 2007

Segundo Buckeridge et al. (2004), no inicio da germinacdo, a
reidratacdo dos tecidos da semente esta normalmente relacionada ao reparo de
estruturas que podem ter sido danificadas durante a secagem, como membranas e
acidos nucléicos. Esse processo envolve um grande gasto energético e, na maioria
dos casos, as sementes quiescentes armazenam entre 2 e 5% do peso seco como
sacarose. Em alguns casos, as sementes também acumulam oligossacarideos da
série da rafinose, que também sdo rapidamente degradados para a producdo de
energia. O processo de degradacdo ocorre na presenca de enzimas hidroliticas e é
a partir desse ponto que se inicia o crescimento embrionario, cujo fim & produzir um
organismo autotrofico.

Dentre as enzimas que sao ativadas e atuam durante o processo de
germinacdo, ha as proteases e fitases (ABDULLAH; BALDWIN; MINOR, 1984,
MOSTAFA; RAHMA, 1987), a invertase, alfa galactosidase entre outras que séo
responsaveis pela quebra de acuUcares para obtencdo de energia, as lipases que
degradam os triglicerideos armazenados em organelas denominadas corpos
lipidicos (BUCKERIDGE et al., 2004); além dessas enzimas, a B-glicosidase, além
de participar da degradagdo de glucanos de ligagcdo mista (B-glucanos) para
mobilizagao de glicose (BUCKERIDGE et al., 2004), é responséavel pelo aumento do
teor de isoflavonas agliconas (SANTOSH; BALASUBRAMANIAN; LALITA 1999). A

obtencdo desta enzima a partir do cotilédone de soja com atividades especificas
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elevadas da B-glicosidase foi observada em outras partes da planta como, radicula,
raizes e epicotilo (RIBEIRO et al., 2006).

Hsieh e Graham (2001) purificaram e caracterizaram a [3-glicosidase
extraida a partir das raizes de soja germinada por 7 a 9 dias. O extrato bruto das
raizes apresentou elevada atividade especifica de [(-glicosidase, sendo
aproximadamente 800 vezes maior do que do extrato do cotilédone. A B-glicosidase
enddgena de soja ou dos componentes do grdo germinado podem ser extraidos e
aplicados em produtos derivados de soja para obtencdo de alimentos com boas
propriedades funcionais (RIBEIRO et al., 2006).

O teor protéico da semente germinada mantém-se em torno de
100% da proteina inicial em base seca (FORDHAM; WELLS; CHEN, 1975). A
germinacao das sementes proporciona aumento do seu valor nutritivo, pela melhoria
da digestibilidade protéica, reducado do conteudo de fitatos (AZEKE et al., 2011) e
aumento da biodisponibilidade de vitaminas e minerais, principalmente vitamina C
(WAl et al., 1947, FORDHAM; WELLS; CHEN, 1975, BORDIGNON et al., 1995).

Chi et al. (2005) observaram que o teor de proteinas, lipideos, fibras,
vitaminas e outros nutrientes, foi bem maior em brotos de soja verde (germinados na
presenca de luz) do que nos brotos comuns (amarelos, germinados sem a presenca
de luz), germinados por cerca de 5 a 7 dias. O esverdeado dos cotilédones é
resultante da formacao de clorofila induzida pela luz e diminui o valor de mercado
dos brotos, pois os consumidores preferem cotilédones amarelados. Em tempos
menores de germinacgdo (48 h), também foi demonstrado aumento nos teores de
lipideos (de 22,05 para 23,11%) e proteinas (de 35,67 para 42,02%) (MARTINEZ et
al, 2011).

O processo de germinacdo pode influenciar diferentemente o teor de
isoflavonas entre cultivares. O teor das 12 formas de isoflavonas foi verificado em
seis diferentes cultivares de soja em trés estadios diferentes de desenvolvimento.
Verificou-se um aumento das formas agliconas em todas as cultivares, alteracdes
variadas no teor de isoflavonas glicosidicas e malonilglicosidicas e auséncia ou
guantidades muito pequenas de acetilglicosidicas (KIM; CHUNG, 2007).

A atividade de B-glicosidase e o teor de isoflavonas durante a
germinacdo da soja tem sido pouco investigadas. Nao hé relatos na literatura sobre
a extracdo de p-glicosidase de epicotilos de soja germinada e utilizagdo dessa

enzima para conversdo de isoflavonas (glicosiladas em  agliconas.
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MATERIAL E METODOS

3.6 ATIVIDADE DE B-GLICOSIDASE DO EIXO EMBRIONARIO DE SOJA GERMINADA NA PRESENCA

E NA AUSENCIA DE LUZ
4.1.1 Germinacao da Soja

Para cada um dos 10 experimentos, trés blocos de cinco rolos de
papel de germinacdo contendo 50 sementes de soja (BRS 257, cedidas pela
Embrapa Soja — Empresa Brasileira de Pesquisa Agropecuéria, Londrina, Parana,
Brasil) foram randomicamente colocados em duas camaras de germinacdo. Em uma
das camaras, as sementes foram submetidas em um fotoperiodo de 10 h de
iluminacao natural (localizacao geogréafica: -23° 19' 45.34", -51° 12' 7.45", dezembro
de 2009) e na outra camara de germinacdo, o fotoperiodo ndo foi aplicado. A
temperatura foi mantida constante a 35°C (£1°C) com uma umidade relativa de
100% por 72, 96, 120, 144 e 168 h. As radiculas e epicotilos comecaram a aparecer
em 72 h de germinagéo.

Em cada tempo experimental, as radiculas, epicétilos, hipocétilos e
cotilédones (Figura 5) foram manualmente separados e liofilizados. As amostras

foram moidas e armazenadas a -22°C para analises e as cascas foram descartadas.

Cotilédone

Epicoétilo Hipo!étilo
/< ; Raiz
Figura 5. Partes de soja germinada a 144 h em camara germinadora com luz, 100%
de umidade relativa



42

Os hipocoétilos e cotilédones foram também analisados antes da
germinagao para verificar a atividade da B-glicosidase antes do inicio do processo de

germinacao.

4.1.2 Extracao e determinacao da atividade de -glicosidase

A B-glicosidase das amostras em cada tempo de germinacao foi
extraida de 100 mg de amostra com 1,5 mL de tampéao citrato, 0,05 M, pH 4,5
contendo 0,1 M de NaCl por 1 h a temperatura ambiente conforme descrito por
Carrao-Panizzi e Bordignon (2000). As amostras foram centrifugadas e
determinadas a atividade da B-glicosidase e o teor de proteinas sollveis do
sobrenadante. A atividade da enzima foi determinada de acordo com o método
descrito por Matsuura; Sasaki e Murao (1995). Neste procedimento, 2 mL de p-
nitrophenil-B-D-glucopiranosideo (p-NPG) 1 mM em tampao fosfato-citrato 0,1 M e
pH 5.0, foram transferidos para os tubos de ensaio e colocados em banho a 30°C
por 10 min. Em seguida, 0,5 mL do sobrenadante obtido na extracao foi adicionado a
mistura e os tubos foram novamente colocados em banho a 30°C por 30 min. A
reacdo foi interrompida pela adicdo de 2,5 mL de carbonato de sédio 0,5 M e a
concentragéo de p-nitrofenol liberada durante a reagéo foi determinada medindo-se
a absorbancia em espectrofotbmetro a 420 nm. Para quantificacdo, foi feita uma
curva com 8 concentracdes em triplicata de p-nitrofenol variaram de 20 a 160 uM.

Uma unidade de atividade de enzima (UA) foi definida como a
quantidade de B-glucosidase que libera 1 pM de p-nitrofenol por minuto sob as
condicbes do ensaio. Os resultados foram expressos como atividade de -
glicosidase (UA.g™) por grama de amostra seca e foram avaliados de acordo com o
tempo de germinagao. A atividade especifica de B-glicosidase foi expressa como a

relacdo entre a atividade de enzima e o teor de proteinas soltveis (UA.mg™)

4.1.3 Determinacao de proteinas soluveis

O teor de proteinas soluveis do sobrenadante foi determinado de
acordo com a metodologia descrita por Lowry et al. (1951), utilizando albumina de
soro bovino como padrdo. Os resultados foram expressos em mg de proteinas

soluveis em base seca.
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4.1.4 Rendimento da atividade de B-glicosidase

O rendimento da atividade de B-glicosidase foi calculado de acordo
com 0 peso seco total obtido de cada componente do eixo embrionario em cada

tempo de germinagao.

4.1.5 Delineamento experimental e analise estatistica

O experimento foi conduzido em blocos completos casualizados e
trés replicatas foram feitas para cada tempo de germinacéo sob condi¢des de luz e
auséncia de luz. Foi feita uma analise de variancia e as medias comparadas pelo
teste de Tukey (p<0,05). Foi realizada, também, a analise de regressédo e os dados

analisados com o software Statistica 8.0 (StatSoft, 2007).

3.7 ALTERAGCOES NO TEOR DE ISOFLAVONAS NO EIXO EMBRIONARIO DE SOJA GERMINADA NA

PRESENCA DE LUZ

4.2.1 Matéria prima e reagentes

Foram utilizados gréos de soja Glycine max (L.) Merril cultivar BRS
257, desenvolvida na Vitrine Tecnoldgica da Fazenda Experimental da Embrapa
Soja em Londrina — PR. Todos os reagentes foram de grau analitico e grau HPLC e

de diferentes procedéncias comerciais.

4.2.2 Preparo de amostras e germinac¢ao da soja

Os gréos de soja (BRS 257) foram submetidos a uma selecéo prévia
para remoc¢ao dos gréos danificados, manchados e materiais estranhos e entao
submetidos ao processo de germinacdo, conforme descrito por Yoshiara et al.
(2011).

Foram preparados 15 rolos de papel Germitest contendo 50
sementes selecionadas de soja cultivar BRS 257 e colocados em estufa climatizada
(Marconi, MA 835) a 35 = 1°C e 100% de umidade relativa por 144 h com
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fotoperiodo de 10 h por dia. Apés o periodo de germinagdo, os componentes da soja
germinada, como epicétilos, hipocotilos, raiz e cotilédones foram separados
manualmente, liofilizados (Christ, 500), moidos (Ika, 33) e armazenados a -26°C até

0 momento da analise.

4.2.3 Extracado e quantificacdo de isoflavonas por Cromatografia Liquida de Alta
Eficiéncia (CLAE)

O teor de isoflavonas foi determinado em triplicata em todos os
componentes da soja germinada e comparado com a farinha de soja
desengordurada ndo germinada preparada a partir das mesmas sementes utilizadas
para a germinacao.

Para extragao das isoflavonas foram utilizados 100 mg de farinha de
diferentes componentes do grao de soja germinado e liofilizados e de farinha de soja
desengordurada ndo germinada. Estas foram colocadas em tubos de ensaio com 4,0
mL de etanol aquoso a 70% (v/v), contendo 0,1% (v/v) de &cido acético, mantidos a
temperatura ambiente por 5 h, e agitados manualmente a cada 15 min conforme
descrito por Carrdo-Panizzi; Siméao e Kikuchi (2003). O extrato foi centrifugado e o
sobrenadante filtrado em membranas de nylon de 0,20 um e 20 pL foram utilizados
para separacdo e quantificacdo de isoflavonas por cromatografia liqguida de alta
eficiéncia (CLAE) segundo Berhow (2002) com algumas modificacdes.

Foi utilizado um cromatdgrafo (Shimadzu, LC-10AT VP, Kyoto,
Japao) contendo forno (CTO-10AS VP) com temperatura controlada de 25°C e
detector de arranjo de diodos (SPD-M10Avp). A eluicdo das isoflavonas foi realizada
em coluna de fase reversa ODS (M) C18 (4 mm x 15 cm e particulas de 5 pm). O
sistema gradiente foi linear e a condicao inicial consistiu de 100% de agua (pH 3,0
ajustado com &cido acético glacial) e 0% de acetonitrila. Em 25 min de eluicédo, foi
atingida a proporgdo de 45:55 (4gua acidificada: acetonitrila) (v/v), em 27 min o
gradiente atingiu 100% de acetonitrila retornou as condi¢des iniciais em 35 min. O
tempo de corrida foi de 40 min em uma vazdo de 1 mL min™ e as isoflavonas foram
separadas e detectadas a 260 nm.

A identificacdo e quantificacdo das isoflavonas glicosiladas e
agliconas foi realizada por comparacgéo com as curvas de calibragéo individuais para

daidzina, glicitina, genistina, daidzeina, gliciteina e genisteina. As curvas de
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calibracdo foram obtidas plotando as concentra¢gdes dos padrdes em funcéo da area
dos picos obtidos ap0s as injecdes de 20 uL. As concentracdes das solucdes padréo
foram cuidadosamente escolhidas para atender a maior faixa de teor de isoflavonas
nas amostras.

Para as isoflavonas cujos padrfes puros nao estavam disponiveis
comercialmente, as curvas de calibracdo foram ajustadas com base nas diferencas
de peso molecular. A quantificacdo das isoflavonas malonilglicosidicas (malonil
daidzina, malonil glicitina e malonil genistina) foram calculadas com base nas curvas
de calibracdo das isoflavonas glicosiladas correspondentes (daidzina, glicitina e
genistina, respectivamente) utilizando a similaridade com das absortividades
molares, como descrito por Coward et al. (1998).

Os resultados para isoflavonas podem ser apresentados como
equivalentes agliconas ou como a soma das diferentes formas (KLUMP et al., 2001).
Neste experimento, os teores das isoflavonas estéo apresentados individualmente e
como a soma das diferentes formas, determinados em triplicata e expressos como

mg g* e, base seca.

3.8 OTIMIZACAO DA EXTRACAO DE B-GLICOSIDASE DE EPICOTILO DE SOJA GERMINADA E DA

CONVERSAO DE ISOFLAVONAS GLICOSIDICAS EM AGLICONAS

4.3.1 Matéria prima e reagentes

Foram utilizados gréos de soja Glycine max (L.) Merril cultivar BRS
257, desenvolvida na Vitrine Tecnoldgica da Fazenda Experimental da Embrapa
Soja em Londrina — PR. Todos os reagentes foram de grau analitico e grau HPLC e

de diferentes procedéncias comerciais.

4.3.2 Preparo de amostras e germinacao da soja

Os graos de soja (BRS 257) foram submetidos a uma selecéo prévia
para remocao dos graos danificados, manchados e materiais estranhos e entao
submetidos ao processo de germinacdo, conforme descrito por Yoshiara et al.
(2011).

Foram preparados 15 rolos de papel Germitest contendo 50
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sementes selecionadas de soja cultivar BRS 257 e colocados em estufa climatizada
(Marconi, MA 835) a 35 + 1°C e 100% de umidade relativa por 144 h com
fotoperiodo de 10 h por dia. Apés o periodo de germinacéo, 0s componentes da soja
germinada, como epicotilos, hipocotilos, raiz e cotilédones foram separados
manualmente, liofilizados (Christ, 500), moidos (lka, 33) e armazenados a -26°C até

0 momento da analise.

4.3.3 Otimizagdo da extragdo de B-glicosidase de epicoétilo de soja germinada

Testes preliminares de extragcdo da (-glicosidase foram realizados,
visando a aplicacdo da metodologia de superficie de resposta para definicdo do
ponto central das varidveis temperatura e pH de extracdo. Assim, foi definido a
temperatura de 30°C e pH igual a 5,0 como condicdo onde ocorreu maior extracao
da enzima. O tempo de extracdo de 50 min foi mantido constante.

Os efeitos de temperatura (X;= 23, 25, 30, 35 e 37°C) e pH (Xo= 3,6,
4,0, 5,0, 6,0 e 6,4) de extracdo da B-glicosidase dos epicotilos de soja germinados
apos 144 h foram investigados aplicando o planejamento fatorial composto central
com cinco niveis de variagdo totalizando 11 ensaios que foram realizados

aleatoriamente, conforme Tabela 2.

Tabela 3: Variaveis independentes e niveis de variacdo do planejamento fatorial

composto central

Niveis de variacao

Variaveis independentes

1,41 1 0 1 +1,41
X1 = Temperatura (°C) 23 25 30 35 37
Xo=pH 3,6 4,0 5,0 6,0 6,4

Para cada ensaio a extracdo da [-glicosidase foi utilizada a
proporcao de 1:15 (m/v) conforme Carrdo-Panizzi e Bordignon (2000). Assim, a
extracao foi realizada com 100 mg de epicotilo de soja germinada e liofilizada e 1,5
mL de tampdo citrato de sédio 0,2mol L™ contendo NaCl 0,1mol L™ nos respectivos
pHs (X1) e temperaturas (Xz). A agitacdo foi manual a cada 10 min por um periodo

de 50 min. Posteriormente, foram centrifugados (Cientec, CT 600) por 15 min a 2500
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g. A funcéo resposta (YY), que corresponde a atividade de B-glicosidase extraida, foi
determinada no sobrenadante obtido.

A funcdo resposta (Y) foi avaliada e obtidos os parametros da
ANOVA e superficie de resposta utilizando o programa STATISTICA 7.0 da StatSoft,

Inc. e para otimizacao estimou-se o parametro de desejabilidade.

4.3.4 Determinagao de (-glicosidase de epicétilos de soja germinada

O teor de B-glicosidase nos epicétilos de soja germinada por 144 h
na presenca de luz foi determinado conforme descrito no item 4.1.2.

4.3.5 Otimizacdo da conversdo de isoflavonas glicosiladas em agliconas

utilizando B-glicosidase de epicotilo de soja germinada

Foram realizados testes preliminares de conversdo de isoflavonas
em agliconas de farinha de cotilédone de soja desengordurada utilizando [-
glicosidase de epicotilo de soja germinada, para definicdo dos niveis das variaveis
temperatura e pH, bem como o tempo de incubagéo a ser utilizado e a quantidade
de enzima a ser adicionada. Assim, foram definidos como ponto central o pH igual a
5,5 e temperatura de 35°C. O tempo de incubagao de 14 h e a adicao de 5 UA de B-
glicosidase foram mantidos constantes.

Foi aplicado um planejamento composto central com duas variaveis
(temperatura e pH) e cinco niveis de variacdo (Tabela 3) em dois blocos. O primeiro
bloco consistiu em um planejamento fatorial 22, tendo como variaveis temperatura
(20, 35, 50°C) e pH (4,0, 5,5 e 7,0). O segundo bloco consistiu no preparo dos
pontos axiais do planejamento para verificagdo dos efeitos quadréticos.

Para conversao, foram preparados tubos de ensaio contendo 3,0 mL
de farinha de cotilédone de soja desengordurada (cultivar BRS 257), com pHs
ajustados utilizando solucdes 0,1 M de fosfato de sddio bibasico e &cido citrico, na
propor¢ao 1:10 (p/v) com adigdo de 5,0 UA de B-glicosidase de epicotilo de soja
germinada por 144h na presenca de luz. Os tubos contendo as amostras foram

colocados sob agitacao em shaker (25 rpm) com temperatura controlada por 14h.
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Tabela 4. Variaveis independentes e niveis de variacdo do planejamento fatorial
composto central para otimizacdo da conversdo de isoflavonas glicosiladas em
agliconas em farinha de cotilédone de soja (BRS 257) desengordurada utilizando (-

glicosidase de epicatilo de soja germinada por 144h na presenca de luz.

. Niveis de variagao
Variaveis independentes

1,41 1 0 +1 1141
X = Temperatura (°C) 13,9 20,0 350 50,0 56,2
X,= pH 339 400 550 7,00 7,61

Apos o periodo de conversdo, as amostras foram congeladas em
freezer a -80°C, liofiizadas e submetidas a determinacdo de isoflavonas por
Cromatografia Liquida de Ultra Alta Eficiéncia (CLUAE).

A funcdo resposta (Z = % agliconas com relacdo ao total de
isoflavonas extraidas) foi processada e obtidos os parametros da andlise de
variancia e superficie de resposta utilizando o programa Statistica 7.0 (StatSoft, Inc.,
2007).

4.3.6 Extracdo e quantificacdo de isoflavonas por Cromatografia Liquida de
Ultra Alta Eficiéncia (CLUAE)

Para extracdo das isoflavonas foram utilizados 250 mg de farinha de
diferentes componentes do grdo de soja germinado e liofilizados e farinha de
cotilédone de soja desengordurada ndo germinada.

As amostras foram colocadas em tubos de ensaio com 6,0 mL de
mistura extratora (agua, etanol e acetona, 1:1:1, v/v/v) e a extracdo foi feita em
banho ultrassénico por 10 min a 60°C (Yoshiara et al, 2012). O extrato foi
centrifugado e o sobrenadante filtrado em membranas de nylon de 0,20 pm e 1,4 uL
utilizados para separacdo e quantificacdo de isoflavonas por cromatografia liquida
de ultra alta eficiéncia (CLUAE) segundo Berhow (2002) com algumas modificagfes.

Para separacdo e determinacéo de isoflavonas, foi utilizado um
UPLC® (Waters, Acquity), sistema de injecdo automatica, forno com temperatura
controlada de 35°C e detector de arranjo de diodos (DAD). A eluicdo das isoflavonas

foi realizada em coluna de fase reversa BEH C18 (Waters, 2,1 mm x 50 mm,
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particulas de 1,7 um). Para a separacao, utilizou-se um sistema de gradiente binério
nao linear com fase inicial de 90% de H,O acidificada com &cido acético glacial (pH
3,0) e 10% de acetonitrila. Em 8 min de eluicdo, foi atingida uma proporcao de 0%
de H,O e 100% de acetonitrila, retornando as condic¢des iniciais em 9 min. O tempo
total da corrida foi de 12 min. A vazdo da fase médvel foi de 0,70 mL min™ e a
temperatura da corrida mantida constante a 35°C. Para a detecgéo, foi utilizado um
detector de arranjo de diodos da marca Waters ajustado ao comprimento de onda de
260 nm.

A identificacdo e quantificagcdo das isoflavonas glicosiladas e
agliconas foi feita por comparagdo com curvas padrao de daidzina, glicitina,
genistina, daidzeina, gliciteina e genisteina. As concentracfes das solucbes padrao
foram cuidadosamente escolhidas para atender a maior faixa de teor de isoflavonas
nas amostras.

Para as isoflavonas sem padrBes puros disponiveis, as curvas de
calibracdo foram ajustadas com base nas diferencas de peso molecular. A
guantificacdo das isoflavonas malonilglicosidicas (malonil daidzina, malonil glicitina e
malonil genistina) foram calculadas com base nas curvas de calibragdo das
isoflavonas glicosiladas correspondentes (daidzina, (glicitina e genistina,
respectivamente) utilizando a similaridade com dos coeficientes de extingdo, como
descrito por Coward et al. (1998).

O teor de isoflavonas agliconas (daidzeina, gliciteina e genisteina),
foi determinado em triplicata e os resultados foram expressos em % agliconas com

relacdo ao teor de isoflavonas totais.

4.3.7 Validagdo dos modelos matematicos

Para avaliagdo do modelo mateméatico proposto, foi reproduzido o ensaio
onde ocorreu maior extracdo da enzima. A melhor condicdo de extragdo ocorreu
quando se utilizou X; = 30,0°C e X, = 5,0. Os valores calculados e observados foram

comparados pelo teste t a 5 % de probabilidade.
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3.9 OTIMIZACAO DA EXTRACAO DE ISOFLAVONAS DE SOJA COM DIFERENTES SOLVENTES

UTILIZANDO DELINEAMENTO EXPERIMENTAL SIMPLEX CENTROIDE

4.4.1 Material

Os grédos de soja da cultivar BRS 257 foram fornecidos pela
Empresa Brasileira de Pesquisa Agropecuaria, Centro Nacional de Pesquisa da Soja
(EMBRAPA Soja). Os graos foram moidos em moinho de facas (Ika, modelo A-11) e
a farinha obtida foi desengordurada com hexano por 30 min a temperatura ambiente.
A extracdo das isoflavonas foi realizada com 500 mg de farinha de soja
desengordurada e 25 mL de cada solvente extrator. As amostras com os diferentes
solventes extratores foram colocadas em banho ultrassbnico a temperatura
controlada de 60°C por 10 min (ROSTAGNO; PALMA; BARROSO, 2003) logo apdés,
centrifugadas e os sobrenadantes filtrados em filtros Millex — LH (0,20 pm). Para

injecdo no cromatografo foram utilizados 10 puL de cada amostra.

4.4.2 Delineamento experimental de misturas simplex-centroide e andlise de

superficie de resposta para extracdo de isoflavonas

O planejamento experimental do tipo simplex-centréide,
originalmente descrito por Scheffé (1963) € um planejamento para misturas que
pode ser representado por um triangulo, para trés componentes ou um tetraedro
para quatro componentes. Para explorar as condi¢cdes de mistura do espaco inteiro,
as misturas usadas séo o0s pontos situados nos vértices e no meio das arestas, no
qual cada ponto representa uma combinacdo dos componentes da mistura. O
planejamento simplex-centroide inclui mais um ponto no centro do triangulo ou de
cada face do tetraedro (misturas de proporgdes iguais de 3 componentes) e, no caso
de um planejamento de 4 componentes, um no centro espacial do poligono (o ponto
central, composto por mistura de partes iguais dos 4 componentes). Este tipo de
planejamento permite o ajuste do modelo do tipo cubico especial com um numero
relativamente baixo de experimentos (CORNELL, 1990; CALADO; MONTGOMERY,
2003).

Para avaliar a melhor condicao para a extracdo das isoflavonas de

soja foi utilizado o delineamento experimental simplex-centréide (Figura 1) com 4
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solventes de diferentes graus de polaridade: 4gua, acetona, etanol e acetonitrila,
conforme descrito por Luthria; Biswas e Natarajan (2007), Rostagno; Palma e
Barroso (2003) e Simdes et al., (2002) totalizando 15 composicdes de solventes
diferentes.

Os 15 experimentos foram ajustados a um modelo linear, quadratico
ou cubico para a obtencdo dos coeficientes de regressédo linear e analisados
estatisticamente na modelagem das variaveis repostas (y)

y =i bix; + Z?q Z? bijxixj + Z?q ?<k Sp b Xp + o+ by X125 . Xg

(Equacéo 1)
onde y = funcdo da estimativa da resposta de interesse, bjcoeficientes estimados
pelo método dos minimos quadrados, x; = varaveis dependentes, sendo 1>x>0e )
xi= 1,0.

(X,2X50X500,)
1:0:0:0
0:1:0:0
0:0:1:0
0:0:0:1
0.50:0.50:0:0
0.50:0:0.50:0
0.50:0:0:0.50
0:0.50:0.50:0
0:0.50:0:0.50
0:0:0.50:0.50
0.33:0.33:0.33:0
0.33:0.33:0:0.33
0.33:0:0.33:0.33
14 0:0.33:0.33:0.33
£ Mistura Quaternaria 15 0.25:0.25:0.25:0.25

> Solventes puros

(O Misturas binarias

O 0 N WU E WN PP M

=y
o

[ ] Misturas Ternarias

=
w N R

Figura 6. Planejamento experimental centrdide simplex com 4 componentes

Para cada parametro estudado foram gerados graficos de superficie
de resposta. A gqualidade do ajuste dos modelos aos dados experimentais foi
verificada por meio da analise de variancia (ANOVA), da regressao e coeficiente de
determinacdo (R?). Todas as andlises e graficos foram conduzidas utilizando o
pacote estatistico STATISTICA 8.0 (StatSoft Inc., 2007).
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4.4.3 Cromatografia Liquida de Alta Eficiéncia (CLAE)

As analises para determinar e quantificar as isoflavonas de soja
foram realizadas de acordo com a metodologia de Berhow (2002), com algumas
modificagcdes. A separagdo e quantificagdo das isoflavonas foram conduzidas em
coluna de fase reversa do tipo ODS C18 (Shimadzu, 4 mm x 15 cm, particulas de 5
pum) utilizando-se cromatoégrafo liquido de alta eficiéncia da marca Shimadzu, modelo
LC-10AT VP (Kyoto, Japéo), forno (CTO-10AS VP) e injetor semi-automatico de
amostras. Para a separac¢do foi usado um sistema linear de gradiente binario com
fase inicial de 100% de H,O e 0% de acetonitrila. Em 25 min de elui¢céo, foi atingida
uma proporcao de 45% de H,O e 55% de acetonitrila. Em 27 min, o gradiente atingiu
100% de acetonitrila, retornando as condic¢des iniciais novamente, em 35 min. O
tempo total da corrida foi de 40 min. A vaz&o da fase mével foi de 1 mL min™ e a
temperatura da corrida foi mantida constante a 25°C. Para a detecc¢ao, foi utilizado o
detector de arranjo de diodos da marca Shimadzu, modelo SPD-M20A ajustado ao
comprimento de onda de 260 nm.

A identificacdo das isoflavonas foi realizada por comparacdo com
curvas individuais de padrdo de daidzina, glicitina, genistina, daidzeina, gliciteina e
genisteina (Sigma-Aldrich). A quantificacdo por padronizagdo externa foi feita
utilizando como referéncia, as curvas dos padrdes. A concentracdo das isoflavonas
malonilglicosiladas foi calculada a partir das curvas padrdao dos seus
correspondentes B-glicosideos, utilizando a similaridade da absortividade molar
(COWARD et al., 1998). As andlises foram realizadas em triplicata e os resultados
expressos em mg g, em base seca.

Os parametros de exatiddo, precisdo, limites de deteccdo e
quantificacdo foram determinados para avaliar o desempenho do método de
quantificacdo das isoflavonas por HPLC.

Os limites de deteccéo (LD) e quantificacdo (LQ) dos seis padrdes
de isoflavonas foram determinados conforme o método descrito pelo International
Conference on Harmonization - ICH (1996) com algumas modificagbes. Seis
concentracdes (0,1 a 0,003 mg.mL™?) de cada um dos padrdes de isoflavona
(daidzina, glicitina, genistina, daidzeina, gliciteina e genisteina) foram preparadas e
cinco injecdes foram feitas em cada concentracdo. Cinco curvas de calibragao foram

obtidas plotanto a concentracdo versus a area obtida nos cromatogramas. A média
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das inclinagbes (s) e os desvios padrboes (o) dos interceptos das curvas de

calibragéo foram calculados. Os LD e LQ foram obtidos utilizando equagdes 2 e 3.

LD =3,3xals (2)
LQ=10,0 x o/s 3)

A precisao e exatidao foram determinadas como recomendado pelo
ICH (1996) e foram calculadas com base nas cinco curvas de calibracdo com seis
concentragbes conhecidas. Os resultados foram apresentados como coeficiente de
variagao (%CV) e % de recuperagéo, respectivamente.

4.4.4 Avaliagdo do modelo otimizado

Uma extragdo com o melhor sistema extrator para cada uma das
diferentes formas de isoflavonas foi realizada para avaliagdo do modelo mateméatico
(Equacéo 1). Os valores calculados e observados foram determinados no programa
STATISTICA 8.0 (StatSoft Inc., 2007) e os resultados comparados pelo testeta 5 %
de probabilidade.

3.10CORRELACAO DE ISOFLAVONAS E COMPOSTOS FENOLICOS COM A ATIVIDADE
ANTIOXIDANTE DE DIFERENTES COMPONENTES DO EIXO EMBRIONARIO DE SOJA
GERMINADA

4.5.1 Matéria Prima e Reagentes

A matéria prima e reagentes utilizados neste experimentos foram de

mesma procedéncia dos descritos no item 4.2.1.

4.5.2 Preparo de amostras e germinacao de soja

As amostras foram preparadas e germinadas conforme descrito no
item 4.2.2.
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4.5.3 Extracao e determinacdo de compostos fendlicos

Os compostos fendlicos de todos os componentes do grao de soja
germinados e farinha de soja desengordurada ndo germinada foram extraidos
individualmente conforme descrito por Hung et al. (2009). A extragcao foi realizada
com 1,0 g de amostra e 10,0 mL de etanol 80% (v/v), seguido de agitacdo por 20
min a 200 rpm em mesa agitadora (Marconi, RT 500) e temperatura ambiente. O
material foi centrifugado a 2500 g (Cientec, CT 6000) e coletado o sobrenadante. O
residuo foi re-extraido mais duas vezes com 10,0 mL de etanol 80% (v/v) e o0s
sobrenadantes foram combinados. O extrato contendo os compostos fendlicos livres
foi concentrado em rota-evaporador (Tecnal, TE 210) até 10,0 mL e estocado a -
26°C até o momento da andlise. A quantificacdo de compostos fendlicos do
concentrado foi realizada pelo método de Folin-Ciocalteau conforme descrito por
Swain e Hillis (1959). Para reacgéo colorimétrica foi utilizada uma aliquota de 0,5mL
de extrato diluido 1:3 (v/v) e adicionados 2,5 mL de solucdo aquosa de Folin-
Ciocalteau 10% e 2,0 mL de solucao de carbonato de sédio 7,5% (m/v). A mistura foi
incubada por 5 min em banho-maria a temperatura de 50°C. Posteriormente, mediu-
se a absorvancia a 760 nm usando etanol absoluto como branco. Uma curva padréo
de &cido galico (1,0 a 5,0 mmol L™) foi construida para comparacdo com as leituras
das amostras. O resultado foi expresso como mg equivalentes de acido galico por

100 g de amostra em base seca (MgEAG 100 g™).

4.5.4 Extracao e quantificacdo de isoflavonas por CLAE

A extracdo e quantificacdo de isoflavonas foi realizada conforme
descrito no item 4.2.3.

Os padrbes utilizados para isoflavonas glicosidicas e agliconas
foram adquiridos da Sigma-Aldrich e para malonil e acetil glicosidicas, da Sequoia
Research Products.

Para este experimento, o teor de isoflavonas foi expresso em mg de
equivalentes agliconas em 100g de amostra desengordurada em base seca (mg.100

g ™), conforme descrito por Klump et al. (2001).
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4.5.5 Medidas de Capacidade Antioxidante

4.5.5.1 Determinacéo da capacidade antioxidante pelo sequestro do radical livre
DPPH’

Para avaliacdo da capacidade antioxidante foi utilizado o mesmo
extrato utilizado na quantificacdo de compostos fendlicos (item 4.5.3). A capacidade
antioxidante foi medida pelo sequestro do radical livre DPPH’. Neste método, a
capacidade antioxidante dos diferentes extratos foi medida pela capacidade do
composto avaliado em doar ions hidrogénio ao radical livre 2,2-difenil-1-picrilhidrazil
(DPPH’) relativamente estavel segundo Brand-Williams, Cuvelier e Berset (1995)
com algumas modificacoes.

Em ambiente escuro, misturou-se 1,0 mL de tampao acetato 100
mmol L™ pH 5,5, 1,0 mL de etanol absoluto, 0,5 mL do radical DPPH" 250 pmol L™ e
50,0 uL de amostra. As misturas foram mantidas em repouso no escuro por 30 min a
temperatura ambiente e, posteriormente, a absorvancia das solucées foram medidas
a 517 nm. Foi utilizado como branco uma solucdo 1,0 mL de tampao acetato 100
mmol L™ e pH 5,5 com 1,50 mL de etanol absoluto. Preparou-se um controle positivo
contendo todas as solucdes, exceto a amostra. A quantificacdo da atividade
antioxidante dos extratos foi realizada por meio de uma curva padréao de Trolox (0,5
a 20 pmol L™). Os resultados foram expressos como pmol Trolox.g™ de amostra em

base seca.

4.5.5.2 Determinacédo da atividade antioxidante pelo sequestro do radical livre
ABTS™

A atividade antioxidante nas amostras foi avaliada, também, pelo
seqiiestro do cation radical ABTS™ segundo o método proposto por Sanches—
Gonzales;Jiménez-Escrig e Saura-Calixto (2005) e utilizado o mesmo extrato para
quantificacdo de compostos fendlicos (item 4.3.1). O cation radical ABTS™ foi
preparado pela reacdo de uma solucdo ABTS 7,0 mmol L™, com persulfato de
potassio 2,45 mM preparados 16 h antes da analise em ambiente escuro. A solugéo
de ABTS™ foi diluida com tamp&o fosfato de sédio pH 7,4 até a absorvancia de

0,700 + 0,020 a 730 nm. Em seguida, adicionou-se 10,0 pL de amostra a 4,0 mL da
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solucéo diluida de ABTS™. Apds 6 min de reacdo as absorvancias foram lidas a 730
nm. Para quantificacdo da atividade antioxidante dos extratos foi utilizada uma curva
padrdo de Trolox (2,5 a 20 pmol L™Y). Os resultados foram expressos como pmol

Trolox.g™ de amostra em base seca.
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ABSTRACT

The aim of this study was to investigate the B-glucosidase activity of radicles, hypocotyls,
cotyledons, and epicotyls of soybeans (Glycine max) grown in the presence and absence of
light and to obtain an alternative source of f-glucosidase. Seeds were germinated in the
presence and absence of light at various time points, and the radicles, epicotyls, hypocotyls
and cotyledons were separated. The enzymatic activity in the epicotyls presented the highest
activity at 144 h in the presence of light. Specifically, the enzymatic activity of the epicotyls
was 6-fold higher than that of radicles and 12-fold higher than that of cotyledons.
Interestingly, the specific activity of hypocotyls and cotyledons was 4.02 and 5.17-fold lower
than that of epicotyls after 144 h of germination under light. The high specific activity of
light-germinated epicotyls suggested that the purity of B-glucosidase from epicotyls is greater

than B-glucosidase obtained from other parts of the plant.
PRACTICAL APPLICATIONS

Isoflavones are beneficial to human health. Specifically, isoflavones and estrogen
have similar positive effects on the symptoms of menopause and osteoporosis. Moreover,

isoflavones possess antioxidant and antitumoral properties against certain cancers. In nature,
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the most common form of the isoflavone is the glucosilated form. Studies on the
bioavailability of isoflavones indicate that these compounds behave similarly to estrogen in
most biological systems and the aglycones forms are more bioavailable than their glycosides

forms.

B-glucosidase is produced from the metabolism of fungi, bacteria, or soybeans,
and is the only enzyme capable of hydrolyzing isoflavone glycosides to aglycones. Therefore,
safe and effective methods for the synthesis of B-glucosidase must be developed to produce
soy-based foods with high concentrations of aglycones isoflavones. Thus, the objective of the
present study was to investigate the best conditions under which the greatest amount of f3-

glucosidase could be isolated form soybean.
INTRODUCTION

Isoflavones are natural plant estrogens that are structurally and functionally
similar to human estrogen and have been consumed by humans throughout history. Among
plant estrogens, soy isoflavones are the most commonly studied type of isoflavone. Because
of the extensive consumption of soy-based foods in Asia and Japan, the long-term health
effects of soy isoflavones are well-known, and correlations between soy isoflavone

consumption and disease prevention have been established (Brouns, 2002).

In both natural and processed food products, plant estrogens are typically bound
to carbohydrates and are referred to as glycones. Examples of glycone isoflavonoids include
daidzin, genistin and glycetin. A small fraction of isoflavones are unbound plant estrogens
and are referred to as aglycones. The aglycone derivatives of daidzin, genistin and glycetin
are daidzein, genistein and glycitein, respectively. Glycones can occur in acetylated or
malonylated forms; however, only aglycones, the biologically active form of isoflavones,
have estrogenic effects (Bokkenheuser and Winter, 1988; Pham and Shah, 2009).

B-glucosidases (B-D-glucoside glucohydrolase, E.C. 3.2.1.21) comprise a
heterogeneous group of enzymes that catalyze the hydrolysis of B-glucosidic bonds between
two carbohydrate moieties or a carbohydrate and an aglucone (Esen, 1992; Morant, et al.,
2008). In intact plant tissue, f-glucosidases are stored separately from the substrate and are
involved in diverse aspects of plant physiology, such as the formation of intermediates in cell

wall lignification, cell wall degradation of the endosperm during germination, and the
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activation of phytohormones, defense compounds (Morant, et al, 2008; Ribeiro, et al, 2006;
Hsieh and Graham, 2001; VanEtten, et al 1994.)

B-glucosidase hydrolyzes soybean isoflavones, releasing glucose and aglycone
isoflavones, which are more bioavailable than their glycoside forms (lzumi, et al., 2000).
Although the glycoside form of daizin and genistin are present in higher concentrations in
soybeans (Ribeiro et al. 2007), daizin and genistin have shown lower biological activity than

their aglycone forms (Park et al., 2002).

B-glucosidase can be produced through the metabolism of fungi (Horii, et al,
2009; lto, et al, 2008), bacteria (Hur, et al, 2000) and plants such as corn, beans and soybeans
(Suzuki, et al, 2006; Sue, et al, 2006; Han and Chen, 2008). In several studies, enzymes have
been produced from soybean cotyledons; however, relatively high B-glucosidase activity has
also been observed in other parts of the plant, such as the roots and the radicles (Hsieh and
Graham, 2001; Suzuki et al, 2006; Ribeiro, et al, 2006).

B-glucosidases isolated from soybean seedlings are preferable over their microbial
counterparts because B-glucosidase from seedling roots acts exclusively on malonylated
conjugates, allowing for increased production of the more bioavailable aglycone isoflavone
(Suzuki, et al, 2006).

Ribeiro et al. (2006) in our laboratory analyzed the B-glucosidase activity of
radicles and cotyledons after 72 h of germination and found that the -glucosidase activity of
radicles and cotyledons was 3.3-fold and 2.3-fold higher, respectively, when plants were
germinated under light conditions. The results demonstrated that germinated soybeans were a
satisfactory alternative method to enhance P-glucosidase activity for the production of
isoflavone aglycones. Although quantitatively the amount of radicle is lower than that of
cotyledon soybean germination may be an alternative for obtaining radicles with highest -

glucosidase activity.

The objective of the present investigation was to extend these germination studies
up to 168 h in the presence or absence of light on the B-glucosidase activity in the germinated
soybeans embryonic axis comprising of radicles, epicotyls, hypocotyls and cotyledons. The
components of germinated soybean were then evaluated to identify the best conditions for the

B-glucosidase to reach the highest activity which could be isolated.
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MATERIALS AND METHODS
Soybean germination

For each of the 10 experiments, three blocks of five germination paper rolls
containing 50 seeds (BRS 257 cultivar, supplied by Embrapa Soybean — Empresa Brasileira
de Pesquisa Agropecuaria, Londrina, Brazil) were randomly placed into two germination
chambers. In one germination chamber, the seeds were subjected to a photoperiod of 10 h of
light, and in the other germination chamber, a photoperiod was not applied. The temperature
was held constant at 35°C (x1°C) with a relative humidity of 100% for 72, 96, 120, 144 or
168 h. Radicles and epicotyls began to appear at 72 h of germination.

At each time point, the radicles, epicotyls, hypocotyls and cotyledons were
manually separated and freeze-dried. The samples were ground and stored at -22°C for

analysis, and the seed coat was discarded.

The hypocotyls and cotyledons were also analyzed prior to germination to verify
the B-glucosidase activity before starting the germination process.

Extraction and determination of p-glucosidase activity

B-glucosidase was extracted from a 100 mg sample with 1.5 mL of 0.05 M citrate
buffer (pH 4.5) containing 0.1 M NaCl for 1 h at room temperature (Carrdo-Panizzi and
Bordignon, 2000). The samples were centrifuged, and the enzymatic activity and soluble
protein content of the supernatant was analyzed.

The enzymatic activity was determined according to the method described by
Matsuura et al. (1995). Briefly, 2 mL of 1 mM p-nitrophenyl-p-D-glucopiranoside (p-NPG)
and 0.1 M phosphate-citrate buffer (pH 5.0) was transferred to test tubes and placed in a water
bath at 30°C for 10 min. Supernatant (0.5 mL) was added and the test tubes were placed in a
water bath at 30°C for 30 min. The reaction was stopped by adding 2.5 mL of 0.5 M sodium
carbonate, and the concentration of p-nitrophenol released during the reaction was determined
by measuring absorbance 420 nm using a spectrophotometer. For quantification, a p-
nitrophenol (20 — 160 uM) calibration curve was previously prepared using known stock

concentrations.
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One unit of enzyme activity (UA) was defined as the amount of B-glucosidase that
releases 1 UM of p-nitrophenol/min under the experimental conditions. The results were
expressed as B-glucosidase activity (UA.g™) per dry weight of the sample and were evaluated
according to the germination time. The specific activity of B-glucosidase was considered to be
the ratio between the B-glucosidase activity and the soluble protein content and was expressed
as UA per milligram of soluble protein (UA.mg™).

Soluble protein analysis

The soluble protein content was determined according to the method described by
Lowry et al. (1951), and bovine serum albumin was used as a standard. The results are

presented as percent of soluble protein per g of sample on dry weight.
Yield of B-glucosidase activity

The yield of B-glucosidase activity was calculated according to the total dry

weight obtained from each embryonic axis components at each germination time.
Experimental design and statistical analysis

The experiment was conducted according to a randomized complete block design,
and three replications were conducted for each germination time in both light and no-light
conditions. An analysis of variance was conducted, and the means were compared according
to the Tukey test (p<0.05). A regression analysis was also conducted and the data were
analyzed with Statistica 8.0 software (StatSoft, 2007).

RESULTS AND DISCUSSION

According to the results of the regression analysis, the B-glucosidase activity and
protein content fit quadratic or cubic polynomial models, and all of the R? values were greater
than 0.72 indicating a good statistic correlation for these variables. Variability in the B-
glucosidase activity was observed among radicles, hypocptyls and cotyledons germinated in
the presence and absence of light (Fig. 1). The B-glucosidase activity of the cotyledons
increased from 0 to 144 h of growth, and the greatest activity was observed at 144 h.

However, at 168 h, the B-glucosidase activity began to decline (Fig. 1A).
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In samples germinated in the presence or absence of light, the maximum p-
glucosidase activity of the hypocotyl was observed at 72 h and 96 h. The B-glucosidase
activity began declining at 120 h of germination (Fig. 1B).

In radicles from seeds germinated in the presence of light, the B-glucosidase
activity increased after 72 h of germination and the maximum enzymatic activity was
observed at 144 h. In samples germinated in the absence of light, the B-glucosidase activity
increased between 72 h and 144 h of growth and the maximum enzymatic activity was also
observed at 144 h. However, at 168 h, the B-glucosidase activity of radicles germinated in the

presence or absence of light began to decrease (Fig. 1C).

The epicotyl presented higher B-glucosidase activities than the other parts of the
seedling (Fig. 1D). In seeds germinated in the presence of light, the B-glucosidase activity
increased between 72 h and 144 h of growth and the highest activity was observed at 144 h,
However, at 168 h, the B-glucosidase activity began to decrease. In samples germinated in the
absence of light, the B-glucosidase activity increased from 72 to 96 h, and the highest activity
was observed at 96 h of germination. A decrease in B-glucosidase activity was observed at
120 h and 144 h., although the enzyme activity increased again at 168 h of germination to a
level that was not significantly different from the activity at 96 h (p<0.05).

The results of the present study indicated that the highest B-glucosidase activities
were observed in epicotyls and radicles at 144 h. According to Suzuki et al. (2006), B-
glucosidase is located in the cell walls and intercellular space of soybean seedling roots. As a
result, the roots display higher B-glucosidase activities than cotyledons and hypocotyls when
the plant is germinated. B-glucosidase extracted from the roots can efficiently hydrolyze
malonylated and non-malonylated forms of isoflavones, however, the malonylated form is the
preferred substrate. Hsieh and Graham (2001) germinated soybeans for 216 h, and found that
the specific activity of B-glucosidase for the malonylated form of genistein was greater than
that of other forms. The authors hypothesized that the enzyme was involved in the release of
daidzein and genistein, which play a central role in soybean defense.

The epicotyls, radicles and hypocotyls are part of the embryonic axis, which
displays intensive meristematic growth, resulting in relatively high B-glucosidase activity in
the cotyledon. In plants rich in nitrogen, photosynthesis provides an energetic advantage for
the development of epicotyls into leaves, which accelerates growth and allows the plant to



80

become self-sufficient and to respond to environmental conditions. In plants, B-glucosidase
activity is associated with many processes, including the defense against microbes, insects
and parasitic plants (Buckeridge, et al, 2004). Thus, seeds germinated in the presence of light
may have displayed relatively high B-glucosidase activities due to the role of B-glucosidase in

defense mechanisms.

In other experiment, the concentration of genistein and daidzein, which are
aglycone isoflavones, was higher in the stem and roots of different soy cultivars grown under
natural conditions after 77 days (Romani et al. 2003), suggesting that the B-glucosidase
activity was higher in these parts of the plant.

The specific activity of B-glucosidase was highly variable among samples over
time (Table 1). The greatest variation in the specific activity was observed between light-
germinated radicles and light—germinated epicotyls. The specific activity in hypocotyls and
cotyledons was less variable and was 4.02 and 5.17-fold lower than that of the epicotyls,
respectively, after 144 h of germination in the presence of light. The highest specific activity
was observed in epicotyls germinated in the presence of light for 144 h, suggesting that -

glucosidase from the epicotyl is more concentrated than that of the other parts.

Because each part of the seedling contributes a different amount to the total
seedling mass during germination (Table 2), the entire germinated seed must be considered in
the quantification of B-glucosidase activity if large scale production of B-glucosidase is
desired. Thus, the weight fraction of each particular plant part can be an alternative criterion
for the selection of an enzyme source. In the current study, the yield of -glucosidase was
calculated based on the data shown in Tables 1 and 2 and the results indicated that the
cotyledon presented the highest enzymatic activity at various germination times (Table 3).
Alternatively, the highest B-glucosidase activity of the epicotyl was only the 11" highest

overall activity.

To produce B-glucosidase on a large scale, the quantity and purity of the source
must be considered, along with the amount of material required to extract and purify the
enzyme. The yield of B-glucosidase from cotyledons germinated in the presence of light after
96 h was higher than that of the epicotyl. However, the specific activity of epicotyls
germinated in the presence of light for 144 h was 5.17-fold greater than that of cotyledons
germinated in the absence of light for more than 72 h. Therefore, epicotyls germinated in the
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presence of light for 144 h are recommended as an alternative source of B-glucosidase

because less material is required for the extraction and purification of the enzyme.
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Fig. 1.

B-GLUCOSIDASE ACTIVITY AND PROTEIN CONTENT OF BRS 257 SOYBEAN
COTYLEDONS, HYPOCOTYLS, RADICLES AND EPICOTYLS GERMINATED FOR

168 H



SPECIFIC B-GLUCOSIDASE ACTIVITY*

TABLE 1.

OF THE RADICLES,
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EPICOTYLS,

HYPOCOTYLS AND COTYLEDONS OF SOYBEAN GERMINATED FOR 168 H (BRS

257)

Germination (h) Radicles Epicotyls Hypocotyls Cotyledons
Oh - - 0.41+0.00" 0.12+0.00°
22 h L 0.8310.122 2.9910.292 1.4110.09:’(':e 1.3710.36""2'°

WL 0.93+0.16 3.47+1.02 1.28+0.03%¢ 1.68+0.11
96 h L 1.72+0.63° 5.34+1.12° 1.34+0.23%¢ 1.26+0.21*P°
WL 2.74+0.48° 5.98+0.15" 1.69+0.17" 1.22+0.09*P¢
120 h L 1.52+0.03° 2.75+0.24° 1.04+0.12%¢ 1.35+0.12*P°¢
WL 4.02+0.65° 3.54+0.33° 1.06+0.18%¢ 1.33+0.14*P¢
144 h L 7.5913.792 8.6910.432 2.1610.032 ] 1.5010.22611“6
WL 1.70+0.13 2.92+0.45 1.09+0.02%¢ 1.31+0.06*"
168 h L 1.86+0.35° 3.00+0.42° 0.97+0.09° 1.14+0.16°°
WL 2.17+0.11° 3.44+0.62° 1.1140.03%%¢ 1.07+0.10°¢

Values with different letters in the same column are significantly different according to the
Tukey test (p<0.05). L: germinated in the presence of light; WL: germinated in the absence of
light. * The results are expressed in units of B-glucosidase activity (reaction conducted with p-
nithrophenyl-B-D-glucopiranoside as substrate for 30 min at 30°C, Matsuura, at al., 1995) per
milligram of dry soluble protein (Lowry, at al., 1951) (UA.mgSP)

TABLE 2

TOTAL WEIGHT OF SOYBEAN BRS 257 RADICLES, EPICOTYLS, HYPOCOTYLS
AND COTYLEDONS GERMINATED FOR 168 H

Germination (h), (total % part
weight (g)) Radicle Epicotyl Hypocotyl Cotyledon
72 L, (94.41+5,25) 13.54 0.43 6.93 61.11
72 WL, (127.64+2.99) 19.32 0.85 17.98 49.44
96 L, (123.94+1.00) 7.69 0.92 24.58 51.16
96 WL, (147.24+3.03) 12.96 1.14 26.68 44.73
120 L, (149.90+4.24) 11.32 1.20 31.19 45.09
120 WL, (161,32+2.27) 14.65 1.23 27.64 41.60
144 1, (169.37+2.80) 12.45 1.82 27.86 41.25
144 WL, (169,16+9.17) 15.41 1.85 29.27 39.89
168 L, (190,35+4.42) 12.28 2.39 34.83 40.90
168 WL, (179.23+3.69) 17.36 2.30 31.59 39.29

L: germinated in the presence of light; WL: germinated in the absence of light
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TABLE 3

TWELVE HIGHEST ABSOLUTE B-GLUCOSIDASE ACTIVITIES IN SOYBEAN PARTS
GERMINATED FOR 168 H

Sample Total UA*
96 L, COT 5,547.87°
144 L, COT 4,704,69*°
72 WL, COT 4,440.52°
120 WL, COT 4,371.14°°
96 WL, COT 4,201.84¢4
72 L, COT 4,083.46"¢¢
144 L, COT 3,973.73"¢de
168 L, COT 3,337.41%%¢
168 WL, COT 3,281.77%¢
120 L, COT 2,967.35°"
168 L, EPY 2,109.59"9
144 L, EPY 1,859.72 9"

Values with different letters in the same column are significantly different according to the
Tukey test (p<0.05). COT: cotyledon; EPY: epicotyl, RAD: radicle; L: germinated in the
presence of light; WL: germinated in the absence of light. * UA: Units of activity are based
on the total weight of the germinated parts, determined with p-nithrophenyl-p-D-
glucopiranoside as substrate for 30 min at 30°C, Matsuura, at al., 1995)
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ABSTRACT
The aim of this work was to evaluate the changes in the concentration of different
forms of isoflavones present in soy components germinated for 168 h at 35°C in the
presence of light and 100% relative humidity. The isoflavone concentration present in
the radicles, hypocotyls, epycotyls, and cotyledons were determined by HPLC and
evaluated by regression analysis. The concentration of glycosidic isoflavones and
total aglycones in the germinated soybean embryonic axis (168 h of germination)
followed mostly quadratic and cubic models with good fit to the experimental data. In
the soybean cotyledons, which germinated for 144 h, 91.05% of the aglycone

isoflavones were daidzein and genistein, and 8.95% of the glycosidic forms was
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genistin. The hypocotyls and radicles had 100% of the three types of aglycones but
at low concentrations.

Keywords: germinated soybean, B-glucosidase, isoflavones, aglycones

INTRODUCTION

In soybeans, there are 12 different isoflavones categorized into 4 groups: the
B-glycosides (e.g., daidzin, genistin and glycitin), which have a glucose moiety linked
to a flavonoid, the acetylglycosidic (e.g., acetyldaidzin, acetylgenistin and
acetylglycitin)  and  malonylglycosidic  compounds (e.g., malonyldaidzin,
malonylgenistin and malonylglycitin), which are conjugated forms, and the aglycones
(e.g.,daidzein, genistein and glycitein), which do not have any glucose molecules
linked to the flavonoid molecule.The glycosylated forms are more predominant than
the aglycones among the isoflavones present in soybeans and soyfoods?.

Because of their chemical structure, the aglycones have a higher biological
activity than the glycosidic forms. The glycosidic form is the major isoflavone found in
soybeans, representing 50 to 90% of all the total flavonoids present in soy flour®*. In
humans, the aglycones are absorbed faster than the glycosidic forms and possess a
higher biological activity’. The presence of aglycones in soybeans is a result of B-
glucosidase activity. Matsuura et al.” found that during the hydration process of
soybeans, the glycosidic isoflavones are converted into aglycones by the action of
this enzyme.

The consumption of germinated seeds, which are referred to as "sprouts”, is
widespread especially in countries like Japan, China and the United States. In Brazil,
there is a considerable demand for different types of germinated seeds®’.

Germination is a process that increases the nutritional value of the seed by improving
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its protein digestibility, decreasing its phytate content and increasing the
bioavailability of minerals and vitamins, particularly vitamin C®*°. During the soybean

germination process, various enzymes are activated including proteases,

11,12 13-15

phytases and B-glucosidase™ ™. The highest activity of B-glucosidase was
detected in soybean epicotyls germinated for 144 h in the presence of light™.
Therefore, the soybean germination process may increase the aglycone content,
thereby leading to the development of functional foods™*.

The germination process of soybeans causes changes in both the
concentration and form of total isoflavones; the concentration may increase and
decrease in the cotyledons and radicles, respectively. Thus, changes in the
isoflavone concentration depend on both the germination period and the
physiological metabolism of the seeds™.

The aim of this study was to evaluate the changes in the concentration of

different forms of isoflavones present in soybeans, which had germinated for 168 h at

35°C in the presence of light and 100% relative humidity.

EXPERIMENTAL
Materials and Reagents
The seeds used were soybean Glycine max (L.) Merrill (cultivar BRS 257),
provided by Embrapa Soja in Londrina, Parana State, Brazil. All reagents were of

analytical or HPLC grade.

Germination Process of Soybean
The germination process of soybeans (BRS 257) was conducted as described

by Yoshiara et al.”®. At each germination time point (72, 96, 120, 144 and 168 h)
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radicles, hypocotyls, cotyledons and epicotyls were manually separated and freeze
dried (Christ, 500); the coats were discarded. The radicle and epicotyls began to
germinate after 72 h. All germinated soybean components were ground (Ika, 33) and
stored at -22°C until further analysis. For comparison purposes, non-germinated

soybeans, which were lyophilized, milled, and defatted, were used.

Extraction and quantification of isoflavones by high performance liquid
chromatography (HPLC)

The isoflavone concentration from the non-germinated (defatted and milled)
and the germinated soybeans were determined in triplicate. For the isoflavone
extraction, 100 mg of the samples were placed in test tubes and 4.0 mL of aqueous
ethanol 70% (v/v), containing 0.1% (v/v) acetic acid, were added. The test tubes
were maintained at room temperature for 5 h and agitated manually every 15 min as
described by Carrdo-Panizzi et al.’®. The test tubes were centrifuged and the
supernatants were filtered through nylon membranes (0.20um); 20 pL of the
supernatant were used for the isoflavone separation and quantification by high
performance liquid chromatography (HPLC) according to Berhow'’, after some
modifications.

The HPLC instrument (Shimadzu, LC-10AT VP, Kyoto, Japan) was used with
an oven (CTO-10AS VP), a temperature setting of 25°C and a diode array detector
(SPD-M10A VP). Isoflavones were eluted from a reversed-phase ODS (M) C18
column (15 cm x 4 mm 1.D., 5 pm-particle size). The linear gradient consisted initially
of 100% water, which was adjusted to pH 3.0 with glacial acetic acid, and 0% of
acetonitrile. After 25 min, the gradient was changed to 45% acidified water and 55%

acetonitrile (v/v); after 27 min, the gradient consisted of 100% acetonitrile; and after
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35 min, the gradient was 100% acidified water. The run time was 40 min at a 1 mL
min™ flow rate; isoflavones were separated and detected at 260 nm.

The identification and quantification of the glycosidic and aglycone isoflavones
were performed by using external standard curves for daidzin, glycitin, genistin,
daidzein, glycitein and genistein. Standard curves were obtained by plotting the
concentration of the standards as a function of the peak area in the HPLC obtained
from 20 pL injections. The standard concentrations were carefully chosen to cover
the possible isoflavone concentrations. For the isoflavones without pure standards,
the standard curves were adjusted on the basis of differences in molecular weight.

The quantification of malonylglycosidic isoflavones (e.g., malonyldaidzin,
malonylglycitin and malonylgenistin) was made based on the standard curves of the
corresponding B-glycosidic isoflavones (i.e., daidzin, glycitin and genistin,
respectively) using the similarity of the molar extinction coefficients as described by
Coward et al.'®. The isoflavone concentration results can either be presented as
aglycone equivalents or as the sum of the different isoflavone forms*®. In the present
work, the concentrations of the glycosidic and aglycone isoflavones are shown as the
sum of each compound within each group of isoflavones. The isoflavone
concentrations were determined in triplicate, and the results were expressed as mg

g on a dry-matter basis.

Statistical analysis
The experiment was conducted according to a randomized complete block
design; three replications were conducted for each germination time. An analysis of

variance was conducted, and the means were compared by Tukey’s test (p<0.05). A
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regression analysis was also conducted and the data were analyzed with the

Statistica 8.0 software (StatSoft Inc., Tulsa, Oklahoma, USA)%.

RESULTS AND DISCUSSION

The regression analysis (Table 1) showed that the concentration of glycosidic
isoflavones (sum of glycosidic daidzin forms: glycitin, genistin, malonyldaidzin,
malonylglycitin and malonylgenistin), aglycones (daidzein, genistein and glycitein)
and total isoflavones (sum of glycosides and aglycones) followed quadratics, cubics
and a linear models (aglycones from radicles, Ygr.agy), With coefficients of
determination above 0.86, which is indicative of a good correlation in the adjustment
of the proposed models. The low correlation coefficient (R? = 0,57) of yc.qy (glycosidic
isoflvaones from cotyledons) is associated with an insignificant concentration of
glycosidic isoflavones after a 144 h germination, followed by an increase after 168 h
of germination. However, at 144 h there was a significant increment in the
concentration of isoflavone aglycones (yc.agy); @ high correlation coefficient (R? =
0.87) was obtained.

The isoflavone profile obtained from the regression analysis (Table 1) showed
that differences in isoflavone content exist between the radicles, hypocotyls, and
cotyledons of soybean germinated in the presence of light (Fig. 1). The highest
concentration of glycosides in radicles (Fig. 1R) was observed in 12 h of germination
(5.11 mg g?), in hypocotyls (Fig. 1H) the highest concentration of glycosidic
isoflavones were observed before germination (22.92 mg g™), in the epicotyls (Fig
1E) the highest concentration of these isoflavones was observed in 144 h of
germination (1.77 mg g%), and in the cotyledons (Fig. 1C), in168 h of germination

(5.46mg.g™). The aglycone profile was different in all the soybean components. In the
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hypocotyl and radicles, the highest aglycone isoflavone concentration occurred in 72
h of germination (0.55 mg g'and 1.53 mg g*, respectively).However, the highest
aglycone isoflavone concentration in the epicotyls occurred after 168 h of
germination (0.96 mg gY)and in the cotyledons at 120 h of germination (0.89 mg g™).

During the 72, 96, 120, 144, and 168 h germination process, the
acetylglycosidic forms were absent in all the components of the germinated seed,;
these results agree with those of Kudou et al.? who described that the
acetylglycosidic compounds emerge only after heat treatment. According to these
authors?, the conversion of the malonylglycosidic to the acetylglycosidic isoflavones
occurs by de-esterification reactions in which the malonyl forms, which are thermally
unstable at 80°C, are converted into other glycosidic forms.

During the soybean germination process (Table 2), the highest concentration
of total isoflavones was observed in the radicles after 120 h of germination (5.59 mg
gl), at 0 h of germination in the hypocotyls (23.31 mg g?) and after 168 h of
germination in the epicotyls (2.53 mg g*) and cotyledons (6.14 mg g*). Soybean
isoflavone content is predominant in the cotyledon. According to Rhodes?}, the high
total isoflavone concentration in soy cotyledon might be related with a defense
mechanism against pests because this seed component is responsible for promoting
plant growth and development. In 100 g of sample, the hypocotyl isoflavone
concentration is higher than that present in the cotyledon. However, isoflavone
concentration should be calculated relative to the total weight of the germinated
soybean. The hypocotyls from the non-germinated soybean represent only 7% of the
total seed weight, while the cotyledon represents 41% of the germinated seed weight
(144 or 168 h of germination)'®.Table 2 shows that in the germinated soybean

cotyledons (144 and 168 h of germination), the total isoflavone concentration was
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1.64 mg g and 6.14 mg g*, respectively. It is noteworthy that the aglycone
isoflavones, during the 144 and 168 h germination times, represented 91.05% and
11.05% relative to the total isoflavones present in germinated soybean cotyledons,
respectively. Therefore, to achieve a higher concentration of algycone isoflavones it
is important to germinate the soybean cotyledons for 144 h at 35°C under 10 h of
daily light with 100% relative humidity. Under these conditions, the germinated
soybean cotyledons were investigated for their isoflavone profile (Table 3).

The total isoflavone concentration of the non-germinated soybean was 2.73 +
0.00 mg g*, while the soybean components after 144 h of germination (Table 3)
showed the following levels: epicotyl (2.12 + 0.06 mg g™), cotyledon (1.64 + 0.02 mg
g ™), hypocotyl (0.43 + 0.01 mg g*) and radicle (0.41 + 0.00 mg.g™). The high total
isoflavone concentration in the germinated soybean epicotyls was also observed by
Ribeiro et al."* who investigated the germination of soybean BRS 213 for up to 72 h
at 35°C in the presence of light. The total isoflavone concentration of non-germinated
soybeans was similar to that obtained by Carrdo-Panizzi, et al.'®, who reported levels
of 1.65 mg g*(cultivar BR 36) and 3.03 mg g™ (cultivar BRS 155) in soybeans
undergoing no heat treatment. These authors®™® stated that the changes the total
isoflavone concentration are related to the cultivar type, climatic factors and the
processing conditions of the grains.

Among the malonylglycosidic isoflavones in the non-germinated soybeans,
malonylgenistin predominates with 42.51% (1.16 + 0.00 mg g*), followed by
malonyldaidzin (0.77 + 0.01 mg g*) and malonylglicitin (0.22 + 0.00 mg g™). The
glycosidic isoflavones daidzin (0.27 + 0.00 mg g*) and genistin (0.21 + 0.00 mg g™)
had lower concentrations compared to the malonylglycosidic compounds. The

acetylglycosidic compounds (acetyldaidzin, acetylgenistin and acetylglicitin) were
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absent. However, the aglycones daidzein (0.01 + 0.00 mg g*) and genistein (0.01 +
0.00 mg g*) were in low concentrations, andglycitein was absent.

It is noteworthy that in the soybean cotyledon germinated for 144 h at35°Cin
the presence of light and 100% relative humidity, 91.05% of the algycone forms were
daidzein (0.89 + 0.01 mg g™) and genistein (0.60 + 0.01 mg g™), 9% of the glycosidic
isoflavones was genistin (0.15 + 0.00 mg g™*) and the other isoflavone forms were
absent.

The epicotyl appeared after a 72 h germination; in 144 h germination, the
manolylglycosidic isoflavones were the most predominat forms, and the glycosidic
isoflavone glycitin and all the forms of acetylglycosidic compounds were absent
(Table 4). Among the glycosidic forms, there was no glycitin and the contents of
daidzin (0.09 + 0.00 mg g*) and genistin (0.08 + 0.03 mg g) were relatively low
compared to the corresponding malonylglycosidics forms. The germinated soybean
epicotyl was the only component that contained daidzein (0.16 + 0.00 mg g*),
glycitein (0.13 + 0.01 mg g*) and genistein (0.06 + 0.00 mg g*); the aglycone form of
glycitein was only found in this component. Kudou etal.?analyzed different parts of
soybean and also reported that the epicotyl was the only component that had the
aglycone glycitein (0.15 mg g™%).

The hypocotyls and radicles of germinated soybeans (144 h) showed only two
forms of aglycone isoflavones: 76.74% (0.33 + 0.01 mg g) and 85.71% (0.36 + 0.00
mg g*) were in the form of daidzein, respectively, and 22.6% (0.10 + 0.00 mg g™
and 14.29% (0.06 + 0.00 mg g™) were genistein, respectively; glycitein was absent
(Table 3).

The aglycone isoflavone concentration of hypocotyls and radicles was 0.84 mg

g’ and that of the cotyledons was 1.64 mg g™ . Relative to the total weight of the
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germinated soybean (144 h in the presence of light'®), the weight of the hypocotyls
and radicles and that of the cotyledons is 40.31% and 41.25%, respectively. The
germinated soybean cotyledons constitute a good source of aglycone isoflavones
because their concentration is twice as high as that present in the hypocotyls and
radicles.
CONCLUSIONS

The content of glycosidic, aglycone and total isoflavones in the soybean
components germinated for up to 168 h at 35°C in the presence of light and 100%
relative humidity, followed quadratic and cubic models. In the soybean cotyledons
germinated for 144 h, 91.05% of the total isoflavones were genistein and daidzein,
and 8.95% of the glycosidic forms was genistin. The hypocotyls and radicles,

although in low concentrations, had 100% of the three types of aglycones.
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Table 1. Regression analysis and coefficient of determination for glycosidic, aglycone
and total isoflavone concentration of different soybean (BRS 257) components
germinated in the presence of light for 72, 96, 120, 144 and 168 h at 35°C and 100%

relative humidity.

Germinated Isoflavone Models R2

Component Form

Radicles Glycosidic Yroy = 3:10°X° - 0,01X” + 1,1625X - 36,732 0.86
Aglycones Yr-agly = -0,0016X + 0,6703 0.97
Total YR-Tot = -0,0006X” + 0,0809X + 3,0539 0.80

Hypocotyls Glycosidic Yi-ay = 0,0014X° - 0,3653X + 22,626 0.99
Aglycones YViragy = 3-10°X° - 0,0009%* + 0,0654X + 0,3913  0.93
Total Vii-Torm = 0,0013X%° - 0,3535X + 23,139 0.99

Epicotyls Glycosidic Ye.ay = -107°X% + 0,0045X” - 0,511X + 18,229 0.87
Aglycones Ye-agy = 0,0001X7 - 0,0167X + 0,6409 0.92
Total Ve Tota = 0,0003X” - 0,0372X + 1,112 0.92

Cotyledons Glycosidic Yooy = 10°X° - 0,0029X” + 0,1647X + 3,4774 0.57
Aglycones Yeagy = -2:10°X° + 0,0006X° - 0,0258X + 0,0323  0.87
Total Virto = -8:107X% - 0,0001X” + 0,0251X + 3,5514  0.93

The glycosidic isoflavones result from the sum of the glycosidic isoflavones (i.e., daidzin,
glycitin, genistin) and the malonylglycosidic isoflavones (i.e., malonyldaidzin, malonylglycitin
and malonylgenistin); the aglycones result from the sum of daidzein, glycitein and genistein.
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Table 2: Total isoflavone concentration and percentage of glycosidics and aglycone

isoflavones of different soybean (BRS 257) components germinated in the presence
of light for 72, 96, 120, 144 and 168 h at 35°C and 100% relative humidity.

Germination time Radicles Hypocotyls Epicotyls Cotyledons

Total (mg.g™) - 23.31+1.36 - 3.56+0.03
Oh %glycosidic - 98.36 - 99.37
%aglycones - 1.64 - 0.63

Total (mg.g?)  557+0.08  4.06+0.09 nd 4.37+0.03
72 h %glycosidic 90.09 62.26 nd 91.78
%aglycones 9.91 37.74 nd 8.22

Total (mg.gY)  5.20+0.08 1.13+0.00 nd 3.89+0.01
96 h %glycosidic 90.10 25.75 nd 81.92
%aglycones 9.90 74.25 nd 18.08

Total (mg.g™) 5.59+0.08 0.59+0.01 0.35+0.00 4.02+0.00
120 h %glycosidic 91.48 52.00 0.00 77.78
%aglycones 8.52 48.00 100.00 22.22

Total (mg.gT)  0.41+0.00  0.43+0.01 2.12+0.06 1.64+0.02
144 h %glycosidic 0.00 0.00 83.84 8.95
%aglycones 100.00 100.00 16.16 91.05

Total (mg.gY)  0.40+0.00  0.75x0.02 2.53+0.04 6.14+0.01
168 h %glycosidic 0.00 26.82 62.24 88.95
%aglycones 100.00 73.18 37.76 11.05

The radicles and epicotyls appeared at 72 h of germination. The isoflavone concentration of

epicotyls at 72 h and 96 h were not determined. The glycosidic isoflavones result from the

sum of the glycosidic isoflavones (i.e., daidzin, glycitin, genistin) and the malonyl glycosidic

isoflavones (i.e., malonyldaidzin, malonylglycitin and malonylgenistin); the aglycones result

from the sum of daidzein, glycitein and genistein.
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Table 3.Total isoflavone concentrations and their different forms in the germinated

soybean(144 hours at 35°Cin the presence of light) and in the non-germinated

soybean components.

Non-germinated

Germinated Soybean BRS 257

soybeans Cotyledons* Epicotyls* Hypocotyls* Radicles*

Daidzin 0.27 +0.01° 0.00° 0.09 + 0.00° 0.00° 0.00°

Glycitin 0.09 + 0.00° 0.00¢ 0,00" 0.00° 0.00°
0.08 +

Genistin 0.21 + 0.00° 0.15 + 0.00° o 0.00° 0.00°
0.02%

Malonyldaidzin 0.77 +0.01° 0,00 0.70 + 0,00° 0.00° 0.00°

Malonylglycitin 0.22 + 0.00° 0,00° 0.03 + 0.00° 0.00° 0.00°

Malonylgenistin 1.16 + 0.002 0,00 0.89 + 0.032 0.00° 0.00°

Acetyldaidzin 0,00° 0,00° 0,00" 0.00° 0.00°

Acetylglycitin 0,00° 0,00° 0,00" 0.00° 0.00°

Acetylgenistin 0,00° 0,00 0,00" 0.00° 0.00°

o . 0.89 + . 0.33+ 0.36 +

Daidzein 0.01+£0.00 0.16 £ 0.00 a a

0.012 0.01 0.00

Glycitein 0,00¢ 0,00° 0.13 + 0.01° 0.00° 0.00°

0.057 + 0.10 + 0.06 +

Genistein 0.01 + 0.00' 0.60 + 0.01° . A )

0.00 0.00 0.00
TOTAL 2.73+0.00 1.64+002 212+0.06 0.43+0.01 0.41+0.00

* Values represent mean * standard deviation of the respective isoflavone concentration

expressed as mg g*. Different letters within the same column represent a significant

difference by Tukey test at 5% probability.
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Figure 1. Isoflavone concentration (expressed as mg.g” and in percentage) in

radicles (R), hypocotyls (H), epicotyls (E) and cotyledons (C) of soybean (BRS 257)

germinated for 72, 96, 120, 144, and 168 h at 35°C in the presence of light.
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5.3 ARTIGO CIENTIFICO 3

OPTIMIZATION OF B-GLUCOSIDASE EXTRACTION FROM GERMINATED
SOYBEAN (Glycine max (L.) Merril) AND CONVERSION OF GLYCOSIDIC
ISOFLAVONES TO AGLYCONES

Luciane Y Yoshiara; Tiago B Madeira; Josemeyre B da Silva; Elza | Ida

Situagdo: Em submiss&o ao Phytochemical Analysis.
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Optimization of B-glucosidase extraction from germinated soybean (Glycine max (L.)

Merril) and conversion of glycosidic isoflavones to aglycones

Germinated soybean B-glucosidase extraction and glycosidic isoflavones conversion

Luciane Y Yoshiara; Tiago B Madeira; Josemeyre B da Silva; Elza | Ida

Introduction - Soybean (Glycine max) germination under different germination conditions
has led to the discovery that epicotyls from germinated seeds have enhanced B-glucosidase
activity for use in the conversion of glycosidic isoflavones to aglycones.

Objective - The aim of this work was to optimize both the extraction of B-glucosidase from
epicotyls of soybean germinated for 144 h in the presence of light and the conversion of

glycosidic isoflavones to aglycones.

Material and methods - The effects of temperature and pH on the extraction of [-
glucosidase were investigated by applying central composite design (CCD). The optimized
enzyme was used to convert glycosidic isoflavones to aglycones under different temperatures
and pHs.

Results - For the extraction of B-glucosidase and isoflavone conversion, the linear effect of
pH and the quadratic effect of pH and temperature were significant. The maximum extraction
of B-glucosidase from germinated soybean epicotyls occurred at 30°C and pH 5.0 in the
presence of 0.1 mol L™ sodium citrate buffer and 0.1 mol L™ NaCl. The maximum conversion
of glycosidic isoflavones into aglycones, 98.7%, occurred when aglycones were produced
from defatted soybean cotyledon flour at 35°C and pH 7.00 or 7.61 for 14 h.

Conclusions — This study has shown that B-glucosidase can be best extracted at 30°C, pH 5.0
using a sodium citrate buffer with 0.1 mol L™ of NaCl and this enzyme can be used for

conversion of almost all the glycosidic isoflavones present in soy flour.
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Optimization of B-glucosidase extraction from germinated soybean (Glycine max (L.)
Merril) and conversion of glycosidic isoflavones to aglycones

Germinated soybean B-glucosidase extraction and glycosidic isoflavones conversion

Luciane Y Yoshiara; Tiago B Madeira; Josemeyre B da Silva; Elza | Ida*.

Department of Food Science and Technology, Universidade Estadual de Londrina, Rodovia
Celso Garcia Cid, Km 380, Campus Universitario, CEP 86051-980, Londrina — Parané -
Brazil. Tel./Fax: +55(43)3371-4080. *elida@uel.br
ABSTRACT

Soybean (Glycine max) germination under different germination conditions has led to the
discovery that epicotyls from germinated seeds have enhanced B-glucosidase activity for use
in the conversion of glycosidic isoflavones to aglycones. The aim of this work was to
optimize both the extraction of B-glucosidase from epicotyls of soybean germinated for 144 h
in the presence of light and the conversion of glycosidic isoflavones to aglycones. The effects
of temperature and pH were investigated by applying central composite design (CCD). For
the extraction of B-glucosidase and isoflavone conversion, the linear effect of pH and the
quadratic effect of pH and temperature were significant. The maximum extraction of f-
glucosidase from germinated soybean epicotyls occurred at 30°C and pH 5.0 in the presence
of 0.1 mol L™ sodium citrate buffer and 0.1 mol L™ NaCl. The maximum conversion of
glycosidic isoflavones into aglycones, 98.7%, occurred when aglycones were produced from
defatted soybean cotyledon flour at 35°C and pH 7.00 or 7.61 for 14 h.

Keywords: Glycine max (L.) Merril, germinated soybean, pB-glucosidase, aglycone
isoflavones, epicotyl
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INTRODUCTION

Isoflavones are recognized in human health due to their biological properties; in
plants, isoflavones have antifungal properties that protect against pathogen attack and also
have antioxidant activity (Hsieh and Graham, 1980). Epidemiological studies have shown that
isoflavones may help reduce the risk of some chronic diseases (Sugano, 2006). In humans, a
higher incidence of some cancers, such as breast and colon cancer, and some types of heart
disease occur in Western populations that consume smaller quantities of soy isoflavones.
Moreover, according to Brandi (1997), isoflavones may reduce bone loss, reduce the risk of
osteoporosis and attenuate the symptoms of menopause in women. Isoflavones are
characterized as phytoestrogens, due to the similarity between their chemical structure and
molecular weight and that of the group of female sex hormones known as estrogens, which
are secreted by ovarian cells (Adlercreutz and Mazur, 1997).

Soybean isoflavones can be found in 12 different forms: the B-glycosidics, which have
a glucose unit linked to the benzene ring (e.g., daidzin, genistin and glycitin); B-glycosidic
conjugated forms, acetylglycosidics (e.g., acetyldaidzin, acetylgenistin and acetylglycitin) and
malonylglycosidics (e.g., malonyldaidzin, malonylgenistin and malonylglycitin); and the
aglycone form (e.g., daidzein, genistein and glycitein), which is not linked to glucose (Liu,
2004). In soybeans, the glycosidic forms of isoflavones are present in larger quantities than
the aglycone forms (Kudou et al., 1991). The only edible source of high levels of isoflavones
is soybeans. The distribution and content of different isoflavones are influenced by multiple
factors, such as genetic variety, growth location and crop year (Wang and Murphy, 1994).
The i1soflavone content of 18 soybean cultivars from different maturity groups ranging from
71.11 to 174.30 mg 100 g* (Ribeiro et al., 2007). Isoflavone content varies across soybean
seed components: the coat contains almost no isoflavones; hypocotyls contain high
concentrations; and cotyledons contain 80-90% of the total isoflavones in the seed
(Tsukamoto et al., 1995).

In humans, aglycone isoflavones are absorbed faster than the glycosidic forms (Izumi
et al., 2000) and have stronger biological activity (Fukutake et al., 1996). The presence of
aglycone isoflavones in soybeans is a result of the activity of B-glucosidase. During the
hydration of soybeans, this enzyme hydrolyzes glycosidic isoflavones to aglycones (Matsuura
et al., 1989).

Therefore, in soy products, there is a high demand for and interest in increasing the
amount of aglycone isoflavones by applying B-glucosidase for the conversion of glycosidic

isoflavones to their aglycone forms (Kuo et al., 2006, Phimonphan et al., 2007). B-glucosidase
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(B-D-glucoside glucohydrolase, EC 3.2.1.21) catalyzes the hydrolysis of B-glycosidic di-
and/or other glycoside conjugates and oligosaccharides, such as isoflavones, releasing glucose
and producing the aglycone. This enzyme is commonly found in plants or can be derived from
the metabolism of fungi and bacteria (Esen, 1992).

In intact plant tissue, B-glucosidase is stored in compartments separate from its
substrate and plays a role in plant physiology in the degradation and lignification of cell walls
during germination, as plant growth regulators and in the activation of defense components
(Hsieh and Graham, 1980, Morant et al., 2008).

During the germination process, the activation of enzymes such as -glucosidase can
occur, increasing the aglycone isoflavone content (Santosh et al., 1999). The endogenous [3-
glucosidase from soybeans or germinated soybean components can be extracted and applied
in soy products to obtain food with good functional properties (Ribeiro et al., 2006). In
germinated soybeans, B-glucosidase with high specific activity was observed in the cotyledon
and other plant parts such as the radicles, roots and epicotyls(Ribeiro et al., 2006, Yoshiara et
al., 2011). However, in radicles germinated for 7 or 9 days, the crude extract exhibited a
specific activity that was 800-fold higher than that of the crude extract from the cotyledon
(Hsieh and Graham, 1980). In epicotyls from soybeans germinated for 144 h in the presence
of light at 35°C, the specific activity of the crude B-glucosidase extract was 72.42-fold higher
than that of the cotyledon extract from ungerminated soybeans and 5.79-fold higher than that
of the crude cotyledon extract from germinated soybeans under the same conditions.
Therefore, epicotyls were recommended as a source of endogenous B-glucosidase for
application in glycosidic isoflavone hydrolysis to obtain algycones (Yoshiara et al., 2011).

The extraction of endogenous B-glucosidases and the use of this enzyme for isoflavone
conversion have not been well explored in comparison with microbial enzyme production,
purification and uses for isoflavone conversion. The central composite design (CCD) method
is an experimental design that is used in response surface methodology to construct a second-
order model for the response variable without needing a complete three-level factorial
experiment. Response surface methodology (RSM), which was originally described by Box
and Wilson (1951), permits the reduction of the number of experimental trials needed to
evaluate multiple parameters and their interactions, thus reducing time and labor. RSM is a
group of statistical and mathematical techniques that has been successfully used for

developing, improving and optimizing processes (Barros-Neto et al., 2003).
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Due to the importance of this enzyme, the objective of this work was to use CCD to
optimize the extraction of B-glucosidase from epicotyls from soybeans germinated for 144 h

in the presence of light at 35°C and the conversion of glycosidic isoflavones into aglycones.

MATERIAL AND METHODS
Materials

For germination, soybean seeds of the cultivar BRS 257 were used. For the conversion
of glycosidic isoflavones to aglycones, soybean cotyledon flour of the same cultivar was used.
Both samples were developed at the Experimental Farm of Embrapa Soybean in Londrina —
PR - Brazil. The isoflavone standards for daidzin, glycitin, genistin and daidzein, glicitein and
genistein were purchased from Sigma-Aldrich® (Saint Louis, MO, USA), and the malonyl
standards for isoflavones (malonyldaidzin, malonylglycitin and malonylgenistin) were
obtained from Sequoia Research Products (Pangbourne, United Kingdom). All reagents were

analytical or HPLC grade, regardless of commercial origin.

Soybean germination process

Soybean seeds were previously selected, and the germination procedure was conducted as
described by Yoshiara and collaborators™. In this process, 15 germination paper rolls with 50
seeds were placed in a germination chamber (Marconi, MA 835, Brazil), and the seeds were
subjected to a photoperiod of 10 h of light. The temperature was maintained at 35°C (£ 1°C)
with a relative humidity of 100% for 144 h. The epicotyls were manually separated, freeze-
dried (Christ, ALPHA 1-4 LD plus, Germany), ground (A1l Basic Mill, Ika, Brazil) and

stored at -26°C until analysis.

CCD-based optimization

[S-glucosidase extraction from germinated soybean epicotyls

The effect of temperature (X;= 23, 25, 30, 35 and 37°C) and pH (X, = 3.6, 4.0, 5.0, 6.0 and
6.4) on the extraction of B-glucosidase from germinated soybean epicotyls was evaluated by
applying the CCD with 5 levels of variation in a total of 11 assays (Table 1). The response
function (Y) was expressed as extracted B-glucosidase activity. The extraction assays for [-
glucosidase activity were performed as described by Carrdo-Panizzi and Bordingnon? with
0.1 mol L* sodium citrate buffer with 0.1 mol L™ NaCl at various pH values (X:) and
temperatures (X;) according to the experimental design. The extraction was performed with

100 mg of germinated soybean epicotyls and 1.5 mL sodium citrate buffer and periodically
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vortexed over 50 min. Then, the samples were centrifuged (Cientec, CT 600, Brazil) for 15
min at 2500 g. The B-glucosidase activity was then determined (response function Y) in the

extract.

Conversion of glycosidic isoflavones to aglycones with [-glucosidase extracted from
germinated soybean epicotyls

To investigate the conversion of glycosil isoflavones to aglycones with the -
glucosidase extracted and optimized from epicotyls, a central composite design (CCD) was
used with 2 variables (X3 = temperature and X; = pH) and 5 variation levels (Table 2) in 2
blocks. The first block consisted of a 22 factorial design, a total of 7 assays (assays 1 - 7), and
2 variables with 3 variation levels (X3 = 20, 35 and 50°C) and (X4 = pH 4, 5,5 and 7,0). The
second block was performed to verify the quadratic effects in a total of 6 assays (assays 8 -
13), containing the axial points of the CCD (X5 = 13,9 and 56.2°C and X, = pH 3.39 and
7.61). The hydrolysis time was kept constant at 14 h. The assays were performed at random
with defatted soybean cotyledon flour in 3.0 mL buffer (1:10, p/v). The pH values were
adjusted according to the design with 0,1 M sodium phosphate and 0.1 M citric acid solutions.
To each test tube, 5.0 units of B-glucosidase activity from germinated soybean epicotyls was
added and shaken at 25 rpm for 14 h at the temperatures described in the design (Table 2).
Then, the samples were freeze-dried, the isoflavone content was determined by ultra high-
performance liquid chromatography (UHPLC), and the response function was expressed as W
= % aglycones obtained relative to the total isoflavone content extracted from the soybean

cotyledon flour.

Statistical analysis.

STATISTICA 8.0 software(StatSoft, 2007) was used to determine the effects of
independent variables, to calculate the regression coefficient (R?) and analysis of variance
(ANOVA) and to build the response surfaces at 5% significance. Data were adjusted to a

second-order polynomial model (Equation 1):

y = Po+ Pixs+ Baxz + Praxi + PaaXs + Praxix; Equation (1),
where y is the response variable, x; and X, are the coded process variables, and Bo, 1, P2, P11,

22, and P, are the regression coefficients.
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Validation of the models

To evaluate and validate the mathematical model, a new assay was performed under
the conditions (X; = °C and X, = pH) that yielded the best extraction of B-glucosidase from
germinated soybean epicotyls and the conversion condition (X3 = °C and X; = pH) that
resulted in the highest % aglycones. The observed model was obtained experimentally, and
the calculated (y and w) values were determined using the proposed model. The model was

validated when the observed responses were within the confidence interval of the model.

Determination of B-glucosidase activity

The enzymatic activity was determined according to the method described by
Matsuura et al. (1995) with some modifications. Briefly, 0,4 mL of 16 mM p-nitrophenyl-b-
D-glucopyranoside and 0.1 M phosphate-citrate buffer (pH 5.0) was transferred to a test tube
and placed in a water bath at 30°C for 10 min. The sample (0.1 mL) was added, and the test
tubes were placed in a water bath at 30°C for 30 min. The reaction was stopped by adding 0.5
mL 0.5 M sodium carbonate, and the concentration of p-nitrophenol released during the
reaction was determined by measuring the absorbance at 420 nm with a spectrophotometer.
For quantification, a p-nitrophenol (20-160 mM) calibration curve was previously prepared
using known stock concentrations. One unit of enzyme activity (UA) was defined as the
amount of B-glucosidase that releases 1 mM p-nitrophenol min™ under the experimental
conditions. The results were expressed as units of B-glucosidase activity (UA mL™) per

milliliter of sample.

Extraction and determination of isoflavones by UHPLC

Isoflavones were extracted from 250 mg of defatted cotyledon soy flour after
conversion with 6 mL of an extraction solvent (water, ethanol and acetone, 1:1:1, v/v/v). The
extraction was performed in an ultrasonic bath at 60°C for 10 min (Yoshiara et al, 2012),
followed by centrifugation and filtration (Millex—LH filters; 0.20 um) of the supernatant.

To separate and quantify the isoflavones, 1.4 pL was used, and the chromatographic
conditions were adapted from HPLC as described by Berhow (2002) to ultra high-
performance liquid chromatography (UHPLC) (Acquity UPLC® System, automatic system
injection, oven with controlled temperature at 35°C and a diode array detector, Waters, United
States). To separate isoflavones, a reverse-phase column, BEH C18 (Waters, 2.1 mm x 50
mm, 1.7 um particles), was used. The elution was performed with a binary non-linear gradient
with an initial phase of 90% acidified MilliQ® water (glacial acetic acid, pH 3.0) and 10%
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acetonitrile. After 8 min of elution, 100% acetonitrile was reached, and the initial conditions
were re-established at 9 min. The total run time was 12 min, the flow rate was 0.70 mL min™,
and the temperature was kept constant at 35°C. A diode array detector (Waters) with a
wavelength set at 260 nm was used.

The glycosidic and aglycone isoflavones were identified and quantified by comparison
to individual external standard curves for daidzin, glycitin, genistin, daidzein, glicitein and
genistein. Standards curves were obtained by plotting the standard concentration as a function
of the peak area obtained from UPLC analysis of 1.4-pL injections. The concentrations of
standard solutions were carefully chosen to cover possible isoflavone contents. For
isoflavones for which no pure standard was available, the standard curves were adjusted based
on differences in molecular weight. The malonyl-glycosidic isoflavones (malonyldaidzin,
malonylglycitin and malonylgenistin) were quantified based on the standard curves of the
corresponding B-glycosidic isoflavones (daidzin, glycitin and genistin, respectively) using the
similarity of the extinction coefficients as described by Coward, Smith, Kirk and Barnes
(1998). The results for the aglycone isoflavones are shown as the percent of aglycones
(daidzein, glycitein and genistein), determined in triplicate, and expressed as % aglycones in

total isoflavones.

RESULTS AND DISCUSSION

Optimization of B-glucosidase extraction from germinated soybean epicotyls

For the extraction of B-glucosidase from epicotyls from soybeans germinated for 144 h
in the presence of light at 35°C, the linear effect of the variable X; (°C) on the response
function y (B-glucosidase activity) was not significant, while the linear effect of the variable
X2 (pH) was significant. However, the quadratic effect of the variables X; and X, was
significant, whereas the interaction between the variables X; and X, was not significant (Table
3). These results indicate that variable X, (pH between 3.6 and 6.4) was essential for the
extraction of B-glucosidase from epicotyls from soybeans germinated for 144 h in the
presence of light at 35°C.

The determination coefficient (R%) of 0.94 indicates that 94% of the experimental data
adequately fit the model. Thus, the polynomial model (Y) that represents the extraction of -
glucosidase from germinated soybean epicotyls is described as:

Y = 11.39 + 0.18x; -1.29%:2 -1.97X, -3.48%,% + 0.12X1X» (Equation 2),
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where x; and x, are the coded variables and represent the temperature and pH, respectively, of
the extraction of B-glucosidase from germinated soybean epicotyls.

According to Table 4, at temperatures of 30°C or 35°C and low pH values of 3.6 or
4.0 (assays 10 or 3), less B-glucosidase activity was extracted from germinated soybean
epicotyls. However, at 23°C and pH 5.0 (assay 8), 25°C and pH 6.0 (assay 2), 30°C and pH
6.4 (assay 11) and 37°C and pH 5.0 (assay 9), the activity of the B-glucosidase extract
increased. However, a higher B-glucosidase activity was extracted when the assays were
performed at the central point, i.e., at 30°C and pH 5.0 (assays 5, 6 and 7).

The response surface (Figure 1) shows that the highest extraction of f-glucosidase (Y)
from germinated soybean epicotyls occurred when X; (°C) was approximately 30°C and the
pH (X2) was approximately 5.0. A greater extraction of B-glucosidase (Y) from germinated
soybean epicotyls occurred at temperatures ranging from x;= -0.5 (X; = 27.5°C) and x;= +0.7
(X1 =33.5°C) and pH values ranging from x,=-0.1 (X; = 4.9) and x,= +0.5 (X, =5.5).

The temperature (X;) and pH (Xz) conditions used as the experiment central point,
30°C and pH 5.0, coincided with the conditions for the maximum extraction of B-glucosidase
based on the desirability parameter (Figure 2) of the proposed model. Therefore, the
extraction of B-glucosidase should be performed at a temperature of 30°C and a pH of 5.0.
Carrdo-Panizzi and Bordignon (2000) used similar conditions to extract B-glucosidase from
cotyledons from different soybean cultivars, using room temperature and a pH of 4.5 with
0.05 mol L™ sodium citrate buffer containing 0.1 mol L™ NaCl to determine B-glucosidase
activity in soybean cultivars with different isoflavone contents. However, Matsuura and Obata
(1995) partially purified and characterized p-glucosidase from cotyledons by using different
conditions to extract B-glucosidase from soybean cotyledons, including lower temperatures
(between -10 and 5°C) and pH 6.6 with 0.1 mol L™ sodium phosphate buffer and subsequent
acidification of the supernatant to pH 5.0. The extraction of B-glucosidase from germinated
soybean epicotyls has not been reported in the literature and the proposed model proved to be
advantageous to establish the best conditions for the extraction of this enzyme.

Even though the condition of maximum extraction of 3-glucosidase coincided with the
center point, the proposed model was validated by conducting an additional experiment at the
optimal point. The results observed (Table 5) for the extraction of B-glucosidase from
germinated soybean epicotyls were within the confidence interval of the estimated response,

confirming the validity of the model.
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Optimization of the conversion of glycosidic isoflavones to aglycones using B-glucosidase
from soybean epicotyls

According to variance analysis (ANOVA), the linear effect of the variable X, (pH) and
quadratic effects of the variables X3 (°C) and X, (pH) were significant. However, the effects
of the block, linear variable X3 (°C) and the interaction of the variables X3 (°C) and X4 (pH) on
the response (W = % aglycones) were not significant (Table 6), and thus the terms were
excluded from the model without damage to the model fit (R2?). The coefficient of
determination (R2) was 0.86, in other words, 86% of experimental data can be explained by
the model. Thus, equation 3 can be described as:

W =81.938 + 22.328x4 — 11.231x42 - 13.8562x3? (Equation 3),
where W = % aglycones and x3 and x4 are the coded variables and represent the temperature
and pH.

Before beginning the study of the conversion of glycosidic isoflavones to aglycones,
the aglycone content of the soybean cotyledon flour (BRS 257) was determined to be 2.9%.
The response function (W = % aglycones) (Table 7) was higher than 51% when a pH (X4) at
higher levels (0, +1 and +1.41) was used, which can be observed in assays 3, 4, 5, 6, 7, 9, 10,
11, 12 and 13 at any temperature level (X3), demonstrating the greater influence of pH on the
response function (W =% of aglycones) and confirming the study of the effects (Table 6).

The response surface (Figure 3) includes a region in which greater than 80%
aglycones occurred, i.e., a pH range between +0.5 and +1.5 (6.25 < pH < 7.75) and a
temperature between +0.5 and 0.5 (27.5 < T°C < 42.5). In addition, an optimum region can be
noted in which W is at maximum % aglycones. The desirability parameter indicates two
optimal points of maximum W (W = 98.7% aglycones), i.e., when x3 = 0 (35°C) and x4 = +1
or +1.41 (pH = 7.00 and 7.61). One of these test points coincides with assay 9 (Z = 98.7%
aglycones). These results are distinct from the optimum conditions of pH (between 5.2 and
6.0) and temperature (50°C) for B-glucosidase activity from soybean cell tissue described by
Hosel and Todenhagen (1980) and by Matsuura and Obata (1993), who reported optimal
activity at pH 4.5 and a temperature of 45°C for a soybean -glucosidase-C.

While endogenous B-glucosidases represent a more secure source of B-glucosidases
than microbial sources, endogenous [-glucosidases have been poorly explored when
compared to the microbial conversion of B-glycosidic isoflavones to aglycones. In this study,
the maximum aglycone isoflavones obtained was 98.7% when endogenous B-glucosidase
from the epicotyls of germinated soybeans was used under the two conditions described

above. The 100% conversion of glycosidic isoflavones to aglycones was described by



115

Mantovani et al. (2011) and Marazza et al. (2009), but both of these studies used f-
glucosidase enzymes from microbial sources. Mantovani et al. (2011) used the -glucosidase
produced by fermentation of Aspergillus niger and Aspergillus oryzae in solid form and
applied in methanol extracts of isoflavones extracted from soybean molasses for 30 min at
40°C. Marazza et al. (2009) used B-glucosidase produced via Lactobacillus (L.) rhamnosus
CRL981 in a soy extract for 12 h at 37° C and obtained 100% conversion of glycosides to
aglycone compounds. Xue, Song and Yu (2009) applied B-glucosidase from Thermotoga
maritima to recombinant soybean flour for 3 h at 80°C to produce isoflavone aglycones and
obtained an almost complete conversion of all isoflavone glycosides.

The proposed model was validated after re-testing in triplicate at the optimal point (x3
= 0 (35°C) and x4 = +1.41 (7.61)), and the response function was observed within the

confidence interval of the model (Table 8).

CONCLUSION

The maximum extraction of PB-glucosidase from germinated soybean epicotyls
occurred at 30°C and pH 5.0 in the presence of 0.1 mol L™ sodium citrate buffer and 0.1 mol
L™ NaCl.

The maximum conversion of glycosidic isoflavones into aglycones, 98.7%, occurred
when aglycones were produced from defatted soybean cotyledon flour at 35°C and pH 7.00 or
7.61 for 14 h.
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Table 1. Independent variables and variation levels for the central composite design for

optimization of the extraction of B-glucosidase from epicotyls from soybeans germinated for

144 h in the presence of light.

Independent variables

Variation levels

-1 0 +1 +1.41

X1 = Temperature (°C)

Xzsz

25 30 35 37

4.0 5.0 6.0 6.4

Table 2. Independent variables and variation levels for the central composite design for

optimization of the conversion of glycosidic isoflavones to aglycones in defatted soybean

cotyledon flour using B-glucosidase from epicotyls from soybeans germinated for 144 h in the

presence of light.

Independent variables

Variation levels

-1 0 +1 +1.41

X3 = Temperature (°C)

Xa= pH

200 350 50.0 56.2

400 550 7.00 7.61
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Table 3. Analysis of variance (ANOVA) for the extraction of B-glucosidase from epicotyls

from soybeans germinated for 144 h in the presence of light.

Variation source SS GL MS F Test P R?
X1 (T°C) (linear) 0.558 1 0.558 0.659  0.428 0.94
X41(T°C) (quadratic) 19.038 1 19.038 22.492  0.002
X3 (pH) (linear) 62.340 1 62.340 73.650  0.000
X, (pH) (quadratic) 137.038 1 137.038  161.900  0.000
interaction XX, 0.120 1 0.120 0.142 0.711
Error 13.543 16 0.846
Total 214,527 21

SS = Sum square. DF = Degrees of freedom. MS = Mean square. T°C = temperature in °C.
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Table 4. Central composite design with two coded (x; e X,) and decoded (X; e X;) variables

and the response function (Y) for extracted B-glucosidase from epicotyls from soybeans

germinated for 144 h in the presence of light.

Response Function

Variables (YY)
Assays
T(°C) pH B-glucosidase activity
X1 X2
(Xa) (X2) (UAmL?)
1 -1 -1 25.0 4.0 8.16
2 -1 1 25.0 6.0 17.66
3 1 -1 35.0 4.0 6.22
4 1 1 35.0 6.0 16.72
5 0 0 30.0 5.0 22.36
6 0 0 30.0 5.0 22.98
7 0 0 30.0 5.0 22.98
8 -1.41 0 23.0 5.0 16.52
9 1.41 0 37.0 5.0 20.66
10 0 -1.41 30.0 3.6 5.76
11 0 1.41 30.0 6.4 13.94
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Table 5. Validation of the model proposed for the extraction of B-glucosidase from epicotyls

from soybeans germinated for 144 h in the presence of light.

Optimum Y Calculated1 YObserved1
X1=30°Ce

11.39% 11.32 £ 0.21°
X,=pH 5.0

The same letters in the same line indicate results included in the confidence interval of the
generated model; Activity of p-glucosidase expressed as UA min™. The value of Y caiculated

was obtained from Equation 1.

Table 6: Analysis of variance (ANOVA) for the conversion of glycosidic isoflavones to
aglycones in defatted soybean cotyledon flour using B-glucosidase from epicotyls from

soybeans germinated for 144 h in the presence of light.

Variation source SS DF MS F test P R?
Block 22.050 1 22.050 0.17864 0.683680 0.86
(Xs) pH (Linear) 4217.201 1 4217.201 34.16513 0.000385

(Xs) pH (Quadratic) 872759 1 872.759  7.07055 0.028848

(Xs) T°C (Quadratic) ~ 1328.402 1 1328.402 10.76189 0.011179
Error 987.486 8 123.436

Total 7231.600 12

SS = Sum square. DF = Degrees of freedom. MS = Mean square. T°C = temperature in °C.
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Table 7. Central composite design with 2 coded (X3 € X4) and decoded (X3 e X,) variables and

the response function (W) for the conversion of glycosidic isoflavones to aglycones in

defatted soybean cotyledon flour using [-glucosidase from epicotyls from soybeans

germinated for 144 h in the presence of light.

Coded Decoded Response function
Variables Variables (W)
Assays  Block
T(°C) pH
X3 X4 % Aglycones*

(Xs) (X4)
1 1 -1 -1 20.0 4.00 47.5
2 1 +1 -1 50.0 4.00 44.6
3 1 -1 +1 20.0 7.00 68.6
4 1 +1 +1 50.0 7.00 84.0
5 (c) 1 0 0 35.0 5.50 88.6
6 (c) 1 0 0 35.0 5.50 79.0
7 (c) 1 0 0 35.0 5.50 88.6
8 2 0 -1.41 35.0 3.39 11.6
9 2 0 +1.41 35.0 7.61 98.7
10 2 -1.41 0 13.9 5.50 48.6
11 2 +1.41 0 56.2 5.50 47.1
12 (c) 2 0 0 35.0 5.50 85.0
13 (c) 2 0 0 35.0 5.50 88.3

*% aglycone isoflavones relative to total isoflavones extracted, determined by ultra high-

performance liquid chromatography (UHPLC).
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Table 8. Validation of the mathematical model for the conversion of glycosidic isoflavones to
aglycones in defatted soybean cotyledon flour using B-glucosidase from epicotyls from

soybeans germinated for 144 h in the presence of light.

Optimum Z Calculatedl ZObservedl
X3=35°Ce
91.98° 89.94 + 0.59°
X4=pH 7.61

The same letters in the same line indicate results included in the confidence interval of the

generated model; log Aglycones. The value of Zcajculated Was obtained from Equation 2.
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Figure 1. Surface response for B-glucosidase extraction (UA mL™) from epicotyls from

soybeans germinated for 144 h in the presence of light.
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Profiles for Predicted Values and Desirability
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Figure 2: Profiles for predicted values and desirability for B-glucosidase extraction from

epicotyls from soybeans germinated for 144 h in the presence of light.
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Figure 3. Surface response for the conversion of glycosidic isoflavones to aglycones in
defatted soybean cotyledon flour using [-glucosidase from epicotyls from soybeans

germinated for 144 h in the presence of light.
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Abstract

The objective of this study was to optimize the extraction of different isoflavone forms
(glycosidic, malonyl-glycosidic, aglycone and total) from defatted cotyledon soy flour using
the simplex-centroid experimental design with four solvents of varying polarity (water,
acetone, ethanol and acetonitrile). The obtained extracts were then analyzed by high-
performance liquid chromatography. The profile of the different soy isoflavones forms varied
with different extractions solvents. Varying the solvent or mixture used, the extraction of
different isoflavones was optimized using the centroid-simplex mixture design. The special
cubic model best fitted to the four solvents and its combination for soy isoflavones extraction.
For glycosidic isoflavones extraction, the polar ternary mixture (water, acetone and
acetonitrile) achieved the best extraction; malonyl-glycosidic forms were better extracted with
mixtures of water, acetone and ethanol. Aglycone isoflavones, water and acetone mixture
were best extracted and total isoflavones, the best solvents were ternary mixture of water,

acetone and ethanol.



131

Introduction

Several studies have been published that confirm the association between the
biological properties of soy isoflavones and risk reduction or prevention of various diseases,
such as breast cancer (Sarkar and Li, 2003) and prostate cancer (Lund et al., 2004),
osteoporosis (Arjmandi, Alekel, Holis and Amin, 1996), menopause symptoms (Messina and
Hughes, 2003, Haron et al., 2011) and cardiovascular disease (Zhuo, Melby and Watanabe,
2004). Besides the benefits of isoflavones for women, studies have shown benefits for men
with no effects on fertility (Celec et al., 2007). These biological properties are most prominent

when isoflavones are present in the aglycone form (Liggins et al., 2000).

Soybeans are the only edible plant source of high levels of isoflavones, and the
distribution and content of different isoflavones are influenced by multiple factors, such as
genetics variety, growth location and crop year (Wang and Murphy, 1994). The isoflavones
content of 18 soybean cultivars from different maturity groups ranges from 71.11 to 174.30
mg/100 g (Ribeiro et al., 2007). Isoflavones content varies across the soybean seed
components: the coat has almost no isoflavones; hypocotyls have high concentrations; and
cotyledons have 80-90% of the total isoflavones in the seed (Tsukamoto et al., 1995). Soy
isoflavones are found in different chemical forms, namely, aglycones (genistein, daidzein and
glicitein), R-glycosidic (genistin, daidzin and glicitin), malonyl-glycosidic (malonylgenistin,
malonyldaidzin and malonylglicitin) and acetyl-glycosidic (acetylgenistin, acetyldaidzin and

acetylglicitin); there are twelve different isoflavone forms in all (Liu, 2004).

These twelve free and conjugated isoflavone forms have been extracted, separated and
quantified from different soybean samples and products. However, the development of a
method to optimize extraction has been challenging, due to the wide polarity range of these

isoflavones (Luthria, Biswas and Natarajan, 2007).
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Extraction of isoflavones is performed under different conditions, and the different
analytical methods used in these studies significantly influences isoflavone content results.
Hutabarat, Greenfield and Mollholland (2001) showed that isoflavones were optimally
extracted with polar solvents. Rostagno, Palma and Barroso (2004) compared the extraction
efficiency of different ethanol and methanol mixtures in water and concluded that optimal
extraction of isoflavones was achieved with ethanol in water. Lin and Giusti (2005) concluded
that optimal extraction of isoflavones was achieved with 58% non-acidified acetonitrile.
However, Luthria, Biswas and Natarajan (2007) investigated four previously optimized
mixtures and three new solvent mixtures for the extraction of soy isoflavones using different
extraction devices and observed that both the content and profile of isoflavones varied
significantly with the extraction conditions and solvent. The best extraction solvent was
dimethyl sulfoxide:ethanol:water (1:14:5, v/v/v) using a pressurized liquid extraction device.
Genovese and Lajolo (2001) concluded that the best solvent for isoflavone extraction was
80% methanol when compared to 70% methanol, 60% and 80% acetonitrile with HCI 0.1N
and water. Nevertheless, Griffth and Collison (2001), determined that 80% acetonitrile

showed to be more efficient than 80% methanol.

After the extraction of isoflavones with different solvents, HPLC is the most widely
used technique for separation and quantification of the twelve isoflavone forms due to its high
efficiency, sensitivity, speed and ability to use automated systems (Zafra-Gomez, Garballo,
Garcia-Alyuso and Morales, 2010). However, ultra-performance liquid chromatography
(UPLC® or UHPLC) is a more advanced technique for the separation and quantification of
isoflavones, due to its speed and use of fewer samples and solvents than HPLC (Fietcher,

Raba, Jungmayr and Mayer, 2010).

The results of these studies about the best composition for isoflavone extraction have

not been conclusive, and it is essential to determine an appropriate solvent composition that
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optimizes the extraction of the different isoflavone forms and quantifies their levels with

greater precision and reproducibility.

The extraction of soy isoflavones with different solvent mixtures can be optimized
using experimental models with a reduced number of assays. Thus, the simplex-centroid
mixture design can be useful for this purpose. According to Cornell (1990), in experiments
with mixtures, the g number of components (x;) that compose the mixture are the independent
variables such that £x; = 1. The coordinate system used for x; values (i =1, 2, 3 ... q) is called
simplex, and the geometric description of the spatial representation will depend on the g
number of components (x;), which may assume a line for g = 2, an equilateral triangle for q =
3, or a tetrahedron for g = 4. The mixtures used are the points located in the vertices and in the
middle of the edges, where each point represents a combination of equal parts of the mixture’s
components. When designing mixtures with four components, the central point is included in
the spatial center of the polygon to fit a special cubic model with a relatively low number of
experiments. Mixture responses are determined by the ratio assumed between components
and not by the amount of each component (Cornell, 1990; Calado and Montgomery, 2003).
The response surface analysis (RSA), first proposed by Box and Wilson (1951), enables
evaluation of the effects of two or three factors and their interaction on response functions.
According to Barros-Neto, Scarminio and Bruns (2003), RSA enables the development,
improvement and optimization of processes, including methodologies for the extraction and
analysis of food components.

Thus, the objective of this study was to optimize the extraction of different soy
isoflavone forms using the simplex-centroid experimental design with four solvents of

varying polarity and to quantify these isoflavones by HPLC.
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Material and methods
Reagents

For sample preparation, all reagents used were analytical-grade and were obtained
from different sources. For HPLC extraction and analysis, the reagents were HPLC-grade and

the glucosides and aglicones isoflavones standards were purchased from Sigma-Aldrich®.

Sample preparation

Soybeans (BRS 257 cultivar) were provided by the Empresa Brasileira de Pesquisa
Agropecuéria, National Soybean Research Center (EMBRAPA Soybean). Soybeans were
processed into flour using a knife mill (Ika, model A-11), and the flour was defatted with

hexane for 30 min at room temperature.

Simplex-centroid design for extraction of isoflavones

The simplex-centroid design was used to optimize the extraction of soy isoflavones
(Scheffé, 1963) with four solvents of varying polarities: (1) water, (2) acetone, (3) ethanol and
(4) acetonitrile in fifteen different mixtures (Figure 1). Points 1, 2, 3 and 4 (vertices) of the
tetrahedron correspond to pure solvents (water, acetone, ethanol, and acetonitrile,
respectively). Points 5, 6, 7, 8, 9 and 10 (edges) are equal volume mixtures of the solvents.
Points 11, 12, 13 and 14 (the center of each face) are ternary mixtures of the solvents, and
finally, point 15 (center) corresponds to the equal volume mixture of the four solvents.
The extraction of isoflavones was performed using 500 mg of defatted soy flour and 25 mL of
each extraction solvent (Figure 1). The extraction was carried out in an ultrasonic bath at 60°C
for 10 min (Rostagno, Palma and Barroso, 2003) followed by centrifugation and filtration

(Millex—LH filters; 0.20 um) of the supernatant. The content of the different soy isoflavone



135

forms extracted from filtrates (response functions y;) was analyzed by HPLC, as described
above, and was expressed as mg/g of sample on a dry-matter basis.

In total, 15 assays were conducted, and the response functions (yi, Y2, Y3 and Yj)
obtained were analyzed using Statistica 8.0 software (StatSoft Inc., 2007). The canonical
model of Scheffé (1963) (Equation 1) was adjusted to the experimental data and linear,
quadratic and special cubic models were tested to obtain the respective regression

coefficients.
Yi= Z?:l b;xi + ZEL}' ZJ? b;jxixj + Z?<j Z?<k Zﬁ b;jkxixj X+ -+ bikz...qxlxz - Xg (1)

Where y; is the response function of the observed data, b; is the coefficient estimated by the

least-squares method and x; is the dependent variable with 1>x;> 0 and >’ = 1.0.

Response surface graphs and desirability parameters were generated for each response
function investigated to optimize the extraction of soy isoflavones. The analysis of variance
(ANOVA) of the regressions and the coefficients of determination (R?) were used to compare
the fit of the models against the experimental data. The repetitions provided the degrees of
freedom to calculate the pure error and subsequently the lack of fit test. All analyses were
performed and all graphs were created using STATISTICA 8.0 software (StatSoft Inc. 2007).

For evaluation of the model, a new extraction assay was performed with the best
extraction mixture for each isoflavone form to evaluate and validate the mathematical model.
The calculated (y,) and observed (y,) values were determined using STATISTICA 8.0
software (StatSoft Inc., 2007), and the results were compared using a t-test at a 5%

significance level.

Determination of soy isoflavone content by HPLC
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The separation and quantification of isoflavones from defatted soy flour were
performed using HPLC according to the methodology described by Berhow (2002) with
modifications. A chromatograph (Shimadzu, model LC-10AT VP; Kyoto, Japan), an oven
(CTO-10AS VP), a semi-automatic sample applicator and an ODS C18-type reverse phase
column (Shimadzu, 4 mm x 15 cm, 5 um particles) were used. Twenty microliters of each
filtered sample were injected. A linear gradient system with an initial phase of 100% acidified
water with glacial acetic acid up to pH 3.0 and 0% acetonitrile was used for elution and
separation of the isoflavones. After 25 min of elution, the acetonitrile/water solution reached a
55/45% ratio. After 27 min, the gradient reached 100% acetonitrile, and after 35 min, the
gradient returned to initial conditions. Total run time was 40 min. The flow rate of the mobile
phase was 1 ml/min, and the run temperature was kept constant at 25°C. A diode array
detector (Shimadzu, model SPD-M20A) with the wavelength set at 260 nm was used.

Identification and quantification of the glycosidic and aglycone isoflavones was
performed by comparison to individual external standard curves for daidzin, glycitin, genistin,
daidzein, glicitein and genistein. Standards curves were obtained by plotting the standard
concentration as a function of peak area obtained from HPLC analysis of 20 pl injections. The
concentrations of standard solutions were carefully chosen to cover possible isoflavone
contents. For isoflavones without pure standard, the standard curves were adjusted based on
differences in molecular weight. The quantification of malonyl-glycosidic isoflavones
(malonyl daidzin, malonyl glycitin and malonyl genistin) were calculated based on the
standard curves of the corresponding B-glycosidic isoflavones (daidzin, glycitin, genistin,
respectively) using the similarity of the extinction coefficients as described by Coward,
Smith, Kirk and Barnes (1998). The results for isoflavones can be presented in aglycone
equivalents or as the sum of the different forms (Klump, Allred, Macdonald and Ballam,

2001). In the present work, glycosidics, malonyl-glycosidics and aglycones are shown as the
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sum of each compound within each group of isoflavones, determined in triplicate, and the
results are expressed as mg/g on a dry-matter basis.

The following parameters were determined to evaluate the performance of the
isoflavone quantification method by HPLC using the optimized extraction system: accuracy,
precision, detection limit and quantification limit.

Both the detection limit (DL) and quantitation (QL) of six isoflavones standards were
determined based on a method described by the International Conference on Harmonization -
ICH (1996) with some modifications. Six concentrations (0,1 to 0,003 mg/ml) of each
isoflavone standard were prepared and five injections performed for each concentration. Five
calibration curves were obtained by plotting concentration against area. The mean of the
slopes (s) and standard deviations (o) of the intercepts of the calibration curves were
calculated. Both DL and QL were obtained using the following formula:

DL=3.3x0/s(2)
QL=10x0/s (3)

The precision and accuracy were determined as recommended by ICH (1996). Based

on five calibrations curves with six known concentrations, the precision and the accuracy was

calculated and presented as coefficient of variation (%CV) and % recovery, respectively.

Results and Discussion
Optimization of soy isoflavone extraction

The models of equations y1, y», y3 and y4 from the mean values of the glycosidic (y1),
malonyl-glycosidic (y.), aglycone (ys) and total (y4) forms extracted from defatted soy (Table
I) were determined in the fifteen assays using the simplex-centroid mixture design (Figure 1).

The special cubic model best fit the four response functions analyzed (Table I1).
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Response functions are expressed as mean values of glycosidic (y;), malonyl-
glycosidic (y,), aglycone (ys) and total (y4) isoflavone forms in defatted soy flour. Response
functions yi, y, and y, showed lack of fit significant (Table IlI), but the mean square of the
pure error was low (0.044-0.436), suggesting that the model can be used with caution. The
significant lack of fit should not be considered relevant when the mean square of the pure
error is low (Box and Draper, 1987), because the total residue of the model is decomposed
into pure error and lack of fit (Barros-Neto, Scarminio and Bruns, 2003). Response function
ys3 did not show a significant lack of fit, suggesting that the model adequately fit the
experimental data. The high coefficients of determination (R?), which were above 0.96 (Table
I1), indicate that all response functions adequately fit the experimental data, and the models
can be used for predictive purposes in the extraction of different isoflavone forms using
different solvent mixtures.

For glycosidic isoflavones, the quadratic terms x;X», X1X3, and X;X4 and the polynomial
term X1XoX4 Were significant, while the linear terms Xy, X2, X3, and x4 and the polynomial terms
X1X2X3, X1X3X4, and XoX3X4 Were not significant but contributed to the fit of the model and were
therefore kept in the equation (Equation 4). The other terms were excluded.

y, = 0.7603x; + 0.2848x, + 0.3248x; + 0.6368x, + 5.8988x,x; + 10.0188x,x3 +
6.5148x,x; + 8.4747x,x,x5 + 37.7787x,x,x; — 18.4113x,x,x, + 2.5295x,x3x,(4)
Where y; is expressed in mg/g of glycosidic isoflavones, *Significant (p<0.05), x; is water, x,

is acetone, X3 is ethanol and x4 is acetonitrile.

The polar ternary mixture consisting of water (x;), acetone (x2) and acetonitrile (x) in
a 1:1:1 ratio (X1:X2:X4) achieved the best extraction (Table 1) and yielded a y; value of 3.60
mg/g of glycosidic isoflavones extracted (Equation 4). The y; value was close to the observed

y1 (3.60 mg/g of glycosidic isoflavones, assay twelve) (daidzin, genistin and glicitin),
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confirming that this solvent was the most efficient. However, when using pure acetone (xy),
which is less polar, the y; was 0.28 mg/g glycosidic isoflavones. Thus, the extraction was less
efficient when the y; was compared to the observed y; (0.18 mg/g glycosidic isoflavones,
assay two). Luthria et al. (2007) achieved the best extraction of glycosidic soy isoflavones
when using ethanol:water (9:1, v/v).

For malonyl-glycosidic isoflavones (y,), the linear, quadratic and special cubic models
were statistically significant, but special cubic model achieved the highest R2 (0.987). In this
model, linear terms x; and x3, quadratic terms Xix3 and x;X4 and polynomial terms X;x>xs and
X1X2X4 Were significant, while terms xi, X3, X1X2 and X1x3X4 were not significant but contributed

to the fit of the model, and therefore they were kept in Equation 5.
y, = 4.7378x; — 0.1183x, + 1.3057x3 — 0.0102x, + 2.6715x,x, + 11.8235x, x5 +

+ 12.8155x; x5 + 55.7509x,x,x5 + 57.5989x;x,x; + 14.3569x,x3x, (5)

Where y, is expressed in mg/g of malonyl-glycosidic isoflavones, *Significant (p<0.05),x; is
water, X, is acetone, Xz is ethanol and x4 is acetonitrile.

The best extraction was achieved with mixtures of water (x;), acetone (x2) and ethanol
(xs) or water (x;) and ethanol (x3). The y, of malonyl-glycosidic forms (malonyldaidzin,
malonylgenistin and malonylglicitin) was 5.54 and 5.98 mg/g of malonyl-glycosidic
isoflavones extracted, respectively. The y, was close to the observed y, (assays eleven and
six) of 5.98 and 5.88 mg/g, respectively, and therefore these extraction mixtures were the
most efficient for the extraction of malonyl-glycosidic forms. When using pure acetone (X;) or
the binary mixture of acetone (x;) and acetonitrile (x4), the y, was 0.00 mg/g of malonyl-
glycosidic isoflavones, while the observed y, (assays two and nine) was 0.00 and 0.00 mg/g of
malonyl-glycosidic isoflavones, respectively. Thus, the binary mixture of acetone (xz) and
acetonitrile (x4) or pure acetone (xp) are not recommended for the extraction of malonyl-

glycosidic forms. Nevertheless, Kao and Chen (2002) obtained different results and observed



140

that the optimal extraction of isoflavones from defatted soy flour was achieved with the
mixture of acetone and 0.1M HCI and agitation for 2 h.
For the extraction of aglycone isoflavones (y3), some terms were excluded for the best
fit of the special cubic model (R2 = 0.980), and the significant terms were x; (linear), XX,
(quadratic) and x1xox3 (polynomial). The other terms were not significant but contributed to
the fit of the model, and therefore they were kept in Equation 6.
ys = 0.9046x; + 0.0944x, + 0.0824x; + 0.0523x, + 10.2138x,x; — 0.9622x,x3 —

— 1.3018x;x, — 0.0218x,x5 + 14.5506x,x,x5; — 32.5544x,x,x4 +
3.5116%1363%4— 3.7534%2363%4_(6)

Where y3 is expressed in mg/g of aglycone isoflavones, *Significant (p<0.05),x; is water, X, is

acetone, X3 is ethanol and x4 is acetonitrile.

Aglycone isoflavones (y3) (daidzein, genistein and glicitein) are less polar than other
isoflavones and were best extracted using a water-acetone mixture. The y; obtained from this
mixture was 3.05 mg/g of aglycone isoflavones, which was close to the observed value in
assay 5 (3.01 mg/g). Therefore, this mixture was the most efficient for the extraction of
aglycone isoflavones. When using the mixture of acetone (x;) and acetonitrile (x4), the
estimated y; was 0.07 mg/g, and the observed y; was 0.01 mg/g of aglycone isoflavones
extracted. Thus, the mixture of acetone (xp) and acetonitrile (x4) is not recommended for
extraction of aglycones. Lin and Giusti (2005) used the mixture of acetonitrile and water
(58:42, v/v) and achieved better results than with 80% methanol, which is a solvent of
intermediate polarity.

For the extraction of total isoflavones (y4), the best fit was achieved with the special
cubic model (R? = 0.977). Quadratic terms Xi1X, X1X3, and XiXs, linear term x; and polynomial

terms X;XoX4 and XoxsXs were significant (Equation 7). Similar to the model proposed for
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extraction of malonyl-glycosidic isoflavones (y,), several terms were also excluded, and non-

significant terms that contributed to the fit of the model were kept in the equation.
Y. = 6.4127x; + 0.2924x, + 1.7493x; + 0.7093x, + 18.6675x,x; + 20.7317x, x5 +
+ 17.9317x, x4 + 79.5773x,x,x5 + 63.5873x,x,Xx, — 7.3944x,x3x,4(7)

Where y, is expressed in mg/g of total isoflavones, *Significant (p<0.05), x; is water, X is

acetone, xs is ethanol and x4 is acetonitrile.

The best extraction solvents for total isoflavones (y;) were the ternary mixtures of
water (X1), acetone (x,) and ethanol (xs) (assay 11), or water (x), acetone (x;) and acetonitrile
(x4) (assay 12). The y, was 10.70 mg/g with extractions of 10.85 mg/g (assay 11) and 9.60
mg/g (assay 12). According to Luthria, Biswas and Natarajan (2007), the extraction profile of
total soy isoflavones determined by HPLC varied significantly when the extraction was
performed with different solvents and methods, and the best extraction was achieved with
dimethyl sulfoxide:ethanol:water (5:75:25, v/v/v) using the pressurized liquid extraction
method.

The analysis of the equations, response surface graphs (Figure 2) and desirability
parameters (Figure 3) for optimizing the extraction of isoflavones showed that glycosidic
forms (y1) were best extracted with the ternary mixture of water (x;), acetone (x2) and
acetonitrile (x4) (2:1:1, X1:X2:X4). Conversely, malonyl-glycosidic (y2) and total (y,) isoflavones
were best extracted using a mixture of water (x;), acetone (x;) and ethanol (x3) at (2:1:1,
X1:X2:X3). Moreover, aglycone forms (y3) were best extracted by less polar mixtures such as
water (x1) and acetone (x2) (1:1, x1:X2). All ratios determined by the desirability parameters
(Figure 3) were similar to those predicted experimentally in assays 12, 11 and 5, respectively

(Table I).
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Thus, Figure 3 shows the following optimal ranges for the different extraction solvents
of soy isoflavones: 25-50% water, acetone or acetonitrile for glycosidic isoflavones (Figure 3,
y1); 50-75% water, 0-25% acetone and 25-50% ethanol for malonyl-glycosidic forms (Figure
3, ¥2); 25-75% water or acetone for aglycone forms (Figure 3, y3); and 25-75% water, 25-50%
acetone and 0-50% ethanol for total isoflavones (Figure 3, ya).

In this study, the extraction of isoflavones from defatted soy flour using pure organic
solvents (ethanol, acetone and acetonitrile) was not efficient, suggesting that the use of these
extraction solvents in binary or ternary mixtures with water could be more advantageous.
Griffith and Collison (2001) used 50% acetonitrile, 80% methanol and 60% acidified
acetonitrile aqueous solutions to optimize the extraction of soy isoflavones, and optimal
results were achieved with 60% acidified acetonitrile. Thus, the best solvents for the
extraction of different soy isoflavone forms were mixtures with water at 50% v/v or less
(assays 5,6, 7,11, 12, 13 and 15), as also noted in y1, $2, ¥3 and y4.

Genovese and Lajolo (2001) evaluated four solvent mixtures (70% and 80% methanol,
70% and 80% acetonitrile) for the extraction of isoflavones in soy products and observed that
the most efficient and practical solvent was the 80% methanol aqueous solution. Nevertheless,
several studies have used only methanol for the extraction of soy isoflavones (Genovese,
Pinto, Barbosa and Lajolo, 2003; Harjo, et al. 2007) or an extraction with acidified
acetonitrile followed by resuspension in methanol (Alezandro, et al., 2008) or through
extraction with only ethanol (Horii et al. 2009, Kao, Chieng and Chen, 2008). These
extraction methods using one solvent followed by drying and resuspension in another solvent
are time-consuming and lead to variations in results.

In this study, the best solvents for the extraction of different soy isoflavone forms were

mixtures with water at 50% v/v or less (assays 5, 6, 7, 11, 12, 13 and 15), as also noted in y;,

)32, )93 and )34.
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Evaluation of the model

The assays where the best extraction was achieved, i.e., the optimal extraction points
for each isoflavone form were determined, were repeated experimentally to validate the
proposed mathematical model. The results for the content of glycosidic, malonyl-glycosidic,
aglycone and total isoflavone forms, both calculated and experimental, showed no significant

differences (Table V), which validates the proposed mathematical model.

Performance of the isoflavone quantification method by HPLC

Detection limits (DL) for isoflavones ranged from 0.000082 mg/ml for daidzein to
0.000546 mg/ml for glicitein, while quantification limits (QL) ranged from 0.000249 mg/ml
for daidzein to 0.001653 mg/ml for glicitein. The coefficients of variation ranged from 0.45 to
13.58% for accuracy and from 0.73 to 23.12% for precision of the method (Table V). The
method also exhibited high recovery rates (100.89-105.99%) (Table VI). These values are
higher than the ones reported by Kao and Chen (2006), who proposed an improved
methodology for the determination of isoflavones in soy flour by HPLC, with recovery rates

ranging from 57.4 to 85.9%.

Conclusions

The extraction of the different isoflavone forms was optimized using special cubic
models that best fit the experimental data. The profiles of the different soy isoflavone forms
varied with different extraction solvents. The malonyl-glycosidic and total forms are more
polar and therefore were best extracted with water:acetone:ethanol(2:1:1). Glycosidic
isoflavones, which have intermediate polarity, were best extracted with water, acetone and
acetonitrile (2:1:1), and the less polar aglycone forms were optimally extracted with water and

acetone (1:1).
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Table 1. Content of different soy isoflavone forms extracted using the simplex-centroid

mixture design.

Assay Mixture y1 s s s
X1:X2:X3:X4
1 (1:0:0:0) 0.77 4.75 091 6.44
2 (0:1:0:0) 0.18 0.00 0.11 0.29
3 (0:0:1:0) 0.22 1.51 0.07 1.81
4 (0:0:0:1) 0.68 0.00 0.05 0.73
5 (0.5:0.5:0:0) 1.92 2.88 3.01 7.81
6 (0.5:0:0.5:0) 2.97 5.88 0.21 9.05
7 (0.5:0:0:0.5) 2.25 5.47 0.11 7.83
8 (0:0.5:0.5:0) 0.49 0.27 0.04 0.80
9 (0:0.5:0:0.5) 0.35 0.00 0.01 0.36
10 (0:0:0.5:0.5) 0.37 0.54 0.06 0.96
11 (0.33:0.33:0.33:0) 2.80 5.98 2.07 10.85
12 (0.33:0.33:0:0.33) 3.60 5.72 0.28 9.60
13 (0:33:0:0.33:0.33) 1.99 5.61 0.37 7.97
14 (0:0.33:0.33:0.33) 0.77 0.50 0.08 1.35
15 (0.25:0.25:0.25:0.25) 1.76 4.40 0.15 6.32

X1. water, X,: acetone, Xs: ethanol, x4: acetonitrile, y; = mg/g glycosidic isoflavones, y, = mg/g

malonyl-glycosidic isoflavones, y; = mg/g aglycone isoflavones and y, = mg/g total

isoflavones.
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Table Il. Fit of linear, quadratic and special cubic models for the four isoflavone forms
extracted using the simplex-centroid mixture design with four components (water, acetone,

ethanol, and acetonitrile).

Response function Model R2

V1 Linear 0.25
Quadratic 0.84

Special cubic 0.96

Y2 Linear 0.60
Quadratic 0.91

Special cubic 0.99

Y3 Linear 0.34
Quadratic 0.84

Special cubic 0.98

Ya Linear 0.53
Quadratic 0.93

Special cubic 0.98

y1 = mg/g glycosidic isoflavones, y, = mg/g malonyl-glycosidic isoflavones, y; = mg/g aglycone

isoflavones and y, = mg/qg total isoflavones.

Table I11. Analysis of variance (ANOVA) of the special cubic model using the simplex-

centroid mixture design with four components for optimization for the extraction of soy

isoflavones.
Lack of Fit
Response DF SS MS F p R? SS MS
Y1 4 2.09 0.52 2.77 0.17 0.96 2.28 0.07
Y2 4 7.04 2.35 10.18 0.01 0.99 3.28 0.04
Y3 4 1.48 0.37 6.91 0.04 0.98 0.64 0.24
Y4 4 11.08 2.75 2.16 0.24 0.98 15.32 0.43

y; = glycosidic isoflavones, y, = malonyl-glycosidic isoflavones, y; = aglycone isoflavones and y, =

total isoflavones, DF: degrees of freedom, SS: sum of squares, MS: mean square.
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Table 1V. Calculated and observed isoflavone content of glycosidic, malonyl-glycosidic,

aglycone and total isoflavones extracted with optimal solvent mixtures for each form.

Response function Optimal* Calculated® Observed®
Y, X1:X2:Xa 3.26% 3.46+0.20%
Y, X1:X2:X3 5.54° 5.85+0.18°
Ys X1:X2 3.05° 3.08+0.10°
Y, X1:X2:X3 9.94¢ 10.24+0.86"

Different letters in the same row indicate significant differences (t test, p<0.05; x,: water, X,: acetone,
X3. ethanol, X,: acetonitrile); *Extraction solvent mixtures that yielded the best extraction of
corresponding variables; y; = mg/g glycosidic isoflavones, y, = mg/g malonyl-glycosidic isoflavones,
ys = mg/g aglycone isoflavones and y, = mg/g total isoflavones, *Isoflavone content expressed as mg/g;

“Mean isoflavone content expressed as mg/g + standard deviation.

Table V. Detection and quantification limits, accuracy, and precision of the chromatographic

analysis of isoflavones.

Isoflavone Limits (mg/ml) Accuracy Precision
Detection Quantification CV% CV%
Daidzin 0.000429 0.001300 9.77 10.16
Glicitin 0.000196 0.000593 13.58 23.12
Genistin 0.000102 0.000310 2.61 4.08
Daidzein 0.000082 0.000249 1.30 2.12
Glicitein 0.000546 0.001653 0.45 0.73
Genistein 0.000239 0.000725 4.38 9.41

% CV: coefficient of variation.



Table VI. Accuracy and precision

optimally performing mixtures.
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coefficients of determination from extractions with

Isoflavone* Accuracy (%) Precision (%CV)
Y1 105.99 10.99
Y2 105.65 6.02
Y3 100.89 6.25
Ya 103.02 15.98

*Only considers extractions with the best-performing mixtures. Accuracy is expressed as %recovery,

%CV = Coefficient of variation. y, = glycosidic isoflavones, y, = malonyl-glycosidic isoflavones, y;=

aglycone isoflavones and y, = total isoflavones.

{:} Quaternary mixture 15

E o (vx,mx0y)

<> Pure Solvents 1 1:0:0:0
2 0:1:0.0
3 0:.0:1.0
4 0:0:0:1

() Binary mixture 5 0.50:0.50:0:0
6 0.50:0:0.50:0
7 0.50:0:0:0.50
8 0:0.50:0.50:0
9 0:0.50:0:0.50
10 0:0:0.50:0.50

[ ] Ternary mixture 11 0.33:0.33:0.33:0
12 0.33:0.33:0:0.33
13 0.33:0:0.33:0.33
14 0:0.33:0.33:0.33

0.25:0.25:0.25:0.25

Figure 1. Arrangement of the simplex-centroid design with four components x; (water), X,

(acetone), x3 (ethanol) and x4 (acetonitrile), as well as solvent mixture ratios in each assay (E).
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[ B

Figure 2. Response surfaces of the optimized extraction of (A) glycosidic, (B) malonyl-
glycosidic, (C) aglycone and (D) total isoflavones (x;: water, x,: acetone, xs: ethanol, X4:
acetonitrile, y; = mg/g glycosidic isoflavones, y, = mg/g malonyl-glycosidic isoflavones, y; =

mg/g aglycone isoflavones and y, = mg/g total isoflavones).
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Figure 3. Optimal ratio for extraction of glycosidic, malonyl-glycosidic, aglycone and total
isoflavones using the desirability parameter (x; = water, x, = acetone, x3 = ethanol, x4 =
acetonitrile, y; = glycosidic isoflavones, y, = malonyl-glycosidic isoflavones, y; = aglycone

isoflavones and y, = total isoflavones.
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CORRELATION OF ISOFLAVONES AND PHENOLICS COMPOUNDS WITH
ANTIOXIDANT CAPACITY OF GERMINATED SOYBEAN COMPONENTS
YOSHIARA, Luciane Yuri; MADEIRA, Tiago Bervelieri, SILVA, Josemeyre Bonifacio da,
IDA, Elza louko*. Department of Food Science and Technology, Universidade Estadual de
Londrina, Rodovia Celso Garcia Cid, Km 380, Campus Universitario, CEP 86051-980,

Londrina — Parand - Brazil. Tel./Fax.: +55(43)3371-4080. *elida@uel.br

Abstract

The aim of this work was to examine the correlations among isoflavone content in aglycones,
phenolic compounds and antioxidant activity in the different components of the embryonic axis
of soybeans (Glycine max (L.) Merril, cultivar BRS257) germinated for 144 h, at 35°C, 100%
relative humidity and in the presence of light. The content of isoflavones, phenolic compounds
and antioxidant capacity (DPPH and ABTS) were determined, and the Pearson statistical test
was applied to examine correlations. Germinated soybean cotyledons had higher isoflavone
content (158.79+1.64 mg 100 g™), phenolic compounds (570.88+28.80 mg GAE 100 g) and
antioxidant capacity by DPPH (3.24+0.19 umol Trolox g*) and ABTS (5.99+0.26 pmol Trolox
g") compared to non-germinated soybeans and the radicles, hypocotyls and cotyledons of
germinated soybeans. The antioxidant capacity (determined by ABTS) and phenolic compounds
and antioxidant capacity (determined by DPPH) and isoflavones expressed in equivalent
aglycone showed a positive correlation. Soybeans germinated under these conditions are
recommended as an alternative containing high levels of phenolic compounds and isoflavones.
Keywords: soybean isoflavones, germination, radicles, hypocotyls, epicotyls, cotyledons,

DPPH free radical scavenging activity, ABTS radical cation, phenolic compounds

1. Introduction

The consumption of foods containing significant amounts of antioxidants may help to
slow down premature aging and reduce the risk of diseases such as atherosclerosis, cancer,
cirrhosis (Devi et al., 2009) and other diseases. Phenolic acids and polyphenolic compounds
have antioxidant properties and can impact various biological systems due to their ability to
donate protons and electrons. They also form stable radical intermediates, which prevent the
oxidation of various food ingredients, in particular lipids (Brand-Williams et al., 1995; Tyug et
al., 2010).

Isoflavones are phenolic compounds present in soybeans that have antioxidant
properties and the ability to inhibit the action of free radicals that are related to many health
problems (Barbosa et al., 2006). The soy isoflavones are secondary metabolites of plants and
constitute a group of natural bioflavonoids exclusively produced by legumes (Fritsche &

Steinhart, 1999). These compounds are associated with a reduced risk of various cardiovascular
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diseases (Brouns, 2002), a reduction of bone loss and a reduction of menopausal symptoms in
women (Brandt, 1997).

The three forms of isoflavone aglycones from soy are daidzein, genistein and glycitein,
which result from the corresponding glycosidic forms due to loss of the B-glycoside group (Xu
et al., 2002) and have higher biological activity than their respective glycosidic forms (Eldridge,
1982; Fukutake et al., 1996). The total content of soy isoflavones may vary from 188.4 to 948.9
mg 100 g™'(Lee et al., 2003) and depends on the cultivar, climatic conditions and different
components of the seed (Chung et al., 2007). Daidzein and glycitin isoflavones predominate in
soybean seed coats and hypocotyls, while genistein and daidzein represent the major contents of
isoflavones in the cotyledons (Yue et al., 2010).

Soybeans also contain other types of phenolic antioxidants, such as vanillic, caffeic,
coumaric and syringic acid (Kim et al., 2006; Tsyg et al., 2010). These compounds are
responsible for the positive effects on cardiovascular disease and cancer. In soybeans, the
content of phenolic compounds may also vary between cultivars and the different components
of the seed. In black soybean, the total phenolic content varies from 3.73 to 6.18 mg of gallic
acid equivalents (GAE) g, while yellow soybeans range from 2.27 to 2.62 mg GAE g™*. The
hypocotyl content varies from 15.34 to 17.17 mg of catechin equivalents (CE) g™.The cotyledon
varies from 9.15 to 13.24 mg g and the seed coat from 7.30 to 9.78 mg CE g™ (Yue et al.,
2010).

Several methods are available to evaluate isoflavones and antioxidant activity in foods.
Because of its high sensitivity, speed and efficiency, high performance liquid chromatography
(HPLC) is frequently used to separate and quantify soy isoflavones (Zafra-Gomez et al., 2010).
However, a universal and precise method has not been established to determine antioxidant
activity (Prior et al., 2005). The antioxidant activity of soy and its derivatives was investigated
using tests for DPPH" (2,2 diphenyl-1-picrylhydrazyl) (Barbosa et al., 2006), co-oxidation of the
[-carotene/linoleic acid system (Barbosa et al., 2006; Pratt & Birat, 1979) and ORAC (Oxygen
Radical Absorbance Capacity) (Yen & Lai, 2003). Other methods such as ABTS™ (2,2-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid)) are used as an alternative to evaluate the antioxidant
capacity of soybeans (Sanchez-Gonzales et al., 2005).

The isoflavones, phenolic antioxidant activity and the different components of soybeans
were described by Kim et al. (2007) who obtained an average total isoflavone content of 288.70
mg 100 g™ in the embryonic axis, 57.50 mg 100 g™ in the whole seed, 32.5 mg 100 g™ in the
cotyledon and 3.30 mg 100 g in the seed coat. Kim et al. (2006) found that the content of
phenolic compounds ranged from 7.06 to 50.00 mg g™ between the different components of soy,
and the average concentration of antioxidants, as measured by DPPH, was 42% and greatest in
the seed coat. However, the germinated soybean content of these compounds has not been

described.
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During the soybean germination process, several changes take place. These include
increases in nutritional value, reduction of factors considered anti-nutritional (such as phytates
and lectins), increases in the bioavailability of vitamins and minerals (Trugo et al., 2000),
changes in the content of different forms of isoflavones (Ribeiro et al., 2006) and activation of
B-glucosidase (Santosh et al., 1999; Yoshiara et al., 2011). Yoshiara et al. (2011) recently
reported that after 144 h of soybean germination, B-glucosidase activity increased significantly
compared to non-germinated soybeans. The B-glucosidase hydrolyzes soy isoflavones, releasing
glucose and aglycones, which are more bioavailable and have higher biological activity (Izumi
et al., 2000). The process of soybean germination may be an alternative method to increase the
isoflavone aglycone content for use in the development of foods with better nutritional and
functional properties (Ribeiro et al., 2006).

The aim of this study was to examine the correlation between the isoflavone in aglycone
equivalents, phenolic compounds and antioxidant activity of different components of soybeans

germinated for 144 h at 35°C, 100% relative humidity and in the presence of light.

2. Materials and methods
2.1 Materials and chemicals

Seeds of the soybean (Glycine max (L.) Merrill) cultivar BRS 257 were developed at
Embrapa Soja in Londrina — PR - Brazil, harvested in 2008 and used for this study. Standards of
the isoflavones daidzin, glycitin, genistin, daidzein, glycitein and genistein were obtained from
Sigma - Aldrich ® (St. Louis, MO, USA), and the malonyl-glycosides and acetyl-glycosides
were from Sequoia Research Products (Pangbourne, United Kingdom). Other reagents were

analytical and HPLC grade and from various commercial origins.

2.2 Process of Soybean Germination

For germination, 50 previously selected seeds were placed on germination paper and
maintained in a chamber (Marconi MA 835) with a relative humidity of 100% and a
temperature of 35+1°C for 144 h, with a photoperiod of 10 h per day, as described by Yoshiara
et al. (2011). After germination, the components of the embryonic axis of germinated soybeans
(epicotyls, hypocotyls, radicles and cotyledons) were manually separated, freeze-dried (Christ,
Alpha 1-4 LD plus, Germany) and milled (Analytical mill A11 Basic Mill, Ika, Brazil). The
samples were defatted with hexane for 30 min at room temperature and stored at -26 °C until

analysis. Non-germinated soybeans were used as a control.

2.3 Isoflavone determination
For isoflavone extraction, 100 mg of sample was placed in test tubes with 4.0 mL of

70% aqueous ethanol (v / v) containing 0.1% (v / v) acetic acid, maintained at room temperature
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for 5 h and shaken manually every 15 min as described by Carrdo-Panizzi et al. (2003). The
extract was centrifuged and the supernatant filtered through 0.20 pum nylon membranes, and 20
ML was used for separation and quantification of isoflavones by high performance liquid
chromatography (HPLC).

The separation and quantification of isoflavones from defatted soy flour were performed
using HPLC according to the methodology described by Berhow (2002) with modifications. A
chromatograph (Shimadzu, model LC-10AT VP; Japan), oven (Shimadzu, CTO-10AS VP,
Japan), semi-automatic sample applicator and ODS C18-type reverse phase column (Shimadzu,
4 mm x 15 cm, 5 pm particles, Japan) were used. Twenty microliters of each filtered sample
was injected. A linear gradient system with an initial phase of 100% acidified water with glacial
acetic acid up to pH 3.0 and 0% acetonitrile was used for elution and separation of the
isoflavones. After 25 min of elution, the acetonitrile/water solution reached a 55/45% ratio.
After 27 min, the gradient reached 100% acetonitrile, and after 35 min, the gradient returned to
the initial conditions. The total run time was 40 min. The flow rate of the mobile phase was 1
ml/min, and the run temperature was kept constant at 25°C. A diode array detector (Shimadzu,
SPD-M20A, Japan) with the wavelength set at 260 nm was used. ldentification of the
isoflavones was performed by comparison to individual standard curves (Sigma-Aldrich) for
daidzin, glicitin, genistin, daidzein, glicitein and genistein. Quantification was performed by
external standardization and utilized the standard curve as a reference. The concentrations of
malonyl-glycosidic isoflavones were calculated from the standard curves of the corresponding
B-glycosidic isoflavones using the similarity of the extinction coefficients (Coward, Smith, Kirk
& Barnes, 1998). For the results, the mean of three replicates is expressed as mg aglycone
equivalents in 100 g of sample on a dry basis (mg EA 100 g™ sample on dry basis) according to
Song et al. (1998) and Klump et al. (2001).

2.4Total phenolic determination

The extraction of phenolic compounds was performed according to Hung, Maeda,
Miyatake & Morita (2009) and quantified according to the Folin-Ciocalteau method described
by Swain & Hillis (1959). The extract was used for quantification of total phenolic and
antioxidant activity by DPPH and ABTS methods.

The standard curve was constructed with gallic acid at concentrations ranging from 1.0
to 5.0 mmol L™ For the results, the mean of three replicates is expressed as mg gallic acid

equivalents per 100 g sample on a dry basis (mg GAE 100 g™).

2.5 Measures of antioxidant activities

2.5.1 1,1 Diphenyl-2-picrylhydrazyl(DPPH’) radical-scavenging activity method
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The ability of the compound to donate hydrogen ions to the free radical 2,2-diphenyl-1-
picrylhydrazyl (DPPH ¢) was measured according to the method of Brand-Williams et al.
(1995). The quantification of the extracts was performed using a standard curve of Trolox in
concentrations ranging from 0.5 to 20 mol™ L, and the average of three replicates is expressed in
umol Trolox g™

2.5.2ABTS [2,2'-azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid]

The antioxidant activity was also assessed by sequestration of the cation radical ABTS™ by the
method proposed by Sanchez-Gonzalez et al. (2005). A standard curve was constructed of
Trolox (2.5 to 20 mol-1 L). The average of three replicates is expressed in umol Trolox g™.

2.6 Statistics

The results were examined using analysis of variance (ANOVA) and Statistica 8.0
software (StatSoft, Inc. 2007). Values expressed as the mean * standard deviation were
compared by the Tukey test at 5% probability. The Pearson’s correlation at 5%significance was
applied among the phenolic compounds, isoflavones and antioxidant capacity by ABTS and
DDPH methods.

3. Results and discussion

The total isoflavone content(expressed in aglycone equivalents) in the non-germinated
soybean was smaller than the cotyledons germinated for 144 h in the presence of light at 35°C
(Table 1). In relation to the components of germinated soybean, the cotyledons showed higher
contents of total isoflavones when compared to the hypocotyls. However, the epicotyls and
radicles showed no significant differences in total isoflavone and were lower than the hypocotyl.
Higher levels of isoflavones in aglycone equivalents have been described by Carrdo-Panizzi et
al. (2003) who found a range of 164.5 to 302.5 mg 100 g* of isoflavones in aglycone
equivalents, whose variations were attributed to the type of cultivar, climatic factors and
processing form of soybeans.

The highest content of total isoflavones in soy cotyledon germinated at 35°C for 72
hours was observed by Ribeiro et al. (2006). In general, in soybean cotyledons, the high content
of total isoflavones may be linked to a defense mechanism against attack by insects and
phytopatogens because this component of the seed is responsible for promoting plant growth
and development (Rhodes, 1996). However, the total isoflavone content can vary between the
different components of germinated soybean as observed by Chung et al. (2007) and Yue et al.
(2010). Chung et al. (2007) verified that the total isoflavone content was higher in embryonic

tissue and reduced in soybean seed coats. However, Yue et al. (2010) concluded that the
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isoflavone content was higher in the hypocotyl (81.43 mg 100 g™) than in the seed coats (16.94
mg 100 g™*) and cotyledons (9.71 mg 100 g%).

The content of phenolic compounds expressed as gallic acid equivalents (Table 2) of the
various components of the germinated and non-germinated soybean differ from each other
(p<0,05), whereas the cotyledon showed a higher content, followed by the radicle, hypocotyl
and epicotyl. The non-germinated soybeans presented a lower content of phenolic compounds
(204.73 + 5.08 mg GAE 100 g) compared with individual components of the germinated
soybean. The phenolic compound content from non-germinated soybeans (204.73 + 5.80 mg
GAE g*) was lower than lentils (244.00 mg GAE 100 g™) and black beans (320.00 mg GAE
100 g),and higher than green peas (134.00 mg GAE 100 g) and chickpeas (154.00 mg GAE
100 g™),as described by Xu & Chang (2007). With regard to different types of grain crops, the
phenolic content of non-germinated soybeans showed a higher content in maize (263.00 mg
GAE 100 g*) and a lower content in rice (94.06 mg GAE 100 g™), oat (111.09 mg GAE 100 g™)
and wheat (135.92 mg GAE 100 g%), according to Adom & Liu (2002). However, when
comparing the content of phenolic components such as germinated soybean cotyledons (570.88
mg GAE 100 g), radicles (398.43 mg GAE 100 g™) and epicotyls (308.93 mg GAE 100 g*)
with the data described by Adom et al. (2002) and Xu et al. (2007), it was observed that the
content was higher, except for the black bean results (320.00 mg GAE 100 g™). Therefore, the
results of this study suggest that the process of soybean germination may be recommended
when a higher content of phenolic compounds is desired, mainly in the different components of
the embryonic axis of germinated soybean.

The antioxidant capacity (Table 3) assayed by the ABTS method in non-germinated
soybean seed was equal to the germinated soybean hypocotyls but differed from the other
components, and the germinated soybean cotyledons showed a higher antioxidant activity.
However, when evaluated by a DPPH" free radical scavenging assay, non-germinated soybeans
showed an antioxidant capacity equal to the epicotyl and root and differed from the cotyledons
and hypocotyl, and the germinated soybean cotyledons also showed a higher antioxidant
capacity. Barbosa et al. (2006) reported superior results of antioxidant capacity by the method of
free radical DPPH' in soybeans and soy flour, with valuesof 3.7 umol Trolox g*and 4.6 pmol
Trolox g™, respectively. Furthermore, by the DPPH" method, the yellow soybean showed low
antioxidant capacity (1.96 umol Trolox g™), while the black soybean had high values (13.39
umol Trolox g™) and also a higher content of phenolic compounds and flavonoids (Xu, &
Chang 2007), justifying the different antioxidant capacity results of the present work. These
results may also be related to the differences in the types of soybean and the processing (Carréo-
Panizzi et al., 1999).

The high antioxidant capacity of germinated soybean cotyledon evaluated by the ABTS

and DPPH methods can be confirmed by the higher content of phenolic compounds (Table 1)
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and total isoflavone aglycone equivalents (Table 2), which was also observed by Brand-
Williams et al. (1995) and Naim et al. (1976). According to Nicoli et al. (1999), the antioxidant
capacity is due to the presence of phenolic groups, which confer a greater ability to donate to the
radical hydrogen atom from the hydroxyl group and / or aromatic structure polyphenol, which
consequently has a higher ability to support the unpaired electron of displacement around the aromatic
ring. The two methods to evaluate the antioxidant capacity (DPPH and ABTS) can detect both electron
transfer and donation of hydrogen atoms (Prior et al., 2005). However, the ABTS method has
greater advantages in relation to the DPPH, including the ability to use a wide pH range,
solubility in both aqueous and organic solvents and short reaction time. However, both are also
useful in determining the antioxidant activity of natural products, provided that pigments, which
cause interferences in the colorimetric spectrum assay (Awika et al., 2003) are not present.

The phenolic compound content and antioxidant activity as measured by ABTS and
DPPH and the isoflavone aglycones and equivalent antioxidant capacity measured by the
method of DPPH showed significant positive correlations (Table 4). The same was observed by
Emmons & Peterson (1999). Thus, it was observed (Table 4) that the higher the content of
phenolic compounds, the greater the antioxidant capacity determined by the ABTS method and
the higher the isoflavone aglycone equivalents, the more antioxidant activity was determined by
DPPH. The analysis of all varieties of soybean investigated by Sung et al. (2010) also showed
significant positive correlations between antioxidant capacity measured by DPPH and FRAP
methods and isoflavone (r = 0,92** and 0.84**, respectively). The same authors also noted a
correlation between high antioxidant activity by DPPH and the total phenolic compounds (r =
0,97 **). However, Sakthivelu et al. (2008) observed that antioxidant activity (DPPH) in 11
soybean varieties was not correlated with the total content of isoflavones and that a low
correlation was observed with the total phenolic compounds due to the low isoflavone aglycone

content (<5% of the total isoflavone).

4. Conclusions

In soybean cotyledons, a 144 h, 35°C and 100% relative humidity germination process
resulted in a higher content of phenolic compounds and isoflavones and higher antioxidant
capacity by ABTS and DPPH methods. The antioxidant capacity by ABTS and phenolic
compounds and antioxidant capacity by DPPH and isoflavones in aglycone equivalents showed
a positive correlation. Thus, soybeans germinated under these conditions can be recommended
as an alternative source of soybeans containing high levels of phenolic compounds and

isoflavones.
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370  Table 1. Total isoflavone in aglycone equivalents of the components of germinated and

371 non-germinated soybean.

Total isoflavones
Samples
(mg AE 100 g1)?
Germinated soybeans Epicotyls 127.28 +2.18°
Hypocotyls 42.80 + 0.60"
Radicles 41.49 +0.09°
Cotyledons 158.79 £ 1.642
Non-germinated soybeans 148.30 £ 0.17"

372 IMean + standard deviation aglycone equivalents and expressed as mg AE 100 g™* on a dry basis. Different letters in

373 the same column represent a significant difference by the Tukey test at 5% probability.
374
375  Table 2. Phenolic content of the different components from the non-germinated and

376 from germinated soybean embryonic axis.

Phenolic Compounds

Sample .

(mg GAE 100g™")

Germinated soybeans Epicotyls 308.93 £ 3.77°
Hypocotyls 227.93 + 1.00°

Radicles 398.43 + 18.77°

Cotyledons 570.88 + 28.802

Non-germinated soybeans 204.73 + 5.80°

377 “Average of three replicates + standard deviation and expressed as mg Gallic Acid Equivalents 100 g™ on a dry basis.

378 Different letters in the same column differ by the Tukey test at 5% significance.

379
380 Table 3. Antioxidant capacity measured by DPPH and ABTS methods of non-

381  germinated soybeans and components of the embryonic axis of germinated soybeans.

Samples ABTS? DPPH*
Germinated soybeans  Epicotyls 3,89 + 0,06" 2,66 + 0,10
Hypocotyls 2,37 + 0,05 1,10 + 0,08°
Radicles 2,95 £ 0,00° 2,78 £ 0,05
Cotyledons 5,99 + 0,26° 3,24 +0,19°
Non-germinated soybeans 2,52 +0,06° 2,89 +0,01°

382 Yumol Trolox g in dry basis + standard deviation. Different letters in the same column represent a significant

383 difference by the Tukey test at 5% significance.
384
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Table 4. Correlation coefficients between the phenolic content, antioxidant capacity and

content of soy isoflavones in non-germinated and the components of the embryonic axis of

germinated soybeans.

Phenolic
DDPH ABTS Isoflavones
Compounds
Phenolic Compounds 0,53 0,88° 0,27
DDPH 0,53 0,65 0,65
ABTS 0,88° 0,55 0,62
Isoflavones 0,27 0,65 0,62

ISignificant values at p<0,05. “Significant values at p<0.001.
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6. CONCLUSOES

O rendimento de B-glicosidase de cotilédones de soja germinada com luz por
96 h foi maior que o do epicotilo.

A maior atividade especifica de B-glicosidase ocorreu nos epicétilos de soja
germinada com luz por 144 h, sendo recomendados como fonte alternativa
desta enzima.

Os cotilédones de soja germinada por 144 h resultaram em 91,05% de
isoflavonas agliconas daidzeina e genisteina e 8,95% da forma glicosidica
genistina, enquanto que o hipocoétilo e radicula, embora em baixas
concentracdes, resultaram 100% das trés formas de isoflavonas agliconas.

A maxima extracdo de B-glicosidase de epicétilos de soja germinada ocorreu
a 30°C e pH 5,0, na presenca de tamp4&o citrato de sédio 0,1 mol L™ e NaCl
0,1 mol L™,

A extragdo das diferentes formas de isoflavonas foi otimizada, sendo que os
melhores extratores para malonilglicosidicas e totais foi 4gua, acetona, etanol
(2:1:1; viviv), para as glicosidicas, agua, acetona e acetonitrila (2:1:1; v:v:v), e
para as agliconas, 4gua e acetona (1:1; v:v).

A maxima conversao de isoflavonas glicosidicas em agliconas foi de 98,7%
em farinha de cotilédone de soja desengordurada e ocorreu em pH 7,00 ou
pH 7,61, a 35°C por 14 h.

O cotilédone de soja germinada por 144 h e 35°C apresentou maior teor de
compostos fendlicos e isoflavonas, e maior capacidade antioxidante avaliados
pelos métodos DPPH e ABTS.

Uma correlagdo positiva foi confirmada entre a capacidade antioxidante por
ABTS e o teor de compostos fendlicos, bem como entre a capacidade
antioxidante por DPPH e isoflavonas em equivalente agliconas.
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TRABALHOS APRESENTADOS EM EVENTOS CIENTIFICOS



Atividade da B-glicosidase em extratos protéicos de soja comercial
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Palavras-chave: soja, B-glicosidase, isoflavonas, enzima.
Resumo:

As isoflavonas sdo compostos fendlicos presentes principalmente na soja e
em seus derivados. Embora formas glicosiladas estejam em maiores
propor¢des no grao de soja, as formas agliconas apresentam maior atividade
biolégica. A enzima B-glicosidase hidrolisa as isoflavonas glicosidicas e
produz as agliconas que possuem acéao anticarcinogénica e antioxidante. O
objetivo deste estudo foi determinar a atividade da B-glicosidase em cinco
extratos protéicos de soja comercial. Os extratos protéicos foram
acidificados com solu¢cdo de HCI 0,1N até pH 5,0, centrifugados e o
sobrenadante utilizado para determinagdo do teor de proteinas sollveis e
atividade da enzima. O teor de proteinas soltveis variou de 2,75 a 4,60
mg/mL e duas amostras nao diferiram entre si (p<0,05). A atividade da
enzima diferiu significativamente (p< 0,05) em todas as amostras analisadas
e variou de 0,38 a 0,97 UA/mg de proteinas.

Introducao

As isoflavonas sdo compostos fendlicos presentes principalmente na soja e
em seus derivados. O grdo de soja contém quatro diferentes formas de
isoflavonas que se apresentam normalmente como glicosiladas (daidzina,
genistina e glicitina); acetilglicosiladas (acetildaidzina, acetilgenistina e
acetilglicitinna); malonilglicosiladas (malonildaidzina, malonilgenistina e
malonilglicitina) e na forma estrutural ndo-conjugada como agliconas
(daidzeina, genisteina e geliciteina) (KUDOU, et al., 1991).

Embora as formas glicosiladas estejam em maior propor¢ao no grao
de soja, a daidzina e genistina apresentam menor atividade bioldgica do que
suas formas agliconas genisteina e daidzeina (RIBEIRO, et al., 2007)

As isoflavonas se comportam como estrogenos na maioria dos
sistemas biologicos, especialmente em sintomas da menopausa e
osteoporose (LIGGINS at al., 2000). Em adicdo, a sua atividade anti-
estrogénica, estes compostos possuem outras propriedades, principalmente
antitumoral (LIGGINS et al., 2000), antioxidante e antimutagénica
(MIYAZAWA et al., 1999).

As isoflavonas quando consumidas, s@o hidrolisadas pelas pB-
glicosidases intestinais e convertidas a agliconas que sdo biologicamente
ativas e estas sdo absorvidas ou fermentadas pela flora intestinal produzindo
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seus metabdlitos como genisteina, daidzeina e gliciteina. Devido a
importédncia dessa enzima, o objetivo deste trabalho foi determinar a
atividade de B-glicosidase de cinco extratos protéicos de soja comercial.

Materiais e Métodos
Matéria prima

Os extratos protéicos de soja, extrato aquoso de soja ou “leite de soja” foram
obtidos no comércio local. Todas as amostras apresentavam-se em
embalagem de 1L tipo Tetra Pak. O cotilédone da cultivar soja BRS 257 foi
utilizada como controle do extrato protéico sem tratamento térmico.

Procedimentos analiticos

Todas as analises foram realizadas em triplicata e os reagentes utilizados de
grau analitico.

Determinacéo da atividade de B-glicosidase

O volume de 150mL dos extratos protéicos de soja na forma de emulsdo
aquosa foi acidificado com solugdo de HCI| 0,1N até atingir pH 5,0 e
posteriormente centrifugado sob refrigeracdao (Jouan BR 4i) a 4000 x g a
4°C por 15 min. No sobrenadante determinou-se a atividade de B-
glicosidase utilizando o substrato p-nitrofenol-B-glucopranosideo (p-NPg)
conforme Matsuura e Obata (1993).

Os resultados foram expressos em Unidade de Atividade de enzima
por miligrama de proteina (UA/mg). Uma UA de B-glicosidase foi definida
como quantidade de enzima que liberou 1uM de p-NP/mim nas condi¢des de
ensaio.

Determinacé&o do teor de proteinas soluveis
O teor de proteinas soluveis do sobrenadante foi determinado segundo
método de Lowry et al. (1951). Os resultados foram expressos em
miligramas de proteinas por mililitro de amostra (mg/mL).
Anélises estatisticas

As analises estatisticas foram feitas utilizando o software BioEstat 5.0
(Inst. Mamirua). Os resultados foram comparados utilizando o teste de Tukey
(p<0,05).
Resultados e Discussédo

A Tabela 1 apresenta o teor de proteinas solluveis do sobrenadante de cinco
extratos protéicos de soja comercial e da cultivar BRS 257.
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Tabela 1 — Teor de proteinas soluveis de cinco extratos protéicos de soja
comercial e da cultivar BRS 257.

Amostra Teor de proteinas soluveis (mg/mL)
BRS 257 3.20 £ 0.09
X 2.80 + 0,06°
X 2,75 +0.20°
X1 4,30 £0.20°
X1I 3.40 £ 0.10°
XIII 4,60 +0,10*

Valores representam media + desvio padrao de unidade de atividade enzimatica por miligrama de proteina (UA/mg)
Médias na mesma coluna seguidas de letras diferentes diferem significativamente (p<0,05)

O teor de proteinas soluveis de trés extratos protéicos de soja
comercial (Tabela 1) diferiu ente si (p<0,05) e dois extratos apresentaram o
mesmo teor e menor que os outros trés extratos. Entretanto, todos extatos
apresentaram teor de proteinas conforme os padrées da RDC N°. 268, de 22
de setembro de 2005, que estabelecem como valores normais de
concentracdo de proteinas em extratos de liquidos de soja o minimo de 3%
(BRASIL, 2005).

A Tabela 2 apresenta a atividade da B-glicosidase de cinco extratos
protéicos de soja comercial e da cultivar BRS 257.

Tabela 2 — Atividade da enzima B-glicosidase de cinco extratos protéicos de
soja comercial e da cultivar BRS 257.

Amostra UA/mg
BRS 257 3.10 = 0.01
X 0.46 + 0.01°
X 0.38 + 0.05°
XI 0.86 + 0.01°
XII 0.80 = 0.00°
XIIT 0.97 £ 0.01°

Valores representam média + desvio padrdo de unidade de atividade enzimatica por miligrama de proteina (UA/mg)
Médias na mesma coluna seguidas de letras diferentes diferem significativamente (p<0,05)

Observa-se que a atividade da enzima diferiu significativamente em
todas as amostras e variou de 0,38 a 0,97 UA/mg de proteina. As atividades
da B-glicosidase dos cinco extratos protéicos comerciais ndo foram
relacionadas com o teor de proteinas soluveis destas amostras. Ribeiro
(2006) observou que em temperatura de 50°C, houve uma reducdo na
atividade da enzima na ordem de 91% apés vinte minutos de incubacéo e
em temperatura superior a 60°C, a mesma apresentou baixa estabilidade,
com reducao de 95% de atividade apds cinco minutos de incubacédo. Este
fato pode estar relacionado com baixa atividade da enzima dos extratos, que
previamente foram submetidos ao processo de pasteurizacdo UHT. Desta
forma, se os extratos protéicos de soja comercial contém isoflavonas
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glicosiladas, estas serdo pouco hidrosiladas a agliconas devido a baixa
atividade da prépria B-glicosidase dos extraros.

Conclusoes

Todos os extratos protéicos de soja comercial apresentaram baixa atividade
de B-glicosidase que variaram significativamente entre si (p<0,05).

Nao houve relagdo direta entre o teor de proteinas sollveis e
atividade da B-glicosidase nos extratos protéicos de soja comercial.
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Introdugéo Resultados e Discussido

As isoflavonas tém sido amplamente descritas devido a
suas afividades biolégicas. Podem possuir atividade
estrogénica?, antioxidante® e antitumoral®* com atuagdo em
doengas cronicas como cardiovasculares® e osteoporose?.
Estas atividades biologicas sao mais acentuadas nas formas

agliconas do que glicosiladas. Produtos Proteinas

Tabela 1: Teor de proteinas sollveis e atividades especificas
de B-glicosidase de produtos comerciais de soja

Atividade B- Atividade

Em adultos, a concentracdo plasmatica maxima apos a ; glicosidases Especifica
. = . d de Soja mg/g
ingestdo de agliconas da soja ocorre entre 4 e 7 h. Sua {UA) (UA/mg)
absorgéo é rapida no estdbmago, duodeno e por¢éa inicial do ESS-I 3,14+0,28b 1,27+0,12b 0,4
Guies necesstam e Nréies préve para postrar  ESST 34404 070M001 02
' | c d
absorgao pelo intestino delgado distal®. A hidrélise ocorre ESSHI 2,540,12 0,78:0,04 0.3
pela agdo de PB-glucosidases produzidas na microbiota ESS-V 2,16+0,16° 0,45+0,022 02
intestinal”. PTS 2,52+0,18¢ 0,82+0,044 0,3
- 1A251 )[S-QI‘Ltc?sidasesh‘(dﬁ-'El)‘-glu;osl_ideo_ glugohli_droI%sfe, Eg). SGN 4.86+0,08° 1,04+0,04¢ 0.2
.2.1.21) catalisam a hidrélise de ligagdes p-glicosidicas de b a
di efou oligossacarideos, ou outros conjugados glicosidicos, BRS 257 3.2020,09 6,2020,01 2.0
com liberagéo de glicose. E produzida por microrganismos e Os valores representam média -+ desvio padréo. ‘ o
também encontrada em Vegetais 1. Médias na mesma coluna seguidas por letras diferentes, diferem significantivamente (p <05).
O objetivo deste frabalho foi determinar a atividade de B-
glucosidases de produtos comerciais & base de soja. O extrato do gréo in natura (SGN) apresentou maior teor
de proteinas sollveis e diferiu significativamente de outras
amostras. Porém, a atividade de f3-glicosidades foi menor do
Material e MétOdOS que no extrate de cofilédones de soja BRS-257 e o extrato
Foram analisadas quatro produtos comerciais de extrato sclivel de soja comercial ESS.
solivel de soja de diferentes marcas (ESS-1 a ESS-V), uma A atividade de B-glicosidade foi maior na amostra controle
amostra comercial de proteina texturizada de soja granulada (BRS-257) devido & auséncia de tratamentos térmicos, que
(PTS), uma amostra de soja em grédo in natura (SGN). As geralmente feitos durante os processos de produgio destes
amostras comerciais foram comparadas a andlise do extrato produtos comerciais de soja. )
bruto de cotilédones da cultivar de soja BRS 257. Observa-se que o extrato ESS-I apresentou maior teor de
Para a extragdc de B-glicosidases foi utiizado tamp&o proteinas e atividade de B-glicosidades com conseqiente
fosfato de sédio 0,1M, pH 8,6 na proporgdo de 1:10 atividade especifica maior. Indicando, assim que para
(pesoivolume), com agitacdo por 1h e centrifugacio a 4000 predugdo deste extrato, o tratamento térmico foi diferenciado
g /15 min. O sobrenadante foi acidificado com HCI 0,1 N até dos demais ou hé ossibilidade de presenga de isoenzimas com
atingir o pH 5,0 e novamente centrifugado nas mesmas maior estabilidade a tratamento térmico.
condi¢tes. O sobrenadante obtido e denominado de extrato
bruto (EB) de B-glicosidases foi utilizado para analises. Concluséao
O teor de proteinas scliveis foi determinado conferme L ) i
Lowry et al. (1951)5. Para determinag&o de atividades de (- Se as amostras comerciais analisadas possuirem
glicosidases, foi utilizado o substrato sintético p-nitrofenil-g- isoflavonas glicosiladas, estas serdo pouco hidrolizadas
glucopiranosideo (p-NPG) conforme descricdo de Matsuura a agliconas devido a baixa atividade de B-glicosidase.
e Obata (1893)2,
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METHODOLOGY

INTRODUCTION Soybean (cultivar BRS 257) seeds were germinated following the standard medel, utilizing
two germination chambers {(one with photoperiod of 10h of light and the other without light) at the
temperature of 35 °C and relative humidity of 100% for different periods (72, 96, 120, 144 and 168

Iscflavones are compounds with benefits for human health and they are the mainly
forms of glycosides in vegetables. B-glucesidase (B-D-glucoside glucohydrelase, E.C.
3.2.1.21) hydrolyses B-D-glucosides releasing glucese and aglicone isoflavones. These kind
of isoflavenes have higher biclogic effect in humans than glucesidics forms of isoflavones. B-

h). The radicles appeared at 72h. They were separated at each experimental time and freeze-dried.
B-glucosidase from the radicles was extracted with citrate buffer containing MaCl (0,1M, pH 4.,5).
Soluble protein content was determined as described by LOWRY, et, al. {1951) and expressed as

glucosidase is also used to convert glicosidics isoflavones into aglicones. These B-
using p-

activity was

gram per 100 gram of sample in dry basis (%). p-glt

nitrophenyl-b-D-glucopiranoside as substrate, as described by Matsuura and Obata (1893) and

The aim of this work was to investigate the B-glucosidase activity in soybeans radicles during B} . ) ) ) )
expressed as units of activity per gram of sample in 30 minutes in dry basis (UA.g".30min"). B-

168 h of germination with and without light to obtain an aktemative source of enzyme glucosidase specific activity was the ratic between B-glucosidase activity and soluble protein content

glucesidases could be originate from the metabolism either of fungi or bacteria or soybean. .

and it was expressed as UA per milligram of soluble protein (UA.mg-)..
B AR Aa R A RAEARARARAG R AAA AR ASAG AR RN AR AR ARG ARG R AR RS RARRARAN AR ARAARARASRARRRAARARARARAARARARAaRRRaa

RESULTS AND DISCUSSION

Fig. 2: Protein content! and B-glucosidase activity? in dry basis of radicles

In soy seeds cotyledons before germination, the protein content
was 15.36% , the B-glucosidase activity was 4,399.17 UA.g.30min’ in different periods of germination without light

EEEEFEE TS
H

prp—— -

land 0.97 UA.mg! of soluble protein in dry basis. The Figures 1 and 2
show the protein content and enzyme activity of radicles in different

N

n

times of germination.

NIt

Fig. 1: Protein content! and B-glucosidase activity? in dry basis of radicles

= o e
Germination time (h) '

in different periods of germination with light. Erevma sctty roen

P T = -515:0 + 4258 - 034 + 9213 y=-2.189¢° + 18.84x7 ~ 45.59 + 38.75
2200000 o R?=0,831 Ri=1
2000000 By . 1200 1 Protein content: expressed as %
300000 1000 2 B-glucosidase activity: expressed as UA g7.30min"
so00m0 . . . . \ :: In cotyledons of seeds before germination, the B-glucosidase specific
” " Eerminationtime (h) " s activity was 0.97 UAmg? of soluble protein in dry basis. In radicles of
Enzyme activity Protein | germinated seed, the specific activity of B-glucosidase increased from 72h of
y=-2652x>+ 22352%? - 52282x% + 37273 y=-0.303x3 + 3.202x? — 11.69x + 20.01
Ri=0.757 R2=0723 growth and achieved its highest level of enzymic activity at 144h of experiment
1 Protein content: expressed as %
2 -glucosidase activity: expressed as UA.g.30min"! in samples germinated under light and 120h in samples without light (Table 1).
In seeds light germinated, B-glucosidase activity increased from Table 1: B-glucosidase specific activity in dry basis of radicles in different
72h of growth and presented the maximum activity at 144h (19,333.36 times of germination with and without light (UA.mg").
UA.g1.30min-") (Fig. 1). Similarly, in samples germinated without light GeTrlnr::?':l,on With light Without Light
(Fig. 2), B-glucosidase activity increased from 72h to its maximum 72 0.83:t0.12 1292021
activity at 144h (9,018.84 UA.g"".30min""), thus approximately half value 96 1,724 0,63 3,27£1,03
. . - 120 1,50+ 0,01 4,02+ 0,65
of those grown under light. At 168h, the B-glucosidase activity started to 144 7,58+ 3,79 2,23£0,92
decline in both types of experiment. 168 1,57+ 0,62 2,174 0,16
#5688 0088S0S008SS0000SSESANSESEa NSNS SS NSNS aANANSASASSNaNaANANSaAsSNasANSaSAaAsRRaARARSaR RN aERERSS
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Resumo:

Isoflavonas sdo compostos fendlicos que possuem acéo anticarcinogénica e
antioxidante. As formas glicosiladas se apresentam em maior quantidade no
grdo de soja, porém suas formas agliconas possuem maior atividade
biolégica. A enzima B-glicosidase hidrolisa as isoflavonas glicosidicas e
produz as agliconas. O objetivo deste estudo foi determinar a atividade da [3-
glicosidase e o teor de proteinas soluveis nos diferentes componentes do
grao de soja e estimar as atividades especificas visando a extracdo da
enzima para posterior aplica¢do. Os grdos foram hidratados por 15 min em
agua ultra-pura, e os cotilédones, hipocétilos e cascas foram separadas,
secas ao ar e triturados. Para extracdo da enzima, foi utilizado tampéo
citrato-citrato 0,1 M pH 4,5 em NaCl 0,1 M por uma hora com agitacéo, e
posterior centrifugagdo a 4000 x g por 15 min. No sobrenadante foi
determinado o teor de proteinas soliveis e atividade da B-glicosidase
utilizando o substrato p-nitrofenil-g-D-glucopiranosideo. O teor de proteinas
solaveis foi significativamente (p<0,05) diferente entre os trés componentes
analisados e variou entre 24,8 mg/g (casca) e 142,32 mg/g (hipocétilo). A
atividade da p-glicosidase também diferiu significativamente (p<0,05) nos
trés componentes do grdo de soja e variou de 16,75 UA/g (casca) a 68,51
UA/g (cotilédone). A atividade especifica, uma medida de pureza da enzima,
variou de 0,41UA/mg (casca) a 0,92UA/mg (grdo inteiro) e apresentou
diferenca estatistica (p<0,05) entre todos os componentes do gréo de soja.

Introducdo

As isoflavonas B glicosidicas sdo formas comuns de fitoestrégenos, sendo
predominantemente encontradas em leguminosas e especialmente
abundantes na soja (THAM, et al., 1998) e é um dos substratos da B-
glicosidase. O grédo de soja contém quatro diferentes formas de isoflavonas
que se apresentam como glicosiladas; acetilglicosiladas; malonilglicosiladas
e na forma estrutural ndo-conjugada como agliconas (KUDOU, et al., 1991).
As isoflavonas glicosidicas como, genistina e daidzina, possuem
menor atividade biolégica do que suas formas agliconas como as genisteina
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e daidzeina, e sdo as principais formas encontradas no grdo de soja,
constituindo de 50 a 90% dos flavondides em farinha de soja (ELDBRIDGE,
1982;).

A B-glicosidase catalisa a hidrélise de terminais ndo redutores de
compostos contendo residuos de B-D-glicose, como isoflavonas glicosiladas,
liberando glicose (ESEN, 1992). Em humanos, a hidrolise de isoflavonas
presentes na soja ocorre pela acdo da B-glicosidase produzida pela flora
intestinal (LIGGINS et al, 1998). Devido a importancia dessa enzima, o
objetivo deste trabalho foi determinar a atividade de B-glicosidase e o teor de
proteinas sollveis nos diferentes componentes do grdo de soja da cultivar
BRS 257 e estimar as atividades especificas visando a extracdo da enzima
para posterior aplicacao.

Materiais e métodos
Matéria prima

Foram utilizados graos de soja, Glycine Max L, cultivar BRS-257,
desenvolvida na Vitrine Tecnolégica da Fazenda Experimental da Embrapa
Soja em Londrina-PR.

Procedimentos analiticos

Todas as andlises foram realizadas em triplicata e os reagentes utilizados de
grau analitico.

Extracdo e determinacéo da atividade de B-glicosidase

10 g de gréos de soja da cultivar BRS 257, foram hidratados com 100 mL de
agua ultra-pura por 15 min. Posteriormente os cotilédones, hipocétilos e
cascas do grdao de soja foram separados, secos ao ar e triturados Para
extracdo da enzima, foram utilizados 150 mg de amostras com tampao
citrato-citrato 0,1 M pH 45 em NaCl 0,1 M, na propor¢do 1:15
(massa:volume) com agitagdo por uma hora. Em seguida, foram
centrifugadas (centrifuga Jouan, modelo BR 4i) a 4000 x g a temperatura de
25°C por 15 min. Realizaram-se o mesmo procedimento de hidratagéo,
trituracdo e extragdo para o grao inteiro.

Nos sobrenadantes e na agua ultra-pura, determinou-se a atividade de
B-glicosidase utilizando o substrato p-nitrofenol-g-glucopranosideo (p-NPg)
conforme metodologia descrita por Matsuura e Obata (1993).

Os resultados foram expressos em unidade de atividade (UA) de
enzima por grama de amostra em base seca (UA/g). Uma UA de B-
glicosidase foi definida como quantidade de enzima que liberou 1 uM de p-
NPg/mim nas condi¢des de ensaio.

Determinagéo do teor de proteinas soluveis
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O teor de proteinas soltveis foi determinado segundo método de Lowry et al.
(1951) utilizando albumina de soro bovino como padrao. Os resultados foram
expressos em mg de proteinas solluveis/g de amostra em base seca.

Atividade especifica

Foi expressa como relagédo entre a atividade da enzima e o teor de proteinas
soluveis, UA/mg

Anélises estatisticas

O teste de Tukey (p<0,05) foi aplicado para comparagdo de médias e
utilizou-se o software Statistica 7.0 (StatSoft, 2007).

Resultados e Discussao

A atividade da B-glicosidase, o teor de proteinas sollveis e a atividade
especifica da B-glicosidase dos diferentes componentes da cultivar BRS 257
estdo apresentadas na Tabela 1.

O teor de proteinas soluveis diferiu significativamente (p<0,05), sendo o
maior teor (142,32 mg/g), encontrado no hipocétilo e o menor teor, nas
cascas (24,80 mg/g). A analise da agua de hidratacdo dos grdos de soja
demonstrou que a perda de proteinas soltveis nao foi significativa.

Tabela 1 — Atividade de B-glicosidase, teor de proteinas soluveis e
atividade especifica de B-glicosidase no grao integral, cotilédones,
hipocétilos e cascas da cultivar BRS 257 em base seca.

Atividade de B- B Atividade

Cori\g:r;een;e;do glicosidase solg\r’ztiz:s/ ) especifica

g j (UA/g) 9’9 (UA/mg)
Grao inteiro 49,92 + 0,10° 54,53 + 0,05° 0,92 £ 0,00°
Cotilédone 68,51 £ 2,23? 86,37 £ 5,44° 0,80 £ 0,05°
Hipocétilo 59,79 £ 2,19° 142,32 + 1,25° 0,41 £ 0,01¢
Casca 16,75 + 0,00¢ 24,80 + 1,27¢ 0,68 + 0,03¢

Valores representam media + desvio padrao de unidade de atividade enzimatica por grama de parte morfologica

base seca (UA/g)
Médias na mesma coluna seguidas de letras diferentes diferem significativamente (p<0,05) pelo teste de Tukey

As atividades de enzima variaram significativamente de 16,75 UA/g
(cascas) a 68,71 UA/g (cotilédones). Os componentes com maior teor de
proteinas solluveis ndo apresentaram necessariamente maior atividade da
enzima B-glicosidase. A atividade de enzima na agua de hidratacdo foi
considerada desprezivel e abaixo dos limites de quantificacdo da técnica
utilizada

Com relagdo ao grdo inteiro, Ribeiro et al (2007) observaram uma
variagdo na atividade de p-glicosidase de 61,10 a 88,97 UA/g entre
diferentes cultivares em diferentes grupos de matura¢do. Os valores se
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apresentaram proximos aos obtidos neste experimento para a cultivar BRS
257.

De acordo com a Tabela 1, a atividade especifica, uma medida de
pureza da enzima, variou de 0,41 UA/mg (casca) a 0,92 UA/mg (gréo
inteiro). Apesar de o gréo inteiro ter apresentado a maior atividade
especifica, o cotilédone apresentou atividade 1,37 vezes maior que o grédo
inteiro e a segunda maior atividade especifica (0,80 UA/g).

Conclusdes

Assim, para obtencdo desta enzima para aplicagcdo, seria conveniente a
utilizacdo dos cotilédones ou do grdo inteiro para extracdo, ja que os
componentes analisados apresentaram maior atividade de B-glicosidase por
grama de amostra e a maior atividade especifica respectivamente.
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Resumo

As formas agliconas das isoflavonas de soja sdo as que apresentam melhor
biodisponibilidade no organismo. As p-glicosidases, provenientes do
metabolismo de microorganismos ou do grdo da soja, convertem as formas
glicosiladas das isoflavonas em agliconas. Na metodologia usual para a
determinacdo da atividade dessas enzimas sédo utilizadas aliquotas de 0,5
mL de amostra e para determinacao de proteinas solluveis sao utilizadas
aliquotas de 1,0 mL. Ambos os volumes séo elevados em relagdo a amostra
total obtida durante uma extragdo. Com isso, o objetivo desta pesquisa foi
adequar a metodologia usual utilizando volumes reduzidos de 0,1 mL, 0,2
mL, 0,25 mL e 0,3 mL de amostra para atividade enzimatica e volumes de
0,2mL e 0,3 mL e 0,5mL de amostra para proteinas sollveis. Para a
determinacdo da atividade de B - glicosidase foi utilizado o substrato p-
nitrofenil-B-D-glucopiranosidio (p-NPG) e para determinag¢do de proteinas
soluveis foi utilizado a albumina de soro bovino como padrédo. Para avaliar o
desempenho da adequac¢do do método, foi utilizado teste de tukey (p<0,05).
Para as analises de atividade enzimatica, ndo houve diferenca significativa
(p=>0,05) entre as amostras de volumes 0,1 mL, 0,2 mL, 0,25 mL e 0,3 mL.
Ja na determinagdo de proteinas soluveis houve diferenga significativa
(p<0,05) nas amostras de 0,2mL e 0,3 mL e somente o volume de 0,5mL
ndo demonstrou interferéncia na metodologia usual.

Introducédo

As isoflavonas agliconas sdo as formas que possuem maior efeito
biolégico no organismo e por isso, muitos estudos sdo direcionados a
biotransformacao das formas glicosiladas em agliconas por meio da enzima
B-glicosidase. Esta enzima é resultado do metabolismo de microorganismos
(fingico ou bacteriano) ou pode ser encontrada no préprio gréo de soja
(PARK et al,2001).
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Para determinacdo da atividade da enzima B-glicosidase, utiliza-se a
metodologia descrita por Matsuura e Obata (1993). Nesta metodologia
utilizam-se aliquotas de 0,5mL de amostra, que séo relativamente elevadas
em relagdo a amostra total obtida em uma extragdo, principalmente se for
aplicado para acompanhar um processo de purificagdo da enzima que
envolve varias etapas e quantificagdes.

Assim, o objetivo deste estudo foi adequar a metodologia de
determinagdo de atividade da enzima pB-glicosidase utilizando volumes
reduzidos de amostras e avaliar também o desempenho do método.

Materiais e métodos
Matéria prima

Foram utilizados gréos de soja Glycine max L,cultivar BRS-257,desenvolvida
na Vitrine Tecnolégica da Fazenda Experimental da Embrapa Soja em
Londrina-PR.

Preparo da amostra

Os graos foram selecionados, para a remog¢do dos danificados ou
manchados e de matérias estranhas. Em seguida, foram separadas as
cascas, os cotilédones e os hipocétilos. Os cotilédones foram moidos e
utilizados para a extragcdo da enzima B-glicosidase.

Extracédo

Para extracdo de B-glicosidase foi utilizado tampéo fosfato de sédio, 0,1 M
pH 6,6 na propor¢dao 1:10 (peso/volume), com agitagdo por 1 hora. Em
seguida a mistura foi centrifugada a 4000 g por 15 minutos. O sobrenadante
foi acidificado com HCI 0,1 N até atingir o pH 5 e novamente centrifugado
nas mesmas condi¢cdes. O sobrenadante obtido foi denominado de extrato
bruto de B-glicosidase.

Determinacéo da atividade de B-glicosidase

A determinacdo da atividade de p-glicosidase foi feita conforme o
procedimento descrito por Matsuura e Obata (1993). Para reduzir o volume
da amostra utilizada durante as analises foi testado o desempenho do
método utilizando volumes reduzidos de amostra (0,1 mL ; 0,2 mL; 0,25 mL
e 0,3 mL). Proporcionalmente, foram reduzidos também os volumes das
outras solugdes utilizadas durante a analise (p-NPG e Na,CO;). Foi feita a
analise da atividade enzimatica utilizando o volume usual (0,5 mL) para
comparac¢do.Os resultados foram expressos como nivel de atividade de B-
glicosidase, ou seja, unidade de atividade (UA) por gramas de cotilédones
moidos em base seca.
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A determinagdo de proteinas soluveis foi feita segundo a metodologia
descrita por Lowry, et al. (1951) utilizando volumes reduzidos de amostra de
0,2 mL; 0,3 mL e 0,5 mL; comparando-os com o volume original do
método(1,0 mL). Os resultados foram expressos em mg de proteina soluvel
por g de amostra em base seca.
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Determinagéo de proteinas soluveis

Procedimentos analiticos

Para avaliacdo da metodologia, foram realizadas 5 repeticées em triplicata
para todas as analises de proteinas soluveis em dias diferentes, totalizando
15 repeticdes de cada volume reduzido. Ja para determinac¢do de atividade
enzimatica, foram realizadas 4 anadlises em triplicata em dias diferentes,
totalizando 16 repeticGes para cada volume e uma analise em triplicata para
confirmacéo dos resultados. Os reagentes utilizados foram de grau analitico.

Anélise Estatistica

Os dados foram analisados e a comparacéo das médias foi feita através do
teste de Tukey em nivel de 5% de probabilidade utilizando o software
Statistica 8.0 (StatSoft, 2007).

Resultados e Discussao

A Tabela 1 apresenta a atividade de B-glicosidase utilizando volumes
reduzidos. As amostras de volumes reduzidos utilizadas na determinag¢éo da
atividade de B-glicosidase, ndo apresentaram diferen¢a significativa entre si
(p>0,05), portanto, mostra-se vantajoso utilizar o menor volume e de 0,1 mL
de amostra para essa determinagao.

Tabela 1: Atividade de B-glicosidase utilizando volumes reduzidos

Volume de amostra (mL)

B-glicosidase (UA/g bs)

0,1
0,2
0,25
0,3
0,5

44,83%3,75°
44,93x1,54°
44,45x1,81°
43,71£3,14°
44,26+3,34°

Valores representam média + desvio padrao de unidade de atividade enzimatica por miligrama de proteina (UA/g
bs).Médias seguidas da mesma letra ,ndo diferem significativamente (p>005)

As amostras utilizadas para determinacdo de proteinas soluveis,
mostraram variacdo significativa (p<0,05) (Tabela 2), demonstrando
interferéncia do volume de amostra utilizado no resultado da metodologia
usual para volumes de 0,3 mL e 0,2 mL. Porém, para a amostra de volume
de 0,5 mL, ndo houve interferéncia no resultado da metodologia usual e
portanto, vantajoso o uso de volume menor.
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Tabela 2: Teor de Proteinas soluveis utilizando volumes reduzidos.

Volume de amostra (mL)

Proteinas soluveis (mg/g bs)

0,2

0,3

0,5
1

53,6+4,64 °¢
51,74+2,95°
55,54+3,66°°
58,042 55°

Valores representam média + desvio padrdo de unidade de atividade enzimatica por miligrama de proteina (mg/g
bs)Médias na mesma coluna seguidas de letras diferentes diferem significativamente (p<0,05)

Os resultados da Tabela 3 confirmam que né@o houve diferenca significativa

(p>0,05) entre os 5 volumes testados.

Tabela 3: Confirmacéo de resultados de atividade de B-glicosidase utilizando

volumes reduzidos.

Volume de Amostra (mL)

B-glicosidase UA/g bs

0,1
0,2
0,25
03
05

43,81+1.41°
44,98+1 442
43,85+1,08°
44 4+1,79°
43,99+1,60°

Valores representam média + desvio padrdo de unidade de atividade enzimatica por miligrama de proteina (UA/g
bs) Médias com a mesma letra ,ndo diferem significativamente (p>005)

Conclusoes

E vantajoso utilizar os volumes reduzidos de 0,1 mL para determinagéo de
atividade de B-glicosidase e de 0,5 mL para determinacdo de proteinas
soluveis, os quais ndo demonstraram interferéncia no resultado da
metodologia usual.
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INTRODUCTION
Isoflavones are compounds with benefits for human health and they are the mainly forms  glycosidics isoflavones into agly can be origi d from the
of glycosides in v bl; B-gl il {B-D-gl ide glucohydrolase, E.C. 3.2.1.21) bacteria, and cther different processing methodologies. The aim of this work was to investigate
hydrolyses B-D-glucosides releasing glucose and forming aglycone isoflavenes. The aglycone the B-glucosidase activity in soybeans Epicotyls during 168h of germination to obtain an

b

m of either fungi or

isoflavone is the most bi ilable form of the glycosides. B-glucosi that converts alternative source of enzyme for purification and application
METHODOLOGY
Soybean (cultivar BRS 257) seeds wers germinated following the standard model, utilizing two  of sample in dry basis (%) B-glucosidase activity was using p-nitrophenykb-D-

germination chambers (one with photopericd of 10h of light and the other without light} at the glucopirancside as substrate. as described by Matsuura and Obata (1993) and expressed as units of
temperature of 35 °C and relative humidity of 100% for different periods (72, 96, 120, 144 and 168 h). activity per gram of sample in 30 minutes in dry basis (UA.g"). f-glucosidase specific sctivity was the
The epicotyls appeared at 72h. They were separated at each experimental time and freeze-dried. B- ratio between P-glucosidase activity and soluble protein content and it was expressed as UA per
glucosidase from the samples was extracted with citrate buffer containing NaCl {0,1M, pH 4.5). Soluble  milligram of soluble protein (UA.mg).

protein content was determined as described by LOWRY, et. al. {1951) and expressed as g per 100 g
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RESULTS AND DISCUSSION
The specific activity (Table 1) was

Fig. 1: Protei tent' and g-gl id ch in dry basis of
@ ein content’ and f-glucosidase acthvily” in dry basis of .\ . ot 144n of light germination (8.69

epicotyls in different periods of germination with light.

In the cotyledons of soybean seeds

before germination, the protein content - o UA.g" SP), almost 9 times higher than the
was 15.36%, the B-glucosidase activity = 8000 0 cotyledons .
was 146,64 UA. g7 and the specific activity Em - Table 1: B-glucosidase specific activity in dry basis of
50 - i i 1
1 500 g radicles in different times of germination with and
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B-glucosidase activity Soluble protein content 168 3,00 + 0,420 3,44:0,62°

(3.84x10° UAg"; at 168 h, the B-
glucosidase acfivity started to decline (Fig.
1. Fig. 2: Protein content and B-glucosidase activity in dry basis of During the plant development, the
epicotyls in different periods of germination without light. photosynthesis can give some energefic
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In samples that were germinated

without light, the p-glucosidase activity - . adveniages for deveboomen of epcoty inko
increased from 72h to reach its maximum ?m “ Wrel Jeavas of plants rich In niragen,. This
activity at 96h (3.14x10° UAg"), and i <]  eivent=on confem aoelerzied growth slowhng
declined al 120 and 144h. It was observed i,... =& e plant(o become seffsuficlent quickly and
that activitity increased again at 168 h U » be _éble %o reapond to lenvmnme.nfal
@72610° UAg' with no significant v p i = " ! conditions. In plants, B-glucosidase activity
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difference when compared to 96h) (Fig. 2). B-glucosidase activity Soluble proteln content
¥ = 0,023x° - EAT6x’ + 969,dx - 32927 ¥ = -5E-D5x* 4 0,025x - 3,548x + 2012 mechanisms of defense against microbes,
R? = 0,761 R'=0,998 ’

insects and parasitic plants.
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Introduction
B-glucosidase (B-D-glucoside. glucohydrolase, E.C.3.2.1.21) hydrolyses P-D-glucosides
releasing glucose and foerming aglycone isoflavones that are more bioavailable than the
glycosides, Isoflavones are compounds with benefits for human health and they are the
mainly forms of glycosides in vegetables. The B-glucosidase could be originated from the
metabolism either of fungi or bacteria or vegetables as soybean. The aim of this work was to
investigate the B-glucosidase activity in soybeans hypocotyls and cotyledons during 168 h of
germination to obtain an alternative source of enzyme.

Methodology

Soybean (cultivar BRS 257) sceds were germinated following the standard model, utilizing two
germination chambers (one with photoperiod of 10h of light and the other without light) at the temperature
of 35 °C and relative humidity of 100% for different periods (72, 98, 120, 144 and 168 h). The hypocotyls
and cotyledons were separated at each germination time and freeze-dried. f-glucesidase from the
samples was exiracted with citrate buffer containing NaCl (0,1M, pH 4,5). Soluble protein content was
dstermined as described by LOWRY, et. al. {1951} and sexpressed as g per 100 g of sampls in dry basis
{%). B-glucosidase activity was determined using p-nitrophenyl-b-C-glucopirancside as substrate, as
described by Matsuura and Cbata (1993} and expressed as units of activity per gram of sample in 30
minutes in dry basis (UA.g7). B-glucosidase specific activity was the ratio between B-glucosidase activity
and soluble protein content and it was expressed as UA per milligram of soluble protein (UA.mg).
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Results and Discussion
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Fig. 1: Protein content and B-glucosidase activity in dry basis of cotyledons in different periods of germination
with light (1A} and without light (1B}

In cotyledons of soybean seeds before germination, the protein content was 15.36%,

the B-glucosidase activity, 145.64 UA.g" and the specific activity, 0.97 UA.g" SP.

The B-glucosidase activity from hypocotyls was higher at 72 h either in samples
germinated with (206,45 UA.g™") or without light (231,61 UA.g"") and started to decline at

96 h of germination in both treatments (Fig 1).

Differently, the g-glucesidase from cotyledons increased from 72 h of growth to present
the maximum activity at 144 h (317.11 UA.g™"). At 168 h the B-glucosidase activity started

to decline. 4

Table 1: B-glucosidase specific activity in dry basis of cotyledons and hypocotyls in
different germination times with and without light {UA.mg™).

Germination B-glucosidase specific activity (UA.mg?)
time{h) " Cotyledons " Hypocotyls ! '
With Light Without light ‘With Light Without light
72 1,37+ 0,36 1,68 0,11 0,53 £ 0,05 1,10+0,15
96 1,26+ 0,21 122 £ 0,09 1,83£0,33 1,720,002
170 1,35+ 0,12 1,33 +0,14 2,98 + 0,21 5,50 + 0,05
144 1,50+ 0,22 131+0,06 3,75+£057 3,29+0,19
168 1,14+ 0,16 107 £+0,10 14,50+ 1,83 2,85+£048

Malues with different superscript in the same column are significantly different at p<0.05
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Fig. 2: Protein content and B-glucosidase activity in dry basis of hypocotyls in different periods of
germination with light {2A) and without light (2B)

The specific activity (Table 1) was higher at 144h of light germination {2.16
UA.g' SP) for hypocotyls and at 72h of germination without light (1.68 UA.g?
SP) for cotyledons.

The cotyledons are the reserve of nutrients and during development the
photosynthesis can give some energetic advantages. This advantage confers
accelerated growth allowing the plant to become self-sufficient quickly and be
able to respond to environmental conditions.

In plants, B-glucosidase activity involves the mechanisms of defense
against microbes, insects and parasitic plants. This could explain why
germinated seeds without light have lower levels of B-glucosidase activity.

CONCLUSION
Enzyme activity of cotyledons at 144 h of light germination was 2.16 times
higher than befare germination and 1.37 times higher than hypecotyls germinated
without light, showing that cotyledons from soybean germinated with light over
144hwould be better than hypocotyls as a good source of B-glucosidase.
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IntrOd ugéo Tabela 1. Ensaios de extragéo da B-glicosidase do epicétilo de soja

A B-glicosidase catalisa a hidrlise de ligagdes B-glicosidicas de di cultivar BRS 257 germinado na presenca de luz por 144h, fungéo resposta

elou oligossacarideos, ou outros conjugados glicosidicos, como as observada(Y) e estimada(y).
isoflavonas, com liberagdo de glicose originando agliconas. E

comumente encontrada em vegetais como a soja ou produzida por Ensaios X1 X2 Y ¥
alguns tipos de microrganismos 1. de, . |Temperatifa [ 5y | Atlvidades. | Atividades
As isoflavonas da soja tém sido amplamente descritas devido a Extragao e (UA.min") | (YAmin')
suas atividades bioldgicas como, estrogénica, antioxidante e antitumoral 1 23 4,0 2.48 2,98
ou atuacdo em doengas como osteoporose2. As isoflavonas de fontes 2 23 50 807 7,32
vegetais sdo encontradas em sua grande maioria, na forma glicosilada, 3 * 8.20
porém a atividade bioldgica € mais acentuada na forma aglicona?. 3 23 8.0 7.96 2
Considerando a importancia desta enzima, o objetivo deste estudo 4 30 4,0 1,80 1,50
foi determinar a i~nﬂuéncia dos parémetr(_;s temperatura(X,) e pH(X,) na 5 30 5,0 5,81 5,83
etapa de extragdo por 40 min da B-glicosidase do epicotilo de soja 6 30 50 5 80 583
cultivar BRS 257 germinado na presenga de luz por 144h e 100% = - .
umidade relativa. Foi utilizado um planejamento experimental fatorial 32 7 30 5,0 5,78 5,83
com trés repeticdes no ponto central. As fungao resposta observada (Y) 8 30 6,0 6,49 6,70
e estimada (§) foram expressas como atividade de PB-glicosidase 1.99
S P T . 9 37 4,0 2,20 ,
(UA.min''). As andlises estatisticas foram realizadas com o software
Statistica 5.0. 10 37 [50] 564 6,30
11 37 6,0 7,62 7,16

Materiais e Métodos

Nas condigdes de ensaio, as melhores condigdes de extragéo da B-

— - Separagéo glicosidase do epicétilo de soja germinado na presenga de luz por 144h
Gréos de soja Germinagéo por 144h, das foi observada nos ensaios 2 e 3 onde os parametros temperatura(X,) e
BRS 257 com luz, 100 % umid. diferentes pH(X,) de extragdo, foram 23°C e 5,0, e 23°C e 6,0, respectivamente.
partes do Conforme pode ser observado na fig. 1 e previsto pelo modelo
= matematico.
| g&e |
EXTRAGAO de B-glicosidase @
Centrifugagéo: <: Tampao citrato-citrato em
4000 g/15 min NaCl 0,1M pH 4,0; 5,0 e
Nt 6,0. Temperatura(°C)

23,30e 37
Sobrenadante

1
-Extrato Bruto de Agitag&o: 40 min

B-glicosidase-
(EB) Matsuura e Obata (1993)°

Ativ. de B-glicosidase, utilizando
substrato sintético p-nitrofenil-B-
glucopiranosideo (p-NPG)

Resultados e Discussao

Figura 1: Superficie de resposta para atividade da B-glicosidase

Pela andlise de variancia (ANOVA), as varidveis independentes extraida em diferentes condi¢es de temperatura e pH

temperatura(X,) e pH(X,) foram significativos(p<0,05) sobre a atividade a

da enzima B-glicosidase. O modelo polinomial que melhor representou Conclusao

aatividade de B-glicosidase(Y) é dado pela equagio conforme segue: A atividade da B-glicosidase extraida a partir de epicétilos de soja

§= 5,82 - 0,50x, + 0,98x,2+ 2,59, - 1,72x,2 - 0,015x,x, (R?=0,9672) germinada, foi ayahada. por um mogle!o matematl.co com.bom ajus-te
aos dados experimentais. Nas condigbes de ensaio a maior extragio

O modelo indica que as variaveis temperatura(X,) e o pH(X,) tem da enzima B-glicosidase ocorreu quando as condigf)es de extragéo,

influéncia negativa e positiva respectivamente sobre a extragdo da temperatura (x;) e pH(xp), foram 23°C e 5,0, respectivamente.

enzima B-glicosidase.
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INTRODUGAO

As isoflavonas comportam-se como estrégenos na maioria dos sistemas
biolégicos, especialmente em sintomas da menopausa e osteoporose (1). Em
adicdo a sua atividade anti-estrogénica, estes compostos possuem diversas
propriedades, principalmente antitumoral (1,2), antioxidante (3) e antimutagénica
(4). O grao de soja contém as quatro diferentes formas de isoflavonas, como as
glicosiladas (daidzina, genistina e glicitina), acetilglicosiladas (acetildaidzina,
acetilgenistina e acetilglicitina), malonilglicosiladas  (malonildaidzina,
malonilgenistina e malonilglicitina) e na forma néo conjugada como as agliconas
(daidzeina, genisteina e gliciteina) (5) que constituem as 12 diferentes formas (6).

Para recomendagfes nutricionais € importante conhecer o teor dessas
substancias em alimentos. Entretanto, hd necessidade de desenvolver e
aperfeigoar os métodos de extragdo e quantificacdo destas diferentes formas de
isoflavonas. Devido a diferentes estruturas quimicas das isoflavonas e seus
radicais, a polaridade de cada forma é caracteristica (6) e, portanto estas
propriedades sdo relevantes e devem ser consideradas para extragdes e
quantificagdes.

Assim, o objetivo deste estudo foi estabelecer a melhor condicdo de extracdo
de isoflavonas glicosiladas e agliconas utilizando o planejamento experimental do
tipo centrdide-simplex com quatro componentes (agua, acetona, etanol e
acetonitrila) de diferentes graus de polaridade.

MATERIAL E METODO

Foram pesados 0,5 g de farinha desengordurada de cotilédone soja (BRS 257)
e adicionados 25 mL de cada solvente extrator, preparado seguindo o
planejamento experimental do tipo centréide-simplex com quatro componentes
(7,8): (A) 4gua, (B) acetona, (C) etanol e (D) acetonitrila, totalizando 15 diferentes
composigdes de solventes, sendo que quatro comresponderam aos solventes
puros agua, acetona, etanol e acetonitrila, seis foram misturas de volumes iguais
desses solventes, quatro corresponderam a misturas ternérias desses solventes e
um ponto central com mistura de volumes iguais dos quatro solventes.

A extragdo foi realizada por banho ultrassénico e temperatura controlada de
60°C. Os extratos centrifugados e filtrados em filtros de 0,20 um e 20 pL foram
utilizados para separagdo e quantificagdo das isoflavonas por Cromatografia
Liquida de Alta Eficiéncia (CLAE) segundo Berhow (9), com algumas
modificagées. Os sobrenadantes foram eluidos em coluna de fase reversa (ODS
(M) C18 (Shimadzu, 4 mm x 15 cm, particulas de 5 pm) com um sistema de
gradiente inicial de 100% de agua acidificada (pH 3,0) e 0% de acetonitrila. Em 25
min de eluigdo, foi atingida uma proporgdo de 45% de dgua e 55% de acetonitrila.
Em 27 min o gradiente atingiu 100% de acetonitrila, retomando as condigées
iniciais em 35 min. As isoflavonas foram separadas e detectadas a 260nm,
identificadas e quantificadas por comparagdo com curvas padrdo de daidzina,
glicitina, genistina, daidzeina, gliciteina e genisteina (Sigma-Aldrich). As fungdes-
respostas foram expressas em mg/g de amostras e considerada como isoflavonas
glicosiladas, a soma do teor de glicitina, daidzina e genistina e as isoflavonas
agliconas, a soma do teor de gliciteina, daidzeina e genisteina. Os resultados
foram processados, realizadas as andlises de regressdo e construidas as
superficies de respostas utilizando o programa STATISTICA7.0 (10).

RESULTADOS E DISCUSSAQ

Para as duas fungdes-respostas analisadas, Y,= mg de isoflavonas glicosiladas
extraidas/g de amostras e Y,= mg de isoflavonas agliconas extraidas/g de
amostras, 0 modelo que melhor se ajustou aos dados experimentais foi o0 modelo
cubico especial (Equagdes 1 e 2) de R* de 0,97 e 0,77, respectivamente.

Y, = 0,6542*(A) + 0,0310(AC) + 0,0588(E) + 0,0050(ACN) +
3,7499*(A)(AC) + 8 5283*(A)(E) + 6,3244*(A)(ACN) -

Equagéo 1
23,1208*(A)(AC)(E) -3,6062(A)(AC)(ACN) + 14,5734*(A)(E)(ACN) +
6,4435*(A)(E)(ACN).
=2,9305*(A) + 0,1168(AC) + 0,1943(E) + 0,1486(ACN) +
10,3401°(A)(AC) — 4,8890*(A)(E) — 4,5698*(A)(ACN) + Equacéo 2

67,1905*(A)(E)(ACN) — 21,8799(AC)(E)X(ACN).
Onde, *significativo (p<0,05), A (dgua), AC (acetona), E (etanol), ACN (acetonitrila)

Os solventes utilizados no planejamento, em ordem decrescente de polaridade,
foi agua, acetonitrila, etanol e acetona. Considerando os radicais quimicos, foi
possivel verificar qual a forma de isoflavona foi mais polar. Assim, as isoflavonas
glicosiladas foram as mais polares do que as agliconas, sendo melhor extraidas
pela mistura de maior polaridade, uma combinagdo ternaria de agua, etanol e
acetonitrila. J& as isoflavonas menos polares, as agliconas, por uma combinagao
menos polar(égua:aceto:a 1:1 viv).

B

scetonn
asog10

Figura 1: Superficies de resposta das extragbes de (A) Isoflavonas glicosiladas e
(B) Isoflavonas agliconas.

Assim, utilizando o planejamento experimental do tipo centréide-simplex, foi
possivel estabelecer a melhor condicdo de extragdo de isoflavonas glicosiladas e
agliconas (Figura 1). Com excegdo da agua, as extragdes que utilizaram os
solventes em suas formas puras, ndo apresentaram bons resultados de extragéo e a
condigdo mais vantajosa foi a utilizagdo de combinagbes binarias ou ternérias
desses quatro solventes.

Muitos estudos utilizaram o metanol para extragdo de isoflavonas (3, 11), ou
ressuspenderam em metanol uma extragdo prévia feita com acetonitrila, ou
utilizaram uma solugdo extratora acidificada (12), ou utilizaram uma solugdo de
etanol (13) e todas com um tempo maior de extragdo. Portanto, 0 modelo proposto
mostrou-se vantajoso por consumir pouco tempo e dispensar etapas de secagem e
ressuspensdo de amostra.

CONCLUSAO

Foi possivel estabelecer a melhor condigdo de extragdo de isoflavonas utilizando o planejamento centroide-simplex cujos modelos matematicos tiveram bons ajustes (R?
> 0,77) aos dados experimentais. As melhores combinagdes de solventes para extragdo de isoflavonas foram agua-etanol-acetonitrila (1:1:1;v:v:v) para as glicosiladas e

agua-acetona (1:1;v:v) para as agliconas.
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INTRODUGAOD

A soja pertence  familia das leguminosas e é utilizada como fonte alimentar ha mais de 5.000 anos devido a0 seu
elevado valor protéico [GOMES et al, 2005). Além disso, também possui em sua composigio quimica, compastos
polifendlicas como as isoflavonas que possuem importantes propriedades bioldgicas, tais como atividade antioxidante
(ESAKIet al, 1999), anti-fungica {NAIM et al. 1974}, anti-carcinogénica (COWARD et al., 1993) e estrogénica [MURPHY, 1982).

0 teor de Isoflavonas na soja varia de 0,1 a 0,5 mg/g (COWARD et al. 1993] e podem ser utilizados como substratos
da enzima B-glicosidase. As glicosil isoflavonas como as glicitina, genistina e daidzina sio as principais formas encontradas
no grio de soja, constituindo de 50 a 90% dos flavondides e possuem menor atividade biolégica do que as suas formas
agliconas como as gliciteina, genisteina e daidzeina (ELDRIDGE, 1982; FUKUTAKE et al. 1996).

A peglicosidase catalisa a hidrélise de ligaghes P-glicosidicas de di efou oligossacaridecs e outros conjugados
glicosidicos, como as Isoflavanas, com liberagia de glicose, originande as agliconas, Esta enzima & comumente encontrada
em vegetais como a soja e também pode ser produzida por alguns tipos de micraorganismos (ESEN, 1992)

Durante o processo de germinagdo dos gracs, ocarre a ativagao de enzimas come a B-glicosidase, aumentando o
teor de isollavonas agliconas (SANTOSH et al., 1999). A abtencio desta enzima a partir do cotilédone de soja com atividades
relativamente altas da B-glicosidase foi observada em outras partes da planta como, radicula, raizes e epicatilc (RIBEIRD et
al,, 2008; YOSHIARA et al,, 2011). A B-glicosidase endogena de soja ou dos compeonentes do grao germinado podem ser
extraidos e aplicados em produtos derivados de soja e utilizados come alimento com boas propriedades funcionais.

Devido & importancia das isoflavonas agliconas de soja para a salde humana e a obtengdio destas formas é
resultante da atividade de B-glicosidase, o objetivo deste trabalho foi encontrar as melhores condicBes de temperatura e pH
para extragdo da B-glicosidase do epicotilo de sojagerminado.

METODOLOGIA

Para germina¢3o da soja, foram preparados rolos de papel Germitest contende 50 sementes de soja
{cultivar BRS 257, Embrapa Saja, Londrina-PR) e colocados em estufa climatizada a 35°C e 100% de umidade
relativa, pelo perfodo de 144 h com fotoperiodo de 10h de luz par dia. Apds o periodo de germinagdo, os epicotilos
foram separados manualmente, liofilizados, triturados e armazenados a -22°C até o momento da extragdo e
determinacioda atividade de P-glicosidase.

O planejamento experimental consistiu em cinco niveis para as varidvels independentes: temperatura do
banho termastatico (X,) e pH de incubacdo (X;) e na construgdo de um planejamento fatorial composto central,
conforme apresentado na tabela 1.

Realizou-se um teste preliminar de extragio da enzima P-glicosidase, visanda a aplicagiio da metodologia de
superficie de resposta e definiu-se o ponto central (30°C e pH 5,0) e o tempo de extragdo de 50 min. Para cada
ensaio realizado, utilizaram-se 100 mg de epicotilo de soja triturado e liofilizado em 1,5 ml de tampéao citrato-
citrato 0,1 M contenda NaCl 0,1 M nos respectivas pHs e temperaturas dos ensaios. Seguiu-se a propor;o
amostra:solugdotampdo em 1:15, conforme Carrao-Panizzi e Bardingnon (2000).

A funcdo-resposta (Y igual a UA.min?) foi a atividade da p-glicosidase extraida em cada ensaio. Foi
quantificada utilizando-se o substrato sintético p-nitrofenol-B-D-glucopiranasideo conforme descrito por Matsuura
e Obata (1993) e expressa em unidades de atividade de enzima por minuto {UA.min'*) Tedos os ensaios foram
realizados em duplicatas genuinas e as anélises estatisticas foram realizadas pelo programa STATISTICA 7.0 da
StatSoft, inc., programado em sistemas Microsoft Windows para PC.
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RESULTADOS E DISCUSSAO
Pela andlise de variancia [ANQOVA), as variaveis independentes
temperatura (X,) e pH (X,) foram significativas (p<0,05) scbre a
atividade da enzima (Tabela 2} e o modelo polinomial que melhor
representou a atividade de B-glicosidase € dado pela Equagao 1.

Tabela 1. Planejamento composto central com duas
varidvels e respectivas respostas da atividade da B-
glicosidase extraida.

Varidveis Varidveis ndo Fungdo Resposta ¥ = 11,38 + 0,18(X,) 1,200 -1,97(4) 348047 + 0,12(X,){%,]
. codificadas  codificadas () " ‘ 1 1 4 2l 2 4 1%z
Ensaios Atvidace de (Equagdo 1). (R?=0,937) ;
X1 X2 TPQ) pH L .
B-glicosidase (UAmin) Onde X; e X, sdo as varidveis codificadas de temperatura e pH, ;%
1 -1 -1 25,0 4,0 4,08 £0,05¢ respectivamente. %
2 -1 12500 60 883 £0,12° 0 co nte de determinagdo alcancado (R? ajustado) foi -
3 1 -1 350 40 3,11£0,02" igual a 0,937. Joklega e May (1987) sugerem gue para um bom
4 1 1 350 60 83610,04¢ ajuste de modele, o R? ajustado deve estar em pelo menos de 0,80.
5 [ 0 300 50 11,18 + 0,017 Portanto, pode-se afirmar que o modelo polinomial obtido
6 0 a 300 50 11,49+ 0,02° apresentou um bom ajuste aos dados experimentais.
7 [i] 0 300 5.0 11,49 + 0,00° As Figuras 1 e 2 apresentam as regides de temperatura (Xl} e
8 1,41 0 230 50 8,26 + 0,054 pH (X,) que corresponderam as melhores condicBes de extragdes
9 141 0 370 50 10,33£0,12° da enzima B-glicosidase (Y).
10 0 141 300 36 2,88+ 0,04" As condicdes de temperatura (X,} e pH (X,} definidas como
1 0 1,41 30,0 64 6,9740,210 ponto central do experimento de 30°C e pH 5,0, coincidiram com as

= — — — — condigbes de maxima extracdo da enzima B-glicosidase previstas
Os valores da fungao resposta (¥) estdo expressos por média £ desvio padrio. B N N
pelo modelo empfrico. As condigdes de mdxima extragdo

Figura 1. Superficie de resposta para extra¢io da
glicosidase a partir do epicétilo de soja germinada.

Letras diferentes na mesma coluna spresentam diferenca significativa ao nivel

de 5% pelo teste de Tukey. encontradas foram coerentes com as empregadas por Carrdo-
Panizzi; Bordignon (2000), que utilizaram solugéo tamp@o citrato-

citrato 0,05M contendo NaCl 0,1M 3 temperatura ambiente e pH

4,5 para extragdo da B-glicosidase do cotilédone de diferentes

cultivares de soja.

Tabela 2, Andlise de variancia (ANOVA) para a extragdo da B-
glicosidase do epicétilo de soja germinada

Fonte de Soma  Grausde  Média Diferentemente, Matsuura e Obata (1993) realizaram a z
variagio  quadrdtica liberdade quadrdtica o' © R*  extracio desta enzima a partir do cotilédone de soja, utilizando
T (linear) 0,558 1 0,558 0,659 0428 0,937 tampdo fosfato-fosfato 0,1 M pH 6,6 com temperatura entre 5 e
T {quadrdtico) 19,038 1 19,038 22492 0,002 10°C, com posterior centrifugagdo e acidificagdo do sobrenadante
pH {linear) 62,340 1 62,340 73,650 0,000 até pH 5,0, o qual foi novamente centrifugado para ohtengdo do
pH {quadrdtico) 137,038 1 137,038 161,900 0,000 extrato bruto de p-glicosidase. Mecessitando, portante, de um
Interagio T x pH 0,120 1 0120 0,142 0711 tempe maior de extracdo e temperaturas reduzidas. 2y a5 8 45 0 05 10 15 ool
Erro 13,543 16 0,346 N&o foram encontrados relatos na |iteratura sobre a obtengdo Tempersturs (°C) -
Total 214,527 21 da B-glicosidase a partir do epicdtilo de soja germinada. O modele

proposto mostrou-se vantajoso por dispensar etapas de extragdo e
centrifugagdo a baixas temperaturas e obtencio de considerdvel
atividade da B-glicosidase em um periodo relativamente curto a
partir de uma pequena quantidade de amostra.

Figura 2.: Regido de maior atividade de B-
glicosidase e pontos experimentais indicados
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CONCLUSAO

A partir do epicdtilo de soja germinada, as melhores condic@es de extracdo da enzima B-glicosidase foram avaliadas pelo modelo proposto com bom ajuste aos dados experimentais. A

melhor extragio de B-glicosidase, prevista pelo modelo e obtida experimentalmente, ocorreu na temperaturade 30°Ce pH iguala 5,0.
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Palavras-chave: compostos fendlicos, Glycine max, sequestro de radicais livres
Resumo

O objetivo deste estudo foi avaliar a luminosidade, teor de fendlicos totais e a capacidade
antioxidante de farinha de soja integral e torrada em condicdes diferentes de
temperaturas. A luminosidade foi avaliada pelo parametro L*, a capacidade antioxidante
pelo método do sequestro de radicais livres DPPH+ e o teor de compostos fendlicos
soluveis pelo método espectrofotométrico. A luminosidade da farinha de soja integral e
torrada dimimuiu com elevadas temperaturas, enquanto que o teor de compostos
fendlicos e percentual de inibicao do radical DPPH+« aumentou significativamente quando
a farinha de soja integral foi preparada com elevadas temperaturas.

Introdugao

A soja contém nutrientes que sdo benéficos para a saude humana e, portanto é
considerada como um alimento funcional. E rica em proteinas, contém isoflavonas,
saponinas, fitatos, inibidores de protease, fitosterdis, peptideos com baixo peso
molecular, oligossacarideos e acidos graxos polinsaturados, que auxiliam na redugao de
riscos de doencas cronicas e degenerativas. Também, possui uma boa fonte de minerais
como ferro, potassio, magnésio, zinco, cobre fosforo, manganés e vitaminas do
complexo B (CARRAO-PANIZZI et al., 1998).

Os alimentos de origem vegetal apresentam compostos nao-nutrientes
(ftoquimicos) com atividades biologicas conhecidas como promotoras da saude, tais
como atividades antioxidante, antiinflamatéria e hipocolesterolémica. Entre estes, podem
ser citadas os compostos fendlicos e as isoflavonas da soja (HARBONE et al., 2000).

A farinha de soja integral tem sido utilizada em estudos relacionados aos efeitos
positivos das substancias presentes a saude humana (WATANABE et al., 1998). Esses
beneficios estdo associados aos compostos fendlicos, principaimente as isoflavonas
presentes na soja. Assim, o objetivo deste trabalho foi avaliar a luminosidade, teor de
fendlicos totais e a capacidade antioxidante de farinha de soja integral preparada em
diferentes temperaturas de tostagem.

Materiais e métodos
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A farinha torrada de soja integral foi preparada a partir de 10 g de gréos de soja moidos
(BRS 257) e tostada por 10 min em equipamento medidor de umidade por radia¢ao
infravermelha com temperaturas de: 105 °C, 125 °C, 145 °C, 165 °C e 185 °C. As
farinhas de soja integrais obtidas foram avaliadas quanto a luminosidade (L*) com
colorimetro digital para verificac&o da torra. Em seguida, foi desengordurada com hexano
por 30 min para analises do teor de compostos fendlicos e capacidade antioxidante.

Determinagao do teor de compostos fendlicos

Para extragdo de compostos fendlicos segundo Adom et al. (2002), foram adicionados
10 mL de etanol 80% em 1 g de farinha desengordurada e precedeu-se agitagcdo por 20
min em mesa agitadora a temperatura ambiente. A mistura obtida foi centrifugada em
2500 g e obtido o sobrenadante contendo os compostos fendlicos livres. Repetiu-se esse
procedimento mais duas vezes e os sobrenadantes foram combinados e concentrados
em rotaevaporador até 10 mL de extrato. Em seguida, o teor de compostos fendlicos foi
determinado de acordo com Swain et al. (1959) utilizando reagente de Folin-Ciocalteau.
Os resultados foram expressos em miligramas de equivalente em acido galico em 100 g
de amostra (mg EAG/100 g).

Determinagéo da capacidade antioxidante

A capacidade antioxidante foi avaliada pelo sequestro do radical DPPH- (2,2-difenil-
1picrilhidrazil) pelos antioxidantes presentes na amostra. A metodologia para
determinacdo da capacidade doadora de ions hidrogénio ao radical livre estavel
DPPH foi feita segundo descrito por Brand-Williams et al. (1995) e o resultado
expresso em % de inibi¢cdo do radical DPPH.

Resultados e Discussao

O parametro L*, ou seja, a luminosidade das amostras (Tabela 1) diminuiu conforme o
aumento de temperatura do tratamento térmico na elaboragdo do produto, devido a
reagdo de Maillard ou escurecimento ndo enzimatico resultante da presenga de
aminoacidos e aglcares redutores das farinhas submetidas a torra. Na reagdo de
Maillard é provavel que os compostos fendlicos participam da rea¢ao tornando-se parte
dos polimeros marrons, sollveis em agua, denominados de melanoidinas (NUNES et al.,
2001). Além disso, pode ocorrer a conversdo de compostos fendlicos insoliveis em
soluveis, apos o tratamento com calor, contudo 0 mesmo nao consegue romper as
ligagdes covalentes dos compostos fendlicos (LEE et al., 2003) o que se pode explicar
pelo aumento do teor de compostos fenélicos das farinhas de soja integrais na medida
em que aumentou a temperatura de torra (Tabela 1).

Com relacado a avaliagdo da capacidade antioxidante pelo percentual de inibi¢ao
do radical DPPH, observou-se um aumento da capacidade antioxidante das farinhas de
soja integral processadas em temperaturas mais elevadas.

Tabela 1 — Luminosidade, percentual de inibicio DPPH e teor de compostos
fendlicos de farinha de soja integral torrada em diferentes temperaturas.

Amostra | L* | %inibigio | Fenélicos (mg) |
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1991 2011

DPPH EAG/100g)
TO 48,27+2,09° 31,69+1,71° 156,07+3,65°
105 45.81+3,48°° 30,98+1,43° 166,51+3,65°
125 41,17+4,63°° | 35380+2,21°¢ 189,82+0,17°
145 39,3042,56° 36,1642,37"¢ 190,52+3,65°
165 29,40+1,90° 41,5610,73° 206,70+8,21°
185 17,56+1,21¢ 54,9713 53° 256,46+12,99°

Letras diferentes na mesma coluna indicam diferenga significativa pelo teste de Tukey
(p<0.05). L*: parametro de luminosidade. TO refere-se a farinha de soja integral antes do
tratamento térmico.

De acordo com Turkmen et al. (2005) o calor empregado no processo de torra é
suficiente para inativar as peroxidases que atuam como pré-oxidantes. Por outro lado,
podem favorecer a formacgdo de novos compostos, como os produtos da reagdo de
Maillard que tém acdo antioxidante. A cocgcdo em calor seco aumenta a acdo
antioxidante de hortalicas, por propiciar a formagdo de novos compostos com acgdo
antioxidante (Sultana et al., 2008). De acordo com Melo et al. (2009) o calor aplicado nao
altera de forma drastica a capacidade antioxidante de hortaligas.

Assim, evidencia-se que os processos de calor podem nao alterar, aumentar ou
reduzir a agao antioxidante do alimento. Na situacdo em que se observa aumento da
acao antioxidante no alimento, o processamento propicia a oxidagao parcial do composto
bioativo que exibe maior habilidade em doar o atomo de hidrogénio ao radical a partir do
grupo hidroxil e/ou a estrutura aroméatica do polifenol que apresenta maior capacidade
em suportar o deslocamento do elétron desemparelhado em volta do anel (NICOLI et al.,
1999).

Conclusoes

A atividade antioxidante com relagdo ao sequestro do radical DPPH- e teor de
compostos fendlicos aumentou significativamente com o aumento da temperatura de
processamento na obtencdo das farinhas de soja integral e torradas em diferentes
temperaturas. O parametro de luminosidade das amostras decresceu com o aumento da
temperatura.
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|NTRODUQAO: As isoflavonas comportam-se como estrégenos na maioria dos
sistemas biologicos, especialmente em sintomas da menopausa e osteoporose além

de possuirem propriedade antitumoral, antioxidante e antimutagénica. C grao de soja f\gua -
contém quatro diferentes formas de isoflavonas: glicosidicas (daidzina, genistina e OSolvemes puros RESULTADOS E DISCUSSAO
glicitina), conjugadas acetilglicosidicas (acetildaidzina, acetilgenistina e acetilglicitina),

conjugada malonilglicosidicas (malonildaidzina, malonilgenistina e malonilglicitina) e O Mistura binaria (1:1)

agliconas (daidzeina, genisteina e gliciteina). Sendo que as agliconas possuem maior »

atividade biolégica. O objetivo deste estudo foi melhorar a extragio de isoflavonas . Mistura terndnia {1:1:1) Y,=5,3773%A) + 0,0716(AC) + 0,5450(E) +

totais e agliconas utilizando um planejamento experimental do tipo centréide-simplex

O Mistura quaternaria (1:1:1:1)
€OM Guatro componentes,

0,222(ACN) + 26 4541*(A)(AC) + 9,6481*(A}E) +
18,3563 (A)ACN) + 56,227 3*(A)(AC)HACN) +
52,2587(A)E)(ACN) — 16,4713{AC)(E}(ACN)

i Y, = 2,8305%(A) + 0,1168(AC) + 0,1943(E) +

de cotilédone de

soja (BRS 257) Q,1486(ACN) + 10,3401*(A}AC) — 4,8890%(A)(E) —

desengordurada bt Acetona : Acetonitrila 4,5698*(A)ACN) + 67,1905 A)(E)(ACN) —
anho
ultrassénico 21,8799(AC)(E)(ACN).
+ 60°C/ 10 Figura 1: Planejamaento Onde, *significativo (p<0,05}, A (agua), AC (acetona),
min experimental do tipo E (etanol), ACN (acetonitrila)
25 mL solvente centrdide-simplex com Etanol

MATERIAL E METODOS

500 mg farinha

(repards - 4 componentes Para as duas fungdes-respostas (Y,= mg de isoflavonas totais

planejament extraidas/g de amostra e Y,= mg de isoflavonas agliconas extraidas/g

) Centrifugasao de amostra) o modelo cubico especial apresentou um bom ajuste aos
! dados experimentais com R2 de 0,98 e 0,77, respectivamente.

Eobegacanta As isoflavonas totais sdo mais polares do que as agliconas. A melhor extracao

‘ filtrado em 20 pm

das isoflavonas totais ocorreu com a mistura de maior polaridade, ou seja, dgua,
etanol e acetenitrila. Enquanto que as agliconas foram melhor extraidas utilizando
uma combinagdo menos polar, agua:acetona (1:1 viv).

Analise por Cromatografia Liquida de Alta Eficiéncia Etanol Etanol

Injegdo: 0004100 0,005,100
20 uL

f' colunade fase reversa
(ODS (M) C18 (Shimadzu,
4mmx 15cm, particulasde:
5pm), 35°C.

Datetr A% ’ ’ : =P
ngarl;l'j: de diodos ! E :;
\ ] ‘ 5 1004 : 00,00

Agua Acetona Acetona
Figura 2: Superficies de resposta das extragées de {A} Isoflavonas totais e {B) Isoflavonas agliconas.

—
i

Gradiente:
inicial: 100% agua (pH 3,0)
25 min: 55% acetonitrila

27 min: 100% acetonitrila
35 min: condigdes iniciais

[ Fungbes-respostas: (mg/g de amostras) | - ) ) ) N : ) .
‘ Utilizando o planejamento experimental do tipo centréide-simplex (Figura 1) foi

Mcf;nai:::;;c::':w | Isaflavonas Agliconas: possivel estabelecer a melhor condicdo de extracdo de isoflavonas totais e
P = Daidzeina + Gliciteina +
oS e N genisteina agliconas (Figura 2). A condicdo mais vantajosa para extracdo foram as
e combinagdes binarias ou ternarias dos quatro componentes. Os sclventes em suas
v formas puras n&o apresentaram bons resultados de extracdo, com excegao da agua.
0O modelo proposto mostrou-se vantajoso por definir uma melhor combinacio de
‘ Anﬂ:z;i:gg\féiao ‘ solventes para melhor extragdo de isoflavonas,consumir pouco tempo, dispensar
Supefficies de respostas etapas de secagem e ressuspensio de amostra.
Na validagdo dos modelos, ndo houve diferenca significativa entre os resultados
‘ Validag&o do modelo: \ das fungbes respostas (Y1 e Y2) estimados e observados indicando uma boa
repeticao no ponto timo correlagao entre 0 modelo proposto com os dados experimentais.
CONCLUSAQ: Foi possivel estabelecer a melhor condigho de REFERENGIAS ~—~ Agradecimentos:
extragdo de isoflavonas da soja BRS257 utilizando o planejamento 3Lanarinier CA. oo BiosuiBicch Siocher, 2002 £6(1122-25 ||I.ﬂl]
centréide-simplex cujos modelos matematicos tiveram bons ajustes {Msssti e s dgre Fesacner, 1058 4743461240 LU

(Rz > 0,77 e 0,98) aos dados experimentais. As melhores &RieromLL etal JFoodBiocnem. 2008; 30453488 el

i L ) 7 Luthria DL, et al. Analytical, Nutriional And Clinical Methods. 2007; 106:325-333.
combinagdes de solventes para exiragio de isoflavonas foram Agua- &Senserais, sal Gamnas: Sairs nams 003 _ ‘
tona-acetonitrila para as isoflavonas totais & AQUA-ACEIONA PAra 15 caset e 207 siaisics ws nae's Sutwars Sysems, Versinss wamsuinetizam o SN C NP
ace p g P 11 Harjo B, et al Ind. Eng. Chem Res. 2007 46-181-189. ) A q
comno!

as agliconas. 12 Alezandro MR, et al. Ciéno Tecnol Aliment. 2008; 28{3) 520-526. Nncional e Drsmmvotiimants.
g 43 Hari K, &t al. J Molec Catal B: Enzymatic. 2009; 59, 267-201 Guanmice s Tecnatagics
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Isoflavones are known for their benefits for human health and they are in glycoside forms in vegetables. B-glucosidase catalyzes

the hydrolysis of terminal non-reducing sugars releasing glucose and have high specificity for isoflavones. The aim of this work was
to separate a soybean endogenous B-glucosidase from cultivar BRS 257.

.[11 troduction
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B-glucosidase was extracted with phosphate buffer 0.05 M, pH 6,0 at 4°C from soybean cotyledons, (1:10, p:v) cultivar BRS 257. After centrifugation (15 min,
15000 g, 4°C), the supernatant was acidified to pH 5.0 with HCl 0.2 N and centrifugated again. The crude extract was taken to fractionation with (NH,),SO, at
0-40% saturation at 4°C. After new centrifugation, the supernatant fraction 0-40% was fractionated with (NH,),50, up to 80% saturation at 4°C. The
precipitate fraction P4 g,was applied to a CM-Sephadex C-50 ion-exchange column (2.5 ecm x 5.5 ¢cm), equilibrated and previously conditioned with 0.5 M
citrate-phosphate buffer, pH 5.0, and followed by a NaCl gradient (0 — 1 M). The flow rate was 27 mL min! and obtained the separation of only one fraction
(Fso). The fraction Fs, was dialyzed, freeze dried and applied to a Sephadex G-100 gel filtration column (2.5 x 100.0 cm) equilibrated with a 0.1 M citrate-
phosphate buffer at pH 5.0. The elution flow was 17 mL min-! with phosphate-citrate buffer {0,1 M, pH 5,0) and resulted in one fraction F,o with high specific
activity. The B-glucosidase activity was determined with ¢ — nitrophenyl — 8 — D - glucopiranoside as substrate, the Soluble Protemn, as described by Lowry et al
(1951) and the Specific 3-glucosidase activity was calculated as the ratio between B-glucosidase activity and soluble protein content and expressed as UA per gram of
soluble protein (UA.g-1). The electrophoresis in poliacrylamide gels of fraction Fyo, was stained with Schiff reagent, to confirmed the presence of a separated
band.

P Resu]ts ssssbsbssssibas

Table 1: B-glucosidase activity in the crude extract and fractionation  The first liquid chromatography (ion exchange) resulted in one

steps fraction Fg, with a B-glucosidase activity of 4.58 UA.mL?! and a
B-glucosidase activity Specific B-glucosidase activity specific B-glucosidase activity of 1.8 UA.mg-1. This fraction was
(UA.mLY) (UA.mg) used in the next step of purification.
Crude extract 3.42 0.9 « 2200m [ ———
Poso 3.80 0.1 e

Peoso 96.56 13 " r100 s

The fraction P, g presented the highest B-glucosidase activity after

extraction and fractionation and therefore was used for R s :}i
purification. 150 200 220 300 w0 Py S w0
+280nm + B-glucosidase actis [UA_min-1] Tube:

55 " . Figure 2: Chromatogram of the -glucosidase separation from F50

: / - using liquid chromatography with CM-Sephadex G-100 ion

r L | “Fso 250 exchange column (2.5 em X 100.0 cm)

. Tl ‘ - The gel filtration chromatography resulted in one fraction Fyy,
NEFE™ (13 0 with a B-glucosidase activity of 12.08 UA mL? and a specific p-

P S S N ™ glucosidase activity of 6.8 UA mg?, indicating a possible enzyme

° » wo e mem  we wm we m w separation.

Figure 1. Chromatogram of the B-glucosidase separation from The electrophoresis in poliacrylamide gels of fraction F100 stained
crude extract using liquid chromatography with CM-Sephadex C-50 with Schiff reagent, confirmed the presence of a separated band
ion exchange column (2.5 cm X 55.0 cm) with glycoprotein nature,

seesssesssesssree COHC'[HSI'OH eseeeveevrsreevree

The separation of a fraction of glycoprotein nature with a high specific activity of b-glucosidase from soybean were obtained from

chromatography in CM-Sephadex C50 followed by G100 and confirmed by electrophoresis in polyacrylamide gel stained with Schiff's

reagent
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ntroduction

High Performance Liquid Chromatography (HPLC) and Ultra High Performance Liquid Chromatography (UHPLC) were used to isoflavones separation and quantification.
The UHPLC have full advantage to run separations using columns with smaller particles and higher flow rates for increased speed, with superior resolution and
sensitivity. The aim of this work was to compare HPLC and UHPLC methods for soy isoflavones quantification.

POPOPOPOPVPPOPOPOOVPPVPPOVPPPVPOPPOOPOVOPOVOVOPOVOPOPVPORVPVPVPOVOVOVOVOOOPOOQ

aterials and Methods
HPLC UHPLC
High Performance Liquid Chromarography

HPLC was performed in a Shimadzu chromatograph (LC-10AT VP; CTO-
10AS VP, ODS C18-type reverse phase column, 4 mm x 15 ¢cm, 5 pm
particles) with injections of 20uL of isoflavones standards (daidzin,
glicytin, genistin, daidzein, glycitein and genistein). A linear gradient
system with an initial phase of 100% acidified water pH 3.0 (A) and 0%
acetonitrile (B) was applied. Total run time was 40 min, the flow rate
was 1 mL min'! and temperature was 25°C
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Res ults

Ultra High Performance Liquid Chromatography

For UHPLC, a Waters Acquity UPLC® system (reverse phase column
Acquity UPLC® BEH C18, 2.1 mm x 50.0 mm x 1.7 um particles) with
injections of 1.4ulL and a non-linear gradient with an initial phase of
90%,/10% (A/B) was used. Total run time was 12 min, the flow rate, 0,7
mL min! and temperature was 35°C.

Table 1: Method performance

HPLC UPLC Table 2: Extraction and separation parameters
Limits (p..g mL?) HPLC UPLC
° I?j;z'i:;'z?: 0.429 0931 Extraction (sample/solvent, w:v) |500mg: 25mL 500mg: 6mL
oGlycitin 0.196 0.029 Sample injection (uL) 20.0 1.4
oGenistin 0.102 0.035 Run time {min) 40 12
oDaidzein 0.082 0.003 Flow rate (mL min'?) 1.0 0.7
oGlycitein 0.546 0.143 Solvent volume (mL.run?)
oGenistein 0.239 0.239 Total 40.0 8.4
* Quantification Solvent A (H,0) 34.95 5.38
oDaidzin 1.300 0.700 Solvent B (Acetonitrile) 5.05 3.02
OGlycitif] 0,533 0.083 Solvent cost (USS runt) 8.02 2.07
oGenistin 0.310 0.107
oDaidzein 0.249 0.009 Quantification limit(QL) for HPLC and UHPLC ranged
Og'VC_itf"f‘ éjgg gg‘s‘ from 0.249 to 1.300 pg mL™ and 0.009 - 0.725 pg mL?! and-
Accurecy (CV5) : : the detection limit (DL), from 0.082 to 0.546 and 0.003 -
« Daidzin 9.77 0.87 0.239 ug mL, respectively.
» Glycitin 13.58 0.01 For UHPLC 14.3 times less sample were used, run time
* Genistin 2.61 0.20 was 3.3 times faster with solvent saving.
:g?v'gii:: é:ig g:gg The variation coefficient of precision and accuracy for
o Genistein 4.38 0.71 HPLC was 23.12% and 13.58% and for UHPLC was < 1.00%
Precision (CV%) for all isoflavone forms.
« Daidzin 10.16 0.85
o Glycitin 23.12 0.01 Conc]usian
* Genistin 4.08 0.1 Considering the performance of the methods and the
* Daidzein 2.12 0.05 . ™ .
« Glycitein 073 0.22 separation and quantification parameters, the UHPLC
« Genistein 9.41 0.96 proved advantageous over HPLC.
POOEOIPOOPPOOPIOPIVOTEOVVOOVOOTOOOVPVIOPIPOVP0VPPP000PPE00COOPIPPPPOETOOEGE
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Griffith AP, Collison MW, 2001. J Chromatogr A 913: 397-413
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Sonication and Vortexing Extraction of Soy Isoflavones
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l ntroduction

Twelve free and conjugated forms of isoflavones have been isolated from
different soybean samples. The isoflavone forms have a wide variation in
polarities, thus development of an adequate extraction procedure for all
isoflavones has been a challenging task. The objective of this study was
to compare vortexing and sonication extraction for soy isoflavones
determination

Table 1: Isoflavone content extracted by different methods
extraction for different times

Extraction EXtTr;:;:on Isoflavones
Method (min) mg 100g?
Sonication 60 153,45 +0,77 °
Sonication 45 150,33 £0,52°
Sonication 30 147,52 +0,21°¢
Sonication 10 147,46 +1,57 ¢
Vortexing 60 146,43 +0,63
Vortexing 30 145,05 +1,16 ¢
Vortexing as 144,10 +0,69 %
Sonication 20 142,28 +0,81 ©
Vortexing 10 138,37 0,35 f
Vortexing 20 135,32 +0,60 8

Different letters in the same column indicate significant
difference (p<0.05) by the Tukey test.

The extraction by vortexing for 30 min and 45 min did not
show difference (145.19 mg 100 g) as well as sonication for 30
min and 10 min and vortexing for 60 min (147.14 mg 100 g1)
(Table 1).

The lowest level was observed by vortexing for 10 min (138.37
mg 100 g'1) and the highest content of total isoflavones extracted
(153.45 mg 100 g') was obtained with extraction using
sonication bath for 60 min. However, the proportion of
isoflavones forms (glycosil, malonyl, acetyl and aglycones) did not
change for all procedures and extraction times (Table 2).

more isoflavones and less time consuming

Berhow MA, 2002, Kleur Academic, Plenum Publishers w505, p.61-76.
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Carro-Panizzi MC, Favoni SPG, Kikuchi A. 2002. Braz Arch BiolTechnol 45:515-518

Griffith AP, Collison MW. 2001. J Chromatogr A 913: 387-413

Rostagno MA, Palma M, Barrosa CG. 2003. ) Chramatogr A 1012:113-128.
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M aterials and Methods

Deffated flour soybean were extracted with a mixture of solvents (water :
acetone : ethanol, 1:1:1, v/v/v) during 10, 30, 45 and 60 min at room
temperature by sonication and vortexing. The isoflavones separation and
quantification was performed using a Waters Acquity UPLC® system (reverse
phase column Acquity UPLC® BEH C18, 2.1 mm x 50.0 mm x 1.7 um particles)
and injections of 1.4 plL with a non-linear gradient and an initial phase of
90%/10% (A/B). Total run time was 12 min, the flow rate, 0.7 mL min't and
temperature was 35°C. The results were compared by tukey test
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Resuits and Discussion

Table 2: Proportion of isoflavone forms extracted by different
methods for different times

% Isoflavone form

Extraction Ext'lrian:teion Malonyl  Acetyl

Method (min) Glycosidic glycosit}'ic glycosi‘:iic Aglycone
Sonication 60 39.52 43,8° 5,52 11,22
Sonication 45 39.22 44,0° 5,62 11,28
Sonication 30 39,62 43,62 5,52 11,32
Sonication 10 39,02 43,92 5,52 11,62
Vortexing 60 39,32 43,82 5,62 11,32
Vortexing 30 39,42 43,82 5,52 11,32
Vortexing a5 39,42 43,8° 5,52 11,32
Sonication 20 39,12 43,92 5,52 11,52
Vortexing 10 39,12 43,72 5,52 11,72
Vortexing 20 39,62 43,42 5,52 11,58

YochiaraLY; Madeira T8; Delaroza F; SilvaJB; |da EI. 2012. Int. ). Food Sci. Nutr. [Epub ahead of print]. DOI: 10.3109/09637486.2012.690026.

34(3), 457461

Different letters in the same column indicate significant difference {p<0.05) by
the Tukey test.

Similar results were found by Rostagno et al. (2003) who
concluded that sonication is better than mix-stirring for isoflavone
extractions when investigated the efficiency in extracting four
isoflavone derivatives (daidzin, glycitin, genistin and malonyl
genistin) from freeze—dried ground soybeans comparing mix-
stirring extraction and ultrasound-assisted extraction, with
different solvents and extraction temperatures with both.

Conclusion
For the extraction of soy isoflavones, the sonication method proved to be more advantageous for extracting
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TEMPEH OBTAINED WITH YELLOW AND BLACK SOYBEAN GRAINS
Cristiane Wing Chong Borges, Josemeyre Bonifacio da Silva, Luciane Yuri Yoshiara, Elza louko Ida.

Departamento de Ciéncia e Tecnologia de Alimentos, Universidade Estadual de Londrina, Caixa
Postal 6001, CEP 86051-970, Londrina, Parand, Brasil.

Tempeh is a traditional fermented soybean food from Indonesia. Processing soybeans into tempeh by
fermenting with the fungus Rhizopus microsporus var. oligosporus improves the texture, flavor, aroma
of the product and the nutritional value by increasing the availability of isoflavone aglycones. To
optimize the processing of tempeh is important to evaluate the content of isoflavones present in the
different soybean grains cultivars and the fermented product obtained. Isoflavones may undergo
changes in quantity and profile depending on the processing conditions. The aim of this study was
analyzed the isoflavones profile, determined by ultra performance liquid chromatography (UPLC) in
the yellow and black soybean grains and in the tempeh obtained from these grains. Tempeh was
produced by hidratation of soybean grains during 12 hours, cooking at 30 minutes and fermentation at
24 hours and at 37 °C. All experiments were performed in triplicate. The yellow soybean grains had a
higher content of glycosides daidzin and genistin and their malonyl corresponding forms. The yellow
soybean tempeh showed a higher content of daidzein and genistein. The total isoflavones contents
observed in the yellow and black soybean grains are 106,6 mg/100 g and 65,3 mg/100 g respectively.
Therefore, for a higher nutritional value tempeh is recommended to use the yellow soybean grains.
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FERMENTATION OF DEFATTED SOYBEAN FLOUR WITH MONASCUS PURPUREUS AS A
BIOPROCESS TO ENHANCE AGLYCONE ISOFLAVONES CONTENT

Cintia Ladeira Handa, Luciane Yuri Yoshiara, Josemeyre Bonifacio da Silva, Uenifer Couto,
Aline Heloisa Vicensoti, Heloyse Hott Paulino, Sandra Regina Georgetti, Elza louko Ida

Department of Food Science and Technology, Universidade Estadual de Londrina

Soybean has high isoflavone content with recognized for health benefits. Aglycone isoflavonas have
highest antioxidant activity and are more bioavailable than their glycoside forms. Fermentation process
can be an alternative for glycoside isoflavone conversion into aglycones achieved by the catalytic
action of _-glucosidase. The aim of this work was to investigate the effect of fermentation process with
Monascus purpureus on defatted soybean flour (DSF) for the conversion of isoflavones into
aglycones. For the semi-solid fermentation, the DSF was dispersed with distilled water (1:1; w:v), initial
pH 6.0, and autoclaved at 121°C for 15 min. The substrate was inoculated with suspension of 107
spores, and incubated at 30°C for 48h. A control was prepared without inoculum. The bioprocess was
monitored by the _-glycosidase activity using p-NPG as substrate. Isoflavones were determined using
Waters Acquity uPLC® system (reverse phase column Acquity UPLCe BEH C18, 2.1mm x 50.0mm X
1.7um particles)with a non-linear gradient with an initial phase of 90%/10% acidified water/acetonitrile.
Total runtime was 12min, the flow rate, 0,7mL min-1 and 35°C. The results indicated that the DSF
induced _-glucosidase production by fungus and showed statistically significant difference(p<0.05):
fermented DSF (150.62+0.38UA g-1); DSF (39.80+1.06UA g-1) and control(24.22+0.04UA g-1). The
concentration of aglycone isoflavones in relation to total isoflavonas was 17.24% in the control, 14% in
the DSF and 82.08% in the fermented DSF. The fermentation process of DSF with the fungus M.
purpureus promoted the transformation of isoflavone glycoside into aglycones forms in 5.86 times.

16TH WORLD CONGRESS OF FOOD SCIENCE AND TECHNOLOGY (16TH
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