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RESUMO 
 
 
O processo de germinação da soja provoca alterações na composição química e no 
teor das diferentes formas de isoflavonas. O grão de soja contém as isoflavonas 
daidzina, genistina e glicitina que são encontradas sob quatro formas distintas, e 
denominadas de agliconas, glicosídicas, malonilglicosídicas e acetilglicosídicas, 
totalizando assim 12 formas de isoflavonas. Na maioria dos sistemas biológicos, as 
isoflavonas se comportam como estrógenos e apresentam propriedades como 
antitumorais, antioxidantes e antimutagênicas. O objetivo deste trabalho foi 
investigar as isoflavonas e β-glicosidases de soja com relação à germinação, 
otimização da extração, hidrólise e conversão em agliconas, compostos fenólicos e 
atividade antioxidante. Sementes de soja (BRS 257) foram germinadas em câmaras 
germinadoras na presença e na ausência de luz por 72, 96, 120, 144 e 168 h, a 
35°C e umidade relativa de 100%. As partes do eixo embrionário – cotilédone, 
hipocótilo, epicótio e radícula – foram separadas para as análises de atividade de β-
glicosidase, proteínas solúveis, teor de isoflavonas, teor de compostos fenólicos e 
atividade antioxidante pelos métodos de DPPH e ABTS. Foi otimizada a extração de 
isoflavonas utilizando um delineamento experimental simplex-centróide. Foi 
otimizada a extração da β-glicosidase de epicótilos de soja germinada por 144 h na 
presença de luz e esta enzima utilizada para otimização da conversão de isoflavonas 
glicosídicas em agliconas. O rendimento de β-glicosidase de cotilédones de soja 
germinada com luz por 96 h foi maior que o do epicótilo. A maior atividade específica 
de β-glicosidase ocorreu nos epicótilos 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 daidzeína e 
genisteína e 8,95% da forma glicosídica genistina, enquanto que o hipocótilo e 
radícula, embora em baixas concentrações, resultaram 100% das três formas de 
isoflavonas agliconas. A máxima extração de β-glicosidase de epicótilos de soja 
germinada ocorreu a 30°C e pH 5,0. A extração das diferentes formas de isoflavonas 
foi otimizada, sendo que os melhores extratores para malonilglicosídicas e totais 
foram água, acetona, etanol (2:1:1; v:v:v), para as glicosídicas, água, acetona e 
acetonitrila (2:1:1; v:v:v), e para as agliconas, água e acetona (1:1; v:v). A máxima 
conversão de isoflavonas glicosídicas 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 fenólicos e isoflavonas, e maior capacidade antioxidante avaliada pelos 
métodos DPPH e ABTS. Uma correlação positiva foi confirmada entre a capacidade 
antioxidante por ABTS e o teor de compostos fenólicos, bem como entre a 
capacidade antioxidante por DPPH e isoflavonas em equivalente agliconas.  
 
Palavras – chave: Soja. β-glicosidase. Isoflavonas β-glicosídicas. Agliconas. 

Otimização.  
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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 β-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 β-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 β-glucosidase from epicotyls from 
germinated soybean was optimized and this enzyme used to optimize the conversion 
of isoflavone glucosides into aglycones. The yield of β-glucosidase from germinated 
soybean cotyledons with light for 96 h was greater than that of the epicotyl. The 
highest specific activity of β-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 β-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 β-glucosidase. β-glycosidic isoflavones. Aglycones. 

Optimization.  
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1 INTRODUÇÃO 

 

A soja (Glycine max (L.) Merril) pertence à família das leguminosas e 

possui elevada importância comercial e nutricional (SILVA et al., 2006). Seu 

consumo tem sido incentivado, por constituir uma importante alternativa para a 

nutrição humana, sendo uma excelente fonte de proteína, energia, vitaminas 

lipossolúveis, principalmente vitamina E, minerais como ferro, cálcio e zinco e 

compostos antioxidantes. Além disso, é rica em ácidos graxos essenciais como o 

ácido linoleico, conhecido por auxiliar na redução do colesterol (CARRÃO-PANIZZI; 

BORDIGNON, 2000). 

Os Estados Unidos, maiores produtores mundiais do grão, na safra 

de 2010/2011 responderam pela produção de 90,6 milhões de toneladas de soja. O 

Brasil é o segundo maior produtor mundial de soja e na mesma safra, a cultura 

ocupou uma área de 24,2 milhões de hectares, o que totalizou uma produção de 75 

milhões de toneladas. O Paraná é o segundo maior produtor de soja do Brasil, com 

4,6 milhões de hectares e 15,4 milhões de toneladas (EMBRAPA, 2012a). As 

estimativas para 2020/2021, realizadas pela Assessoria de Gestão Estratégica 

(AGE) indicam uma produção brasileira de 86,5 milhões de toneladas. Essa projeção 

é maior em cerca de 17,8 milhões de toneladas em relação ao que o Brasil deve 

produzir na safra de 2010/2011 (BRASIL, 2012). Segundo os últimos dados 

publicados pelo Departamento de Agricultura dos Estados Unidos (United States 

Department of Agriculture – USDA, 2012), os Estados Unidos tiveram uma queda na 

produção do grão na safra 2011/2012, indicando que o Brasil será o maior produtor 

mundial de soja na safra 2012/2013. 

A soja é muito empregada em diversos setores por seu baixo custo, 

alta disponibilidade e principalmente pela alta concentração de isoflavonas (de 1,2 a 

4,2 mg/g de soja), cuja variação da concentração depende da cultivar, ano da 

colheita e fatores edafoclimáticos (AHLUWALIA; BHASIN; SESHADRI, 1953, 

CARRÃO-PANIZZI; MANDARINO, 1998, PARK et al., 2002; HARJO et al., 2007). 

O grão de soja contém basicamente três 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 estrógenos na maioria dos sistemas 

biológicos, possuem diversas propriedades como antitumorais, antioxidantes e 
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antimutagênica (COWARD et al., 1993, LIGGINS et al., 2000, BROUNS, 2002; 

LEPRI et al., 2012). As isoflavonas são fitoestrógenos que possuem uma 

similaridade estrutural e funcional com o estrogênio humano e tem sido consumido 

no mundo inteiro através dos tempos. De todos os fitoestrógenos, as isoflavonas de 

soja tem sido as mais estudadas. Pelo consumo extensivo de produtos à base de 

soja na Ásia e Japão, há conhecimento sobre os aspectos de segurança alimentar, 

bem como as possíveis interações entre o consumo de isoflavonas de soja e 

diminuição do risco de certos tipos de doenças. Em países asiáticos, o consumo de 

isoflavonas de soja é estimado em 20 a 100 mg/dia (BROUNS, 2002). 

As β-glicosidases (β-D-glucoside glucohydrolase, E.C. 3.2.1.21) 

catalisam a hidrólise das ligações β-glicosídicas entre dois núcleos de carboidratos 

ou um carboidrato e uma aglicona (ESEN, 1992, MORANT et al., 2008). A β-

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, feijões e soja 

(SUZUKI et al., 2006; SUE et al., 2006; HAN; CHEN, 2008).  

A germinação da soja por 72 h a 25ºC, em presença de 

luminosidade aumentou a atividade de β-glicosidase e ocasionou alterações no teor 

de isoflavonas totais e de suas diferentes formas, sendo que pode ocorrer aumento 

ou diminuição no teor de isoflavonas nos cotilédones e radículas, respectivamente. 

Estas mudanças no conteúdo de isoflavonas dependem da fase de germinação da 

soja e do metabolismo das sementes (RIBEIRO et al., 2007). 

Considerando os benefícios das isoflavonas à saúde humana e que 

os vários estudos que demonstraram que as formas agliconas possuem melhor 

biodisponibilidade que seus conjugados glicosilados, nesta pesquisa foram 

investigadas as isoflavonas e β-glicosidases de soja com relação à germinação, 

otimização da extração, hidrólise e conversão em agliconas e atividade antioxidante. 
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2 OBJETIVOS 

 

2.1 OBJETIVO GERAL 

 

 Investigar as isoflavonas e β-glicosidases de soja com relação à germinação, 

otimização da extração, hidrólise e conversão em agliconas, compostos fenólicos e 

atividade antioxidante. 

 

2.2 OBJETIVOS ESPECÍFICOS 

 

 Investigar a atividade de β-glicosidases do eixo embrionário, compreendendo 

radículas, hipocótilos, epicótilos e cotilédones de soja durante germinação na 

presença e na ausência de luminosidade. 

 Avaliar as mudanças no teor das diferentes formas de isoflavonas do eixo 

embrionário, compreendendo radículas, hipocótilos, epicótilos e cotilédones 

de soja durante germinação na presença de luminosidade. 

 Otimizar a extração de β-glicosidases de epicótilos de soja germinada na 

condição mais favorável à sua biossíntese, utilizando um delineamento 

composto central. 

 Otimizar a conversão de isoflavonas glicosídicas em agliconas utilizando as β-

glicosidases de epicótilos de soja germinada na condição mais favorável à 

sua biossíntese, utilizando um delineamento composto central. 

 Otimizar a extração 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 

fenólicos e atividades antioxidantes dos diferentes componentes da soja 

germinada na condição mais favorável à biossíntese de β-glicosidase. 
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3 REVISÃO BIBLIOGRÁFICA 

3.1 COMPOSIÇÃO QUÍMICA DA SOJA 

 

Segundo historiadores, a soja (Glycine max (L.) Merril) é originária 

do continente asiático, na antiga região da Manchúria, atual China, e é um produto 

agropecuário de grande interesse devido à destacada aplicabilidade de seus 

produtos na alimentação humana e animal e ao seu elevado valor mercadológico. A 

soja é a leguminosa mais cultivada em diversas regiões do Brasil e do mundo 

(MELLO FILHO et al., 2004, IBGE, 2010). 

A soja fornece nutrientes ao organismo humano e benefícios para a 

saúde e é considerada alimento funcional. É rica em proteínas, contém isoflavonas, 

saponinas, fitatos, inibidores de protease, fitosteróis, peptídeos com baixo peso 

molecular, oligossacarídeos e ácidos graxos poli-insaturados, que auxiliam na 

redução de riscos de doenças crônicas e degenerativas. Também constitui boa fonte 

de minerais como ferro, potássio, magnésio, zinco, cobre fósforo, manganês e 

vitaminas do complexo B (CARRÃO-PANIZZI et al., 1998). 

 

Tabela 1. Composição típica da soja. 

Componente Em 100 g de soja 

Proteínas 40% 
Lipídeos 20% 
Carboidratos 34% 
Minerais 5% 
 Cálcio 230 mg 
 Fósforo 580 mg 
 Ferro 9,4 mg 
 Sódio 1,0 mg 
 Potássio 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 proteínas, 20% de lipídios, 5% de 

minerais e 34% de carboidratos (açúcares como glicose, frutose e sacarose, fibras e 

os oligossacarídeos como rafinose e estaquiose). Cada 100 g de grãos contêm 230 

mg de cálcio, 580 mg de fósforo, 9,4 mg de ferro, 1 mg de sódio, 1900 mg de 

potássio, 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 fitoestrógenos (10 a 500 

mg) (LIU, 2004). Segundo Fischer (2001), a proteína da soja é relatada como a 

única proteína vegetal de qualidade semelhante à de proteínas de origem animal, 

em função da presença dos aminoácidos essenciais para humanos. A composição 

do grão de soja ou de suas estruturas individuais é dependente de fatores como 

cultivar, época de plantio, fatores localização geográfica e condições ambientais. 

O grão de soja é constituído de 8% de tegumento (casca), 90% de 

cotilédone 2% e de hipocótilo (Figura 1). O cotilédone é a parte morfológica que 

apresenta alto teor de proteínas e óleo e a casca apresenta teor de carboidratos 

mais elevado. O hipocótilo apresenta teor de proteínas semelhante ao encontrado 

no cotilédone (LIU, 2004). 

 

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

 

A soja contém substâncias denominadas de fitoquímicos, como os 

flavonoides, cujo consumo está relacionado à redução dos riscos de muitas doenças 

crônicas como as cardiovasculares, carcinogênicas e osteoporose (MESSINA; 

MESSINA, 1991, LICHTENSTEIN, 1998, MORAIS; SILVA, 2000, TAVARES et al., 

2000, MONTEIRO et al., 2004). Mulheres asiáticas, consumidoras de soja em sua 

dieta tradicional, apresentaram melhores condições cardiovasculares e ósseas, 

quando comparadas com as ocidentais (BROUNS, 2002). Tanto a soja em grão 

quanto os produtos derivados como a farinha (kinako), o tofu (“queijo” de soja), o 

extrato solúvel ("leite"), a proteína texturizada (PTS ou "carne" de soja) e o missô 

possuem isoflavonas, cujos teores variam conforme os processos de elaboração 

(EMBRAPA, 2012b). 
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3.2 COMPOSTOS FENÓLICOS 

 

Os compostos fenólicos apresentam em sua estrutura os grupos 

hidroxila característicos como substituintes de anéis aromáticos (HERNÁNDEZ; 

PRIETO GONZÁLES, 1999). Esta classe de compostos pode ser dividida em 

flavonoides (polifenóis), com esqueleto básico C6C3C6, e não flavonoides (fenóis 

simples ou ácidos). Os átomos de hidrogênio dos grupos hidroxila adjacentes, as 

duplas ligações do anel e a dupla ligação da função oxo (carbono fazendo dupla 

ligação com o oxigênio) 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 

fenólicos pertencentes ao grupo dos flavonoides. 

 

 

 

Figura 2: Estrutura química do flavan-3-ol e flavan-3,4-diol. (Fonte: ANGELO e 

JORGE, 2007). 
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Os compostos fenólicos atuam como antioxidantes em vários 

sistemas por sua habilidade de doar hidrogênio e elétrons e também por formar 

radicais intermediários estáveis, que impedem a oxidação de vários ingredientes do 

alimento em particular os lipídios (BRAND-WILLIAMS; CUVELIER; BERSET, 1995). 

Estes compostos são capazes de inibir a formação do oxigênio singlete, prevenir 

reações em cadeia pelo sequestro dos primeiros radicais formados, quelar íons 

metálicos impedindo sua ação catalisadora e decompor os produtos primários da 

oxidação para espécies não reativas (NACZK; SHAHIDI, 2004).  

Os compostos fenólicos estão amplamente distribuídos em muitos 

vegetais. Estes compostos de natureza complexa fazem parte como constituintes 

metabólicos de uma grande quantidade de vegetais, frutas e produtos 

industrializados. Podem se apresentar na forma de pigmentos que são responsáveis 

pela cor dos alimentos ou como produtos secundários de metabolismo, provenientes 

de reações de defesa das plantas contra agressões do ambiente (BRAND-

WILLIAMS; CUVELIER; BERSET, 1995). 

Nos grãos de soja, o teor de compostos fenólicos é variável. Com 

3,73 mg a 6,18 mg equivalente ácido gálico (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 feijão preto; 1,54 a 1,81 mg EAG/g no grão de bico e 1,02 a 7,53 

mg EAG/g na lentilha (XU; CHANG, 2007).  

Vários métodos são descritos para caracterizar a capacidade 

antioxidante em alimentos. No entanto, ainda não 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-oxidação β-caroteno/ácido 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-

ácido sulfônico)) também podem ser utilizados como alternativa para verificar a 

atuação dos componentes da soja como antioxidantes. 
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3.3 ISOFLAVONAS 

 

Os flavonoides são grupos de compostos fenólicos provenientes de 

plantas que possuem um esqueleto de carbonos C6-C3-C6’ com dois anéis 

aromáticos ligados entre si por uma cadeia alifática de três carbonos, que 

normalmente é condensado para formar um pirano. As isoflavonas diferem dos 

flavonoides pois o segundo anel aromático está ligado à posição 3, e não na posição 

2, do anel de pirano (Figura 3). 

As isoflavonas são compostos originários do metabolismo 

secundário, com estrutura básica fenólica. Sua origem química está no ciclo dos 

ácidos orgânicos (WILDMAN, 2001), sendo formadas durante todo o período de 

enchimento do grão (desde 35 dias após o florescimento). As formas genistina e 

malonilgenistina aumentam suas concentrações no final do período de enchimento 

do grão, enquanto as formas daidzina e malonildaidzina aumentam durante todo o 

período de enchimento do grão (CARRÃO-PANIZZI et al., 1998). 

As isoflavonas são essenciais para a sobrevivência das plantas 

leguminosas, protegendo-as contra o ataque de fitopatógenos pela ação antifúngica 

e também apresentam atividade antioxidante (VANETTEN et al., 1994; HSIEH, 

GRAHAM, 2001). 

O grão 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 não 

conjugada aglicona (daidzeína, genisteína e gliciteína), constituindo assim os 12 

isômeros (Figura 3) (LIU et al., 2004).  

As isoflavonas se comportam como estrógenos na maioria dos 

sistemas biológicos, especialmente em sintomas da menopausa e osteoporose 

(MURPHY, 1982, LIGGINS et al., 2000, TAKU et al., 2012). Em adição à sua 

atividade antiestrogênica, 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., 2001a, DIXIT et al., 2012) e antimutagênica 

(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 β-glicosidase não foi correlacionada com os grupos de 

maturidade. Nos grãos de soja as isoflavonas existem principalmente sob a forma 

glicosilada, ou seja, ligada à molécula de açúcar, na proporção aproximada de 3:6:1 

de daidzina, genistina e glicitina, respectivamente (HARJO et al, 2007). 

Na soja, a concentração de isoflavonas pode variar de 10 a 500 

mg/100 g (COWARD et al., 1993) e depende das condições climáticas, forma de 

processamento e cultivar analisada (CARRÃO-PANIZZI et al., 1999). No grão, a 

composição de isoflavonas pode ser dividida de acordo com os seus componentes, 

ou seja, casca, cotilédone e hipocótilo. A concentração de isoflavonas no hipocótilo é 

5,5 a 6 vezes maior do que no cotilédone, correspondendo a 10 a 20% do total de 

isoflavonas do grão, mesmo este representando somente 2% da massa total do 

grão. Entretanto, há no cotilédone 80 a 90% das isoflavonas do grão de soja, pelo 

fato desse representar maior proporção na planta (TSUKAMOTO et al., 1995). 
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Figura 3. Estrutura química de 12 formas de isoflavonas da soja (LIU, 2004). 

 

Embora as formas glicosídicas daidzina e genistina (PARK et al., 

2002) e malonilglicosídicas (KIM; CHUNG, 2007) estejam em maiores proporções no 

grão de soja, estas possuem menor atividade biológica do que as suas formas 

agliconas, daidzeína e genisteína. A absorção e retenção das isoflavonas pelo 
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organismo humano aumentam conforme a solubilidade em água. Assim, a 

genisteína é mais absorvida que a daidzeína que é mais absorvida do que a 

gliciteína (MURPHY; HENDRICH, 2002).  

Para aproveitamento pelo organismo humano das formas 

glicosídicas, estas necessitam ser hidrolisadas. As isoflavonas β-glicosídicas são 

excelentes substratos para as β- glicosidases e seria esperado que os produtos 

hidrolisados fossem absorvidos no intestino delgado. Entretanto, as isoflavonas 

agliconas são absorvidas na parte proximal do intestino delgado como ocorre com 

muitos medicamentos de estrutura similar (PEÑALVO; 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 recuperação de isoflavonas em tofu foi de aproximadamente 

36% e de bebida de soja, de 54%, quando comparado ao grão de soja. Certos 

métodos de processamento como fervura, trituração e coagulação de proteínas no 

tofu não 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, hidrólise enzimática e fermentação alteram significativamente a 

distribuição de isoflavonas em alimentos de soja (WANG; MURPHY, 1994), ou pode 

até ocorrer a remoção dessas substâncias dos alimentos (OKUBO; KOBAYASHI; 

TAKAHASHI, 1983). No caso das isoflavonas agliconas se mostram estáveis a 

temperaturas de até 150°C (ROSTAGNO; PALMA; BARROSO, 2007). 

Embora a presença das formas acetilglicosídicas das isoflavonas 

esteja relacionada à aplicação de calor (FARMAKALIDIS; MURPHY, 1985), Jackson 

et al.(2002), reportaram que a presença de isoflavonas acetilglicosídicas 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 

presença de isoflavonas acetilglicosídicas foi observada em diferentes cultivares de 

soja antes e durante o processo de germinação. 

A extração das isoflavonas de soja é frequentemente conduzida por 

solventes polares como etanol, metanol ou acetonitrila ou em combinação com água 

ou ácido. Os diferentes métodos de extração requerem tempo para procedimentos 
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de limpeza com o objetivo de minimizar as interferências em fases subsequentes de 

análise (HSU et al., 2010). 

Hutabarat; Greenfield e Molholland (2001) concluíram que as 

isoflavonas de soja podem ser melhor extraídas utilizando solventes polares. 

Eldridge (1982), Barbuch et al. (1989) e Ikeda; Ohta e Watanabe (1995) verificaram 

que solução aquosa de metanol a 80% foi mais eficiente na extração das formas 

conjugadas das isoflavonas de soja e agliconas, contudo, acetonitrila, etanol e 

metanol puros não demonstraram boa capacidade de extração. Genovese e Lajolo 

(2001) ao determinarem o teor de isoflavonas em derivados de soja concluíram que 

o melhor solvente para extração, em termos de eficiência e praticidade, foi o metanol 

a 80% quando comparado com metanol a 70%, acetonitrila a 60 e 80% e estes 

combinados com HCl 0,1N e água destilada. Outros trabalhos (FARMAKALIDIS; 

MURPHY, 1985, GRIFFITH; COLLISON, 2001) descreveram que a solução aquosa 

de acetonitrila a 80% seria mais eficiente que metanol a 80%. Sem dúvida, a solução 

de metanol a 80% tem sido relatada como a mais empregada para a extração das 

isoflavonas de soja (COWARD; BARNES; SETCHELL, 1993, LIGGINS et al., 2000, 

GENOVESE; LAJOLO, 2001, PARK et al., 2002). 

Os métodos por cromatografia são empregados na análise do teor 

de isoflavonas de soja devido à sua alta eficiência, rapidez e possibilidade de 

utilização de sistemas automatizados (CELEGHINI et al., 2001). Dentre essas 

metodologias, são usualmente citadas na literatura a Cromatografia Líquida de Alta 

Eficiência (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-GOMÉZ et al., 2010), 

Cromatografia Gasosa (CG) (SETCHELL, 2001) e mais recentemente, 

Cromatografia Líquida de Ultra Alta Eficiência (CLUAE ou UHPLC) (FIETCHER et 

al., 2010). 

 

3.3.1 Consumo de Fitoestrógenos e Biodisponibilidade 

 

Segundo Brouns (2002), uma das principais preocupações com 

relação à funcionalidade de alguns componentes vegetais no corpo humano é como 

esses componentes são realmente absorvidos no trato gastrointestinal, como são 

metabolizados e como alcançam seu alvo nos tecidos para exercer um efeito 
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favorável. A biodisponibilidade não representa apenas o processo de absorção e sim 

a absorção, distribuição, conversão metabólica para compostos bioativos no 

organismo e sua eliminação via urina e fezes. Testes clínicos bem controlados são 

feitos para determinar os níveis de fitoestrógenos no sangue, urina e fezes, bem 

como determinar o papel na circulação entero hepática desses componentes 

alimentares. Estes estudos sobre biodisponibilidade de fitoquímicos ainda são 

limitados pois há outros aspectos para serem considerados. Na natureza, assim 

como em alguns produtos processados, as isoflavonas, estão ligadas a um 

carboidrato (denominadas de gliconas: daidzina, genistina e glicitina) e apenas uma 

pequena fração apresenta-se como isoflavona não ligada (denominadas de 

agliconas: daidzeína, genisteína e gliciteína).  

O efeito da presença da molécula de glicose sobre a velocidade de 

absorção de quercitina, por exemplo, um flavonoide presente em vegetais e com 

estrutura semelhante à das isoflavonas, foi confirmada quando a quercitina-β-

glicosídica foi administrada em humanos saudáveis. O pico de concentração de 

quercitina em plasma humano foi cerca de 20 vezes maior e foi 10 vezes mais 

rápido quando comparado com o seu glicosídeo. Esses dados de farmacocinética 

sugerem que a forma glicosídica da quercitina foi absorvida no intestino delgado 

(STAHL et al., 2002). 

Da mesma forma, Izumi et al. (2000) verificaram que as formas 

agliconas das isoflavonas são absorvidas mais rapidamente e em maior quantidade 

do que seus correspondentes glicosídicos, conforme estudos realizados em 

humanos que testaram a ingestão de baixa e alta quantidade de isoflavonas 

glicosídicas e agliconas por 2 e 4 semanas. 

As isoflavonas agliconas possuem maior atividade biológica do que 

suas respectivas formas glicosídicas que são as principais formas encontradas no 

grão de soja e constituem de 50 a 90% dos flavonoides de farinha de soja 

(ELDRIDGE, 1982; FUKUTAKE et al., 1996). Somente as isoflavonas livres, não 

ligadas a moléculas de açúcar, conseguem atravessar a membrana plasmática, 

processo que ocorre passivamente via micelas. As malonil e acetilglicosil isoflavonas 

modificadas são substratos inadequados para a hidrólise enzimática e são 

absorvidas no intestino grosso, após hidrólise induzida por enzimas bacterianas no 

intestino (PARK, et al., 2001b).  
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As enzimas de bactérias intestinais podem ser responsáveis por 

reações de hidrólise. No lúmen, as bactérias convertem parte dessas agliconas em 

outras moléculas, mas existe grande variabilidade na eficiência digestiva das 

isoflavonas. Após a absorção, essas moléculas são incorporadas aos quilomícrons, 

que as transportam ao sistema linfático antes de entrar na circulação sanguínea. Os 

quilomícrons distribuem as isoflavonas em todos os tecidos extra-hepáticos, nos 

quais exercem seus efeitos metabólicos e retornam ao fígado como quilomícrons 

remanescentes. A retomada de isoflavonas da circulação ocorre passivamente e 

todas as células que contém receptores de estrogênio podem ser influenciadas por 

esta molécula. Quando estas moléculas são secretadas na bile pelo fígado, parte é 

reabsorvida pela circulação entero-hepática e parte é excretada com as fezes 

(ANDERSON; GARNER,1997). Entretanto, a eliminação urinária das isoflavonas é 

maior e corresponde de 10 a 30% da circulação dietética (SETCHELL, 1998). 

Após a ingestão, as formas malonil e acetil das isoflavonas não 

convertidas em glicosídicas são metabolizadas por bactérias intestinais, que 

removem a molécula de glicose, resultando nas respectivas agliconas. As formas 

agliconas são absorvidas pelos enterócitos, ou no caso da daidzeína, parte é 

convertida em equol e/ou metilangelolensina e são também absorvidos. Tem sido 

demonstrado que não são todos os indivíduos que possuem a capacidade de 

metabolizar daidzeína em equol, a razão exata não é bem conhecida. Porém, 

algumas pesquisas demonstraram que mulheres que excretam equol possuem um 

percentual maior de carboidratos, menor percentual de lipídeos e mais proteína 

vegetal na dieta diária. Assim, como o consumo desses componentes alimentares 

influenciaram no processo de fermentação no intestino grosso, pode-se supor que a 

flora bacteriana é essencial para a conversão das isoflavonas em agliconas e equol. 

O intestino delgado não apresenta relevância nesse aspecto, já que a parede 

intestinal não expressa atividade de β-glicosidase e não possui bactérias que 

expressem essa atividade, requerida para a conversão de glicosídicas em agliconas 

(BROUNS, 2002).  

 

3.3.2 Benefícios das isoflavonas à saúde humana 

 

Os alimentos funcionais contêm substâncias capazes de modular as 

respostas metabólicas do indivíduo, resultando em maior proteção e estímulo à 
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saúde. Promovem o bem-estar dos indivíduos, previnem o aparecimento precoce de 

doenças degenerativas e permitem aumentar a longevidade com qualidade de vida. 

Portanto, são alimentos que contêm uma ou mais substâncias capazes de atuarem 

no metabolismo ou na fisiologia do ser humano com promoção de benefícios à 

saúde (PACHECO; SGARBIERI, 2001).  

No Brasil a legislação não permite as designações como suplemento 

alimentar, suplemento nutricional, complemento alimentar ou complemento 

nutricional e os produtos à base de soja encontrados no comércio não podem ser 

considerados alimentícios por apresentarem alegações medicamentosas ou 

terapêuticas conforme a ANVISA (Agência Nacional de Vigilância Sanitária, 2012) e 

GENOVESE et al. (2003). 

Segundo a Legislação Brasileira, Agência Nacional de Vigilância 

Sanitária, alimento funcional é aquele que pode, além de funções nutricionais 

básicas quando se tratar de nutriente, produzir efeitos metabólicos e/ou fisiológicos 

e/ou efeitos benéficos à saúde, devendo ser seguro para a saúde sem supervisão 

médica. As alegações podem fazer referências à manutenção geral da saúde, ao 

papel fisiológico dos nutrientes e não nutrientes e à redução de risco a doenças. Não 

são permitidas alegações de saúde que façam referência à cura ou prevenção de 

doenças (BRASIL, 1999a). As alegações de propriedades funcionais relacionadas à 

soja incluem a proteína de soja, com a alegação de ajudar a reduzir o colesterol e a 

fibra alimentar, com a alegação de auxiliar o funcionamento do intestino. Nos rótulos 

dos alimentos de soja ou derivados, essas alegações devem vir acompanhadas da 

recomendação de associar o consumo da proteína de soja ou fibra a uma dieta 

saudável. Apesar de estudos indicando efeitos benéficos à saúde humana 

associados ao consumo de isoflavonas, os dizeres de rotulagem e o material 

publicitário dos produtos à base de soja não podem veicular qualquer alegação em 

função das isoflavonas, seja de conteúdo (“contém”), funcional, de saúde e 

terapêutica (prevenção, tratamento e cura de doenças) (ANVISA, 2012). 

No entanto, algumas vantagens nutricionais podem ser obtidas pela 

substituição de alimentos de origem animal por alimentos à base de soja. A soja 

representa uma excelente fonte de proteína de alta qualidade, tem lipídeos com 

baixo teor de ácidos graxos saturados e uma grande quantidade de fibras. Assim, 

seu possível uso como alimento funcional torna-se interessante, já que o consumo 

de proteína de soja e sua fibra dietética parecem reduzir o risco de doença 
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cardiovascular e melhorar o controle glicêmico. Além do mais, as isoflavonas da soja 

estão associadas à diminuição de risco e tratamento de diferentes doenças. Dessa 

forma, a soja pode desempenhar papel importante na promoção da saúde 

(MATEOS-APARICIO et al., 2008). 

As ações benéficas das isoflavonas estão associadas à sua 

capacidade antioxidante devido ao número de grupos hidroxila presentes na sua 

estrutura química. Essa capacidade decresce com a glicosilação ou a substituição 

do grupo hidroxila pelo grupo metoxila (NAIM et al., 1976). Assim, a atividade 

antioxidante da aglicona genisteína deve ser maior do que as formas glicosiladas 

(KAO; CHEN, 2006). 

Os benefícios 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 metabólicas dos pacientes. Em diabéticos tipo 2, a soja pode ser uma 

boa opção devido aos efeitos sobre a hipertensão, hipercolesterolemia, 

aterosclerose e obesidade, doenças comuns nesses pacientes, além de diminuir a 

hiperfiltração renal, proteinúria e o risco de doenças renais. Uma das complicações 

mais comuns é o desenvolvimento de retinopatia diabética. Os efeitos angiogênicos 

da isoflavona podem ser valiosos contra essa desordem (JENKINS et al., 2003). Liu 

et al. (2010) estudaram o efeito de proteínas de soja com ou sem suplementação de 

isoflavonas sobre o controle glicêmico e sensibilidade à insulina em chinesas em 

período pós menopausal com pré diabetes ou diabetes nos estágios iniciais da 

doença. Os pesquisadores observaram que as mulheres tratadas por 3 ou 6 meses 

com proteína de soja com ou sem suplementação de isoflavonas não mostraram 

mudanças favoráveis para o controle glicêmico e resistência à insulina e afirmaram 

que este estudo randomizado não esclarece a hipótese de que a proteína de soja e 

isoflavonas possuam efeitos favoráveis no controle glicêmico e resistência à insulina 

entre chinesas na pós meunopausa e que os efeitos favoráveis sobre a curva 

glicêmica de 2 h ainda precisa ser confirmada. 

Por outro lado, os receptores para insulina nas células são enzimas 

estimuladas por ela própria, com atividade de proteína tirosina quinase (ALBERTS et 

al., 1997). O cálcio (Ca2+) intracelular está intimamente relacionado à secreção de 

insulina, que envolve a ativação de uma proteína quinase dependente de Ca2+. A 

potencialização da secreção por agentes ativadores da proteína quinase parece 

envolver um aumento na sensibilidade do sistema secretório para o Ca2+ 



33 

 

 

(ASHCROFT, 1994). A genisteína vem sendo estudada como um composto 

regulador da secreção de insulina, devido ao efeito inibidor da proteína tirosina 

quinase, cuja liberação é controlada por mecanismos complexos de sinalização 

celular que envolvem a ação destes receptores (KAHN, 1998). Os efeitos benéficos 

que vêm sendo observados em estudos com animais e culturas de células sugerem 

que a genisteína pode ser uma alternativa no tratamento do diabetes, principalmente 

do tipo 2. Em concentrações não estimulatórias de glicose, a genisteína não afetou a 

liberação de insulina. Entretanto, em concentrações estimulatórias (mínimo de 20 

µg/mL) a genisteína aumentou significativamente a liberação de insulina 

(ASHCROFT, 1994). 

Com relação às doenças cardiovasculares (DCV), estudos mostram 

que o consumo regular de leguminosas diminui significantemente o risco de DCV. 

Estudos com soja reforçam que a substituição de proteína de origem animal pela 

proteína de soja reduz a concentração de colesterol total e de colesterol de baixa 

densidade (LDL) no plasma e diminui os níveis de triglicerídeos (ANDERSON; 

MAJOR, 2002). Há uma hipótese de que as isoflavonas ingeridas em uma dieta que 

contenha soja, possa inibir o desenvolvimento de aterosclerose devido às suas 

propriedades antioxidantes contra a oxidação do LDL colesterol, que gera a cascata 

de eventos que levam à produção dos ateromas. Além disso, as isoflavonas 

possuem efeito hipocolesterolêmico, que pode ser devido à interação das 

isoflavonas com os receptores de estrogênio devido à similaridade entre o 

estrogênio (estradiol) e as isoflavonas e seus respectivos metabólitos (Figura 4) 

(ANDERSON et al., 1999).  

 

 

Figura 4. Comparação das estruturas químicas do equol (metabólito da daidzina) e 

estradiol. (Fonte: SETCHELL, CASSIDY, 1999) 
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Os diferentes estudos indicaram que para alcançar o efeito de 

diminuição de colesterol, é importante consumir a proteína de soja com sua fração 

natural de isoflavonas, pois a separação ou o isolamento dos componentes naturais 

da soja pode reduzir os efeitos benéficos das isoflavonas e proteínas (MATEOS-

APARICIO et al., 2008). 

Com relação aos efeitos das isoflavonas na diminuição de risco e 

tratamento de câncer, os dados existentes não são suficientes para concluir como o 

consumo de soja é benéfico nesses casos. Pesquisadores têm analisado as 

diferenças dietéticas entre Japão e as nações ocidentais para tentar explicar as 

variações nas taxas de mortalidade decorrentes do câncer (MATEOS-APARICIO et 

al., 2008). Segundo Craig (1997), o grão de soja contém alto teor de componentes 

com atividade anticancerígena, como fitatos, inibidores de protease, fitosteróis, 

saponina, ácidos fenólicos e isoflavonas, mas a maioria dos dados sugere que as 

isoflavonas são as responsáveis, devido à sua atividade estrogênica. 

O crescimento de câncer de mama dependente ou não de 

estrogênio em células in vitro, tem sido inibido pela genisteína, mas as 

concentrações necessárias para a inibição in vivo ainda não estão estabelecidas. Há 

evidências de que as isoflavonas aumentam a atividade estrogênica em mulheres 

com risco de desenvolver câncer de mama e mulheres que já possuem a doença 

(TROCK et al., 2006). 

Messina e Wood (2008) afirmaram que ainda há controvérsias com 

relação aos benefícios do consumo de isoflavonas e sua influência sobre o câncer. 

Apesar de existir um número considerável de investigações a respeito do potencial 

dos alimentos à base de soja na redução do risco de câncer, 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 sensíveis ao estrogênio já existentes. Há poucas evidências que sugerem 

que o pequeno efeito estrogênico das isoflavonas da dieta produza um impacto 

clínico relevante no tecido mamário de mulheres saudáveis. Outras evidências 

mostraram um decréscimo do risco de câncer de mama invasivo. Assim, apesar das 

controvérsias, Messina e Wood (2008) afirmaram que o consumo de isoflavonas na 

dieta normal (<100 mg/dia) parece não ter efeitos adversos sobre a promoção do 

câncer de mama em mulheres saudáveis ou em mulheres sobreviventes de casos 

de câncer de mama que não estejam mais em tratamento. 
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Já para câncer de próstata, os possíveis efeitos benéficos podem 

não estar associados aos receptores de estrogênio. O estrogênio causa a morte 

programada de células cancerígenas na próstata e inibe as enzimas associadas a 

diferentes processos no desenvolvimento do câncer (ADLERCREUTZ, 2002). Assim, 

os alimentos à base de soja podem ser um fator que contribui para a diminuição da 

mortalidade decorrente deste tipo de câncer. Segundo Adlercreutz; Mazur e Bartels 

(2000) a genisteína tem demonstrado reduzir a síntese de DNA em células de 

câncer de próstata de humanos in vitro e diminuir o desenvolvimento de câncer de 

próstata em ratos.  

Segundo Mateos-Aparicio et al. (2008), existem também evidências 

do efeito protetor da soja contra câncer de cólon. Em estudos in vitro, produtos à 

base de soja têm mostrado um efeito antiproliferativo sobre vários tipos de células, 

incluindo as células do trato gastrointestinal. Os flavonoides da dieta demonstraram 

efeito antiproliferativo em células cancerígenas do cólon e essa propriedade pode 

estar relacionada com a habilidade de inibir o acúmulo de ácido ascórbico pelas 

células, que é utilizado durante a divisão celular. Mesmo assim, os autores relataram 

que há resultados mostrando que as isoflavonas não protegem contra o 

desenvolvimento de câncer de cólon e os estudos ainda são contraditórios. 

Os alimentos à base de soja também estão associados à redução do 

risco de osteoporose. Estudos com isoflavonas e proteínas de soja sugerem que 

mulheres que se aproximam do período menopausal e que consomem proteína de 

soja rica em isoflavonas se beneficiam mais pelo aumento na densidade mineral 

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

 

3.4 β -GLICOSIDASE 

 

Segundo Izumi et al. (2000) as formas agliconas são absorvidas 

mais rapidamente no organismo do que as outras formas de isoflavonas. Assim, 

devido a este fato, muitos pesquisadores têm utilizado as enzimas β-glicosidases 

para a biotransformação das formas glicosiladas em agliconas. A conversão de β-

glicosídeos em agliconas pode ocorrer com a utilização de β-glicosidase proveniente 

do metabolismo de microrganismos (fungos ou bactérias) ou do próprio grão de soja 

(Park et al., 2001b) 

Em produtos in natura e processados, os fitoestrógenos estão 
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normalmente ligados a carboidratos e são denominados de glicosídeos. Exemplos 

de isoflavonas glicosídicas são a daidzina, genistina e glicitina. Uma pequena fração 

das isoflavonas são formas livres de fitoestrógenos e são denominadas de 

agliconas. As agliconas derivadas da daidzina, genistina e glicitina são a daidzeína, 

genisteína e gliciteína, respectivamente. As formas glicosídicas podem ainda ocorrer 

como conjugados acetil ou malonil, porém, apenas as formas agliconas, a forma 

biologicamente ativa, possui efeito estrogênico (Bokkenheuser; Winter, 1988, Pham; 

Shah, 2009). 

As β-glicosidases (β-D-glucoside glucohydrolase, E.C. 3.2.1.21) 

compreendem um grupo heterogêneo de enzimas que catalisam as ligações β-

glicosídicas entre dois núcleos de carboidratos ou um carboidrato e uma aglicona 

(ESEN, 1992; MORANT et al., 2008). Nos tecidos intactos das plantas, as β-

glicosidases estão armazenadas separadamente do substrato e estão envolvidas em 

diversos aspectos da fisiologia da planta como a formação de produtos 

intermediários da lignificação da parede celular, degradação da parede celular do 

endosperma durante a germinação e a ativação de fitormônios e componentes de 

defesa (VANETTEN et al., 1994, HSIEH, GRAHAM, 2001; MORANT et al., 2008). 

A β-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, feijões e soja (SUZUKI et al., 2006; SUE et al., 2006; HAN; CHEN, 2008). O 

Japão, entre outros países orientais, utiliza há séculos na alimentação, a soja 

fermentada e, em países 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 β-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 ótimo entre 5,2 e 6,0, sendo 

sua temperatura ótima de 50°C. Matsuura e Obata (1993) caracterizaram a enzima 

β-glicosidase-C, sua massa molecular foi estimada entre 81 kDa e 36 kDa e o pH 

isoelétrico ocorreu em 6,7 com atividade ótima em pH 4,5 e temperatura de 45°C. 

Em vários estudos, as enzimas têm sido obtidas de cotilédones de 

soja, contudo, atividades de β-glicosidase relativamente altas também foram 

observadas em outras partes da planta, bem como as raízes e radículas (HSIEH, 

GRAHAM, 2001; SUZUKI et al., 2006; RIBEIRO et al., 2006). 
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A hidrólise enzimática de glicosil isoflavonas de soja foi demonstrada 

com a utilização de enzimas produzidas por Rhizopus oryzae (GYÖRGY; 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 β-

glicosidases isoladas de mudas de soja são preferidas quando comparadas aos 

seus análogos microbianos, pois a β-glicosidase proveniente de radículas de soja 

germinada age exclusivamente sobre as formas conjugadas malonilglicosídicas e 

permite maior controle sobre a produção de isoflavonas agliconas que serão mais 

rapidamente absorvidas (SUZUKI et al, 2006). 

Ao contrário da utilização de β-glicosidase de origem microbiana 

pouco se tem estudado o emprego de β-glicosidase do próprio grão. Matsuura; 

Sasaki e Murao (1995) verificaram que deixando os grãos de soja em maceração, as 

isoflavonas glicosiladas formavam por hidrólise as agliconas (daidzeína e genisteína) 

devido a ação da enzima β-glicosidase. Nos alimentos de soja fermentada (missô, 

tempeh) predominam as formas agliconas genisteína e daidzeína. Provavelmente, 

devido ao fato de que as glicosil isoflavonas são hidrolisadas à agliconas durante o 

processo de fermentação devido à ação da β-glicosidase (PEÑALVO; NURMI; 

ADLERCREUTZ, 2004, PARK et al., 2001b). 

Ribeiro et al. (2006) descreveram que em soja (BR 213) geminada 

por 72 h a 25ºC, o teor de isoflavonas totais aumentou significativamente e a 

atividade de β-glicosidase de radículas e cotilédones foi 3,3 e 2,3 vezes maior, 

respectivamente, quando as plantas foram germinadas sob luz. Assim, o processo 

de germinação pode ser um método alternativo satisfatório para aumentar a 

atividade de β-glicosidase e produzir isoflavonas agliconas. Mesmo que a 

quantidade de radículas seja menor que a quantidade de cotilédones resultante da 

germinação da soja, este pode sem um processo alternativo para obtenção de 

radículas com maior quantidade de β-glicosidase. 

Muitas fontes de β-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 0oC 

a acima de 100oC (BRENDA, 2012). 
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3.5 O PROCESSO DE GERMINAÇÃO E ALTERAÇÕES NA COMPOSIÇÃO DA SOJA 

 

A germinação é uma alternativa para o processamento e consumo 

dos grãos (RIBEIRO et al., 2006). Este processo é realizado mediante condições 

apropriadas em que o eixo embrionário dá prosseguimento ao seu desenvolvimento 

que havia sido interrompido devido à maturidade fisiológica (CASTRO, BRADFORD, 

HILHORST, 2004). 

As sementes germinam quando as condições para o crescimento 

são favoráveis e não apresentam nenhum tipo de dormência. A primeira condição 

para germinação é a exigência de água, além de condições adequadas de 

temperatura e luz. Assim, o processo de germinação se inicia pela embebição e 

reativação do metabolismo. Neste estágio é comum observar um padrão trifásico de 

absorção de água e hidratação. A fase inicial (Fase I) é um processo dirigido pelo 

gradiente de potencial hídrico entre a semente e o seu ambiente. Em geral, esta fase 

é rápida e puramente física que depende somente da ligação da água na matriz da 

semente seca. Quando toda a matriz atinge hidratação plena, o conteúdo de água 

na semente alcança um nível de platô e é mantido constante por um período 

chamado como intervalo ou fase de preparação e ativação (Fase II da embebição). 

Nesta fase, as células do interior das sementes não podem mais absorver água pois 

não podem mais se expandir. Durante a Fase II, são ativados os processos 

metabólicos requeridos para o crescimento do embrião e a conclusão do processo 

germinativo. A duração desta fase depende da temperatura e do potencial hídrico, 

nesta fase, as sementes tendem a se manter tolerantes à desidratação e 

dessecação. A Fase III é marcada por um aumento no conteúdo de água da 

semente, que acontece devido à absorção associada ao início do crescimento do 

embrião (concomitante com divisão celular e consequente alongamento embrionário 

– protusão da radícula). Uma vez iniciado o crescimento, as sementes perdem a 

tolerância à desidratação (CASTRO, BRADFORD, HILHORST, 2004). 

O broto de soja, ou moyashi (em japonês) (soja com 6 ou 7 dias de 

germinação) se tornou um importante alimento vegetal em países como a Coreia 

(LEE et al., 2007), Japão, China e Estados Unidos (VIEIRA; NISHIHARA, 1992, LIU, 

1997). Apesar do seu alto valor nutritivo, o broto de soja tem baixo custo de 

produção e é relativamente fácil de ser produzido. Muitos estudos descrevem sobre 

a técnica de cultivo, valor nutricional, melhoramento genético, prevenção 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 

presença de luz 

Parte Com luz Sem luz 

Cotilédones 2,17 2,54 

Hipocótilos 1,17 1,13 

Radículas 2,40 2,58 

Fonte: Adaptado de Lee et al., 2007 

 

Segundo Buckeridge et al. (2004), no início da germinação, a 

reidratação dos tecidos da semente está normalmente relacionada ao reparo de 

estruturas que podem ter sido danificadas durante a secagem, como membranas e 

ácidos 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 oligossacarídeos da 

série da rafinose, que também são rapidamente degradados para a produção de 

energia. O processo de degradação ocorre na presença de enzimas hidrolíticas e é 

a partir desse ponto que se inicia o crescimento embrionário, cujo fim é produzir um 

organismo autotrófico. 

Dentre as enzimas que são ativadas e atuam durante o processo de 

germinação, há as proteases e fitases (ABDULLAH; BALDWIN; MINOR, 1984, 

MOSTAFA; RAHMA, 1987), a invertase, alfa galactosidase entre outras que são 

responsáveis pela quebra de açúcares para obtenção de energia, as lipases que 

degradam os triglicerídeos armazenados em organelas denominadas corpos 

lipídicos (BUCKERIDGE et al., 2004); além dessas enzimas, a β-glicosidase, além 

de participar da degradação de glucanos de ligação mista (β-glucanos) para 

mobilizaçao de glicose (BUCKERIDGE et al., 2004), é responsável pelo aumento do 

teor de isoflavonas agliconas (SANTOSH; BALASUBRAMANIAN; LALITA 1999). A 

obtenção desta enzima a partir do cotilédone de soja com atividades específicas 
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elevadas da β-glicosidase foi observada em outras partes da planta como, radícula, 

raízes e epicótilo (RIBEIRO et al., 2006).  

Hsieh e Graham (2001) purificaram e caracterizaram a β-glicosidase 

extraída a partir das raízes de soja germinada por 7 a 9 dias. O extrato bruto das 

raízes apresentou elevada atividade específica de β-glicosidase, sendo 

aproximadamente 800 vezes maior do que do extrato do cotilédone. A β-glicosidase 

endógena de soja ou dos componentes do grão germinado podem ser extraídos e 

aplicados em produtos derivados de soja para obtenção de alimentos com boas 

propriedades funcionais (RIBEIRO et al., 2006). 

O teor protéico da semente germinada mantém-se em torno de 

100% da proteína inicial em base seca (FORDHAM; WELLS; CHEN, 1975). A 

germinação das sementes proporciona aumento do seu valor nutritivo, pela melhoria 

da digestibilidade protéica, redução do conteúdo de fitatos (AZEKE et al., 2011) e 

aumento da biodisponibilidade de vitaminas e minerais, principalmente vitamina C 

(WAI et al., 1947, FORDHAM; WELLS; CHEN, 1975, BORDIGNON et al., 1995). 

Chi et al. (2005) observaram que o teor de proteínas, lipídeos, fibras, 

vitaminas e outros nutrientes, foi bem maior em brotos de soja verde (germinados na 

presença de luz) do que nos brotos comuns (amarelos, germinados sem a presença 

de luz), germinados por cerca de 5 a 7 dias. O esverdeado dos cotilédones é 

resultante da formação de clorofila induzida pela luz e diminui o valor de mercado 

dos brotos, pois os consumidores preferem cotilédones amarelados. Em tempos 

menores de germinação (48 h), também foi demonstrado aumento nos teores de 

lipídeos (de 22,05 para 23,11%) e proteínas (de 35,67 para 42,02%) (MARTINEZ et 

al, 2011). 

O processo de germinação 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 três estádios diferentes de desenvolvimento. 

Verificou-se um aumento das formas agliconas em todas as cultivares, alterações 

variadas no teor de isoflavonas glicosídicas e malonilglicosídicas e ausência ou 

quantidades muito pequenas de acetilglicosídicas (KIM; CHUNG, 2007). 

A atividade de β-glicosidase e o teor de isoflavonas durante a 

germinação da soja tem sido pouco investigadas. Não há relatos na literatura sobre 

a extração de β-glicosidase de epicótilos de soja germinada e utilização dessa 

enzima para conversão de isoflavonas glicosiladas em agliconas.
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MATERIAL E MÉTODOS 

 

3.6 ATIVIDADE DE Β-GLICOSIDASE DO EIXO EMBRIONÁRIO DE SOJA GERMINADA NA PRESENÇA 

E NA AUSÊNCIA DE LUZ 

 

4.1.1 Germinação da Soja 

 

Para cada um dos 10 experimentos, três blocos de cinco rolos de 

papel de germinação contendo 50 sementes de soja (BRS 257, cedidas pela 

Embrapa Soja – Empresa Brasileira de Pesquisa Agropecuária, Londrina, Paraná, 

Brasil) foram randomicamente colocados em duas câmaras de germinação. Em uma 

das câmaras, as sementes foram submetidas em um fotoperíodo de 10 h de 

iluminação natural (localização geográfica: -23° 19' 45.34", -51° 12' 7.45", dezembro 

de 2009) e na outra câmara de germinação, o fotoperíodo não 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 radículas e epicótilos começaram a aparecer 

em 72 h de germinação. 

Em cada tempo experimental, as radículas, epicótilos, hipocótilos e 

cotilédones (Figura 5) foram manualmente separados e liofilizados. As amostras 

foram moídas e armazenadas a -22°C para análises e as cascas foram descartadas. 

 

 

Figura 5. Partes de soja germinada a 144 h em câmara germinadora com luz, 100% 

de umidade relativa 
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Os hipocótilos e cotilédones foram também analisados antes da 

germinação para verificar a atividade da β-glicosidase antes do início do processo de 

germinação. 

 

4.1.2 Extração e determinação da atividade de β-glicosidase 

 

A β-glicosidase das amostras em cada tempo de germinação foi 

extraída de 100 mg de amostra com 1,5 mL de tampão citrato, 0,05 M, pH 4,5 

contendo 0,1 M de NaCl por 1 h à temperatura ambiente conforme descrito por 

Carrão-Panizzi e Bordignon (2000). As amostras foram centrifugadas e 

determinadas a atividade da β-glicosidase e o teor de proteínas solúveis 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-β-D-glucopiranosídeo (p-NPG) 1 mM em tampão 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 extração foi adicionado à 

mistura e os tubos foram novamente colocados em banho a 30°C por 30 min. A 

reação foi interrompida pela adição de 2,5 mL de carbonato de sódio 0,5 M e a 

concentração de p-nitrofenol liberada durante a reação foi determinada medindo-se 

a absorbância em espectrofotômetro a 420 nm. Para quantificação, foi feita uma 

curva com 8 concentrações em triplicata de p-nitrofenol variaram de 20 a 160 µM.  

Uma unidade de atividade de enzima (UA) foi definida como a 

quantidade de β-glucosidase que libera 1 µM de p-nitrofenol por minuto sob as 

condições do ensaio. Os resultados foram expressos como atividade de β-

glicosidase (UA.g-1) por grama de amostra seca e foram avaliados de acordo com o 

tempo de germinação. A atividade específica de β-glicosidase foi expressa como a 

relação entre a atividade de enzima e o teor de proteínas solúveis (UA.mg-1) 

 

4.1.3 Determinação de proteínas solúveis 

 

O teor de proteínas solúveis do sobrenadante foi determinado de 

acordo com a metodologia descrita por Lowry et al. (1951), utilizando albumina de 

soro bovino como padrão. Os resultados foram expressos em mg de proteínas 

solúveis em base seca. 
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4.1.4 Rendimento da atividade de β-glicosidase 

 

O rendimento da atividade de β-glicosidase foi calculado de acordo 

com o peso seco total obtido de cada componente do eixo embrionário em cada 

tempo de germinação.  

 

4.1.5 Delineamento experimental e análise estatística 

 

O experimento foi conduzido em blocos completos casualizados e 

três replicatas foram feitas para cada tempo de germinação sob condições de luz e 

ausência de luz. Foi feita uma análise de variância e as medias comparadas pelo 

teste de Tukey (p<0,05). Foi realizada, também, a análise de regressão e os dados 

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

 

 

3.7 ALTERAÇÕES NO TEOR DE ISOFLAVONAS NO EIXO EMBRIONÁRIO DE SOJA GERMINADA NA 

PRESENÇA DE LUZ 

 

4.2.1 Matéria prima e reagentes 

 

Foram utilizados grãos de soja Glycine max (L.) Merril cultivar BRS 

257, desenvolvida na Vitrine Tecnológica da Fazenda Experimental da Embrapa 

Soja em Londrina – PR. Todos os reagentes foram de grau analítico e grau HPLC e 

de diferentes procedências comerciais. 

 

4.2.2 Preparo de amostras e germinação da soja 

 

Os grãos de soja (BRS 257) foram submetidos a uma seleção prévia 

para remoção dos grãos danificados, manchados e materiais estranhos e então 

submetidos ao processo de germinação, 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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fotoperíodo de 10 h por dia. Após o período de germinação, os componentes da soja 

germinada, como epicótilos, hipocótilos, raiz e cotilédones foram separados 

manualmente, liofilizados (Christ, 500), moídos (Ika, 33) e armazenados a -26ºC até 

o momento da análise.  

 

4.2.3 Extração e quantificação de isoflavonas por Cromatografia Líquida de Alta 

Eficiência (CLAE) 

 

O teor de isoflavonas foi determinado em triplicata em todos os 

componentes da soja germinada e comparado com a farinha de soja 

desengordurada não germinada preparada a partir das mesmas sementes utilizadas 

para a germinação.  

Para extração das isoflavonas foram utilizados 100 mg de farinha de 

diferentes componentes do grão de soja germinado e liofilizados e de farinha de soja 

desengordurada não 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 ácido acético, mantidos à 

temperatura ambiente por 5 h, e agitados manualmente a cada 15 min conforme 

descrito por Carrão-Panizzi; Simão e Kikuchi (2003). O extrato foi centrifugado e o 

sobrenadante filtrado em membranas de nylon de 0,20 µm e 20 µL foram utilizados 

para separação e quantificação de isoflavonas por cromatografia líquida de alta 

eficiência (CLAE) segundo Berhow (2002) com algumas modificações.  

Foi utilizado um cromatógrafo (Shimadzu, LC-10AT VP, Kyoto, 

Japão) contendo forno (CTO-10AS VP) com temperatura controlada de 25ºC e 

detector de arranjo de diodos (SPD-M10Avp). A eluição das isoflavonas foi realizada 

em coluna de fase reversa ODS (M) C18 (4 mm x 15 cm e partículas de 5 µm). O 

sistema gradiente foi linear e a condição inicial consistiu de 100% de água (pH 3,0 

ajustado com ácido acético glacial) e 0% de acetonitrila. Em 25 min de eluição, foi 

atingida a proporção de 45:55 (água acidificada: acetonitrila) (v/v), em 27 min o 

gradiente atingiu 100% de acetonitrila retornou às condições iniciais em 35 min. O 

tempo de corrida foi de 40 min em uma vazão de 1 mL min-1 e as isoflavonas foram 

separadas e detectadas a 260 nm. 

A identificação e quantificação das isoflavonas glicosiladas e 

agliconas foi realizada por comparação com as curvas de calibração individuais para 

daidzina, glicitina, genistina, daidzeína, gliciteína e genisteína. As curvas de 
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calibração foram obtidas plotando as concentrações dos padrões em função da área 

dos picos obtidos após as injeções de 20 µL. As concentrações das soluções padrão 

foram cuidadosamente escolhidas para atender a maior faixa de teor de isoflavonas 

nas amostras. 

Para as isoflavonas cujos padrões puros não estavam disponíveis 

comercialmente, as curvas de calibração foram ajustadas com base nas diferenças 

de peso molecular. A quantificação das isoflavonas malonilglicosídicas (malonil 

daidzina, malonil glicitina e malonil genistina) foram calculadas com base nas curvas 

de calibração 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 estão apresentados individualmente e 

como a soma das diferentes formas, determinados em triplicata e expressos como 

mg g-1 e, base seca.  

 

3.8 OTIMIZAÇÃO DA EXTRAÇÃO DE Β-GLICOSIDASE DE EPICÓTILO DE SOJA GERMINADA E DA 

CONVERSÃO DE ISOFLAVONAS GLICOSÍDICAS EM AGLICONAS 

 

4.3.1 Matéria prima e reagentes 

 

Foram utilizados grãos de soja Glycine max (L.) Merril cultivar BRS 

257, desenvolvida na Vitrine Tecnológica da Fazenda Experimental da Embrapa 

Soja em Londrina – PR. Todos os reagentes foram de grau analítico e grau HPLC e 

de diferentes procedências comerciais. 

 

4.3.2 Preparo de amostras e germinação da soja 

 

Os grãos de soja (BRS 257) foram submetidos a uma seleção prévia 

para remoção dos grãos danificados, manchados e materiais estranhos e então 

submetidos ao processo de germinação, 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 

fotoperíodo de 10 h por dia. Após o período de germinação, os componentes da soja 

germinada, como epicótilos, hipocótilos, raiz e cotilédones foram separados 

manualmente, liofilizados (Christ, 500), moídos (Ika, 33) e armazenados a -26ºC até 

o momento da análise.  

 

4.3.3 Otimização da extração de β-glicosidase de epicótilo de soja germinada 

 

Testes preliminares de extração da β-glicosidase foram realizados, 

visando a aplicação da metodologia de superfície de resposta para definição do 

ponto central das variáveis temperatura e pH de extração. Assim, foi definido a 

temperatura de 30oC e pH igual a 5,0 como condição onde ocorreu maior extração 

da enzima. O tempo de extração de 50 min foi mantido constante. 

Os efeitos de temperatura (X1= 23, 25, 30, 35 e 37oC) e pH (X2= 3,6, 

4,0, 5,0, 6,0 e 6,4) de extração da β-glicosidase dos epicótilos de soja germinados 

após 144 h foram investigados aplicando o planejamento fatorial composto central 

com cinco níveis de variação totalizando 11 ensaios que foram realizados 

aleatoriamente, conforme Tabela 2. 

 

Tabela 3: Variáveis independentes e níveis de variação do planejamento fatorial 

composto central 

Variáveis independentes 
Níveis de variação 

-1,41 -1 0 +1 +1,41 

X1 = Temperatura (oC) 23 25 30 35 37 

X2= pH 3,6 4,0 5,0 6,0 6,4 

 

Para cada ensaio a extração da β-glicosidase foi utilizada a 

proporção de 1:15 (m/v) conforme Carrão-Panizzi e Bordignon (2000). Assim, a 

extração foi realizada com 100 mg de epicótilo de soja germinada e liofilizada e 1,5 

mL de tampão citrato de sódio 0,1mol L-1 contendo NaCl 0,1mol L-1 nos respectivos 

pHs (X1) e temperaturas (X2).  A agitação foi manual a cada 10 min por um período 

de 50 min. Posteriormente, foram centrifugados (Cientec, CT 600) por 15 min a 2500 
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g. A função resposta (Y), que corresponde a atividade de β-glicosidase extraída, foi 

determinada no sobrenadante obtido. 

A função resposta (Y) foi avaliada e obtidos os parâmetros da 

ANOVA e superfície de resposta utilizando o programa STATISTICA 7.0 da StatSoft, 

Inc. e para otimização estimou-se o parâmetro de desejabilidade. 

 

4.3.4 Determinação de β-glicosidase de epicótilos de soja germinada 

 

O teor de β-glicosidase nos epicótilos de soja germinada por 144 h 

na presença de luz foi determinado conforme descrito no item 4.1.2. 

 

4.3.5 Otimização da conversão de isoflavonas glicosiladas em agliconas 

utilizando β-glicosidase de epicótilo de soja germinada 

 

Foram realizados testes preliminares de conversão de isoflavonas 

em agliconas de farinha de cotilédone de soja desengordurada utilizando β-

glicosidase de epicótilo de soja germinada, para definição dos níveis das variáveis 

temperatura e pH, bem como o tempo de incubação 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 incubação de 14 h e a adição de 5 UA de β-

glicosidase foram mantidos constantes. 

Foi aplicado um planejamento composto central com duas variáveis 

(temperatura e pH) e cinco níveis de variação (Tabela 3) em dois blocos. O primeiro 

bloco consistiu em um planejamento fatorial 2², tendo como variáveis 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 verificação dos efeitos quadráticos. 

Para conversão, foram preparados tubos de ensaio contendo 3,0 mL 

de farinha de cotilédone de soja desengordurada (cultivar BRS 257), com pHs 

ajustados utilizando soluções 0,1 M de fosfato de sódio bibásico e ácido cítrico, na 

proporção 1:10 (p/v) com adição de 5,0 UA de β-glicosidase de epicótilo de soja 

germinada por 144h na presença de luz. Os tubos contendo as amostras foram 

colocados sob agitação em shaker (25 rpm) com temperatura controlada por 14h. 

 



48 

 

 

Tabela 4. Variáveis independentes e níveis de variação do planejamento fatorial 

composto central para otimização da conversão de isoflavonas glicosiladas em 

agliconas em farinha de cotilédone de soja (BRS 257) desengordurada utilizando β-

glicosidase de epicótilo de soja germinada por 144h na presença de luz. 

Variáveis independentes 
Níveis de variação 

-1,41 -1 0 +1 +1,41 

X3 = Temperatura (oC) 13,9 20,0 35,0 50,0 56,2 

X4= pH 3,39 4,00 5,50 7,00 7,61 

 

 

Após o período de conversão, as amostras foram congeladas em 

freezer a -80°C, liofilizadas e submetidas à determinação de isoflavonas por 

Cromatografia Líquida de Ultra Alta Eficiência (CLUAE). 

A função resposta (Z = % agliconas com relação ao total de 

isoflavonas extraídas) foi processada e obtidos os parâmetros da análise de 

variância e superfície de resposta utilizando o programa Statistica 7.0 (StatSoft, Inc., 

2007). 

 

4.3.6 Extração e quantificação de isoflavonas por Cromatografia Líquida de 

Ultra Alta Eficiência (CLUAE) 

 

Para extração das isoflavonas foram utilizados 250 mg de farinha de 

diferentes componentes do grão de soja germinado e liofilizados e farinha de 

cotilédone de soja desengordurada não germinada.  

As amostras foram colocadas em tubos de ensaio com 6,0 mL de 

mistura extratora (água, etanol e acetona, 1:1:1, v/v/v) e a extração foi feita em 

banho ultrassônico 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 µm e 1,4 µL 

utilizados para separação e quantificação de isoflavonas por cromatografia líquida 

de ultra alta eficiência (CLUAE) segundo Berhow (2002) com algumas modificações.  

Para separação e determinação de isoflavonas, foi utilizado um 

UPLC® (Waters, Acquity), sistema de injeção automática, forno com temperatura 

controlada de 35ºC e detector de arranjo de diodos (DAD). A eluição das isoflavonas 

foi realizada em coluna de fase reversa BEH C18 (Waters, 2,1 mm x 50 mm, 
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partículas de 1,7 µm). Para a separação, utilizou-se um sistema de gradiente binário 

não linear com fase inicial de 90% de H2O acidificada com ácido acético glacial (pH 

3,0) e 10% de acetonitrila. Em 8 min de eluição, foi atingida uma proporção de 0% 

de H2O e 100% de acetonitrila, retornando às condições iniciais em 9 min. O tempo 

total da corrida foi de 12 min. A vazão da fase móvel foi de 0,70 mL min-1 e a 

temperatura da corrida mantida constante a 35°C. Para a detecção, foi utilizado um 

detector de arranjo de diodos da marca Waters ajustado ao comprimento de onda de 

260 nm. 

A identificação e quantificação das isoflavonas glicosiladas e 

agliconas foi feita por comparação com curvas padrão de daidzina, glicitina, 

genistina, daidzeína, gliciteína e genisteína. As concentrações das soluções padrão 

foram cuidadosamente escolhidas para atender a maior faixa de teor de isoflavonas 

nas amostras. 

Para as isoflavonas sem padrões puros disponíveis, as curvas de 

calibração foram ajustadas com base nas diferenças de peso molecular. A 

quantificação das isoflavonas malonilglicosídicas (malonil daidzina, malonil glicitina e 

malonil genistina) foram calculadas com base nas curvas de calibração das 

isoflavonas glicosiladas correspondentes (daidzina, glicitina e genistina, 

respectivamente) utilizando a similaridade com dos coeficientes de extinção, como 

descrito por Coward et al. (1998).  

O teor de isoflavonas agliconas (daidzeína, gliciteína e genisteína), 

foi determinado em triplicata e os resultados foram expressos em % agliconas com 

relação ao teor de isoflavonas totais. 

 

4.3.7 Validação dos modelos matemáticos 

 

 Para avaliação do modelo matemático proposto, foi reproduzido o ensaio 

onde ocorreu maior extração da enzima. A melhor condição de extração ocorreu 

quando se utilizou X1 = 30,0oC e X2 = 5,0. Os valores calculados e observados foram 

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

UTILIZANDO DELINEAMENTO EXPERIMENTAL SIMPLEX CENTRÓIDE 

 

4.4.1 Material 

 

Os grãos de soja da cultivar BRS 257 foram fornecidos pela 

Empresa Brasileira de Pesquisa Agropecuária, Centro Nacional de Pesquisa da Soja 

(EMBRAPA Soja). Os grãos foram moídos em moinho de facas (Ika, modelo A-11) e 

a farinha obtida foi desengordurada com hexano por 30 min à temperatura ambiente. 

A extração 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 ultrassônico à temperatura 

controlada de 60°C por 10 min (ROSTAGNO; PALMA; BARROSO, 2003) logo após, 

centrifugadas e os sobrenadantes filtrados em filtros Millex – LH (0,20 µm). Para 

injeção no cromatógrafo foram utilizados 10 µL de cada amostra. 

 

4.4.2 Delineamento experimental de misturas simplex-centróide e análise de 

superfície de resposta para extração de isoflavonas 

 

O planejamento experimental do tipo simplex-centróide, 

originalmente descrito por Scheffé (1963) é um planejamento para misturas que 

pode ser representado por um triângulo, para três componentes ou um tetraedro 

para quatro componentes. Para explorar as condições de mistura do espaço inteiro, 

as misturas usadas são os pontos situados nos vértices e no meio das arestas, no 

qual cada ponto representa uma combinação dos componentes da mistura. O 

planejamento simplex-centróide inclui mais um ponto no centro do triângulo ou de 

cada face do tetraedro (misturas de proporções iguais de 3 componentes) e, no caso 

de um planejamento de 4 componentes, um no centro espacial do polígono (o ponto 

central, composto por mistura de partes iguais dos 4 componentes). Este tipo de 

planejamento permite o ajuste do modelo do tipo cúbico especial com um número 

relativamente baixo de experimentos (CORNELL, 1990; CALADO; MONTGOMERY, 

2003). 

Para avaliar a melhor condição para a extração das isoflavonas de 

soja foi utilizado o delineamento experimental simplex-centróide (Figura 1) com 4 
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solventes de diferentes graus de polaridade: água, acetona, etanol e acetonitrila, 

conforme descrito por Luthria; Biswas e Natarajan (2007), Rostagno; Palma e 

Barroso (2003) e Simões et al., (2002) totalizando 15 composições de solventes 

diferentes.  

Os 15 experimentos foram ajustados a um modelo linear, quadrático 

ou cúbico para a obtenção dos coeficientes de regressão linear e analisados 

estatisticamente na modelagem das variáveis repostas (y) 

 

 

(Equação 1) 

onde y = função da estimativa da resposta de interesse, bi
*coeficientes estimados 

pelo método dos mínimos quadrados,    = varáveis dependentes, sendo 1>xi> 0 e ∑ 

xi= 1,0.  

 

 

Figura 6. Planejamento experimental centróide simplex com 4 componentes 

 

Para cada parâmetro estudado foram gerados gráficos de superfície 

de resposta. A qualidade do ajuste dos modelos aos dados experimentais foi 

verificada por meio da análise de variância (ANOVA), da regressão e coeficiente de 

determinação (R2). Todas as análises e gráficos foram conduzidas utilizando o 

pacote estatístico STATISTICA 8.0 (StatSoft Inc., 2007).  
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4.4.3 Cromatografia Líquida de Alta Eficiência (CLAE) 

 

As análises para determinar e quantificar as isoflavonas de soja 

foram realizadas de acordo com a metodologia de Berhow (2002), com algumas 

modificações. A separação e quantificação das isoflavonas foram conduzidas em 

coluna de fase reversa do tipo ODS C18 (Shimadzu, 4 mm x 15 cm, partículas de 5 

µm) utilizando-se cromatógrafo líquido de alta eficiência da marca Shimadzu, modelo 

LC-10AT VP (Kyoto, Japão), forno (CTO-10AS VP) e injetor semi-automático de 

amostras. Para a separação foi usado um sistema linear de gradiente binário com 

fase inicial de 100% de H2O e 0% de acetonitrila. Em 25 min de eluição, foi atingida 

uma proporção de 45% de H2O e 55% de acetonitrila. Em 27 min, o gradiente atingiu 

100% de acetonitrila, retornando às condições iniciais novamente, em 35 min. O 

tempo total da corrida foi de 40 min. A vazão da fase móvel foi de 1 mL min-1 e a 

temperatura da corrida foi mantida constante a 25°C. Para a detecção, foi utilizado o 

detector de arranjo de diodos da marca Shimadzu, modelo SPD-M20A ajustado ao 

comprimento de onda de 260 nm.  

A identificação das isoflavonas foi realizada por comparação com 

curvas individuais de padrão de daidzina, glicitina, genistina, daidzeína, gliciteína e 

genisteína (Sigma-Aldrich). A quantificação por padronização externa foi feita 

utilizando como referência, as curvas dos padrões. A concentração das isoflavonas 

malonilglicosiladas foi calculada a partir das curvas padrão dos seus 

correspondentes β-glicosídeos, utilizando a similaridade da absortividade molar 

(COWARD et al., 1998). As análises foram realizadas em triplicata e os resultados 

expressos em mg g-1, em base seca. 

Os parâmetros de exatidão, precisão, limites de detecção e 

quantificação foram determinados para avaliar o desempenho do método de 

quantificação das isoflavonas por HPLC. 

Os limites de detecção (LD) e quantificação (LQ) dos seis padrões 

de isoflavonas foram determinados conforme o método descrito pelo International 

Conference on Harmonization - ICH (1996) com algumas modificações. Seis 

concentrações (0,1 a 0,003 mg.mL-1) de cada um dos padrões de isoflavona 

(daidzina, glicitina, genistina, daidzeína, gliciteína e genisteína) foram preparadas e 

cinco injeções foram feitas em cada concentração. Cinco curvas de calibração foram 

obtidas plotanto a concentração versus a área obtida nos cromatogramas. A média 
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das inclinações (s) e os desvios padrões (σ) dos interceptos das curvas de 

calibração foram calculados. Os LD e LQ foram obtidos utilizando equações 2 e 3. 

 

LD = 3,3 x σ/s   (2) 

LQ= 10,0 x σ/s   (3) 

 

A precisão e exatidão foram determinadas como recomendado pelo 

ICH (1996) e foram calculadas com base nas cinco curvas de calibração com seis 

concentrações conhecidas. Os resultados foram apresentados como coeficiente de 

variação (%CV) e % de recuperação, respectivamente. 

 

4.4.4 Avaliação do modelo otimizado 

 

Uma extração com o melhor sistema extrator para cada uma das 

diferentes formas de isoflavonas foi realizada para avaliação do modelo matemático 

(Equação 1). Os valores calculados e observados foram determinados no programa 

STATISTICA 8.0 (StatSoft Inc., 2007) e os resultados comparados pelo teste t a 5 % 

de probabilidade.  

 

3.10 CORRELAÇÃO DE ISOFLAVONAS E COMPOSTOS FENÓLICOS COM A ATIVIDADE 

ANTIOXIDANTE DE DIFERENTES COMPONENTES DO EIXO EMBRIONÁRIO DE SOJA 

GERMINADA 

 

4.5.1 Matéria Prima e Reagentes 

 

A matéria prima e reagentes utilizados neste experimentos foram de 

mesma procedência dos descritos no item 4.2.1. 

 

4.5.2 Preparo de amostras e germinação de soja 

 

As amostras foram preparadas e germinadas conforme descrito no 

item 4.2.2. 
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4.5.3 Extração e determinação de compostos fenólicos 

 

Os compostos fenólicos de todos os componentes do grão de soja 

germinados e farinha de soja desengordurada não germinada foram extraídos 

individualmente conforme descrito por Hung et al. (2009). A extração foi realizada 

com 1,0 g de amostra e 10,0 mL de etanol 80% (v/v), seguido de agitação 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 

resíduo foi re-extraído mais duas vezes com 10,0 mL de etanol 80% (v/v) e os 

sobrenadantes foram combinados. O extrato contendo os compostos fenólicos livres 

foi concentrado em rota-evaporador (Tecnal, TE 210) até 10,0 mL e estocado a -

26°C até o momento da análise. A quantificação de compostos fenólicos do 

concentrado foi realizada pelo método de Folin-Ciocalteau conforme descrito por 

Swain e Hillis (1959). Para reação colorimétrica foi utilizada uma alíquota de 0,5mL 

de extrato diluído 1:3 (v/v) e adicionados 2,5 mL de solução aquosa de Folin-

Ciocalteau 10% e 2,0 mL de solução de carbonato de sódio 7,5% (m/v). A mistura foi 

incubada por 5 min em banho-maria a temperatura de 50°C. Posteriormente, mediu-

se a absorvância a 760 nm usando etanol absoluto como branco. Uma curva padrão 

de ácido gálico (1,0 a 5,0 mmol L-1) foi construída para comparação com as leituras 

das amostras. O resultado foi expresso como mg equivalentes de ácido gálico por 

100 g de amostra em base seca (mgEAG 100 g-1). 

 

4.5.4 Extração e quantificação de isoflavonas por CLAE 

 

A extração e quantificação de isoflavonas foi realizada conforme 

descrito no item 4.2.3.  

Os padrões utilizados para isoflavonas glicosídicas e agliconas 

foram adquiridos da Sigma-Aldrich e para malonil e acetil glicosídicas, 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-1), conforme descrito por Klump et al. (2001). 

 

 



55 

 

 

4.5.5 Medidas de Capacidade Antioxidante 

 

4.5.5.1 Determinação da capacidade antioxidante pelo sequestro do radical livre 

DPPH• 

 

Para avaliação da capacidade antioxidante foi utilizado o mesmo 

extrato utilizado na quantificação de compostos fenólicos (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 íons hidrogênio ao radical livre 2,2-difenil-1-picrilhidrazil 

(DPPH•) relativamente estável segundo Brand-Williams, Cuvelier e Berset (1995) 

com algumas modificações. 

Em ambiente escuro, misturou-se 1,0 mL de tampão acetato 100 

mmol L-1 pH 5,5, 1,0 mL de etanol absoluto, 0,5 mL do radical DPPH• 250 µmol L-1 e 

50,0 µL de amostra. As misturas foram mantidas em repouso no escuro por 30 min a 

temperatura ambiente e, posteriormente, a absorvância das soluções foram medidas 

a 517 nm. Foi utilizado como branco uma solução 1,0 mL de tampão acetato 100 

mmol L-1 e pH 5,5 com 1,50 mL de etanol absoluto. Preparou-se um controle positivo 

contendo todas as soluções, exceto a amostra. A quantificação da atividade 

antioxidante dos extratos foi realizada por meio de uma curva padrão de Trolox (0,5 

a 20 µmol L-1). Os resultados foram expressos como µmol Trolox.g-1 de amostra em 

base seca. 

 

4.5.5.2 Determinação da atividade antioxidante pelo sequestro do radical livre 

ABTS•+ 

 

A atividade antioxidante nas amostras foi avaliada, também, pelo 

seqüestro do cátion radical ABTS•+ segundo o método proposto por Sanches–

Gonzales;Jiménez-Escrig e Saura-Calixto (2005) e utilizado o mesmo extrato para 

quantificação de compostos fenólicos (item 4.3.1). O cátion radical ABTS•+ foi 

preparado pela reação de uma solução ABTS 7,0 mmol L-1, com persulfato de 

potássio 2,45 mM preparados 16 h antes da análise em ambiente escuro. A solução 

de ABTS•+ foi diluída com tampão fosfato de sódio pH 7,4 até a absorvância de 

0,700 ± 0,020 a 730 nm. Em seguida, adicionou-se 10,0 µL de amostra a 4,0 mL da 
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solução diluída de ABTS•+. Após 6 min de reação as absorvâncias foram lidas a 730 

nm. Para quantificação da atividade antioxidante dos extratos foi utilizada uma curva 

padrão de Trolox (2,5 a 20 µmol L-1). Os resultados foram expressos como µmol 

Trolox.g-1 de amostra em base seca.  
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ABSTRACT 

The aim of this study was to investigate the β-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 β-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 β-glucosidase from epicotyls is greater 

than β-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, 

mailto:elida@uel.br
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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. 

β-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 β-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 β-

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). 

β-glucosidases (β-D-glucoside glucohydrolase, E.C. 3.2.1.21) comprise a 

heterogeneous group of enzymes that catalyze the hydrolysis of β-glucosidic bonds between 

two carbohydrate moieties or a carbohydrate and an aglucone (Esen, 1992; Morant, et al., 

2008). In intact plant tissue, β-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.) 

β-glucosidase hydrolyzes soybean isoflavones, releasing glucose and aglycone 

isoflavones, which are more bioavailable than their glycoside forms (Izumi, 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). 

β-glucosidase can be produced through the metabolism of fungi (Horii, et al, 

2009; Ito, 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 β-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). 

β-glucosidases isolated from soybean seedlings are preferable over their microbial 

counterparts because β-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 β-glucosidase activity of 

radicles and cotyledons after 72 h of germination and found that the β-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 β-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 β-

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 β-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 

β-glucosidase to reach the highest activity which could be isolated. 



77 

 

 

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 Agropecuária, 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
o
C (±1°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
o
C for 

analysis, and the seed coat was discarded. 

The hypocotyls and cotyledons were also analyzed prior to germination to verify 

the β-glucosidase activity before starting the germination process. 

Extraction and determination of β-glucosidase activity 

β-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 (Carrão-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-β-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
o
C for 10 min. Supernatant (0.5 mL) was added and the test tubes were placed in a 

water bath at 30
o
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 M) 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 β-glucosidase that 

releases 1 µM of p-nitrophenol/min under the experimental conditions. The results were 

expressed as β-glucosidase activity (UA.g
-1

) per dry weight of the sample and were evaluated 

according to the germination time. The specific activity of β-glucosidase was considered to be 

the ratio between the β-glucosidase activity and the soluble protein content and was expressed 

as UA per milligram of soluble protein (UA.mg
-1

). 

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 β-glucosidase activity 

The yield of β-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 β-glucosidase activity and 

protein content fit quadratic or cubic polynomial models, and all of the R
2
 values were greater 

than 0.72 indicating a good statistic correlation for these variables. Variability in the β-

glucosidase activity was observed among radicles, hypocptyls and cotyledons germinated in 

the presence and absence of light (Fig. 1). The β-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 β-glucosidase activity began to decline (Fig. 1A).  
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In samples germinated in the presence or absence of light, the maximum β-

glucosidase activity of the hypocotyl was observed at 72 h and 96 h. The β-glucosidase 

activity began declining at 120 h of germination (Fig. 1B). 

In radicles from seeds germinated in the presence of light, the β-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 β-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 β-glucosidase activity of radicles germinated in the 

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

The epicotyl presented higher β-glucosidase activities than the other parts of the 

seedling (Fig. 1D). In seeds germinated in the presence of light, the β-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 β-glucosidase activity began to decrease. In samples germinated in the 

absence of light, the β-glucosidase activity increased from 72  to 96 h, and the highest activity 

was observed at 96 h of germination. A decrease in β-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 β-glucosidase activities 

were observed in epicotyls and radicles at 144 h. According to Suzuki et al. (2006), β-

glucosidase is located in the cell walls and intercellular space of soybean seedling roots. As a 

result, the roots display higher β-glucosidase activities than cotyledons and hypocotyls when 

the plant is germinated. β-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 β-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 β-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 
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become self-sufficient and to respond to environmental conditions. In plants, β-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 β-glucosidase activities due to the role of β-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 β-glucosidase 

activity was higher in these parts of the plant. 

The specific activity of -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 β-

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 β-glucosidase activity if large scale production of β-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 β-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 β-glucosidase activity of the epicotyl was only the 11
th

 highest 

overall activity. 

To produce β-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 β-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 β-glucosidase 

because less material is required for the extraction and purification of the enzyme. 
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β-glucosidase activity determined with p-nithrophenyl-β-D-glucopiranoside as substrate for 30 min at 

30ºC, Matsuura, at al., 1995 

Fig. 1. 

β-GLUCOSIDASE ACTIVITY AND PROTEIN CONTENT OF BRS 257 SOYBEAN 

COTYLEDONS, HYPOCOTYLS, RADICLES AND EPICOTYLS GERMINATED FOR 

168 H 
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TABLE 1. 

SPECIFIC β-GLUCOSIDASE ACTIVITY* OF THE RADICLES, EPICOTYLS, 

HYPOCOTYLS AND COTYLEDONS OF SOYBEAN GERMINATED FOR 168 H (BRS 

257) 

Germination (h) Radicles Epicotyls Hypocotyls Cotyledons 

0 h  - - 0.41±0.00
f
 0.12±0.00

d
 

72 h 
L 0.83±0.12

b
 2.99±0.29

c
 1.41±0.09

b,c
 1.37±0.36

a,b,c
 

WL 0.93±0.16
b
 3.47±1.02

c
 1.28±0.03

c,d,e
 1.68±0.11

a
 

96 h 
L 1.72±0.63

b
 5.34±1.12

b
 1.34±0.23

c,d
 1.26±0.21

a,b,c
 

WL 2.74±0.48
b
 5.98±0.15

b
 1.69±0.17

b
 1.22±0.09

a,b,c
 

120 h 
L 1.52±0.03

b
 2.75±0.24

c
 1.04±0.12

d,e
 1.35±0.12

a,b,c
 

WL 4.02±0.65
b
 3.54±0.33

c
 1.06±0.18

d,e
 1.33±0.14

a,b,c
 

144 h 
L 7.59±3.79

a
 8.69±0.43

a
 2.16±0.02

a
 1.50±0.22

a,b
 

WL 1.70±0.13
b
 2.92±0.45

c
 1.09±0.02

c,d,e
 1.31±0.06

a,b,c
 

168 h 
L 1.86±0.35

b
 3.00±0.42

c
 0.97±0.09

e
 1.14±0.16

b,c
 

WL 2.17±0.11
b
 3.44±0.62

c
 1.11±0.03

c,d,e
 1.07±0.10

b,c
 

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 β-glucosidase activity (reaction conducted with p-

nithrophenyl-β-D-glucopiranoside as substrate for 30 min at 30ºC, Matsuura, at al., 1995) per 

milligram of dry soluble protein (Lowry, at al., 1951) (UA.mg
-1

SP) 

 

TABLE 2 

TOTAL WEIGHT OF SOYBEAN BRS 257 RADICLES, EPICOTYLS, HYPOCOTYLS 

AND COTYLEDONS GERMINATED FOR 168 H 

Germination (h), (total 

weight (g)) 

% part 

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 L, (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 β-GLUCOSIDASE ACTIVITIES IN SOYBEAN PARTS 

GERMINATED FOR 168 H 

Sample Total UA* 

96 L, COT 5,547.87
a
 

144 L, COT 4,704,69
a,b

 

72 WL, COT 4,440.52
b
 

120 WL, COT 4,371.14
b,c

 

96 WL, COT 4,201.84
b,c,d

 

72 L, COT 4,083.46
b,c,d

 

144 L, COT 3,973.73
b,c,d,e

 

168 L, COT 3,337.41
c,d,e

 

168 WL, COT 3,281.77
d,e

 

120 L, COT 2,967.35
e,f

 

168 L, EPY 2,109.59
f,g

 

144 L, EPY 1,859.72 
g,h

 

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-β-D-

glucopiranoside as substrate for 30 min at 30ºC, Matsuura, at al., 1995) 
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CHANGES IN ISOFLAVONE CONCENTRATION IN THE EMBRYONIC AXIS OF 

SOYBEANS GERMINATED IN THE PRESENCE OF LIGHT 
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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 

mailto:*elida@uel.br
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genistin. The hypocotyls and radicles had 100% of the three types of aglycones but 

at low concentrations. 

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

 

INTRODUCTION 

 In soybeans, there are 12 different isoflavones categorized into 4 groups: the 

β-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 molecule1.The glycosylated forms are more predominant than 

the aglycones among the isoflavones present in soybeans and soyfoods2. 

 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 flour3,4. In 

humans, the aglycones are absorbed faster than the glycosidic forms and possess a 

higher biological activity4. The presence of aglycones in soybeans is a result of β-

glucosidase activity. Matsuura et al.5 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 seeds6,7. 

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 C8-10. During the soybean 

germination process, various enzymes are activated including proteases, 

phytases11,12 and β-glucosidase13-15. The highest activity of β-glucosidase was 

detected in soybean epicotyls germinated for 144 h in the presence of light15. 

Therefore, the soybean germination process may increase the aglycone content, 

thereby leading to the development of functional foods14. 

 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 seeds14. 

 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, Paraná 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.15. 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 Carrão-Panizzi et al.16. The test tubes were centrifuged and the 

supernatants were filtered through nylon membranes (0.20µm); 20 µL of the 

supernatant were used for the isoflavone separation and quantification by high 

performance liquid chromatography (HPLC) according to Berhow17, after some 

modifications. 

The HPLC instrument (Shimadzu, LC-10AT VP, Kyoto, Japan) was used with 

an oven (CTO-10AS VP), a temperature setting of 25ºC and a diode array detector 

(SPD-M10A VP). Isoflavones were eluted from a reversed-phase ODS (M) C18 

column (15 cm x 4 mm I.D., 5 µm-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-1 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 µL 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 β-glycosidic isoflavones (i.e., daidzin, glycitin and genistin, 

respectively) using the similarity of the molar extinction coefficients as described by 

Coward et al.18. The isoflavone concentration results can either be presented as 

aglycone equivalents or as the sum of the different isoflavone forms19. 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-1 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)20. 

 

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, yR-Agly), 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 (R² = 0,57) of yC-gly (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-agly); a high correlation coefficient (R² = 

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-1), in hypocotyls (Fig. 1H) the highest concentration of glycosidic 

isoflavones were observed before germination (22.92 mg g-1), in the epicotyls (Fig  

1E) the highest concentration of these isoflavones was observed in 144 h of 

germination (1.77 mg g-1), and in the cotyledons (Fig. 1C), in168 h of germination 

(5.46mg.g-1). 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-1and 1.53 mg g-1, respectively).However, the highest 

aglycone isoflavone concentration in the epicotyls occurred after 168 h of 

germination (0.96 mg g-1)and in the cotyledons at 120 h of germination (0.89 mg g-1). 

 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.2 who described that the 

acetylglycosidic compounds emerge only after heat treatment. According to these 

authors2, 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 

g-1), at 0 h of germination in the hypocotyls (23.31 mg g-1) and after 168 h of 

germination in the epicotyls (2.53 mg g-1) and cotyledons (6.14 mg g-1). Soybean 

isoflavone content is predominant in the cotyledon14. According to Rhodes21, 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)15.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-1 and 6.14 mg g-1, 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-1, while the soybean components after 144 h of germination (Table 3) 

showed the following levels: epicotyl (2.12 ± 0.06 mg g-1), cotyledon (1.64 ± 0.02 mg 

g-1), hypocotyl (0.43 ± 0.01 mg g-1) and radicle (0.41 ± 0.00 mg.g-1). The high total 

isoflavone concentration in the germinated soybean epicotyls was also observed by 

Ribeiro et al.14 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 Carrão-Panizzi, et al.16, who reported levels 

of 1.65 mg g-1(cultivar BR 36) and 3.03 mg g-1 (cultivar BRS 155) in soybeans 

undergoing no heat treatment. These authors16 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-1), followed by 

malonyldaidzin (0.77 ± 0.01 mg g-1) and malonylglicitin (0.22 ± 0.00 mg g-1). The 

glycosidic isoflavones daidzin (0.27 ± 0.00 mg g-1) and genistin (0.21 ± 0.00 mg g-1) 

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-1) and genistein (0.01 ± 

0.00 mg g-1) 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-1) and genistein (0.60 ± 0.01 mg g-1), 9% of the glycosidic 

isoflavones was genistin (0.15 ± 0.00 mg g-1) 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-1) and genistin (0.08 ± 0.03 mg g-1) 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-1), 

glycitein (0.13 ± 0.01 mg g-1) and genistein (0.06 ± 0.00 mg g-1); the aglycone form of 

glycitein was only found in this component. Kudou etal.2analyzed different parts of 

soybean and also reported that the epicotyl was the only component that had the 

aglycone glycitein (0.15 mg g-1). 

 The hypocotyls and radicles of germinated soybeans (144 h) showed only two 

forms of aglycone isoflavones: 76.74% (0.33 ± 0.01 mg g-1) and 85.71% (0.36 ± 0.00 

mg g-1) were in the form of daidzein, respectively, and 22.6% (0.10 ± 0.00 mg g-1) 

and 14.29% (0.06 ± 0.00 mg g-1) were genistein, respectively; glycitein was absent 

(Table 3). 

 The aglycone isoflavone concentration of hypocotyls and radicles was 0.84 mg 

g-1 and that of the cotyledons was 1.64 mg g-1. Relative to the total weight of the 
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germinated soybean (144 h in the presence of light15), 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 
component 

Isoflavone  
Form 

Models R² 

Radicles Glycosidic yR-Gly = 3 10
-5

X
3
 - 0,01X

2
 + 1,1625X - 36,732 0.86 

 Aglycones yR-Agly = -0,0016X + 0,6703 0.97 
 Total yR-Total = -0,0006X

2
 + 0,0809X + 3,0539 0.80 

Hypocotyls Glycosidic yH-Gly = 0,0014X
2
 - 0,3653X + 22,626 0.99 

 Aglycones yH-Agly = 3 10
-6

X
3
 - 0,0009X

2
 + 0,0654X + 0,3913 0.93 

 Total yH-Total = 0,0013X
2
 - 0,3535X + 23,139 0.99 

Epicotyls Glycosidic yE-Gly = -10
-5

X
3
 + 0,0045X

2
 - 0,511X + 18,229 0.87 

 Aglycones yE-Agly = 0,0001X
2
 - 0,0167X + 0,6409 0.92 

 Total yE-Total = 0,0003X
2
 - 0,0372X + 1,112 0.92 

Cotyledons Glycosidic yC-Gly = 10
-5

X
3
 - 0,0029X

2
 + 0,1647X + 3,4774 0.57 

 Aglycones yC-Agly = -2 10
-6

X
3
 + 0,0006X

2
 - 0,0258X + 0,0323 0.87 

 Total yH-Total = -8 10
-7

X
3
 - 0,0001X

2
 + 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 

0 h 

Total (mg.g-1) - 23.31±1.36 - 3.56±0.03 

%glycosidic - 98.36 - 99.37 

%aglycones - 1.64 - 0.63 

72 h 

Total (mg.g-1) 5.57±0.08 4.06±0.09 nd 4.37±0.03 

%glycosidic 90.09 62.26 nd 91.78 

%aglycones 9.91 37.74 nd 8.22 

96 h 

Total (mg.g-1) 5.20±0.08 1.13±0.00 nd 3.89±0.01 

%glycosidic 90.10 25.75 nd 81.92 

%aglycones 9.90 74.25 nd 18.08 

120 h 

Total (mg.g-1) 5.59±0.08 0.59±0.01 0.35±0.00 4.02±0.00 

%glycosidic 91.48 52.00 0.00 77.78 

%aglycones 8.52 48.00 100.00 22.22 

144 h 

Total (mg.g-1) 0.41±0.00 0.43±0.01 2.12±0.06 1.64±0.02 

%glycosidic 0.00 0.00 83.84 8.95 

%aglycones 100.00 100.00 16.16 91.05 

168 h 

Total (mg.g-1) 0.40±0.00 0.75±0.02 2.53±0.04 6.14±0.01 

%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 

soybeans 

Germinated Soybean BRS 257 

Cotyledons* Epicotyls* Hypocotyls* Radicles* 

Daidzin 0.27 ± 0.01
c
 0.00

d
 0.09 ± 0.00

e
 0.00

c
 0.00

c
 

Glycitin 0.09 ± 0.00
e
 0.00

d
 0,00

h
 0.00

c
 0.00

c
 

Genistin 0.21 ± 0.00
d
 0.15 ± 0.00

c
 

0.08 ± 

0.02
e,f

 
0.00

c
 0.00

c
 

Malonyldaidzin 0.77 ± 0.01
b
 0,00

d
 0.70 ± 0,00

b
 0.00

c
 0.00

c
 

Malonylglycitin 0.22 ± 0.00
d
 0,00

d
 0.03 ± 0.00

g
 0.00

c
 0.00

c
 

Malonylgenistin 1.16 ± 0.00ª 0,00
d
 0.89 ± 0.03ª 0.00

c
 0.00

c
 

Acetyldaidzin 0,00
g
 0,00

d
 0,00

h
 0.00

c
 0.00

c
 

Acetylglycitin 0,00
g
 0,00

d
 0,00

h
 0.00

c
 0.00

c
 

Acetylgenistin 0,00
g
 0,00

d
 0,00

h
 0.00

c
 0.00

c
 

Daidzein 0.01 ± 0.00
f
 

0.89 ± 

0.01ª 
0.16 ± 0.00

c
 

0.33 ± 

0.01
a
 

0.36 ± 

0.00
a
 

Glycitein 0,00
g
 0,00

d
 0.13 ± 0.01

d
 0.00

c
 0.00

c
 

Genistein 0.01 ± 0.00
f
 0.60 ± 0.01

b
 

0.057 ± 

0.00
f
 

0.10 ± 

0.00
b
 

0.06 ± 

0.00
b
 

TOTAL 2.73 ± 0.00 1.64 ± 0.02 2.12 ± 0.06 0.43 ± 0.01 0.41 ± 0.00 

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

expressed as mg g-1. 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-1 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 CIENTÍFICO 3 

 

OPTIMIZATION OF Β-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 I Ida 

 

Situação: Em submissão ao Phytochemical Analysis. 
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Optimization of β-glucosidase extraction from germinated soybean (Glycine max (L.) 

Merril) and conversion of glycosidic isoflavones to aglycones 

 

Germinated soybean β-glucosidase extraction and glycosidic isoflavones conversion 

 

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

 

Introduction - Soybean (Glycine max) germination under different germination conditions 

has led to the discovery that epicotyls from germinated seeds have enhanced β-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 β-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 β-

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 β-glucosidase and isoflavone conversion, the linear effect of 

pH and the quadratic effect of pH and temperature were significant. The maximum extraction 

of β-glucosidase from germinated soybean epicotyls occurred at 30°C and pH 5.0 in the 

presence of 0.1 mol L
-1

 sodium citrate buffer and 0.1 mol L
-1

 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 β-glucosidase can be best extracted at 30°C, pH 5.0 

using a sodium citrate buffer with 0.1 mol L
-1

 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 β-glucosidase extraction from germinated soybean (Glycine max (L.) 

Merril) and conversion of glycosidic isoflavones to aglycones 

 

Germinated soybean β-glucosidase extraction and glycosidic isoflavones conversion 

 

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

 

Department of Food Science and Technology, Universidade Estadual de Londrina, Rodovia 

Celso Garcia Cid, Km 380, Campus Universitário, CEP 86051-980, Londrina – Paraná - 

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 β-glucosidase activity for use 

in the conversion of glycosidic isoflavones to aglycones. The aim of this work was to 

optimize both the extraction of β-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 β-glucosidase and isoflavone conversion, the linear effect of pH and the 

quadratic effect of pH and temperature were significant. The maximum extraction of β-

glucosidase from germinated soybean epicotyls occurred at 30°C and pH 5.0 in the presence 

of 0.1 mol L
-1

 sodium citrate buffer and 0.1 mol L
-1

 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, β-glucosidase, aglycone 

isoflavones, epicotyl  

mailto:*elida@uel.br
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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 β-glycosidics, which have 

a glucose unit linked to the benzene ring (e.g., daidzin, genistin and glycitin); β-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 isoflavone content of 18 soybean cultivars from different maturity groups ranging from 

71.11 to 174.30 mg 100 g
-1

 (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 β-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 β-glucosidase for the conversion of glycosidic 

isoflavones to their aglycone forms (Kuo et al., 2006, Phimonphan et al., 2007). β-glucosidase 
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(β-D-glucoside glucohydrolase, EC 3.2.1.21) catalyzes the hydrolysis of β-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, β-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 β-glucosidase can 

occur, increasing the aglycone isoflavone content (Santosh et al., 1999). The endogenous β-

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, β-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 β-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 β-glucosidase for 

application in glycosidic isoflavone hydrolysis to obtain algycones (Yoshiara et al., 2011). 

 The extraction of endogenous β-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 β-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
19

. 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 (A11 Basic Mill, Ika, Brazil) and 

stored at -26°C until analysis.  

 

CCD-based optimization 

β-glucosidase extraction from germinated soybean epicotyls 

The effect of temperature (X1= 23, 25, 30, 35 and 37°C) and pH (X2 = 3.6, 4.0, 5.0, 6.0 and 

6.4) on the extraction of β-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 β-glucosidase activity. The extraction assays for β-

glucosidase activity were performed as described by Carrão-Panizzi and Bordingnon
22

 with 

0.1 mol L
-1 

sodium citrate buffer with 0.1 mol L
-1 

NaCl at various pH values (X1) and 

temperatures (X2) 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 β-glucosidase activity was then determined (response function Y) in the 

extract. 

 

Conversion of glycosidic isoflavones to aglycones with β-glucosidase extracted from 

germinated soybean epicotyls  

To investigate the conversion of glycosil isoflavones to aglycones with the β-

glucosidase extracted and optimized from epicotyls, a central composite design (CCD) was 

used with 2 variables (X3 = temperature and X4 = 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 (X3 = 13,9 and 56.2°C and X4 = 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 β-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 (R²) 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): 

 

                        
        

               Equation (1), 

where y is the response variable, x1 and x2 are the coded process variables, and β0, β1, β2, β11, 

β22, and β12 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 (X1 = 
o
C and X2 = pH) that yielded the best extraction of β-glucosidase from 

germinated soybean epicotyls and the conversion condition (X3 = °C and X4 = pH) that 

resulted in the highest % aglycones. The observed model was obtained experimentally, and 

the calculated (ŷ and ŵ) 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 β-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 β-glucosidase that releases 1 mM p-nitrophenol min
-1

 under the experimental 

conditions. The results were expressed as units of β-glucosidase activity (UA mL
-1

) 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 µm) of the supernatant.  

 To separate and quantify the isoflavones, 1.4 µL 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 µm 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% 



112 

 

 

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
-1

, 

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-µL 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 β-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 β-glucosidase extraction from germinated soybean epicotyls 

 For the extraction of β-glucosidase from epicotyls from soybeans germinated for 144 h 

in the presence of light at 35°C, the linear effect of the variable X1 (°C) on the response 

function y (β-glucosidase activity) was not significant, while the linear effect of the variable 

X2 (pH) was significant. However, the quadratic effect of the variables X1 and X2 was 

significant, whereas the interaction between the variables X1 and X2 was not significant (Table 

3). These results indicate that variable X2 (pH between 3.6 and 6.4) was essential for the 

extraction of β-glucosidase from epicotyls from soybeans germinated for 144 h in the 

presence of light at 35°C. 

 The determination coefficient (R
2
) of 0.94 indicates that 94% of the experimental data 

adequately fit the model. Thus, the polynomial model (Y) that represents the extraction of β-

glucosidase from germinated soybean epicotyls is described as: 

Y = 11.39 + 0.18x1 -1.29x1
2
 -1.97x2 -3.48x2

2
 + 0.12x1x2        (Equation 2), 
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where x1 and x2 are the coded variables and represent the temperature and pH, respectively, of 

the extraction of β-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 β-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 β-glucosidase extract 

increased. However, a higher β-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 β-glucosidase (Y) 

from germinated soybean epicotyls occurred when X1 (
o
C) was approximately 30°C and the 

pH (X2) was approximately 5.0. A greater extraction of β-glucosidase (Y) from germinated 

soybean epicotyls occurred at temperatures ranging from x1= -0.5 (X1 = 27.5°C) and x1= +0.7 

(X1 = 33.5°C) and pH values ranging from x2= -0.1 (X2 = 4.9) and x2= +0.5 (X2 = 5.5). 

 The temperature (X1) and pH (X2) conditions used as the experiment central point, 

30°C and pH 5.0, coincided with the conditions for the maximum extraction of β-glucosidase 

based on the desirability parameter (Figure 2) of the proposed model. Therefore, the 

extraction of β-glucosidase should be performed at a temperature of 30°C and a pH of 5.0. 

Carrão-Panizzi and Bordignon (2000) used similar conditions to extract β-glucosidase from 

cotyledons from different soybean cultivars, using room temperature and a pH of 4.5 with 

0.05 mol L
-1 

sodium citrate buffer containing 0.1 mol L
-1

 NaCl to determine β-glucosidase 

activity in soybean cultivars with different isoflavone contents. However, Matsuura and Obata 

(1995) partially purified and characterized β-glucosidase from cotyledons by using different 

conditions to extract β-glucosidase from soybean cotyledons, including lower temperatures 

(between -10 and 5°C) and pH 6.6 with 0.1 mol L
-1 

sodium phosphate buffer and subsequent 

acidification of the supernatant to pH 5.0. The extraction of β-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 β-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 β-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 β-glucosidase 

from soybean epicotyls 

 According to variance analysis (ANOVA), the linear effect of the variable X4 (pH) and 

quadratic effects of the variables X3 (°C) and X4 (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 - 13.8562x3²          (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 β-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 β-glucosidase-C. 

 While endogenous β-glucosidases represent a more secure source of β-glucosidases 

than microbial sources, endogenous β-glucosidases have been poorly explored when 

compared to the microbial conversion of β-glycosidic isoflavones to aglycones. In this study, 

the maximum aglycone isoflavones obtained was 98.7% when endogenous β-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 
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Mantovani et al. (2011) and Marazza et al. (2009), but both of these studies used β-

glucosidase enzymes from microbial sources. Mantovani et al. (2011) used the β-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 β-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 β-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 β-glucosidase from germinated soybean epicotyls 

occurred at 30°C and pH 5.0 in the presence of 0.1 mol L
-1

 sodium citrate buffer and 0.1 mol 

L
-1

 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 β-glucosidase from epicotyls from soybeans germinated for 

144 h in the presence of light. 

Independent variables 

Variation levels 

-1.41 -1 0 +1 +1.41 

X1 = Temperature (°C) 23 25 30 35 37 

X2 = pH 3.6 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 β-glucosidase from epicotyls from soybeans germinated for 144 h in the 

presence of light. 

Independent variables 

Variation levels 

-1.41 -1 0 +1 +1.41 

X3 = Temperature (°C) 13.9 20.0 35.0 50.0 56.2 

X4 = pH 3.39 4.00 5.50 7.00 7.61 
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Table 3. Analysis of variance (ANOVA) for the extraction of β-glucosidase from epicotyls 

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

Variation source SS GL MS F Test P R
2
 

X1 (T°C) (linear) 0.558 1 0.558 0.659 0.428 0.94 

X1(T°C) (quadratic) 19.038 1 19.038 22.492 0.002  

X2 (pH) (linear) 62.340 1 62.340 73.650 0.000  

X2 (pH) (quadratic) 137.038 1 137.038 161.900 0.000  

interaction X1X2 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 (x1 e x2) and decoded (X1 e X2) variables 

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

germinated for 144 h in the presence of light. 

Assays 

Coded  

Variables 

Decoded  

Variable 

Response Function 

(Y) 

x1 x2 

T(°C)  

(X1) 

pH 

(X2) 

β-glucosidase activity 

(UA mL
-1

) 

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 β-glucosidase from epicotyls 

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

Optimum  Y Calculated
1
  YObserved

1
 

X1 = 30°C e 

 X2 = pH 5.0 

11.39
a
 11.32 ± 0.21

a
 

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

generated model; 
1
Activity of β-glucosidase expressed as UA min

-1
. The value of YCalculated 

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 β-glucosidase from epicotyls from 

soybeans germinated for 144 h in the presence of light. 

Variation source SS DF MS F test P R
2
 

Block 22.050 1 22.050 0.17864 0.683680 0.86 

(X4) pH (Linear) 4217.201 1 4217.201 34.16513 0.000385  

(X4) pH (Quadratic) 872.759 1 872.759 7.07055 0.028848  

(X3) 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 e x4) and decoded (X3 e X4) variables and 

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

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

germinated for 144 h in the presence of light. 

Assays Block 

Coded  

Variables 

Decoded 

Variables 

Response function 

(W) 

x3 x4 

T(°C) 

(X3) 

pH 

(X4) 

% Aglycones* 

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 β-glucosidase from epicotyls from 

soybeans germinated for 144 h in the presence of light. 

Optimum Z Calculated
1
 ZObserved

1
 

X3 = 35°C e 

X4 = pH 7.61 

91.98
a
 89.94 ± 0.59

a
 

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

generated model; 
1
% Aglycones. The value of ZCalculated was obtained from Equation 2. 

 

  



125 

 

 

 

 

Figure 1. Surface response for β-glucosidase extraction (UA mL
-1

) from epicotyls from 

soybeans germinated for 144 h in the presence of light. 
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Figure 2: Profiles for predicted values and desirability for β-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 β-glucosidase from epicotyls from soybeans 

germinated for 144 h in the presence of light. 
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Figure 4. Profiles for predicted values and desirability for the conversion of glycosidic 

isoflavones to aglycones in defatted soybean cotyledon flour using β-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.  
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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), ß-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 HCl 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, 

García-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 q number of components (xi) that compose the mixture are the independent 

variables such that Σxi = 1. The coordinate system used for xi values (i = 1, 2, 3 ... q) is called 

simplex, and the geometric description of the spatial representation will depend on the q 

number of components (xi), which may assume a line for q = 2, an equilateral triangle for q = 

3, or a tetrahedron for q = 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 

Agropecuária, 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
o
C 

for 10 min (Rostagno, Palma and Barroso, 2003) followed by centrifugation and filtration 

(Millex–LH filters; 0.20 µm) of the supernatant. The content of the different soy isoflavone 
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forms extracted from filtrates (response functions yi) 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 (y1, y2, y3 and y4) 

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. 

 

Where yi is the response function of the observed data, bi is the coefficient estimated by the 

least-squares method and xi is the dependent variable with 1>xi> 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
2
) 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 (ŷn) and observed (yn) 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 µm 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 µl 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 β-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 (σ) of the intercepts of the calibration curves were 

calculated. Both DL and QL were obtained using the following formula: 

DL = 3.3 x σ/s (2) 

QL= 10 x σ/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, y2, y3 and y4 from the mean values of the glycosidic (y1), 

malonyl-glycosidic (y2), aglycone (y3) 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 II). 
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Response functions are expressed as mean values of glycosidic (y1), malonyl-

glycosidic (y2), aglycone (y3) and total (y4) isoflavone forms in defatted soy flour. Response 

functions y1, y2 and y4 showed lack of fit significant (Table III), 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 

y3 did not show a significant lack of fit, suggesting that the model adequately fit the 

experimental data. The high coefficients of determination (R
2
), which were above 0.96 (Table 

II), 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 x1x2, x1x3, and x1x4 and the polynomial 

term x1x2x4 were significant, while the linear terms x1, x2, x3, and x4 and the polynomial terms 

x1x2x3, x1x3x4, and x2x3x4 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. 

 

Where y1 is expressed in mg/g of glycosidic isoflavones, *Significant (p<0.05), x1 is water, x2 

is acetone, x3 is ethanol and x4 is acetonitrile. 

 

The polar ternary mixture consisting of water (x1), acetone (x2) and acetonitrile (x4) in 

a 1:1:1 ratio (x1:x2:x4) achieved the best extraction (Table I) and yielded a ŷ1 value of 3.60 

mg/g of glycosidic isoflavones extracted (Equation 4). The ŷ1 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 (x2), 

which is less polar, the ŷ1 was 0.28 mg/g glycosidic isoflavones. Thus, the extraction was less 

efficient when the ŷ1 was compared to the observed y1 (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 (y2), 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 x1 and x3, quadratic terms x1x3 and x1x4 and polynomial terms x1x2x3 and 

x1x2x4 were significant, while terms x1, x3, x1x2 and x1x3x4 were not significant but contributed 

to the fit of the model, and therefore they were kept in Equation 5. 

 

Where y2 is expressed in mg/g of malonyl-glycosidic isoflavones, *Significant (p<0.05),x1 is 

water, x2 is acetone, x3 is ethanol and x4 is acetonitrile. 

 The best extraction was achieved with mixtures of water (x1), acetone (x2) and ethanol 

(x3) or water (x1) and ethanol (x3). The ŷ2 of malonyl-glycosidic forms (malonyldaidzin, 

malonylgenistin and malonylglicitin) was 5.54 and 5.98 mg/g of malonyl-glycosidic 

isoflavones extracted, respectively. The ŷ2 was close to the observed y2 (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 (x2) or 

the binary mixture of acetone (x2) and acetonitrile (x4), the ŷ2 was 0.00 mg/g of malonyl-

glycosidic isoflavones, while the observed y2 (assays two and nine) was 0.00 and 0.00 mg/g of 

malonyl-glycosidic isoflavones, respectively. Thus, the binary mixture of acetone (x2) and 

acetonitrile (x4) or pure acetone (x2) are not recommended for the extraction of malonyl-

glycosidic forms. Nevertheless, Kao and Chen (2002) obtained different results and observed 
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that the optimal extraction of isoflavones from defatted soy flour was achieved with the 

mixture of acetone and 0.1M HCl 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 x1 (linear), x1x2 

(quadratic) and x1x2x3 (polynomial). The other terms were not significant but contributed to 

the fit of the model, and therefore they were kept in Equation 6. 

 

Where y3 is expressed in mg/g of aglycone isoflavones, *Significant (p<0.05),x1 is water, x2 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 ŷ3 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 (x2) and acetonitrile (x4), the 

estimated ŷ3 was 0.07 mg/g, and the observed y3 was 0.01 mg/g of aglycone isoflavones 

extracted. Thus, the mixture of acetone (x2) 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 (R² = 0.977). Quadratic terms x1x2, x1x3, and x1x4, linear term x1 and polynomial 

terms x1x2x4 and x2x3x4 were significant (Equation 7). Similar to the model proposed for 
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extraction of malonyl-glycosidic isoflavones (y2), several terms were also excluded, and non-

significant terms that contributed to the fit of the model were kept in the equation. 

 

Where y4 is expressed in mg/g of total isoflavones, *Significant (p<0.05), x1 is water, x2 is 

acetone, x3 is ethanol and x4 is acetonitrile. 

 

The best extraction solvents for total isoflavones (y4) were the ternary mixtures of 

water (x1), acetone (x2) and ethanol (x3) (assay 11), or water (x1), acetone (x2) and acetonitrile 

(x4) (assay 12). The ŷ4 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 (x1), acetone (x2) and 

acetonitrile (x4) (2:1:1, x1:x2:x4). Conversely, malonyl-glycosidic (y2) and total (y4) isoflavones 

were best extracted using a mixture of water (x1), acetone (x2) 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). 



142 

 

 

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, y2); 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, y4). 

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 ŷ1, ŷ2, ŷ3 and ŷ4. 

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 ŷ1, 

ŷ2, ŷ3 and ŷ4. 
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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 IV), 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 I. Content of different soy isoflavone forms extracted using the simplex-centroid 

mixture design. 

Assay 
Mixture 

x1:x2:x3:x4 
y1 y2 y3 y4 

1 (1:0:0:0) 0.77 4.75 0.91 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, x2: acetone, x3: ethanol, x4: acetonitrile, y1 = mg/g glycosidic isoflavones, y2 = mg/g 

malonyl-glycosidic isoflavones, y3 = mg/g aglycone isoflavones and y4 = mg/g total 

isoflavones. 
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Table II. 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 

y1 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 

y4 Linear 0.53 
 Quadratic 0.93 
 Special cubic 0.98 

y1 = mg/g glycosidic isoflavones, y2 = mg/g malonyl-glycosidic isoflavones, y3 = mg/g aglycone 

isoflavones and y4 = mg/g total isoflavones. 

 

 

Table III. 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. 

Response DF SS MS F p R² 
Lack of Fit 

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 
y1 = glycosidic isoflavones, y2 = malonyl-glycosidic isoflavones, y3 = aglycone isoflavones and y4 = 

total isoflavones, DF: degrees of freedom, SS: sum of squares, MS: mean square. 

  



151 

 

 

Table IV. 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
1 Observed

2 
Y1 x1:x2:x4 3.26

a 3.46±0.20
a 

Y2 x1:x2:x3 5.54
b 5.85±0.18

b 
Y3 x1:x2 3.05

c 3.08±0.10
c 

Y4 x1:x2:x3 9.94
d 10.24±0.86

d 
Different letters in the same row indicate significant differences (t test, p<0.05; x1: water, x2: acetone, 

x3: ethanol, x4: acetonitrile); *Extraction solvent mixtures that yielded the best extraction of 

corresponding variables; y1 = mg/g glycosidic isoflavones, y2 = mg/g malonyl-glycosidic isoflavones, 

y3 = mg/g aglycone isoflavones and y4 = mg/g total isoflavones,
 1
Isoflavone content expressed as mg/g; 

2
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. 
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Table VI. Accuracy and precision coefficients of determination from extractions with 

optimally performing mixtures. 

Isoflavone* Accuracy (%) Precision (%CV) 

y1 105.99 10.99 

y2 105.65 6.02 

y3 100.89 6.25 

y4 103.02 15.98 
*Only considers extractions with the best-performing mixtures. Accuracy is expressed as %recovery, 

%CV = Coefficient of variation. y1 = glycosidic isoflavones, y2 = malonyl-glycosidic isoflavones, y3 = 

aglycone isoflavones and y4 = total isoflavones. 

 

 

 

Figure 1. Arrangement of the simplex-centroid design with four components x1 (water), x2 

(acetone), x3 (ethanol) and x4 (acetonitrile), as well as solvent mixture ratios in each assay (E). 
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Figure 2. Response surfaces of the optimized extraction of (A) glycosidic, (B) malonyl-

glycosidic, (C) aglycone and (D) total isoflavones (x1: water, x2: acetone, x3: ethanol, x4: 

acetonitrile, y1 = mg/g glycosidic isoflavones, y2 = mg/g malonyl-glycosidic isoflavones, y3 = 

mg/g aglycone isoflavones and y4 = 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 (x1 = water, x2 = acetone, x3 = ethanol, x4 = 

acetonitrile, y1 = glycosidic isoflavones, y2 = malonyl-glycosidic isoflavones, y3 = aglycone 

isoflavones and y4 = total isoflavones.  
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 7 

Abstract 8 

The aim of this work was to examine the correlations among isoflavone content in aglycones, 9 

phenolic compounds and antioxidant activity in the different components of the embryonic axis 10 

of soybeans (Glycine max (L.) Merril, cultivar BRS257) germinated for 144 h, at 35°C, 100% 11 

relative humidity and in the presence of light. The content of isoflavones, phenolic compounds 12 

and antioxidant capacity (DPPH and ABTS) were determined, and the Pearson statistical test 13 

was applied to examine correlations. Germinated soybean cotyledons had higher isoflavone 14 

content (158.79±1.64 mg 100 g
-1

), phenolic compounds (570.88±28.80 mg GAE 100 g
-1

) and 15 

antioxidant capacity by DPPH (3.24±0.19 µmol Trolox g
-1

) and ABTS (5.99±0.26 µmol Trolox 16 

g
-1

) compared to non-germinated soybeans and the radicles, hypocotyls and cotyledons of 17 

germinated soybeans. The antioxidant capacity (determined by ABTS) and phenolic compounds 18 

and antioxidant capacity (determined by DPPH) and isoflavones expressed in equivalent 19 

aglycone showed a positive correlation. Soybeans germinated under these conditions are 20 

recommended as an alternative containing high levels of phenolic compounds and isoflavones. 21 

Keywords: soybean isoflavones, germination, radicles, hypocotyls, epicotyls, cotyledons, 22 

DPPH free radical scavenging activity, ABTS radical cation, phenolic compounds 23 

 24 

1. Introduction 25 

 The consumption of foods containing significant amounts of antioxidants may help to 26 

slow down premature aging and reduce the risk of diseases such as atherosclerosis, cancer, 27 

cirrhosis (Devi et al., 2009) and other diseases. Phenolic acids and polyphenolic compounds 28 

have antioxidant properties and can impact various biological systems due to their ability to 29 

donate protons and electrons. They also form stable radical intermediates, which prevent the 30 

oxidation of various food ingredients, in particular lipids (Brand-Williams et al., 1995; Tyug et 31 

al., 2010). 32 

Isoflavones are phenolic compounds present in soybeans that have antioxidant 33 

properties and the ability to inhibit the action of free radicals that are related to many health 34 

problems (Barbosa et al., 2006). The soy isoflavones are secondary metabolites of plants and 35 

constitute a group of natural bioflavonoids exclusively produced by legumes (Fritsche & 36 

Steinhart, 1999). These compounds are associated with a reduced risk of various cardiovascular 37 
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diseases (Brouns, 2002), a reduction of bone loss and a reduction of menopausal symptoms in 38 

women (Brandt, 1997). 39 

The three forms of isoflavone aglycones from soy are daidzein, genistein and glycitein, 40 

which result from the corresponding glycosidic forms due to loss of the β-glycoside group (Xu 41 

et al., 2002) and have higher biological activity than their respective glycosidic forms (Eldridge, 42 

1982; Fukutake et al., 1996). The total content of soy isoflavones may vary from 188.4 to 948.9 43 

mg 100 g
-1

(Lee et al., 2003) and depends on the cultivar, climatic conditions and different 44 

components of the seed (Chung et al., 2007). Daidzein and glycitin isoflavones predominate in 45 

soybean seed coats and hypocotyls, while genistein and daidzein represent the major contents of 46 

isoflavones in the cotyledons (Yue et al., 2010). 47 

 Soybeans also contain other types of phenolic antioxidants, such as vanillic, caffeic, 48 

coumaric and syringic acid (Kim et al., 2006; Tsyg et al., 2010). These compounds are 49 

responsible for the positive effects on cardiovascular disease and cancer. In soybeans, the 50 

content of phenolic compounds may also vary between cultivars and the different components 51 

of the seed. In black soybean, the total phenolic content varies from 3.73 to 6.18 mg of gallic 52 

acid equivalents (GAE) g
-1

, while yellow soybeans range from 2.27 to 2.62 mg GAE g
-1

. The 53 

hypocotyl content varies from 15.34 to 17.17 mg of catechin equivalents (CE) g
-1

.The cotyledon 54 

varies from 9.15 to 13.24 mg g
-1

 and the seed coat from 7.30 to 9.78 mg CE g
-1

 (Yue et al., 55 

2010). 56 

Several methods are available to evaluate isoflavones and antioxidant activity in foods. 57 

Because of its high sensitivity, speed and efficiency, high performance liquid chromatography 58 

(HPLC) is frequently used to separate and quantify soy isoflavones (Zafra-Gómez et al., 2010). 59 

However, a universal and precise method has not been established to determine antioxidant 60 

activity (Prior et al., 2005). The antioxidant activity of soy and its derivatives was investigated 61 

using tests for DPPH
•
 (2,2 diphenyl-1-picrylhydrazyl) (Barbosa et al., 2006), co-oxidation of the 62 

β-carotene/linoleic acid system (Barbosa et al., 2006; Pratt & Birat, 1979) and ORAC (Oxygen 63 

Radical Absorbance Capacity) (Yen & Lai, 2003). Other methods such as ABTS
+•

 (2,2-azinobis 64 

(3-ethylbenzothiazoline-6-sulfonic acid)) are used as an alternative to evaluate the antioxidant 65 

capacity of soybeans (Sanchez-Gonzáles et al., 2005). 66 

 The isoflavones, phenolic antioxidant activity and the different components of soybeans 67 

were described by Kim et al. (2007) who obtained an average total isoflavone content of 288.70 68 

mg 100 g
-1

 in the embryonic axis, 57.50 mg 100 g
-1

 in the whole seed, 32.5 mg 100 g
-1

 in the 69 

cotyledon and 3.30 mg 100 g
-1

 in the seed coat. Kim et al. (2006) found that the content of 70 

phenolic compounds ranged from 7.06 to 50.00 mg g
-1

 between the different components of soy, 71 

and the average concentration of antioxidants, as measured by DPPH, was 42% and greatest in 72 

the seed coat. However, the germinated soybean content of these compounds has not been 73 

described. 74 
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During the soybean germination process, several changes take place. These include 75 

increases in nutritional value, reduction of factors considered anti-nutritional (such as phytates 76 

and lectins), increases in the bioavailability of vitamins and minerals (Trugo et al., 2000), 77 

changes in the content of different forms of isoflavones (Ribeiro et al., 2006) and activation of 78 

β-glucosidase (Santosh et al., 1999; Yoshiara et al., 2011). Yoshiara et al. (2011) recently 79 

reported that after 144 h of soybean germination, β-glucosidase activity increased significantly 80 

compared to non-germinated soybeans. The β-glucosidase hydrolyzes soy isoflavones, releasing 81 

glucose and aglycones, which are more bioavailable and have higher biological activity (Izumi 82 

et al., 2000). The process of soybean germination may be an alternative method to increase the 83 

isoflavone aglycone content for use in the development of foods with better nutritional and 84 

functional properties (Ribeiro et al., 2006). 85 

 The aim of this study was to examine the correlation between the isoflavone in aglycone 86 

equivalents, phenolic compounds and antioxidant activity of different components of soybeans 87 

germinated for 144 h at 35°C, 100% relative humidity and in the presence of light. 88 

 89 

2. Materials and methods 90 

2.1 Materials and chemicals 91 

 Seeds of the soybean (Glycine max (L.) Merrill) cultivar BRS 257 were developed at 92 

Embrapa Soja in Londrina – PR - Brazil, harvested in 2008 and used for this study. Standards of 93 

the isoflavones daidzin, glycitin, genistin, daidzein, glycitein and genistein were obtained from 94 

Sigma - Aldrich ® (St. Louis, MO, USA), and the malonyl-glycosides and acetyl-glycosides 95 

were from Sequoia Research Products (Pangbourne, United Kingdom). Other reagents were 96 

analytical and HPLC grade and from various commercial origins. 97 

 98 

2.2 Process of Soybean Germination 99 

 For germination, 50 previously selected seeds were placed on germination paper and 100 

maintained in a chamber (Marconi MA 835) with a relative humidity of 100% and a 101 

temperature of 35±1°C for 144 h, with a photoperiod of 10 h per day, as described by Yoshiara 102 

et al. (2011). After germination, the components of the embryonic axis of germinated soybeans 103 

(epicotyls, hypocotyls, radicles and cotyledons) were manually separated, freeze-dried (Christ, 104 

Alpha 1-4 LD plus, Germany) and milled (Analytical mill A11 Basic Mill, Ika, Brazil). The 105 

samples were defatted with hexane for 30 min at room temperature and stored at -26 °C until 106 

analysis. Non-germinated soybeans were used as a control. 107 

 108 

2.3 Isoflavone determination 109 

 For isoflavone extraction, 100 mg of sample was placed in test tubes with 4.0 mL of 110 

70% aqueous ethanol (v / v) containing 0.1% (v / v) acetic acid, maintained at room temperature 111 
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for 5 h and shaken manually every 15 min as described by Carrão-Panizzi et al. (2003). The 112 

extract was centrifuged and the supernatant filtered through 0.20 µm nylon membranes, and 20 113 

µL was used for separation and quantification of isoflavones by high performance liquid 114 

chromatography (HPLC). 115 

 The separation and quantification of isoflavones from defatted soy flour were performed 116 

using HPLC according to the methodology described by Berhow (2002) with modifications. A 117 

chromatograph (Shimadzu, model LC-10AT VP; Japan), oven (Shimadzu, CTO-10AS VP, 118 

Japan), semi-automatic sample applicator and ODS C18-type reverse phase column (Shimadzu, 119 

4 mm x 15 cm, 5 µm particles, Japan) were used. Twenty microliters of each filtered sample 120 

was injected. A linear gradient system with an initial phase of 100% acidified water with glacial 121 

acetic acid up to pH 3.0 and 0% acetonitrile was used for elution and separation of the 122 

isoflavones. After 25 min of elution, the acetonitrile/water solution reached a 55/45% ratio. 123 

After 27 min, the gradient reached 100% acetonitrile, and after 35 min, the gradient returned to 124 

the initial conditions. The total run time was 40 min. The flow rate of the mobile phase was 1 125 

ml/min, and the run temperature was kept constant at 25°C. A diode array detector (Shimadzu, 126 

SPD-M20A, Japan) with the wavelength set at 260 nm was used. Identification of the 127 

isoflavones was performed by comparison to individual standard curves (Sigma-Aldrich) for 128 

daidzin, glicitin, genistin, daidzein, glicitein and genistein. Quantification was performed by 129 

external standardization and utilized the standard curve as a reference. The concentrations of 130 

malonyl-glycosidic isoflavones were calculated from the standard curves of the corresponding 131 

β-glycosidic isoflavones using the similarity of the extinction coefficients (Coward, Smith, Kirk 132 

& Barnes, 1998). For the results, the mean of three replicates is expressed as mg aglycone 133 

equivalents in 100 g of sample on a dry basis (mg EA 100 g
-1

 sample on dry basis) according to 134 

Song et al. (1998) and Klump et al. (2001). 135 

 136 

2.4Total phenolic determination 137 

 The extraction of phenolic compounds was performed according to Hung, Maeda, 138 

Miyatake & Morita (2009) and quantified according to the Folin-Ciocalteau method described 139 

by Swain & Hillis (1959). The extract was used for quantification of total phenolic and 140 

antioxidant activity by DPPH and ABTS methods. 141 

 The standard curve was constructed with gallic acid at concentrations ranging from 1.0 142 

to 5.0 mmol L
-1

. For the results, the mean of three replicates is expressed as mg gallic acid 143 

equivalents per 100 g sample on a dry basis (mg GAE 100 g
-1

). 144 

 145 

2.5 Measures of antioxidant activities 146 

2.5.1 1,1 Diphenyl-2-picrylhydrazyl(DPPH
•
) radical-scavenging activity method 147 
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 The ability of the compound to donate hydrogen ions to the free radical 2,2-diphenyl-1-148 

picrylhydrazyl (DPPH •) was measured according to the method of Brand-Williams et al. 149 

(1995). The quantification of the extracts was performed using a standard curve of Trolox in 150 

concentrations ranging from 0.5 to 20 mol
-1

 L, and the average of three replicates is expressed in 151 

µmol Trolox g
-1

. 152 

 153 

2.5.2ABTS [2,2'-azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid] 154 

The antioxidant activity was also assessed by sequestration of the cation radical ABTS
•+

 by the 155 

method proposed by Sanchez-Gonzalez et al. (2005). A standard curve was constructed of 156 

Trolox (2.5 to 20 mol-1 L). The average of three replicates is expressed in µmol Trolox g
-1

. 157 

 158 

2.6 Statistics 159 

  The results were examined using analysis of variance (ANOVA) and Statistica 8.0 160 

software (StatSoft, Inc. 2007). Values expressed as the mean ± standard deviation were 161 

compared by the Tukey test at 5% probability. The Pearson’s correlation at 5%significance was 162 

applied among the phenolic compounds, isoflavones and antioxidant capacity by ABTS and 163 

DDPH methods. 164 

 165 

3. Results and discussion 166 

 The total isoflavone content(expressed in aglycone equivalents) in the non-germinated 167 

soybean was smaller than the cotyledons germinated for 144 h in the presence of light at 35°C 168 

(Table 1). In relation to the components of germinated soybean, the cotyledons showed higher 169 

contents of total isoflavones when compared to the hypocotyls. However, the epicotyls and 170 

radicles showed no significant differences in total isoflavone and were lower than the hypocotyl. 171 

Higher levels of isoflavones in aglycone equivalents have been described by Carrão-Panizzi et 172 

al. (2003) who found a range of 164.5 to 302.5 mg 100 g
-1

 of isoflavones in aglycone 173 

equivalents, whose variations were attributed to the type of cultivar, climatic factors and 174 

processing form of soybeans. 175 

 The highest content of total isoflavones in soy cotyledon germinated at 35°C for 72 176 

hours was observed by Ribeiro et al. (2006). In general, in soybean cotyledons, the high content 177 

of total isoflavones may be linked to a defense mechanism against attack by insects and 178 

phytopatogens because this component of the seed is responsible for promoting plant growth 179 

and development (Rhodes, 1996). However, the total isoflavone content can vary between the 180 

different components of germinated soybean as observed by Chung et al. (2007) and Yue et al. 181 

(2010). Chung et al. (2007) verified that the total isoflavone content was higher in embryonic 182 

tissue and reduced in soybean seed coats. However, Yue et al. (2010) concluded that the 183 
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isoflavone content was higher in the hypocotyl (81.43 mg 100 g
-1

) than in the seed coats (16.94 184 

mg 100 g
-1

) and cotyledons (9.71 mg 100 g
-1

). 185 

 The content of phenolic compounds expressed as gallic acid equivalents (Table 2) of the 186 

various components of the germinated and non-germinated soybean differ from each other 187 

(p<0,05), whereas the cotyledon showed a higher content, followed by the radicle, hypocotyl 188 

and epicotyl. The non-germinated soybeans presented a lower content of phenolic compounds 189 

(204.73 ± 5.08 mg GAE 100 g
-1

) compared with individual components of the germinated 190 

soybean. The phenolic compound content from non-germinated soybeans (204.73 ± 5.80 mg 191 

GAE g
-1

) was lower than lentils (244.00 mg GAE 100 g
-1

) and black beans (320.00 mg GAE 192 

100 g
-1

),and higher than green peas (134.00 mg GAE 100 g
-1

) and chickpeas (154.00 mg GAE 193 

100 g
-1

),as described by Xu & Chang (2007). With regard to different types of grain crops, the 194 

phenolic content of non-germinated soybeans showed a higher content in maize (263.00 mg 195 

GAE 100 g
-1

) and a lower content in rice (94.06 mg GAE 100 g
-1

), oat (111.09 mg GAE 100 g
-1

) 196 

and wheat (135.92 mg GAE 100 g
-1

), according to Adom & Liu (2002). However, when 197 

comparing the content of phenolic components such as germinated soybean cotyledons (570.88 198 

mg GAE 100 g
-1

), radicles (398.43 mg GAE 100 g
-1

) and epicotyls (308.93 mg GAE 100 g
-1

) 199 

with the data described by Adom et al. (2002) and Xu et al. (2007), it was observed that the 200 

content was higher, except for the black bean results (320.00 mg GAE 100 g
-1

). Therefore, the 201 

results of this study suggest that the process of soybean germination may be recommended 202 

when a higher content of phenolic compounds is desired, mainly in the different components of 203 

the embryonic axis of germinated soybean.  204 

 The antioxidant capacity (Table 3) assayed by the ABTS method in non-germinated 205 

soybean seed was equal to the germinated soybean hypocotyls but differed from the other 206 

components, and the germinated soybean cotyledons showed a higher antioxidant activity. 207 

However, when evaluated by a DPPH
•
 free radical scavenging assay, non-germinated soybeans 208 

showed an antioxidant capacity equal to the epicotyl and root and differed from the cotyledons 209 

and hypocotyl, and the germinated soybean cotyledons also showed a higher antioxidant 210 

capacity. Barbosa et al. (2006) reported superior results of antioxidant capacity by the method of 211 

free radical DPPH
• 
in soybeans and soy flour, with valuesof 3.7 µmol Trolox g

-1
and 4.6 µmol 212 

Trolox g
-1

, respectively. Furthermore, by the DPPH
•
 method, the yellow soybean showed low 213 

antioxidant capacity (1.96 µmol Trolox g
-1

), while the black soybean had high values (13.39 214 

µmol Trolox g
-1

) and also a higher content of phenolic compounds and flavonoids (Xu, & 215 

Chang 2007), justifying the different antioxidant capacity results of the present work. These 216 

results may also be related to the differences in the types of soybean and the processing (Carrão-217 

Panizzi et al., 1999). 218 

 The high antioxidant capacity of germinated soybean cotyledon evaluated by the ABTS 219 

and DPPH methods can be confirmed by the higher content of phenolic compounds (Table 1) 220 
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and total isoflavone aglycone equivalents (Table 2), which was also observed by Brand-221 

Williams et al. (1995) and Naim et al. (1976). According to Nicoli et al. (1999), the antioxidant 222 

capacity is due to the presence of phenolic groups, which confer a greater ability to donate to the 223 

radical hydrogen atom from the hydroxyl group and / or aromatic structure polyphenol, which 224 

consequently has a higher ability to support the unpaired electron of displacement around the aromatic 225 

ring. The two methods to evaluate the antioxidant capacity (DPPH and ABTS) can detect both electron 226 

transfer and donation of hydrogen atoms (Prior et al., 2005). However, the ABTS method has 227 

greater advantages in relation to the DPPH, including the ability to use a wide pH range, 228 

solubility in both aqueous and organic solvents and short reaction time. However, both are also 229 

useful in determining the antioxidant activity of natural products, provided that pigments, which 230 

cause interferences in the colorimetric spectrum assay (Awika et al., 2003) are not present.  231 

 The phenolic compound content and antioxidant activity as measured by ABTS and 232 

DPPH and the isoflavone aglycones and equivalent antioxidant capacity measured by the 233 

method of DPPH showed significant positive correlations (Table 4). The same was observed by 234 

Emmons & Peterson (1999). Thus, it was observed (Table 4) that the higher the content of 235 

phenolic compounds, the greater the antioxidant capacity determined by the ABTS method and 236 

the higher the isoflavone aglycone equivalents, the more antioxidant activity was determined by 237 

DPPH. The analysis of all varieties of soybean investigated by Sung et al. (2010) also showed 238 

significant positive correlations between antioxidant capacity measured by DPPH and FRAP 239 

methods and isoflavone (r = 0,92** and 0.84**, respectively). The same authors also noted a 240 

correlation between high antioxidant activity by DPPH and the total phenolic compounds (r = 241 

0,97 **). However, Sakthivelu et al. (2008) observed that antioxidant activity (DPPH) in 11 242 

soybean varieties was not correlated with the total content of isoflavones and that a low 243 

correlation was observed with the total phenolic compounds due to the low isoflavone aglycone 244 

content (<5% of the total isoflavone). 245 

 246 

4. Conclusions 247 

 In soybean cotyledons, a 144 h, 35°C and 100% relative humidity germination process 248 

resulted in a higher content of phenolic compounds and isoflavones and higher antioxidant 249 

capacity by ABTS and DPPH methods. The antioxidant capacity by ABTS and phenolic 250 

compounds and antioxidant capacity by DPPH and isoflavones in aglycone equivalents showed 251 

a positive correlation. Thus, soybeans germinated under these conditions can be recommended 252 

as an alternative source of soybeans containing high levels of phenolic compounds and 253 

isoflavones. 254 

 255 

 256 

 257 
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Table 1. Total isoflavone in aglycone equivalents of the components of germinated and 370 

non-germinated soybean. 371 

Samples 
Total isoflavones

 

(mg AE 100 g-1 )1 

Germinated soybeans Epicotyls 127.28 ± 2.18
c
 

 Hypocotyls 42.80 ± 0.60
d
 

 Radicles 41.49 ± 0.09
d
 

 Cotyledons 158.79 ± 1.64ª 

Non-germinated soybeans 148.30 ± 0.17
b
 

1Mean ± standard deviation aglycone equivalents and expressed as mg AE 100 g-1 on a dry basis. Different letters in 372 

the same column represent a significant difference by the Tukey test at 5% probability. 373 

 374 

Table 2. Phenolic content of the different components from the non-germinated and 375 

from germinated soybean embryonic axis. 376 

Sample 
Phenolic Compounds 

(mg GAE 100 g-1*
) 

Germinated soybeans Epicotyls 308.93 ± 3.77
c
 

 Hypocotyls 227.93 ± 1.00
d
 

 Radicles 398.43 ± 18.77
b
 

 Cotyledons 570.88 ± 28.80ª 

Non-germinated soybeans 204.73 ± 5.80
e
 

*Average of three replicates ± standard deviation and expressed as mg Gallic Acid Equivalents 100 g-1 on a dry basis. 377 

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

 379 

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

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

Samples ABTS
1
 DPPH

1
 

Germinated soybeans Epicotyls 3,89 ± 0,06
b
 2,66 ± 0,10

b
 

 Hypocotyls 2,37 ± 0,05
d
 1,10 ± 0,08

c
 

 Radicles 2,95 ± 0,00
c
 2,78 ± 0,05

b
 

 Cotyledons 5,99 ± 0,26
a
 3,24 ± 0,19

a
 

Non-germinated soybeans 2,52 ± 0,06
d
 2,89 ± 0,01

b
 

1µmol Trolox g-1 in dry basis ± standard deviation. Different letters in the same column represent a significant 382 

difference by the Tukey test at 5% significance. 383 

 384 
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Table 4. Correlation coefficients between the phenolic content, antioxidant capacity and 385 

content of soy isoflavones in non-germinated and the components of the embryonic axis of 386 

germinated soybeans.  387 

 Phenolic 

Compounds 
DDPH ABTS Isoflavones 

Phenolic Compounds  0,53 0,88
2
 0,27 

DDPH 0,53  0,65
1
 0,65

1
 

ABTS 0,88
2
 0,55  0,62 

Isoflavones 0,27 0,65
1
 0,62  

1Significant values at p<0,05. 2Significant values at p<0.001. 388 

 389 



169 

 

 

6. CONCLUSÕES 

 

 O rendimento de β-glicosidase de cotilédones de soja germinada com luz por 

96 h foi maior que o do epicótilo. 

 A maior atividade específica de β-glicosidase ocorreu nos epicótilos 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 daidzeína e genisteína e 8,95% da forma glicosídica 

genistina, enquanto que o hipocótilo e radícula, embora em baixas 

concentrações, resultaram 100% das três formas de isoflavonas agliconas. 

 A máxima extração de β-glicosidase de epicótilos de soja germinada ocorreu 

a 30°C e pH 5,0, na presença de tampão citrato de sódio 0,1 mol L-1 e NaCl 

0,1 mol L-1. 

 A extração das diferentes formas de isoflavonas foi otimizada, sendo que os 

melhores extratores para malonilglicosídicas e totais foi água, acetona, etanol 

(2:1:1; v:v:v), para as glicosídicas, água, acetona e acetonitrila (2:1:1; v:v:v), e 

para as agliconas, água e acetona (1:1; v:v).  

 A máxima conversão de isoflavonas glicosídicas 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 35oC apresentou maior teor de 

compostos fenólicos e isoflavonas, e maior capacidade antioxidante avaliados 

pelos métodos DPPH e ABTS.  

 Uma correlação positiva foi confirmada entre a capacidade antioxidante por 

ABTS e o teor de compostos fenólicos, bem como entre a capacidade 

antioxidante por DPPH e isoflavonas em equivalente agliconas.  
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TEMPEH OBTAINED WITH YELLOW AND BLACK SOYBEAN GRAINS 
Cristiane Wing Chong Borges, Josemeyre Bonifácio da Silva, Luciane Yuri Yoshiara, Elza Iouko Ida.  

 
Departamento de Ciência e Tecnologia de Alimentos, Universidade Estadual de Londrina, Caixa 

Postal 6001, CEP 86051-970, Londrina, Paraná, 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 

 
Cíntia Ladeira Handa, Luciane Yuri Yoshiara, Josemeyre Bonifácio da Silva, Uenifer Couto, 

Aline Heloisa Vicensoti, Heloyse Hott Paulino, Sandra Regina Georgetti, Elza Iouko 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 UPLC® BEH C18, 2.1mm x 50.0mm x 

1.7μm 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. 
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