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BAU, T.R. Extratos de soja: influéncia dos diferentes processos de obtencao,
otimizagdo do processo para conversdo de isoflavonas em agliconas e fermentagéo
com cultura de kefir. 2015. 172 f. Tese (Doutorado em Ciéncia de Alimentos) —
Universidade Estadual de Londrina. Londrina — PR.

RESUMO

O processo de obtengcdo do extrato de soja pode influenciar a composigdo do
produto. O objetivo desta investigacdo foi avaliar a influéncia dos diferentes
processos de obtengao de extrato de soja e otimizar o processo para conversao de
isoflavonas em agliconas. Ainda, aplicou-se a cultura de kefir no extrato de soja
visando a fermentacgao e hidrolise de oligossacarideos e isoflavonas. Para obtencéo
de extratos de soja foram avaliadas cinco tipos de processamento e os extratos
foram caracterizados quanto ao pH, tonalidade cromatica, viscosidade, composigao
quimica, inibidores de tripsina, teor de diferentes formas de isoflavonas e
aceitabilidade. Foi otimizado o processamento do extrato de soja para conversao de
isoflavonas em agliconas, aplicando o delineamento composto central rotacional 22
e avaliada a atividade de B-glicosidase e teor das diferentes formas de isoflavonas.
No extrato de soja foi empregada a cultura de kefir para fermentacgéo a 25 °C por 30
h e avaliada a hidrdlise dos oligossacarideos e isoflavonas. Foi realizada a
contagem de bactérias lacticas, Lactococcus lactis, Leuconostoc sp e leveduras.
Também foram determinados pH, acidez, atividade de a-galactosidase e [3-
glicosidase, teor de acucares e de diferentes formas de isoflavonas. As diferentes
condigbes de processamento para obtengdo de extratos de soja influenciaram as
caracteristicas fisicas, quimicas e teor das diferentes formas de isoflavonas e na
aceitagao sensorial ndo foi detectada diferenga. A maceragao dos gréos de soja a 5
°C por 16 h, homogeneizagdo por 3 min com agua destilada a 25 °C, filtragdo e
tratamento térmico a 90 °C por 30 min possibilitou obter extrato de soja com maior
teor de proteinas, lipidios, cinzas, isoflavonas totais e agliconas. A otimizagdo do
processo de obtencéo de extrato de soja com maxima converséo das isoflavonas na
forma de B-glicosideos em agliconas ocorreu quando os graos foram macerados a 5
°C por 14 h na proporgao 1:3 (soja:agua; p:v), homogeneizados na propor¢ao 1:8
(soja macerada:agua; p:v) e o homogenato incubado a 50 °C por 2,7 h. A
estabilidade térmica a 97 °C por 25 min das isoflavonas do extrato de soja foi
mantida com relagdo ao teor de isoflavonas agliconas (daidzeina e genisteina),
enquanto que ocorreu um aumento no teor de gliciteina e B-glicosideos (daidzina e
genistina) e uma redugcdo no teor de malonilglicosideos. O extrato de soja
fermentado com cultura de kefir a 25 °C por 30 h apresentou atividade de a-
galactosidase com hidrélise de 100 % de rafinose e 92 % de estaquiose, apds o
esgotamento de galactose, glicose e sacarose. Apresentou também atividade de [3-
glicosidase, com bioconversédo de 100 % de daidzina e glicitina e 89 % de genistina
em agliconas correspondentes, além de favorecer a redugdo do pH, aumento da
acidez e viabilidade celular.

Palavras-chave: Soja. Processamento de extrato de soja. Compostos bioativos.
Oligossacarideos.



BAU, T.R. Soymilk: influence of different processing conditions, process optimization
for isoflavone conversion in aglycone and fermentation with kefir culture. 2015. 172
p. Thesis (Doctor’s degree in Food Science) - University State of Londrina. Londrina
- PR.

ABSTRACT

The process to obtain the soymilk influences composition of the product. The
objective of this investigation was evaluating different processes for obtaining soymilk
and optimize the process for converting isoflavone in aglycone. Furthermore, was
applied the kefir culture to soymilk fermentation, by evaluating oligosaccharide and [3-
glucoside isoflavone hydrolysis. To obtain soymilk, five different processing
conditions were applied. The soymilks were analyzed for pH, hue, viscosity, chemical
composition, trypsin inhibitors, contents of different forms of isoflavones and
acceptability. Soymilk processing was optimized for conversion isoflavone into
aglycons by applying central composite design 22 and B-glucosidase activity and
different forms of isoflavone content. Soymilk was fermented with kefir culture at 25
°C for 30 h and assessed hydrolysis of oligosaccharides and isoflavones. Counts of
lactic acid bacteria, Lactococcus lactis, Leuconostoc sp and yeasts were performed.
Furthermore was carried of pH, acidity, a- galactosidase and [(3-glucosidase activity
mensurements. The different processing conditions to obtain soymilk influenced the
physical and chemical properties and isoflavone content. However, no differences in
sensory acceptance were found. Soaking of soybeans at 5 °C for 16 h,
homogenization for 3 min with distilled water at 25 °C with filtration and heat
treatment at 90 °C for 30 min produced soymilk with a higher content of protein, fat,
ash, total and aglycone isoflavones. The optimization process with the maximum
conversion of B-glucosides into aglycone isoflavones occurred when the soybeans
were soaked at 5 °C for 14 h in a 1: 3 ratio (soybean: water; w:v), homogenised in a
1:8 ratio (soybean macerated: water; w:v), and the slurry was incubated at 50 °C for
2.7 h. Thermal stability of isoflavones in soymilk at 97 °C for 25 min was maintained
with respect to aglycone isoflavones (genistein and daidzein), while there was an
increase in glycitein content and B-glucosides (genistin and daidzin) and
malonylglucoside content decreased. The fermented soymilk with kefir culture at 25
°C for 30 h showed a-galactosidase activity, and 100 % raffinose and 92 %
stachyose hydrolysis was observed after the depletion of galactose, glucose and
sucrose. This soymilk also presented B-glucosidase activity, resulting in 100 %
bioconversion of glycitin and daidzin and 89 % bioconversion of genistin into the
corresponding aglycones and favors, pH reduction, increased acidity and cell
viability.

Keywords: Soybean. Soymilk processing. Bioactive compounds. Oligosaccharides
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1 INTRODUGAO

A soja é mundialmente cultivada devido o seu elevado teor de proteinas e
lipidios. Estudos tem confirmado os efeitos benéficos da soja para a saude e isto tem
estimulado os consumidores a incorporar mais a soja na dieta humana, devido
componentes nutricionais importantes, como as isoflavonas, proteinas,
oligossacarideos e fibra alimentar (CHEN et al., 2010; MA et al., 2015). Assim, o
Brasil € um grande produtor e exportador de soja, elevando sua participagédo no
mercado a cada ano (USDA, 2014).

A soja contém os oligossacarideos rafinose, estaquiose, melibiose e
verbascose que também sdo componentes nutricionais importantes (CHEN et al.,
2010). Estes compostos sao benéficos por promoverem o aumento da populagéo de
bifidobactérias no célon (MIDDELBOS; FAHEY, 2008), o que acarreta na supressao
da atividade de bactérias putrefativas e patogénicas, e promovendo um balango na
microbiota intestinal e diminuindo as infec¢des gastrointestinais (CHEN et al., 2000;
LIU, 2004).

As isoflavonas s&o compostos fendlicos pertencentes ao grupo dos
flavonoides e representam um dos principais compostos bioativos presentes na soja
e derivados (TORO-FUNES et al.,, 2012). As isoflavonas s&o encontradas em
diferentes formas, divididas em quatro grupos conforme a sua estrutura quimica:
agliconas ou formas livres (daidzeina, genisteina e gliciteina), 7-O-B-D-Glicosideos
ou B-glicosideos (daidzina, genistina e glicitina), 6”-O-Acetil-7-O-3-D-Glicosideos ou
acetilglicosideos (acetildaidzina, acetilgenistina e acetilglicitina) e 6”-O-Malonil-7-O-
B-D-Glicosideos ou malonilglicosideos (malonildaidzina, malonilgenistina e
malonilglicitina) (LIU, 2004; WANG, 2008). As isoflavonas agliconas possuem maior
efeito benéfico sobre a saude humana (MESSINA; MESSINA, 2000). As isoflavonas
podem ser convertidas em diferentes conjugados com efeitos significativos na
biodisponibilidade, sendo que as agliconas sao absorvidas mais facilmente do que
os conjugados glicosilados (XU et al., 2000).

O extrato de soja é tradicionalmente obtido apés maceragdo dos graos,
drenagem da agua, homogeneizagao com agua, filtracdo e tratamento térmico do
extrato (LIU, 2004) e as condigbes de processamento podem influenciar o teor dos
compostos presentes (IWUOHA; UMUNNAKWE, 1997; KAO et al., 2004; JUNG;
MURPHY; SALA, 2008). Vérios fatores afetam a composi¢gdo e o rendimento do
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extrato de soja, tais como a cultivar de soja, tempo de maceragdo dos graos,
proporcdo de soja:agua, trituragdo, filtragdo antes ou apds o tratamento térmico,
tempo e temperatura de tratamento térmico (CAl et al., 1997), além de emprego de
outras etapas como utilizagdo de enzimas, fermentagéo e outras (CHUN; KIM; KIM,
2008; DONKOR; SHAH, 2008; ISMAIL; HAYES, 2005; JUNG; MURPHY; SALA,
2008). A influéncia do processamento do extrato de soja sobre as suas
caracteristicas fisicas e quimicas tem sido amplamente investigada, porém ha
poucos estudos sobre modificagbes do processo de obtencéo do extrato de soja que
visam o aumento do teor de isoflavonas agliconas e aplicagao de cultura de kefir
para fermentacgao.

Assim, considerando a possibilidade de modificagao do processo de obtencao
do extrato de soja com aumento no teor de compostos bioativos e fermentagao com
cultura de kefir, este trabalho objetivou avaliar a influéncia dos diferentes processos
de obtengao de extrato de soja e otimizar o processo para conversao de isoflavonas
em agliconas, bem como aplicar a cultura de kefir no extrato de soja para

fermentacgao e hidrdlise de oligossacarideos e isoflavonas.
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2 REVISAO BIBLIOGRAFICA

2.1 CARACTERISTICAS GERAIS DA SOJA

A soja (Glycine max (L.) Merrill) ¢ uma cultura nativa do norte e leste da Asia,
onde foi domesticada ha mais de cinco mil anos e ha séculos tem sido cultivada
devido ao elevado teor de proteinas e lipidios (LIU et al., 2008; MEDIC; ATKINSON,;
HURBURGH, 2014). A soja é amplamente utilizada no oriente e a planta foi
introduzida somente em 1712 na Europa, onde seu cultivo sempre foi limitado. A
soja foi introduzida na Ameérica no final do século XVIII, porém o seu cultivo em larga
escala comecou por volta de 1920, nos Estados Unidos, sendo destinada
basicamente para a alimentagéo animal (HYMOWITZ, 2008). No Brasil, a partir de
1960 e impulsionada pela politica de subsidios ao trigo, a soja se estabeleceu na
regiao sul como uma cultura economicamente importante (FAO, 2015), sendo que a
maior produgao de soja ocorre no Mato Grosso do Sul (CONAB, 2015).

Um numero crescente de estudos confirmaram os efeitos benéficos da soja
para a saude e isto tem estimulado os consumidores a incorporar mais a soja na
alimentagcdo. Os paises orientais utilizam a soja para a produgdo de alimentos
tradicionais, como o extrato de soja, shoyo, tempeh, miso, tofu e natto, sendo que
nos paises ocidentais a soja € processada principalmente para obtengao do dleo e
ragao animal (MEDIC; ATKINSON; HURBURGH, 2014). Contudo, novos produtos
também tém sido desenvolvidos e consumidos pela populagdo que busca uma
alimentacdo mais saudavel. A soja € mundialmente reconhecida devido o seu
elevado teor de proteinas e lipidios e contém componentes benéficos a saude, como
as isoflavonas, proteinas, oligossacarideos e fibra alimentar, o que ocasiona um
aumento na producao e consumo de produtos a base de soja (CHEN et al., 2010;
MA et al., 2015).

Na safra de 2013/2014, a producao global foi de 285,3 milhdes de toneladas,
sendo que os Estados Unidos foram os maiores produtores, com 91,4 milhdes de
toneladas, seguido do Brasil com 86,7 milhdes de toneladas. A previsao para a safra
de 2014/2015 é atingir o recorde de 312,8 milhdes de toneladas (USDA, 2015). De
acordo com os dados fornecidos pela Companhia Nacional de Abastecimento
(CONAB), a producgao brasileira manteve o ritmo de crescimento nas ultimas safras e
na safra de 2014/2015 foram colhidas 91,7 milhdes de toneladas (CONAB, 2015). O
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Brasil vem consolidando sua posigdo de grande produtor e exportador de soja,
elevando sua participacdo no mercado a cada ano, com expectativa de assumir a
lideranga mundial do fornecimento de soja até 2022, com previsdo de produgdo de
105,39 milhdes de toneladas (USDA, 2014).

2.2 CONSTITUINTES QUIMICOS DA SOJA

Os graos de soja sao constituidos, em base seca, de 40 % de proteina, 34 %
de carboidratos, 21 % de lipidios € 5 % de cinzas. Os principais componentes do
grao de soja sao a casca, cotilédones e eixo embrionario, que representam 8 %, 90
% e 2 % do peso do grao, respectivamente. A composi¢cdo quimica do gréo e de
seus componentes é influenciada por diversos fatores como cultivar, época da
semeadura, localizagdo geogréfica, condigdes climaticas e estresse ambiental (LIU,
2004; MEDIC; ATKINSON; HURBURGH, 2014; REDONDO-CUENCA et al., 2007).

O teor aproximado dos constituintes quimicos € apresentado na Tabela 1.

Tabela 1. Teor dos constituintes quimicos dos componentes da soja

Constituintes quimicos (g.100g™", em base seca)

Componentes

Proteina Lipidios Carboidratos Cinzas
Grao 40 21 34 5
Casca 9 1 86 4
Cotilédone 43 23 29 5
Eixo embrionario 41 11 44 4

Fonte: Adaptado de Medic, Atkinson e Hurburgh (2014).

Os lipidios da soja representam economicamente um dos componentes mais
importante e o dleo de soja representa 29 % da produgdo mundial de gordura
(GOLBITZ, 2007). Os lipidios da soja contém 15 % de acidos graxos saturados e 85
% de insaturados (LIU, 2004), sendo que os principais sao o oleico (C18:1n-9),
linoleico (C18:2n-6) e o a-linolénico (C18:3n-3). Os acidos graxos insaturados
auxiiam na reducdo do colesterol de baixa densidade (LDL - Low Density
Lipoprotein), diminuem o risco de doengas cardiacas, auxiliam na prevencado de
aterosclerose e na supressdao de processos inflamatérios (BAHRAMI, 2009;
DECKELBAUM; TORREJON, 2012; GOLBITZ; JORDAN, 2006). Ainda, a soja
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apresenta acidos graxos saturados, como o acido palmitico (C16:0) e estearico
(C18:0) (GERDE; WHITE, 2008).

Os carboidratos da soja podem ser divididos em soluveis e insoluveis. Os
graos maduros de soja apresentam 10 % de carboidratos soluveis, incluindo 4-5 %
de sacarose, 1-2 % de rafinose, 3,5-4,5 % de estaquiose e em quantidade menor a
verbascose, além de tracos dos monossacarideos glicose, frutose e arabinose
(GOLBITZ; JORDAN, 2006; WANG; CHEN; ZHANG, 2014). Os carboidratos
insoluveis incluem a celulose, hemicelulose e pectina, que sado encontrados
principalmente na parede celular e nos materiais intersticiais e sdo classificados
como fibra alimentar (LIU, 1997). A soja contém de 19,7 a 24,4 % de fibra alimentar
total e a celulose é o principal constituinte (MEDIC; ATKINSON; HURBURGH,
2014; REDONDO-CUENCA et al., 2007). As fibras tem um papel importante na
reducao dos niveis de colesterol em alguns individuos hiperlipidémicos, aumenta a
tolerancia a glicose em individuos diabéticos, tem efeito positivo sobre a prisao de
ventre, além de possuir efeitos antiinflamatorios e anticancerigenos (CHANDALIA et
al., 2000; CHEN et al., 2012; SCHEPPACH et al., 2004).

A soja contém 5 % de minerais sendo de 0,2 a 2,1 % de potéassio, fésforo,
magnésio, enxofre, calcio e sédio (REDONCO-CUENCA et al.,, 2007). Também
estdo presentes em menor concentragdo o silicio, ferro, zinco, manganés, cobre,
molibdénio, fluor, cromo, selénio, cobalto, cadmio, chumbo, arsénio, mercurio e iodo
em concentracdes que variam de 0,01 a 140 mg kg™ de soja, em base seca. A soja
também é fonte de vitaminas hidrossollveis, como a tiamina, riboflavina, niacina,
acido pantoténico, biotina e acido fdlico e, vitaminas lipossoluveis, como a vitamina A
(B-caroteno) e E (tocoferol) (GOLBITZ; JORDAN, 2006; LIU, 2004). Além disso, a
soja e derivados apresentam compostos como as isoflavonas, saponinas e acido
fitico que sdo compostos antioxidantes (WARDHANI, VAZQUEZ e PANDIELLA,
2010).

As proteinas, isoflavonas e oligossacarideos, de componentes com beneficios
para a saude (REN et al., 2006) estao presentes na soja em quantidades elevadas e

serdo abordados a seguir.
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2.2.1 Proteinas

As proteinas de soja representam a fonte comercial de proteina vegetal mais
consumida no mundo, apresenta baixo custo e alto valor nutricional (MA et al., 2015;
SPERONI; ANON, 2013). A soja é a Unica espécie vegetal que apresenta
composigao proteica com valor biolégico semelhante as proteinas de origem animal
devido a presenca de aminoacidos essenciais (FISCHER, 2001). A soja é rica em
aminoacidos como leucina e lisina, mas limitada em aminoacidos contendo enxofre
como metionina, cisteina e cistina (CARRAO-PANIZZI, 2000; LIU, 2004; MEDIC;
ATKINSON; HURBURGH, 2014).

As principais fragdes proteicas da soja séo as 2S, 7S, 11S e 15S conforme os
coeficientes de sedimentacao obtidos por ultracentrifugacéo, apods a dissolugdo em
pH 7,6 e forca ibnica 0,5. A fracao 2S representa 15 % do total e é composta por
proteinas biologicamente ativas, inibidores de protease e globulinas. A fracdo 7S
representa 34 % e € composta pelas enzimas [(-amilase e lipoxigenase,
hemaglutinina, citocromo C e pela globulina conhecida como B-conglicinina. A fracéo
11S é representada principalmente por glicinina, totalizando 41,9 % (LIU et al., 2007;
MUJOO; TRINH; NG, 2003). A fragao 15S representa 9,1 % do total e € um dimero
da glicinina (11S) ou pode ser formada pela associagao da glicinina em estruturas
poliméricas (ACHOURI et al., 2010; TAY; XU; PERERA, 2005).

A glicinina (11S) e B-conglicinina (7S) sdo as duas principais proteinas de
reserva da soja e representam 70 % do total (LIU et al., 2007; MUJOO; TRINH; NG,
2003). Além disso, estas fragdes conferem propriedades funcionais tecnolégicas as
proteinas da soja, uma vez que a fracdo 7S possui uma maior solubilidade e uma
melhor capacidade emulsificante do que a fragdo 11S, enquanto que esta forma géis
mais fortes devido ao grande numero de grupos sulfidrila e tende a ser mais eficiente
na formacéao de filmes na interface ar/agua (HERMAN, 2005; MANION; CORREDIG,
2006).

Além das propriedades funcionais tecnoldgicas, estudos comprovaram a
eficiéncia das proteinas da soja em diminuir o colesterol plasmatico e com isso
reduzir o risco de doengas do coragdo (CHEN et al., 2006; YANG et al., 2008). A
soja também pode ser fonte de peptideos bioativos, quem possuem propriedade de
reducao de hipertensao, colesterol e apresentam atividade antioxidante (SINGH; VIJ;
HATI, 2014).
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O FDA (Food and Drug Administration), érgao oficial dos Estados Unidos,
aprovou em 1999 a alegacéo de que a ingestdo de 25 g de proteinas de soja por dia
aliada a um baixo consumo de gordura saturada e colesterol pode reduzir o risco de
doencas coronarianas (FDA, 1999). A ANVISA (Agéncia Nacional de Vigilancia
Sanitaria) também autoriza descri¢gdes similares na rotulagem de alimentos contendo
proteinas de soja, sendo considerado um ingrediente com alegacao de propriedade
funcional (BRASIL, 2015). Desde a aprovacao da alegagao pela FDA tem ocorrido
um aumento consideravel na produgédo, comercializagdo e consumo de soja e
derivados (XIAO, 2008).

Apesar das alegacbes de saude associadas as proteinas de soja serem
aprovadas por orgaos reguladores como FDA e ANVISA, ainda ndo esta bem
elucidada a relagdo entre a ingestdo de proteina de soja e a reducdo do nivel de
colesterol de baixa densidade no sangue. Sendo assim, as alegagdes adotadas pela
FDA tem sido questionada por organizacbes como AHA (American Heart
Association) e EFSA (European Food Safety Authority) que afirmam que os
resultados obtidos até o momento ndo s&o conclusivos (EFSA, 2010; GIRGIH et al.,
2013).

2.2.2 Oligossacarideos

A soja contém os oligossacarideos rafinose, estaquiose e verbascose que
também sdo componentes nutricionais importantes (CHEN et al.,, 2010). Estes
compostos sdo sintetizados a partir da sacarose e se acumulam nas sementes de
soja nas fases finais de maturacdo e dessecacao devido sua agdo osmoprotetora,
além de proporcionarem uma fonte de carboidratos faciimente metabolizaveis
durante a germinagao (NISHIZAWA-YOKOI; YABUTA; SHIGEOKA, 2008;
OBENDOREF et al., 2008).

Estes oligossacarideos sao agucares nao redutores que contém frutose,
glicose e unidades de galactose. A rafinose € um trissacararideo que contém em sua
estrutura quimica uma galactose ligada em a-(1-6) a uma molécula de sacarose. A
estaquiose € um tetrassacarideo constituido por uma molécula de galactose ligada
em a-(1-6) a galactose terminal da rafinose. Ainda, a soja pode conter tragos de
verbascose, que € um pentassacarideo constituido por uma molécula de galactose

ligada em a-(1-6) a galactose terminal da estaquiose (Figura 1) (LIU, 2004). A soja
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pode conter também tracos de melibiose, geralmente formada pela hidrélise de
outros oligossacarideos, e contém em sua estrutura quimica uma galactose ligada
em o-(1-6) a uma molécula de glicose.

Os oligossacarideos da soja foram considerados por muitos pesquisadores
como indesejaveis por causarem flatuléncia, cdlicas e diarréia (BRASIL et al., 2010;
GIBSON, 2004; WANG; CHEN; ZHANG, 2014). O desconforto ocorre devido a
auséncia da enzima a-galactosidase (EC 3.2.1.22) na mucosa do intestino delgado
humano, que é responsavel pela hidrélise desses agucares. No intestino grosso,
estes sao fermentados por micro-organismos anaerdobios com produgao de gases,
como didxido de carbono, hidrogénio, metano, entre outros e acidos que podem
ocasionar flatuléncia, inchagco e diarreia (KARR-LILIENTHAL et al.,, 2005;
MIDDELBOS; FAHEY, 2008).

Figura 1. Estrutura quimica dos oligossacarideos da soja

CH,OH
0 /CHa | Rafinose
O O /CHE | Sacarose
a-{1-6) O © /]
o
a-(1-6) CH,
a-(1-6) O, CHOH O

Q
12 CH,OH

IEstaquiose

|‘Jerbascose

Fonte: Adaptado de LIU (2004).

Apesar do efeito negativo, a rafinose e a estaquiose apresentam
caracteristicas prebidticas e sdo considerados como ingredientes seguros (GRAS -
Generally Recognized As Safe) pelo FDA (ZHOU et al., 2012). Estes
oligossacarideos sao benéficos por promoverem o aumento da populagido de
bifidobactérias no célon (MIDDELBOS; FAHEY, 2008). Isto acarreta na supresséo da
atividade de bactérias putrefativas e patogénicas e promove um balango na
microbiota intestinal e diminui as infecgbes gastrointestinais (CHEN et al., 2000; LIU,

2004). Os oligossacarideos da soja sao fibras soluveis que, quando fermentados no
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organismo humano, resultam na formagéo de acidos graxos de cadeia curta, como o
acetato, propionato e butirato (GIL; BENGMARK, 2006). A absor¢ao destes acidos
graxos de cadeia curta no colon estimula a absor¢do de sédio e de agua, aumenta a
producdo de energia metabdlica e estimula o sistema nervoso auténomo (GIL;
BENGMARK, 2006; MAHAN; ESCOTT-STUMP, 2005).

Segundo Qiang, Yonglie e Qianbing (2009), a rafinose e a estaquiose
apresentam caracteristicas prebidticas que também s&o relacionadas a diminuicao
do nivel de colesterol no sangue e prevenc¢ao de alguns tipos de cancer. Ainda, tem
sido investigada a possivel acdo destes oligossacarideos na prevencdo de doencgas
como o cancer, osteoporose, aterosclerose, disturbios da menopausa e efeito
protetor contra danos no miocardio (ESPINOSA-MARTOSY; RUPEREZ, 2006;
MATEOS-APARICIO et al., 2008; MENG; SHANGLANG; JIANGWEI, 2015). Apesar
dos beneficios descritos, mais estudos sdo necessarios para elucidacdo dos
mecanismos de acdo destes compostos sobre a saude humana. Além disso, a
ANVISA nao autoriza qualquer alegacéo de propriedade funcional e/ou de saude no

rétulo dos alimentos que contém oligossacarideos da soja

2.2.3 Isoflavonas

As isoflavonas sdo compostos fendlicos pertencentes ao grupo dos flavonoides
e representam um dos principais compostos bioativos presentes na soja e derivados
(TORO-FUNES et al.,, 2012). Estes compostos s&o originarios do metabolismo
secundario e podem ser sintetizados nas plantas devido as condi¢gdes ambientais
desfavoraveis, como ataque de pragas, seca e falta de nutrientes (HOWITZ;
SINCLAIR, 2008; WILDMAN, 2001). O acumulo de isoflavonas nas sementes de
soja ocorre entre 35 e 60 dias apods a floragao, que é o periodo de enchimento dos
graos e seu teor € predominante no hipocatilo, situado no eixo embrionario, que
contém quantidade de 4 a 6 vezes maior do que nos cotilédones, e 0 menor teor é
observado na casca (KIM et al., 2007; KUDOU et al., 1991; SILVA et al., 2012).

As isoflavonas sdo encontrados em diferentes formas, que estao divididas em
quatro grupos conforme a sua estrutura quimica: agliconas ou formas livres
(daidzeina, genisteina e gliciteina), 7-O-B-D-Glicosideos ou B-glicosideos (daidzina,
genistina e glicitina), 67-O-Acetil-7-O-B-D-Glicosideos ou acetilglicosideos

(acetildaidzina, acetilgenistina e acetilglicitina) e 6”-O-Malonil-7-O-B-D-Glicosideos
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ou malonilglicosideos (malonildaidzina, malonilgenistina e malonilglicitina) (LIU,
2004; WANG, 2008). As isoflavonas diferem entre si na constituicdo dos radicais R

e R, conforme apresentado na Figura 2.

Figura 2. Estrutura quimica das isoflavonas agliconas, p-glicosideos,

acetilglicosideos e malonilglicosideos encontradas na soja

Agliconas 7-0-B-D-Glicosideos

Daidzeina=R;=-He R;=-H Dai-dz-ina =R,=-HeR,=-H
Genisteina=R,=-OH e R,= -H Genistina =R;=-0OHeR;=-H
Gliciteina=R,=-H e Ry= -OCH Glicitina =R,=-HeR,=-OCH,

6"-0-Acetil-7-0-B-D-Glicosideos 6”-0-Malonil-7-0-p-D-Glicosideos
Aﬂetildaidzina - R]_= _H o R2= _H Ma|l:lrli|l:|ail:|zirla = R]_= -H e R2= -H
Acetilgenistina =R,=-OHeR,=-H Malonilgenistina =R;=-CHe R;=-H
A:etilgliciﬁna =R,=-He Ry;=-0CH; Malnnilgliuitina =R;=-He R;=-0CH:

Fonte: Adaptado de Liu (2004) e Shao et al. (2009)

A soja contém, em base seca, 0,2 a 4,2 mg de isoflavonas por g de grao
(MESSINA; NAGATA; WU, 2006; WANG; MURPHY, 1994b). O teor de isoflavonas
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nos graos de soja € muito amplo e pode variar em fungédo de fatores como: cultivar
de soja, safra e condigbes ambientais como o solo, temperatura, época, local de
cultivo, indice pluviométrico, condigdes de estocagem, e outros (CARRAO-PANIZZI
et al.,, 2009; CALDWELL, BRITZ e MIRECKI, 2005; YUAN et al., 2009; WANG;
MURPHY, 1994a).

Dentre as isoflavonas, os malonilglicosideos estdo presentes em maior
quantidade nos grdaos de soja, seguido dos [-glicosideos, agliconas e
acetilglicosideos (HSIEH; KAO; CHEN, 2005). Geralmente, a genistina e daidzina e
seus conjugados sao mais frequentes, sendo que a glicitina e derivados
compreendem 5-10 % do conteudo total de isoflavonas da soja (MESSINA, 2010).
As isoflavonas malonilglicosideos e acetilglicosideos sao suscetiveis ao calor e
podem ser convertidos a B-glicosideos que sao mais estaveis e, portanto, as
condi¢gdes de processamento podem afetar a composi¢ao de isoflavonas da soja e
produtos (TORO-FUNES et al., 2012; WANG; MURPHY, 1994b).

As isoflavonas podem ser convertidas em diferentes formas quimicas de
conjugados com efeitos significativos na biodisponibilidade, sendo que as agliconas
sdo absorvidas mais facilmente do que os conjugados glicosilados devido a baixa
massa molecular que melhora a sua difusao e absorgéo no organismo\ humano (XU
et al., 2000). Apds a ingestdo, o tempo necessario para atingir as concentragdes
plasmaticas maximas € de 4-7 h para isoflavonas agliconas, sendo que para os
correspondentes B-glicosideos o tempo necessario é de 8-11 h (CEDERROTH; NEF,
2009), indicando que a hidrolise da molécula de glicose € uma etapa importante para
a absorcao das isoflavonas.

Para que as isoflavonas glicosiladas sejam absorvidas no intestino, estas
devem ser previamente hidrolisadas a agliconas por meio da enzima B-glicosidase
(EC 3.2.1.21) (MESSINA, 2010). As isoflavonas na forma de B-glicosideos sao
hidrolisadas por [(-glicosidases bacterianas na parede intestinal, resultando nas
correspondentes agliconas. Ainda, a daidzeina pode ser metabolizada para equol
(Figura 3), sendo que este metabdlito é biologicamente mais ativo (CEDERROTH,;
NEF, 2009). A eficacia clinica das isoflavonas esta relacionada com a capacidade de
producédo de equol a partir da daidzeina, entretanto, somente de 30 a 50 % dos
individuos possuem esta capacidade (TSENG et al., 2013).

As isoflavonas tém sido amplamente investigadas devido aos beneficios que

conferem a saude humana (MESSINA, 2010). As isoflavonas agliconas possuem
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estrutura quimica semelhante ao horménio feminino 17B-estradiol (Figura 3) e
podem apresentar atividade estrogénica ou antiestrogénica, sendo classificados
como fitoestrogenos (CEDERROTH; NEF, 2009; LEE et al., 2015). Alguns de seus
metabdlitos secundarios podem interagir com os receptores de estrogénio, sendo
capazes de exercer efeitos protetores contra distirbios hormonais e aliviar os
sintomas da menopausa (ANDERSON et al, 1999; MEDIC; ATKINSON;
HURBURGH, 2014).

Figura 3. Estrutura molecular das isoflavonas e similaridade com o equol e 17f3-

estradiol

Genisteina Daidzeina Gliciteina

Equol 17g-estradiol

Fonte: Adaptado de Cederroth e Nef (2009).

As isoflavonas também desempenham um papel essencial na prevencao de
certos tipos de cancer e muitos estudos tém demonstrado que estes compostos em
combinacdo com as proteinas de soja podem ocasionar redugao do risco de doencga
cardiovascular, pela diminuicdo dos niveis de colesterol de baixa densidade e
triglicérideos, além de aumentar a estabilidade oxidativa do colesterol (LEE; AHN;
CHUNG, 2003; MURPHY, 2008). Destacam-se ainda pela redugcao da perda de
massa oOssea, atividade antioxidante, redu¢do no aparecimento de aterosclerose,
hipertensao, inflamacao intestinal e efeito protetor contra o desenvolvimento de
cancer de mama e de préstata (ALEKEL et al., 2000; ANDRES; DONOVAN;
KUHLENSHMIDT, 2009; DONG et al., 2013; HUBERT et al., 2008; MESSINA, 2010;
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PARK et al., 2005; WADA et al., 2013; WISEMAN, 2006). Estudos sugerem que as
isoflavonas também podem afetar o metabolismo de glicose e de lipidios, podendo
ser benéfica para a prevengdo da obesidade e diabetes (CHENG et al., 2004;
VELASQUEZ; BHATHENA, 2007). Cheng et al. (2004) ao avaliarem o efeito da
ingestao de isoflavonas em mulheres pds-menopausa verificaram que os niveis de
glicose e insulina foram reduzidos com a ingestao de 100 mg de isoflavonas por dia.
Ainda, Huang et al. (2008) avaliaram o efeito das isoflavonas agliconas na protecao
a pele contra os danos oxidativos, ocasionados pela radiacdo UVB e observaram
que a genisteina e daidzeina podem atuar como captadores de radicais livres e
proteger as ceélulas da pele. Entretanto, alguns fatores podem afetar a
biodisponibilidade e os efeitos das isoflavonas no organismo humano, como a
microbiota intestinal, matriz alimentar, tempo de transito intestinal, quantidade e
composigao de isoflavonas ingerida na dieta, entre outros (CEDERROTH; NEF,
2009).

Apesar dos estudos indicarem os efeitos benéficos a saude humana
associados ao consumo de isoflavonas, a ANVISA nao autoriza qualquer alegagao
de propriedade funcional e/ou de saude no rétulo de produtos de soja. Segundo a
ANVISA, as isoflavonas sdo consideradas medicamentos fitoterapicos que auxiliam
na reducao do colesterol e alivio nos sintomas da menopausa, sendo que nao existe
comprovacgao cientifica suficiente para justificar seu uso em relagédo a redugao de

cancer, osteoporose, doencas cardiovasculare e outros (ANVISA, 2015).

2.3 BEANY FLAVOR E FATORES ANTINUTRICIONAIS DA SOJA

As propriedades sensoriais dos produtos tem um grande impacto na sua
escolha pelos consumidores e isto determina a sua aceitacdo e decisdo de compra
(ANDRES; TENORIO; VILLANUEVA, 2015). Embora estudos tenham evidenciado o
aumento no consumo de produtos de soja, ainda ha limitagbes tecnologicas
especialmente no que concerne as caracteristicas sensoriais, devido a percepcao de
sabores indesejaveis da soja ou formagao de compostos durante o processamento
de produtos como o extrato de soja (CRUZ et al., 2009).

A soja possui alguns fatores limitantes ao consumo, como a presenca de
compostos antinutricionais e seu sabor caracteristico denominado beany flavor, que

pode ser devido a presenga de aldeidos, alcoois, cetonas e furanos (KANEKO;
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KUMAZAWA; NISHIMURA, 2011; MA et al., 2015). O beany flavor é originado da
associagado de compostos carbonilicos de cadeia curta com a fragao proteica. Estes
compostos sao produtos finais de uma série de reagdes que se inicia com a
hidroperoxidagcdo de acidos graxos poli-insaturados, catalisada por lipoxigenases
(EC 1.13.11.12) (LIU, 2004; MONTEIRO et al., 2004). Segundo lassonova et al.
(2009) a lipoxigenase é a principal responsavel pelo desenvolvimento de sabor
indesejavel da soja. As lipoxigenases representam de 1 a 2 % das proteinas da soja
e podem catalisar a oxidagao de acidos graxos que apresentam isomeria geométrica
no sistema cis, cis-1,4-pentadieno (KUMAR; RANI; CHAUHAN, 2010; WANG;
ZHOU; CHEN, 2008). Dentre os compostos volateis formados, o hexanal é descrito
como o principal responsavel pelo sabor caracteristico atribuido aos produtos de
soja (MEDIC; ATKINSON; HURBURGH, 2014). Entretanto, Lv et al. (2011),
verificaram que também existem outros compostos volateis que podem contribuir
para o sabor indesejavel dos produtos de soja. As lipoxigenases podem ser
inativadas pela agdo do calor, como o branqueamento e tratamento térmico,
entretanto, este processo ndo é vantajoso para a industria, além de ocasionar a
insolubilizacdo de proteinas, diminuicdo de sodlidos soluveis e mudangas na
coloragao (WANG; ZHOU; CHEN, 2008). Além destas alternativas, o melhoramento
genético pode ajudar a obter gendtipos com sabor suave, pela supressao de
lipoxigenases (MA et al., 2015; MEDIC; ATKINSON; HURBURGH, 2014), como a
cultivar de soja BRS 257.

Além do beany flavor, outros compostos podem conferir sabor amargo e
adstringente aos produtos de soja. Os principais compostos responsaveis sdo o0s
acidos fenodlicos, isoflavonas, saponinas (HENG et al.,, 2006; MA et al., 2015).
Entretanto, ndo é interessante a remocao destes compostos da soja devido as suas
propriedades benéficas a saude de regulacdo do metabolismo de lipidios e
propriedades antioxidantes (SUGANO, 2006). Ainda, estudos indicam que as
proteinas, embora possuam propriedades funcionais, podem estar associadas ao
gosto amargo do extrato de soja, devido a hidrélise de polipeptideos, além de estar
relacionada com uma alteragao desfavoravel na cor devido a reacdo de Maillard
(KWOK; MACDOUGALL; NIRANJAN, 1999).

Dentre os fatores antinutricionais da soja destacam-se os inibidores de
protease e as fitohemaglutininas ou lectinas (BAJPAI; SHARMA; GUPTA, 2005). Os

inibidores de protease da soja sdo o inibidor de tripsina e quimotripsina de Bowman-
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Birk e o inibidor de tripsina de Kunitz, que podem representar até 6 % das proteinas
da soja e ligam-se as enzimas tripsina e quimotripsina e as impedem de atuar na
digestdo das proteinas dos alimentos (MEDIC; ATKINSON; HURBURGH, 2014).
Este processo estimula o pancreas a processar mais tripsina, causando hipertrofia
do mesmo. Entretanto, foi evidenciado que os inibidores de tripsina sdo degradados
com o tratamento térmico, infra-vermelho e alta pressédo (CHEN et al.,, 2014,
YALCIN; BASMAN, 2015; GUERRERO-BELTRAN et al, 2009), além de
apresentarem propriedades anticarcinogénicas (SUGANO, 2006).

As lectinas sdo moléculas proteicas que apresentam a propriedade de
aglutinar os glébulos vermelhos e células da mucosa intestinal por meio de
interacbes com compostos glicidicos (LIENER, 1994; RIZZI et al., 2003). De acordo
com Liener (1994), em humanos nao ha evidéncia da hemaglutinagdo, pois as
lectinas sdo inativadas pela pepsina gastrica, além de serem inativadas pelo calor

Umido.

2.4 CARACTERISTICAS GERAIS DO EXTRATO DE SOJA

O extrato de soja é uma bebida de consumo milenar no oriente. Em 1910, Li
Yu-ying registrou uma patente para a produgédo do extrato de soja, porém nao
obteve sucesso comercial. Em 1930, o Dr. Harry W. Miller reintroduziu o extrato de
soja na China na tentativa de melhorar o estado nutricional da populagédo (BERK,
1992). A partir dai, varios métodos foram desenvolvidos ao longo dos anos, na
tentativa de obter um extrato com elevado valor nutricional e com boas
caracteristicas.

O extrato de soja € uma bebida proteica muito apreciada em paises asiaticos
e seu consumo tém aumentado em paises ocidentais devido aos aspectos positivos
para a saude (CHEN et al., 2014; MA et al., 2015; TORO-FUNES et al., 2014). Além
dos beneficios nutricionais da soja, o extrato de soja € um alimento adequado para
pessoas com intolerancia a lactose, alergia as proteinas do leite ou vegetarianos e
estes fatores tém contribuido significativamente para o aumento no consumo deste
produto (LIU, 2008; REILY et al., 2006; SINGH; VIJ; HATI, 2014).

No Brasil tem ocorrido um aumento no consumo de extrato de soja, sendo
que em 2007 o consumo foi de 2,20 L de bebida de soja hab™ ano” e em 2010

aumentou para 2,80 L hab” ano” (ABIR, 2011). No Brasil, o extrato de soja e a
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proteina isolada de soja sdo as principais fontes de proteinas utilizadas para a
elaboragdo industrial de bebidas de soja, que podem ser saborizadas ou apresentar
o sabor orginal, que geralmente € adicionado de aromatizantes de baunilha e leite.

O extrato de soja é o produto resultante da extracdo aquosa de varios
constituintes da soja, tais como lipidios, proteinas, carboidratos, minerais e outros
componentes e possui aparéncia e composi¢ao similar ao leite animal (LIU, 2008;
JINAPONG; SUPHNTHARIKA; JAMNONG, 2008; RINGGENBERG; CORREDIG;
ALEXANDER, 2012). O extrato de soja contém de 8 a 12 % de sdlidos totais,
dependendo da propor¢cdo soja:agua utilizada no processamento, sendo que
geralmente apresentam 3,6 % de proteinas, 2,0 a 3,2 % de lipidios, 2,9 a 3,9 % de
carboidratos e 0,5 % de cinzas (LIU, 2008). Além disso, o extrato de soja possui
ferro, acidos graxos insaturados e outros nutrientes (SINGH; VIJ; HATI, 2014). O
extrato de soja pode ser comercializado na forma liquida ou em p6 e deve
apresentar no minimo 3 e 40 g de proteina por 100 g de produto em base umida e
seca, respectivamente (BRASIL, 2005).

Apesar de ser uma importante fonte de nutrientes, o consumo de extrato de
soja ainda é limitado devido a presenga de compostos com sabor indesejavel da
soja ou formados durante o processamento do produto, que afeta suas propriedades
sensoriais (CRUZ et al., 2009). Neste sentido, varias instituicbes e a industria de
alimentos buscam desenvolver novos produtos de soja ou modificar os processos de
obtengdo existentes, visando melhorar os atributos sensoriais, nutricionais e
funcionais (SAKHALE; PAWAR; RANVEER, 2012). De acordo com Berk (1992),
varias abordagens tém sido utilizadas para minimizar o problema do sabor
indesejavel no extrato de soja. As principais medidas adotadas sdo a inativacéo
térmica das lipoxigenases, no grao inteiro seco ou durante a trituracdo umida, a
producdo do extrato a partir de material desengordurado (farinha de soja
desengordurada, proteina isolada ou concentrada de soja), a remog¢ao dos
compostos responsaveis pelo sabor indesejavel por evaporagao (desodorizagéo), a
utilizacdo de aromatizantes e saborizantes para mascarar as caracteristicas
indesejaveis e o desenvolvimento de novas variedades de soja desprovidas de

lipoxigenases.
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2.5 PROCESSAMENTO DO EXTRATO DE SOJA E EFEITO SOBRE 0S CONSTITUINTES
Quimicos

Existem varios métodos de processamento de extrato de soja descritos na
literatura. Para a obtencdo do extrato de soja tradicional, geralmente sé&o
empregadas as etapas de seleg¢ao da cultivar de soja, branqueamento, maceragao e
trituracdo dos grdos em agua, separagao do residuo, tratamento térmico, envase e
armazenamento (PENG; GUO, 2015; RIAZ, 2006).

O extrato de soja obtido industrialmente também pode ser elaborado a partir
da limpeza e selecdo dos graos, remocdao do tegumento, branqueamento,
eliminacdo da agua e lavagem com agua quente, centrifugacéo para separagao da
porcao insoluvel, desodorizacao, padronizagao, formulagao, fortificacédo, tratamento
térmico UHT (Ultra High Temperature), resfriamento e envase asséptico (FAO,
1992). Além disso, existem métodos que nao utilizam o gréo inteiro, partindo da soja
pré-processada, em forma de flocos ou pd, que possui rapida hidratacao e diminui
algumas etapas do processo.

Iwuoha e Umunnakwe (1997) avaliaram o efeito de diferentes métodos de
processamento do extrato de soja e verificaram diferengas nas caracteristicas
fisicas, quimicas e sensorial dos produtos obtidos. Dessa forma, a seguir seréo
apresentadas as principais etapas de obtencéo de extrato de soja tradicional e como

estas etapas interferem na composi¢éo do produto.

2.5.1 Selegao da Cultivar de Soja

As cultivares de soja podem ser selecionados para a producédo de extrato de
soja em fungcao de caracteristicas como teor proteico, rendimento, caracteristicas
sensoriais como aroma e sabor, cor do extrato obtido (claro, amarelo, escuro), além
de outros fatores (RIAZ, 2006). Ma et al. (2015) avaliaram a influéncia de 70
genodtipos de soja e verificaram que as caracteristicas quimicas distintas dos
genotipos afetam as propriedades sensoriais de extrato de soja. Os referidos autores
verificaram que cultivares com maior rendimento, propor¢do de fragdes protéicas
11S:7S, dleo e solidos soluveis e com menor teor de gliciteina e proteina total,

possivelmente serdo mais aceitos pelos consumidores e industrias processadoras.
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Entretanto, o estudo apontou que consumidores com diferentes habitos alimentares,
como os ocidentais e chineses, apresentam aceitagéo sensorial distinta.

As propriedades sensoriais do extrato de soja podem ser melhoradas
selecionando-se o cultivar de soja com as caracteristicas mais apropriadas (MA et
al., 2015). Por meio das técnicas de melhoramento genético, tem sido desenvolvidos
cultivares de soja especial, como é o caso da BRS 257, desenvolvida pela Empresa
Brasileira de Pesquisa Agropecuaria (EMBRAPA), que é isenta das enzimas
lipoxigenases (EMBRAPA, 2014) e, por isso, apresenta sabor menos acentuado.

Apos a selecdo da cultivar de soja mais apropriada para a obtencdo do
extrato de soja, os graos sao selecionados com remocgao dos graos danificados e
materiais estranhos. Ainda, os grdos de soja podem ser descascados ou utilizados
integralmente, seguidos de lavagem para remog¢ao de impurezas. Posteriormente,

sdo submetidos ao processo de branqueamento e maceragao em agua.

2.5.2 Branqueamento

O branqueamento refere-se a imersdo dos graos de soja em agua em
ebulicdo ou vapor, visando inativar enzimas e reduzir a carga microbiana (GOWEN
et al., 2007). Esta etapa pode ou ndo ser utilizada no processamento de extrato de
soja, sendo que geralmente é realizada antes da maceragéo dos graos em agua.

O branqueamento visa principalmente a inativagdo da enzima lipoxigenase,
gue esta associada a formacao do beany flavor (LV et al., 2011). Esta etapa também
pode reduzir o desenvolvimento de micro-organismos mesofilos durante a
maceracao e afetar a taxa de absorcdo de agua dos graos durante a maceragao.
Gowen et al. (2007) relataram que, durante o processo de branqueamento, o
tegumento da semente da soja é plasticizado, permitindo rapida absorcdo de
umidade durante o processo subsequente da maceragéo.

O branqueamento dos graos pode ser efetuado entre 5 e 20 min, utilizando
proporcdo de graos de soja:agua de 1:3 a 1:5 e temperatura entre 85 e 100 °C,
sendo que um longo tratamento pode reduzir a solubilidade proteica e o rendimento
(ACHOURI; BOYE; ZAMANI, 2007; NELSON; STEINBERG; WEI, 1976; RIAZ, 2006;
PRABHAKAM; PERERA, 2006). O branqueamento realizado com solugdo de
bicarbonato de sédio a 80 °C é um método eficaz na inativagéo de lipoxigenase (LV

et al., 2011). E comum a adig&o de sais para aumentar a alcalinidade da 4gua, como
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o bicarbonato de sédio (GOWEN et al., 2007). A adigdo de bicarbonato de sédio na
etapa de branqueamento, maceracao ou trituracao a quente é indicada, pois além de
desfavorecer a agdo de enzimas como lipoxigenases e [-glicosidases, esta
associada a maior solubilidade protéica (GIRI; MANGARAJ, 2012; RIAZ, 2006).

O branqueamento também pode afetar as caracteristicas nutricionais do
extrato de soja. Song, An e Kim (2003) observaram que durante o branqueamento
dos graos de soja pode ocorrer reducdo no teor de nutrientes como agucares,
aminoacidos e vitaminas, mesmo que em pequena propor¢ao. Saldivar, Wang e
Chen (2010), verificaram que o branqueamento de soja tipo hortalica, colhida do
estadio R6, em agua a 100 °C por 10 min ocasionou reducao no teor de glicose,
frutose, sacarose e rafinose, devido a lixiviagdo destes compostos. Lv et al. (2011)
avaliaram o efeito do branqueamento sobre os compostos volateis causadores do
beany flavor em extrato de soja, utilizando temperaturas entre 80 e 100 °C por até
10 min e verificaram que em até 6 min houve redugao significativa no teor destes
compostos, bem como na atividade de lipoxigenase. Durante o branqueamento,
temperaturas elevadas também podem ocasionar a insolubilizacao das proteinas da

soja (SHIN; KIM; KIM, 2013) e, com isso, reduzir o seu teor no extrato de soja.

2.5.3 Maceracéao

A maceragao ou hidratagdo dos gréaos de soja é utilizada para promover o
amaciamento dos graos e, consequentemente, facilitar o cozimento e a trituragao
(PAN; TANGRATANAVALEE, 2003; VISHWANATHAN; SINGH; SUBRAMANIAN,
2011). A proporcédo utilizada entre os grdos de soja e agua de maceragao
geralmente varia de 1:3 a 1:5 (soja:agua). O tempo desta etapa também ¢é variavel e
comumente os graos de soja sdo macerados de 3 a 16 h em agua ou solugao
contendo bicarbonato de sédio (ACHOURI; BOYE; ZAMANI, 2007; KIM; WICKER,
2005; JUNG; MURPHY; SALA, 2008; NELSON; STEINBERG; WEI, 1976;
STANOJEVIC et al.,, 2012; ZHANG et al., 2012; YAN-CHUN et al.,, 2011). Nas
industrias de alimentos, esta etapa geralmente é eliminada ou reduzida, devido o
elevado tempo requerido que n&o é compativel com os processos industriais.

A maceragdo dos graos de soja em agua fria requer tempo prolongado,
podendo induzir, em alguns casos, a algumas reagdes indesejaveis e favorecer o

crescimento microbiano (RIAZ, 2006). Neste processo pode ocorrer uma diminui¢cao
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de 4 a 10 % no teor de isoflavonas, além de outros compostos que podem ser
reduzidos, como os oligossacarideos (OETTERRER et al., 2006). Pan e
Tangratanavalle (2003) verificaram que cerca de 1 % de solidos soluveis foi lixiviado
nos primeiros 30 min de maceragao da soja, chegando até 5,7 % de perda em 8 h
de imersdo a 40 °C. Lima, Kurozawa e Ida (2014), ao avaliarem as diferentes
condigdes de maceragao da soja (25 a 70 °C por até 7 h) verificaram que o teor de
isoflavonas totais e proteinas soluveis foram melhor preservados nas temperaturas
de 25 e 40 °C de maceracao, quando comparados com 55 e 70 °C. Isto ocorreu
devido o aumento na taxa de transferéncia de massa com a temperatura que
resultou na lixiviagado de compostos como oligossacarideos, isoflavonas e proteinas
de forma mais intensa do que na maceracgao a frio (OETTERRER et al., 2006; PAN;
TANGRATANAVALEE, 2003). Por outo lado, a maceragao a quente possui a
vantagem de requerer tempo menor, além de eliminar as reagbes enzimaticas
indesejaveis (RIAZ, 2006).

A maceragao dos graos tem sido utilizada para reduzir ou aumentar o teor de
compostos de interesse. Lima e Ida (2014) verificaram que a maceragao dos graos
de soja em temperaturas proximas a 55 °C por 6 h pode estimular a atividade de [3-
glicosidase enddgena da soja e, dessa forma, favorecer a converséo de isoflavonas

na forma de B-glicosideos em agliconas.

2.5.4 Trituracao dos Graos

A trituracdo ou homogeneizagao dos grédos de soja visa o rompimento das
células vegetais para liberagcédo dos corpos proteicos e lipidicos na agua, obtendo um
extrato com elevado teor de proteinas e que possa ser facilmente separado do
residuo (RIAZ, 2006).

A trituracdo geralmente ocorre entre 1 e 5 min e pode ser realizada em
diferentes equipamentos com temperaturas que variam de 25 a 100 °C e proporg¢ao
de graos de soja:agua que pode variar de 1:6 até 1:10 (ACHOURI; BOYE; ZAMANI,
2007; JUNG; MURPHY; SALA, 2008; NELSON; STEINBERG; WEI, 1976; RIAZ,
2006; PRABHAKAM; PERERA, 2006; YAN-CHUN et al.,, 2011). Em processos
industriais os graos de soja geralmente sao triturados a frio, entre 3 a 40 °C e tempo
de 3 a 20 min ou a quente, em temperaturas entre 60 a 95 °C e tempo de 3 a 20 min
(MIZUTANI; HASHIMOTO, 2004; FERRAGUT et al., 2014).
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Durante a trituragdo a frio, na presenga de lipoxigenases, pode ocorrer a
oxidacdo de lipidios e formagcdo de sabores indesejaveis ao extrato de soja
(VISHWANATHAN; SINGH; SUBRAMANIAN, 2011). Assim como ocorre na etapa de
maceragao, a trituracdo dos grdos de soja em agua pode favorecer a agdo da B-
glicosidase enddgena da soja que hidrolisa as isoflavonas na forma de -glicosideos
e consequentemente reduz o seu teor, aumentando o teor das agliconas
correspondentes (LIMA; IDA, 2014; WANG; MURPHY, 1996).

2.5.5 Separacgao do Residuo

A separacdo do residuo do extrato de soja visa a eliminacdo do material
insoluvel que pode ocasionar sensacao de arenosidase ao produto (ROSENTHAL et
al., 2003). Esta etapa pode ser realizada por meio de centrifugacao ou filtragdo em
materiais com porosidase distinta, que pode afetar a quantidade de sélidos totais do
extrato de soja.

O método de separacado do residuo pode afetar a composicao do extrato de
soja em virtude do tamanho das particulas que foram separadas, bem como a
eficiéncia do processo. Além disso, a separacdo pode ocorrer antes ou apdés o
tratamento térmico (ACHOURI; BOYE; ZAMANI, 2007; HAYTA; ALPASLAN;
CAKMAKLI, 2006; KAO et al., 2004; KIM; WICKER, 2005; JUNG; MURPHY; SALA,
2008; NELSON; STEINBERG; WEI, 1976; PRABHAKAM; PERERA, 2006;
STANOJEVIC et al., 2012; YAN-CHUN et al.,, 2011). Rosenthal et al. (2003)
avaliaram a hidrélise enzimatica visando a reducao do tamanho das particulas em
suspensao e verificaram que esta etapa poderia substituir a filtracdo em extrato de
soja.

O residuo obtido apds a filtragcdo do extrato de soja € denominado na
linguagem japonesa de okara, sendo que devido ao aumento no consumo de extrato
de soja ocorreu um intenso aumento na producédo de okara (LU et al., 2013). O
okara é tratado como um residuo com pouco valor de mercado em fungdo do curto
tempo de validade, apesar de conter uma parte consideravel dos componentes da
soja. O okara em base seca, possui cerca de 30 % de proteinas, 8,5 % de lipidios,
3,8 % de carboidratos, 3,0 % de cinzas e 55,5 % de fibras (VILLANUEVA et al.,

2010). Ainda, pode conter aproximadamente um ter¢co do conteudo das isoflavonas
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presentes na soja, além de compostos como saponinas, fitatos e outros compostos
(JACKSON et al., 2002; LU et al., 2013).

2.5.6 Tratamento Térmico

A obtencao de extrato de soja envolve processos térmicos, que aumentam a
validade do produto por eliminar micro-organismos e pode inativar fatores
antinutricionais presentes na soja, como os inibidores de proteases e as lectinas
(TORO-FUNES et al, 2015). O bindbmio tempo-temperatura empregado no
tratamento térmico é determinante para a inativacdo dos inibidores de proteases,
sendo que Kwok, Liang e Niranjan (2002) recomendaram as seguintes condi¢cbes de
tratamento térmico para a inativacao de 90 % destes constituintes: 93 °C/60 min;
100 °C/40 min; 121 °C/5 a 10 min; 143 °C/62 s ou 154 °C/29 s. O tratamento térmico
convencional geralmente-é realizado entre 90 e 100 °C e de 5 a 30 min (MIZUTANI;
HASHIMOTO, 2004; FERRAGUT et al., 2014; JUNG; MURPHY; SALA, 2008; KAO
et al., 2004; YAN-CHUN et al., 2011). A industria de alimentos geralmente utiliza o
processo UHT. As condi¢des elevadas de tratamento térmico podem ocasionar a
desnaturagao e agregagao das proteinas de soja com consequente insolubilizagao
(NIK et al., 2009).

Ainda, durante o tratamento térmico pode ocorrer modificacdo no perfil de
alguns componentes, como as isoflavonas. Segundo Jackson et al. (2002), as
isoflavonas malonilglicosideos sao termicamente instaveis e o seu teor diminui com
a intensidade do tratamento térmico, aumentando o teor dos [-glicosideos ou
acetilglicosideos  correspondentes.  Entretanto, as isoflavonas agliconas
apresentaram estabilidade ao tratamento térmico realizado a 100 °C por até 30 min
(KAO et al., 2004).

O tratamento térmico do extrato de soja favorece a reacdo de Maillard e pode
causar perda na qualidade nutricional do produto, por reduzir a disponibilidade de
lisina (FERRAGUT et al., 2014; SEIQUER et al., 2006; TORO-FUNES et al., 2015).
Dessa forma, recentemente tem sido investigado o uso de alta pressdo combinado
ou ndo com o uso de temperaturas elevadas, como uma alternativa ao tratamento
térmico convencional (FERRAGUT et al., 2014; GUERRERO-BELTRAN et al., 2009;
SMITH; MENDONCGCA; JUNG, 2009; TORO-FUNES et al, 2015). Segundo Ferragut et

al. (2014), o emprego de alta presséo foi eficaz devido a forga de cisalhamento e
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cavitacao que atuaram sobre o alimento liquido ao passar sobre uma valvula de alta
pressao, sendo que os principais efeitos foram a redu¢ao do tamanho das particulas,
destruicdo de micro-organismos e aumento da estabilidade fisica do produto. Ainda,
de acordo com Guerrero-Beltran et al. (2009) este processo pode inativar os

inibidores de proteases em extrato de soja.

2.6 FERMENTACAO DO EXTRATO DE SOJA

A fermentagdo € um bioprocesso eficiente e utilizado para melhorar as
propriedades funcionais dos alimentos (LAl et al., 2013). O extrato de soja € uma
bebida que pode ser fermentada por diferentes micro-organismos, sendo um
substrato adequado para o crescimento de bactérias lacticas que sédo utilizadas no
preparo de produtos como iogurtes, queijos e bebidas (CUENCA; QUICAZAN, 2004;
GARRO; VALDEZ; GIORI, 2004; LAl et al., 2013; ZHAO; SHAH, 2014).

A fermentagédo do extrato de soja por varios micro-organismos, em especial
as bactérias lacticas, tem sido utilizada para melhorar o sabor e aumentar a sua
aceitabilidade (BEASLEY; TUORILA; SARIS, 2003; BLAGDEN; GILLILAND, 2005;
DENKOVA; MURGOV, 2005). Dessa forma, a fermentagado do extrato de soja pode
tornar este produto mais aceitavel ao consumidor, por melhorar as caracteristicas
sensoriais e as propriedades benéficas a saude. Em produtos fermentados de soja,
os metabdlitos primarios como agucares, aminoacidos, acidos organicos e sais
podem melhorar a qualidade sensorial, sendo que metabdlitos secundarios como
isoflavonas, saponinas e oligossacarideos podem contribuir para melhorar as
propriedades funcionais e antioxidantes dos produtos de soja (LEE et al.,, 2014;
(WARDHANI, VAZQUEZ e PANDIELLA, 2010). Os produtos formados durante a
fermentacgao lactica aumentam a preferencia dos produtos de soja, além de ocorrer a
formacao de rede de gel no extrato de soja, com modificagdo na textura (DONKOR
et al., 2007; PENG; GUO, 2015).

A fermentagdo do extrato de soja geralmente visa reduzir o conteudo de
rafinose, estaquiose e saponinas e aumentar o teor de isoflavonas agliconas e a
atividade antioxidante (FAVARO TRINDADE et al., 2001; LAI et al., 2013; ZHAO;
SHAH, 2014). Também, durante a fermentagdo do extrato de soja, ocorre aumento
do numero de micro-organismos iniciadores presentes, com reducédo de pH e
aumento da acidez (BAU; GARCIA; IDA, 2014; CHUN et al, 2007; DONKOR et al.,
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2007; MARAZZA; GARRO; GIORI, 2009; ZHAO; SHAH, 2014). Os principais
constituintes assimilados pelos micro-organismos durante a fermentagdo séo as
proteinas e os agucares (YANG et al., 2014). As fontes de carbono mais utilizadas
pelos micro-organismos sdo a glicose e sacarose, entretanto, estudos relataram que
0s principais oligossacarideos da soja, rafinose e estaquiose, também podem ser
hidrolisados por bactérias e fungos (CHUN et al, 2007, DONKOR et al., 2007,
MARAZZA; GARRO; GIORI, 2009; YANG et al., 2014).

Os micro-organismos sado capazes de hidrolisar a rafinose e estaquiose
devido a produgdo da enzima a-galactosidase durante o processo fermentativo
(MARAZZA; GARRO; GIORI, 2009; YANG et al, 2014). Apesar dos
oligossacarideos da soja apresentarem caracteristicas prebidticas (ZHOU et al.,
2012), a redugédo do teor de rafinose e estaquiose em extrato de soja poderia
aumentar a aceitabilidade do produto, uma vez que o consumo de produtos
contendo elevado teor destes oligossacarideos pode ocasionar efeitos de
desconforto abdominal indesejaveis (YANG et al., 2014).

O teor de algumas vitaminas também pode ser reduzido ou aumentado
durante a fermentagao de extrato de soja (YANG et al., 2014). Zhao e Shah (2014)
verificaram alteragcdo no conteludo de acido ascérbico, a-tocoferol, riboflavina e
tiamina durante a fermentagcdo de extrato de soja com diferentes espécies de
Lactobacillus.

A presenga de micro-organismos fermentadores com elevada atividade
proteolitica em produtos de soja é interessante, pois além de produzir aminoacidos e
peptideos para seu consumo devido a hidrélise de proteinas, esta atividade também
pode contribuir para a liberacdo de peptideos antioxidantes, além de compostos
fendlicos associados com as proteinas da soja (ALU'DATT et al., 2013; ROBLET et
al.,, 2012; ZHAO; SHAH, 2014). Em geral, o teor de compostos fendlicos como o
acido ferulico, clorogénico e galico aumentam com a redugado do pH do extrato de
soja para 4,0, seguido de reducao apos determinado periodo (ZHAO; SHAH, 2014).
Esta reducdo pode ocorrer porque alguns compostos fendlicos podem ser
metabolizados por bactérias (RODRIGUEZ-ROQUE et al., 2013).

Zhao e Shah (2014) ao fermentarem o extrato de soja com L. acidophilus
CSCC 2400, L. paracasei CSCC 279, L. zeae ASCC 15820 e L. rhamnosus WQ2
verificaram que a capacidade antioxidante do produto pode ser aumentada

estendendo a fermentagdao por um tempo maior, até atingir o pH inferior (3,8) ao
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obtido tradicionalmente em produtos como o iogurte e similares (4,5). Por outro lado,
Marazza et al. (2012) relacionaram o aumento da atividade antioxidante de extrato
de soja fermentado com L. rhamnosus CRL981 com a maior quantidade de
isoflavonas agliconas. No referido estudo, as isoflavonas obtidas de extrato de soja
fermentado foram capazes de inibir a oxidagdo do DNA induzida pelo reagente de
Fenton. Xiao et al. (2015) também fermentaram o soro de extrato de soja com
Lactobacillus plantarum B1-6 e verificaram um aumento na atividade antioxidante e
teor de isoflavonas agliconas.

O perfil de isoflavonas pode ser modificado em extrato de soja fermentado,
devido a presenga da enzima [(-glicosidase enddgena da soja ou produzida por
micro-organismos (YEOM et al., 2012), possibilitando a obtengdo de produtos de
soja fermentados com teor elevado de isoflavonas agliconas. Varios estudos
demonstraram que alguns micro-organismos foram capazes de produzir (-
glicosidase e aumentar o teor de isoflavonas agliconas em extrato de soja (CHUN et
al, 2007; DONKOR; SHAH, 2008; MARAZZA; GARRO; GIORI, 2009; REKHA;
VIJAYALAKSHMI, 2011; ZHAO; SHAH, 2014). Entretanto, apesar de muitos estudos
quantificarem a atividade de B-glicosidade e relacionarem com a bioconversao de
isoflavonas, existem outras enzimas nao especificas que podem ser produzidas por
micro-organismos, como a [3-galactosidase, que também pode realizar esta hidrélise
(ZHAO; SHAH, 2014).

A produgado de enzima com atividade de B-glicosidase por micro-organismos
pode variar em fungcédo do tempo de incubacgao, presenga de compostos indutores no
meio e quantidade de nutrientes e minerais disponivel (PALMA-FERNANDEZ,
GOMES; SILVA, 2002). Assim, as enzimas [-glicosidase produzidas pelos micro-
organismos podem apresentar diferentes especificidades e caracteristicas ideais de
atuagdo. A B-glicosidase produzida por L. rhamnosus CRL981 foi caracterizada e
apresentou atividade maxima entre 30 e 45 °C, sendo que em temperaturas
superiores a 50 °C néao foi detectado atividade enzimatica (MARAZZA; GARRO;
GIORI, 2009). Por outro lado, Grimaldi, Bartowski e Jiranek (2005) observaram que a
atividade [B-glicosidase produzida por espécies de Lactobacillus e Pediococcus foi
reduzida em temperatura superior a 60 °C, demonstrando que os micro-organismos
podem produzir enzimas com caracteristicas distintas.

Durante a fermentagao do extrato de soja, maior hidrélise das isoflavonas na

forma de B-glicosideos geralmente ocorre na fase de crescimento exponencial dos
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micro-organismos, sendo que quando o extrato de soja atinge pH reduzido (4,0), a
atividade de B-glicosidase também ¢é reduzida devido a desnaturacdo (MARAZZA,
GARRO; GIORI, 2009; ZHAO; SHAH, 2014). Marazza, Garro e Giori (2009)
verificaram que em extrato de soja fermentado com L. rhamnosus CRL981 a 37 °C
por até 24 h, o teor de isoflavonas na forma de B-glicosideos diminuiu entre 6 h de
fermentacgao e foi totalmente hidrolisado até 12 h de fermentagéo, com aumento das
isoflavonas agliconas correspondentes. Comportamento similar foi verificado por
Chun et al. (2007) ao avaliarem diferentes espécies de bactérias lacticas em extrato
de soja fermentado, com maior taxa de hidrdlise das isoflavonas na forma de (-
glicosideos durante 6 h de fermentacdo, que atingiu conversao de 90 e 100 % de
daidzina e genistina, respectivamente. Entretanto, Yang et al. (2014) fermentaram o
extrato de soja com o cogumelo Grifola frondosa e verificaram que o teor de
daidzeina aumentou rapidamente enquanto que o teor de genisteina reduziu.

Dentre os micro-organismos utilizados na fermentagcao de extrato de soja,
também pode ser empregado a cultura de kefir, uma vez que o extrato de soja
revelou-se um substrato adequado para o desenvolvimento satisfatério das bactérias
e leveduras que compde esta cultura (BAU; GARCIA; IDA, 2014) e ndo ha relatos na
literatura da utilizagdo deste micro-organismos para bioconversédo de isoflavonas e

hidrdlise de oligossacarideos.

2.7 CULTURA DE KEFIR

Kefir € uma bebida tradicional obtida por meio de fermentacao do leite por
uma mistura de micro-organismos que podem produzir diéxido de carbono, etanol,
acido lactico e acético (FAO/WHO, 2014; NALBANTOGLU et al., 2014; YOVANOUDI
et al.,, 2013). O conjunto de micro-organismos que compde o kefir normalmente é
encontrado sob a forma de um pequeno aglomerado (grdo), mantido unido por uma
matriz de polissacarideos e proteinas (LOPITZ-OTSOA et al., 2006). Os graos de
kefir sdo formados por misturas complexas de leveduras e bactérias lacticas e
aceéticas que existem em simbiose (LEITE et al., 2013; NALBANTOGLU et al., 2014;
YOVANOUDI et al., 2013).

A composigdo de micro-organismos dos graos de kefir pode variar muito em
funcdo da origem dos graos, armazenamento e da forma de obtencdo da bebida
(LEITE et al., 2013; MAGALHAES et al., 2010; ZHOU et al., 2009). Uma grande
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variedade de espécies de Lactobacillus foram isolados da bebida e graos de kefir,
como Lactobacillus kefiri, Lactobacillus kefiranofaciens, Lactobacillus kefirgranum e
Lactobacillus parakefiri (LEITE et al., 2013). Além disso, pode conter outras bactérias
lacticas como Lactococcus, Leuconostoc e Streptococcus spp, bactérias acéticas
como Acetobacter e leveduras, que podem ser fermentadoras de lactose
(Kluyveromyces lactis, Kluyveromyces marxianus, Torula) ou n&do fermentadoras
(Saccharomyces cerevisiae) (IRIGOYEN et al.,, 2005; PIERMARIA; CANAL;
ABRAHAM, 2008).

A diversidade de micro-organismos garante a bebida de kefir um aroma
exotico e sabor ligeiramente acido e refrescante (LEITE et al.,, 2013; ONER et al.,
2010). O principal produto formado a partir do metabolismo microbiano é o acido
lactico, seguido de compostos como acetaldeido e diacetil, que conferem sabor,
sendo que as leveduras produzem etanol e diéxido de carbono (LOPITZ-OTSOA et
al., 2006). Devido a diversidade e complexidade da cultura de kefir, a producao de
uma bebida comercial estavel e uniforme é desfavoravel (FARNWORTH, 2005).
Dessa forma, a cultura de kefir liofilizada € comercializada para obtencdo de um
produto estavel, uma vez que contém micro-organismos selecionados dos graos de
kefir, que conferem caracteristicas desejaveis para o produto final (YOVANOUDI et
al., 2013).

Os micro-organismos dos graos de kefir se mantém unidos e se propagam por
meio de uma matriz de proteinas e polissacarideos, sendo que o kefiran é o principal
polissacarideo produzido pela acdao de Lactobacillus homofermentativos
(NALBANTOGLU et al.,, 2014; YOVANOUDI et al.,, 2013). O kefiran é um
glucogalactano soluvel em agua, que tem sido reportado por possuir atividade
antibacteriana e antitumoral, por modular o sistema imunolégico e proteger as
células epiteliais contra Bacillus cereus (PIERMARIA; CANAL; ABRAHAM, 2008).
Além disso, outros exopolissacarideos produzidos durante a fermentacédo do leite
com graos de kefir foram investigados e apresentaram elevada atividade
antioxidante (CHEN et al., 2015).

A producgao e consumo do kefir sdo crescentes em todo o mundo, devido seus
beneficios a saude (CHIFIRIUC et al.,, 2011; FARNWORTH; MAINVILLE, 2003).
Algumas propriedades benéficas podem ser citadas, como agdo antimicrobiana,
antiinflamatéria, anti-tumoral, cicatrizante, antialérgica e de auxilio na modulagéo do
sistema imune (LEE et al., 2007; GAO et al., 2012; GAO et al.,, 2013; RIZK;
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MAALOUF; BAYDOUN, 2009; RODRIGUES et al.,, 2005; SILVA et al., 2009;
VINDEROLA et al., 2005). As bebidas de kefir também foram indicadas a pacientes
em tratamento de doengas gastrintestinais, doengas metabdlicas, hipertensao,
isquemia do coracdo e alergia (FARNWORTH; MAINVILLE, 2003). Ainda, algumas
espécies de Lactobacillus e leveduras presentes no kefir demonstraram efeito
positivo na coloniza¢ao do intestino (KUMURA et al., 2004).

Algumas bactérias lacticas e varias cepas de leveduras encontradas no kefir
apresentam resisténcia a sais biliares e ao baixo pH, propriedade de adesao,
capacidade de inibicdo de alguns patdgenos intestinais e produ¢do de bacteriocinas
(GOLOWCZYC et al., 2008; MIAO et al., 2014; ROMANIN et al., 2010; ZANIRATI et
al., 2015), podendo ser uma fonte adequada de micro-organismos com potencial
probiotico (ROMANIN et al., 2010). Entretanto, além do kefir possivelmente conter
micro-organismos probioticos, o kefir e o kefiran podem atuar como uma matriz ou
substrato eficaz para o veiculo de micro-organismos probiéticos, como o
Bifidobacterium bifidum (SERAFINI et al., 2014).

Além da utilizagdo dos micro-organismos do kefir para a produgao de bebida
de leite, outras possibilidades de uso tem sido investigadas, como a produgéo de
queijo (DIMITRELLOU et al., 2007), bebida de soro de leite (ATHANASIADIS et al.,
2004), bebida de leite de nozes (CUI et al.,, 2013) e fermentagdo de produtos de
panificagdo visando o aumento da vida util (MANTZOURANI et al., 2014). Apesar de
varios estudos indicarem as propriedades benéficas do kefir, existem poucos
estudos relacionados com a utilizagao de cultura de kefir na fermentacéo do extrato
de soja, bem como seu efeito nas propriedades do produto (BAU, GARCIA e IDA,
2013; BOTELHO et al., 2014).
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3 OBJETIVOS

3.1 OBJETIVOS GERAIS

o Avaliar a influéncia dos diferentes processos de obtencao de extrato de soja e

otimizar o processo para conversao de isoflavonas em agliconas.

o Aplicar a cultura de kefir no extrato de soja para fermentacao e hidrélise de

oligossacarideos e isoflavonas.

3.2 OBJETIVOS ESPECIFICOS

o Avaliar os diferentes processos de obtencéo de extrato de soja analisando as

propriedades fisicas, quimicas, microbioldgicas e aceitabilidade.

o Otimizar o processo de obtengdo de extrato de soja na conversdo de

isoflavonas B-glicosideos em agliconas.

o Avaliar a estabilidade térmica das diferentes formas de isoflavonas em extrato

de soja a 97°C por até 25 min.

o Aplicar a cultura de kefir para fermentacdo de extrato de soja e avaliar a
capacidade de producao de a-galactosidase e B-glicosidase para hidrélise de

oligossacarideos e isoflavonas p-glicosideos em agliconas.

o Avaliar a viabilidade celular, pH, acidez, teor de isoflavonas, teor de agucares,
atividade de f-glicosidase e atividade de «-galactosidase durante a

fermentagao do extrato de soja com cultura de kefir.
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4 MATERIAL E METODOS

4.1 MATERIA-PRIMA, CULTURA STARTER E REAGENTES

O extrato de soja foi preparado com a cultivar de soja [Glycine Max (L.) Merr.]
BRS 257, livre de lipoxigenases, doada pela empresa Sementes Parana Ltda, com
sede em Maua da Serra, Parana, safra 2011/2012. Esta cultivar apresenta, em
média, 10,3 g/100g de umidade, 4,7 g/100g de cinzas, 38,8 g/100g de proteinas e
16,9 g/100g de lipidios.

Para fermentagao do extrato de soja foi utilizada uma cultura starter de kefir
liofilizada (Lyofast MT 036 LV, Clerici-Sacco, Brasil), composta por linhagens mistas
de Lactococcus lactis ssp. lactis, Lactococcus lactis spp lactis biovar diacetylactis,
Lactobacillus brevis, Leuconostoc e Saccharomyces cerevisiae.

Para cromatografia liquida de ultra eficiéncia (CLUE) e construgdo das
respectivas curvas de calibragao, foi utilizado os seguintes padrées de isoflavonas:
6”-O-acetilglicosideos e 6”-O-malonilglicosideos (Wako Pure Chemical Industries,
Ltd., Japao), B-glicosideos e agliconas (Sigma-Aldrich Co., Estados Unidos). Para
cromatografia de troca i6nica de alta performance (HPAEC) e construgdo das
respectivas curvas de calibragéo, foi utilizado os seguintes padrdes de acgucares:
galactose, glicose, frutose, sacarose, rafinose e estaquiose (Sigma-Aldrich Co.,
Estados Unidos). Para determinagao da atividade de B-glicosidase e a-galactosidase
foram utilizados os substratos p-nitrofenil-B-D-glicopiranosidio e p-nitrofenil-a-D-
galactopiranosidio (Sigma-Aldrich, Estados Unidos), respectivamente. Para
determinagao da atividade de inibidores de tripsina foi utilizado o substrato benzoil-
DL-arginina-p-nitroanilida e a enzima tripsina (Sigma-Aldrich Co., Estados Unidos).
Os demais reagentes foram de grau analitico ou especificos para cromatografia

liquida.

4.2 INFLUENCIA DOS DIFERENTES PROCESSOS DE OBTENGAO DE EXTRATOS DE SOJA
SOBRE AS PROPRIEDADES FiSICAS, QUIMICAS E ACEITABILIDADE

Para obtencéo dos diferentes extratos de soja, em triplicata, foi utilizado 50 g

de graos inteiros com casca que foram previamente selecionados e limpos



46

manualmente, com remoc¢ao das sujidades. Para a obtengdo de cinco diferentes
extratos de soja, a proporgdo de soja: agua na maceragao (1:3; p:v) e
homogeneizacao (1:8; p:v) foram mantidas. Na homogeneizacdo a quantidade de
agua adicionada foi calculada pela subtragdo da quantidade de agua absorvida
pelos graos macerados. A seguir serdo descritos os cinco processos de obtencao de
extrato de soja (Figura 4):

Processo A — O extrato de soja foi obtido conforme descrito pela Embrapa (2005).
Assim, os graos de soja foram macerados a 25 °C por 12 h em solugao 0,5 % de
bicarbonato de sddio, drenados e lavados em agua corrente. Os graos foram cozidos
a 100 °C por 10 min em solugao aquosa contendo 0,25 % de bicarbonato de sdédio.
Apos a cocgao, os graos foram drenados, lavados em agua corrente e
homogeneizados em liquidificador (Arno Clic’Lav LN70, Brasil) por 3 min com agua
destilada a 90 °C. O homogenato foi filtrado com tecido tipo malha (150 mesh) e
obtido o extrato de soja A que foi transferido para frascos de vidro apropriados e
efetuado o tratamento térmico a 98 °C por 10 min.

Processo B — O extrato de soja foi obtido conforme descrito por lllinois (2012). Os
graos de soja foram macerados em agua contendo 0,25 % de bicarbonato de sédio
a 100 °C por 5 min, drenados e lavados em agua fervente. A maceragao com agua
quente foi realizada duas vezes. Os graos macerados foram homogeneizados em
liquidificador (Arno Clic’Lav LN70, Brasil) por 3 min com agua destilada a 90 °C. O
homogenato foi filtrado com tecido tipo malha (150 mesh) e obtido o extrato de soja
B que foi transferido para frascos de vidro apropriados e efetuado o tratamento
térmico a 98 °C por 20 min.

Processo C - O extrato de soja foi obtido conforme descrito por Kwok e Nirajan
(1995) e Kwok, Basker e Niranjan (2000) com algumas modificagbes. Os graos de
soja foram macerados em agua a 5 °C por 16 h, drenados e lavados em agua
corrente. Os grdos macerados foram homogeneizados em liquidificador (Arno
Clic’Lav LN70, Brasil) por 3 min com agua destilada a 25 °C. O homogenato foi
fitrado com tecido tipo malha (150 mesh) e obtido o extrato de soja C que foi
transferido em frascos de vidro apropriados e efetuado o tratamento térmico a 90 °C
por 30 min.

Processo D - A obtencgao do extrato de soja por este processo diferiu do processo C

a partir da filtragdo do homogenato. O homogenato foi tratado termicamente a 90 °C



47

por 30 min segundo Kwok e Nirajan (1995) e Kwok, Basker e Niranjan (2000) e
seguido de filtragdo com tecido tipo malha (150 mesh) e obtido o extrato de soja D.

Processo E - O extrato de soja foi obtido conforme descrito por Achouri, Boye e
Zamani (2007). Os gréaos de soja foram macerados em solugcdo tampao de acetato
de sodio 0,05 M (pH 5,0) a 40 °C por 3 h, drenados e lavados em agua corrente. Os
graos macerados foram homogeneizados em liquidificador (Arno Clic’Lav LN70,
Brasil) por 3 min com agua destilada a 90 °C. O homogenato foi transferido para
frascos de vidro apropriados e efetuado o tratamento térmico a 116 °C aplicando
pressdo de 15 psi por 3 min. Foi realizada a filtragcdo com tecido tipo malha (150

mesh) e obtido o extrato de soja E.

4.2.1 Caracterizagao das Propriedades Fisicas dos Extratos de Soja

O pH dos extratos de soja A, B, C, D e E obtidos por diferentes processos, em
triplicata, foi determinado em potenciémetro digital (Hanna HI 223, Sdo Paulo, BR).

A cor foi medida em colorimetro (Konica Minolta Sensing CR-400, Japao),
com iluminante D65 e conforme o sistema CIELAB (L*, a* e b*). Os resultados da
luminosidase (L*) foram expressos considerando que O representa o preto e 100
representa o branco. Os também resultados foram expressos como angulo da
tonalidade cromatica (H*), calculada pela equagdo H*=arctan(b*/a*), onde o angulo
de 0° refere-se a tonalidade vermelha; 90° a tonalidade amarela; 180° a tonalidade
verde e 270° a tonalidade azul.

A viscosidade dos cinco extratos de soja foi determinada utilizando o
viscosimetro digital (Alemmar Brookfield DVIl+, Estados Unidos), com spindle 1,
velocidade de 100 rpm, em 600 mL de extrato de soja a 10 + 2°C. A viscosidade foi

expressa em centipoise (cP).

4.2.2 Composigcado Quimica

O teor de umidade, cinzas, proteinas e lipidios dos extratos de soja foi

determinado em triplicata, conforme descrito pela AOAC (2006). O teor de

carboidratos foi obtido por diferenca.



Figura 4. Processos A , B, C, D e E de obtengéo de extratos de soja
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Processo E
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Drenagem da
solugao e lavagem
dos graos

Maceracdoa 5 °C
por 16 h

Maceragcao a 5 °C
por 16 h

Drenagem da
solugdo e lavagem
dos graos

Drenagem da
solugao e lavagem
dos graos

Adicédo de agua a 25
°C e trituracao por 3
min

Adicao de agua a 25
°C e trituracao por 3
min

Filtracao

Tratamento térmico
a 90 °C por 30 min

Tratamento térmico
a 90 °C por 30 min

Filtracao

Adigao de agua a 90
°C e trituracao por 3
min

Filtracao

Tratamento térmico
a 98 °C por 20 min

a 98 °C por 10 min

Maceracdo a 40 °C

por 3 h em acetato

de sddio 0,05 M (pH
5,0)

Drenagem da
solugdo e lavagem
dos graos

Adicao de agua a 90
°C e trituracao por 3
min

Tratamento térmico
a 116 °C por 3 min

Filtracdo
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4.2.3 Determinagao da Atividade de Inibidores de Tripsina

Os inibidores de tripsina foram extraidos conforme descricdo de Liu e
Markakis (1989) no extrato de soja previamente liofilizado a -50°C a 0,040 mbar
(Liofilizador Christ Alpha 1-4 plus LSC, Reino Unido). Assim, 500 mg de extrato de
soja liofilizado e desengordurado com hexano por 1 h a temperatura ambiente, foi
extraido com 50 mL de agua deionizada com agitagao orbital a 200 rpm (Marconi
MA570, Brasil) a 25 °C por 30 min. Em seguida, a suspenséo foi filtrada (Millex-GV,
PVDF, membrana hidrofilica, 0,45 um) e diluida até a obtencéo de inibicao de 40 a
60 % de tripsina.

A atividade dos inibidores de tripsina foi determinada conforme Kakade et al.
(1974) e foi utilizado o benzoil-DL-arginina-p-nitroanilida (BAPNA) como substrato.
Foi definido arbitrariamente que uma unidade de tripsina (UT) correspondeu ao
aumento de 0,01 unidades de absorbancia a 410 nm por 10 mL do meio de reagao.
Uma unidade inibidora de tripsina (UIT) correspondeu a inibigdo de uma unidade de
tripsina. Os resultados foram expressos como UIT por mg de extrato de soja, em

base seca.
4.2.4 Extracao e Quantificagao de Isoflavonas

Os extratos de soja liofilizados previamente a -50°C a 0,040 mbar (Liofilizador
Christ Alpha 1-4 plus LSC, Reino Unido), foram desengordurados com hexano (1:10,
p/v) por 1 h a temperatura ambiente com agitacdo. A extragdo das isoflavonas foi
realizada com 300 mg de amostra e 6,0 mL de solvente extrator composto por agua,
etanol e acetona (1:1:1, viviv) (YOSHIARA et al., 2012), por 1 h a temperatura
ambiente e agitagcdo em vértex a cada 15 min. Apds 1 h de extracdo, as amostras
foram colocadas em banho ultrassénico a temperatura ambiente por 15 min,
centrifugadas a 468 g por 15 min a 4 °C (Eppendorf 5804 R, Alemanha) e o
sobrenadante foi filtrado (Millex-GV, PVDF, membrana hidrofilica, 0,20 um)

A separacao e quantificacdo das diferentes formas de isoflavonas foram
realizadas simultaneamente por cromatografia liquida de ultra eficiéncia (CLUE)
conforme descrito Handa et al. (2014). Assim, aliquotas de 1,4 uL, em triplicata,
foram injetadas automaticamente no cromatdgrafo liquido UPLC® (Water, Estados

Unidos). A separagao e quantificagao das isoflavonas foram conduzidas em coluna
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de fase reversa (modelo Acquity — UPLC BEH C18 (Waters, Estados Unidos) com
dimensao de 2,1 mm x 50 mm e tamanho da particula de 1,7 um). A eluigdo foi
realizada com gradiente nao linear, utilizando fase mével A com agua acidificada em
pH 3,0 ajustado com acido acético glacial e B com acetonitrila com fluxo de 0,7
mL.min™ a 35 °C. O gradiente foi iniciado com 90 % de eluente A e 10 % de eluente
B e em 8 min de elui¢éo, o gradiente atingiu a propor¢ao de 0 % de A e 100 % de B
e as condigdes iniciais retornaram em 9 min. O tempo total de corrida foi de 10 min.
O detector utilizado foi de arranjo de diodos (Waters) com comprimento de onda
ajustado para 260 nm. A identificacdo de cada forma quimica de isoflavona nos
cromatogramas foi realizada por comparacédo dos espectros de absor¢cao e tempos
de retengdo dos seus respectivos padrbes. A quantificagdo das isoflavonas foi
realizada por integracdo das areas dos picos e padronizagdo externa (area x
concentragdo) usando cada padrdo comercial como referéncia, sendo que o teor de
gliciteina foi determinado com ajuste da curva de calibragcdo com base na diferencga
de peso molecular da glicitina. Os resultados foram expressos em pmol de

isoflavona por g de amostra (umol.g™'), em base seca.
4.2.5 Analise das Condi¢oes Higiénico-Sanitarias

As analises microbiolégicas dos extratos de soja foram realizadas em
triplicata, como critério higiénico-sanitario para posterior submisséo das amostras a
analise sensorial.

Foram considerados os padrdes exigidos para bebidas a base de extrato de
soja, conforme a Resolugdo RDC n°® 12, de 2 de janeiro de 2001 (BRASIL, 2001).
Foram realizadas Contagem de Coliformes a 45 °C, Contagem de Bacillus cereus e
Pesquisa de Salmonella sp, seguindo a metodologia descrita na Instrugcao Normativa
n° 62 de 26 de agosto de 2003 (BRASIL, 2003).

4.2.6 Teste de Aceitacao do Extrato de Soja
O projeto de pesquisa antes da execucdo foi aprovado pelo Comité de Etica

em Pesquisa Envolvendo Seres Humanos da Universidade Estadual de Londrina,
conforme parecer n° 221/2012 e CAAE 11278112.0.0000.5231 (Anexo 1).
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A avaliagdo sensorial dos extratos de soja foi realizada, em cabines
individuais, com luz branca e as amostras foram servidas em copos plasticos de
coloragdo branca, com quantidades padronizadas de aproximadamente 30 mL,
refrigeradas a 10 £ 2 °C e codificadas com numeros aleatorios de trés digitos. As
formulagdes foram avaliadas apds assegurar que os niveis de patdégenos estavam
abaixo do padréo estabelecido pela legislagéo vigente (BRASIL, 2001).

Participaram da avaliagdo sensorial 80 julgadores nédo treinados, de ambos os
sexos, constituidos de alunos, professores e funcionarios da UEL. A ficha referente a
coleta de dados do julgador e o Termo de Consentimento Livre e Esclarecido
encontram-se, respectivamente, nos Anexo 2 e 3.

A analise sensorial foi realizada utilizando o teste de aceitagao de atributos,
onde os julgadores receberam cinco amostras de extrato de soja monadicamente e
de forma sequencial. Entre as amostras foi disponibilizado aos julgadores agua
mineral e biscoito tipo agua e sal para limpeza da cavidade bucal. Os julgadores
foram instruidos a apontarem o quanto gostaram ou desgostaram do produto em
relacéo aos atributos de cor, aroma, textura, sabor e aceitagédo global, utilizando uma
escala hedbnica de nove pontos estruturados variando de “Desgostei Extremamente
(1)” a “Gostei Extremamente (9)” (STONE; SIDEL, 2004). A ficha utilizada encontra-

se no Anexo 4.

4.2.7 Analise Estatistica

Foram realizados a analise de varidncia (ANOVA), teste de homogeneidade
de variancias e normalidade dos residuos e, posteriormente, teste de Tukey para
comparagao de médias (p < 0,05). Ainda, foi efetuada a analise de correlagédo entre
os resultados utilizando o software Statistica 7.0, que foi aplicado aos resultados de

caracterizacgao fisica, quimica e teor de diferentes formas de isoflavonas.

4.3 OTIMIZACAO DO PROCESSO DE OBTENCAO DE EXTRATO DE SOJA SOBRE A ATIVIDADE
DE B-GLICOSIDASE E CONVERSAO DE ISOFLAVONAS NA FORMA DE B-GLICOSIDEOS EM
AGLICONAS E AVALIACAO DA ESTABILIDADE TERMICA
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4.3.1 Efeito da Temperatura e Tempo do Processo de Obtencédo do Extrato de Soja
Sobre a Atividade de [B-Glicosidase e Conversdo de Isoflavonas na Forma de B-

Glicosideos em Agliconas

Para obtencao do extrato de soja, foram realizadas adaptagdes no processo
de obtengao de extrato de soja, e a definigdo do tempo de maceragao por meio de
uma curva de hidratacdo dos graos a 5°C. Assim, os grdos previamente
selecionados e limpos foram macerados em agua destilada na proporgédo de 1:3
(p:v) (graos de soja:agua) a 5 °C por 14 h. Os graos foram drenados e lavados em
agua corrente e em seguida, adicionou-se agua destilada na proporcao de 1:8 (p:v)
(gréaos macerados:agua). O material foi homogeneizado em liquidificador (Philco All
In One, Sao Paulo, BR) por 2 min na temperatura ambiente de 25 °C e obtido o
homogenato.

Para avaliar o efeito da temperatura (X4) e tempo (X2) no processo de
obtengdo do extrato de soja sobre a atividade de [(-glicosidase e conversdo de
isoflavonas na forma de B-glicosideos em agliconas, foi aplicado o delineamento
composto central rotacional 2° (CCD) com 4 pontos axiais e 3 replicatas no ponto
central, totalizando 11 ensaios que foram realizados aleatoriamente. A Tabela 2
apresenta os niveis codificados e reais das varidaveis independentes X
(temperatura) e X, (tempo).

Para cada ensaio foi utilizado um frasco de vidro contendo 150 mL do
homogenato e incubado em banho-maria com agitacao orbital em diferentes
temperaturas (X1=36, 40, 50, 60 e 64 °C) e tempos (X2=0,58, 1, 2, 3 e 3,42 h)
conforme o CCD (Tabela 2). Apdés a incubacdo o homogenato foi rapidamente
resfriado em banho de gelo, filtrado com tecido tipo malha (150 mesh) e obtido o
extrato de soja. Em paralelo aos ensaios, foi obtido um controle (C) de extrato de
soja, em triplicata, no qual ndo se aplicou as variaveis do processo X (temperatura)
e X, (tempo). O extrato de soja foi congelado e liofilizado para avaliagéo da atividade
da PB-glicosidase e conversao de isoflavonas na forma de [B-glicosideos em

agliconas. A Figura 5 ilustra o processo de obtengao do extrato de soja otimizado.
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Tabela 2. Delineamento composto central rotacional 2° com os niveis reais e

codificados das variaveis independentes para obtencao de extratos de soja

Variaveis Independentes

Ensaios Codificadas Decodificadas
X1 X2 X1 X2
01 -1 -1 40,0 1,0
02 -1 1 40,0 3,0
03 1 -1 60,0 1,0
04 1 1 60,0 3,0
05 -1,41 0 36,0 2,0
06 +1,41 0 64,0 2,0
07 0 -1,41 50,0 0,58
08 0 +1,41 50,0 3,42
09 0 0 50,0 2,0
10 0 0 50,0 2,0
11 0 0 50,0 2,0

*X1 € X2 sdo os niveis codificados das variaveis independentes X; (temperatura em °C) e X, (tempo
em h).

As fungdes respostas investigadas no extrato de soja foram B-GLU (Atividade
de B-glicosidase) e teor de isoflavonas DAl (Daidzina), GEN (Genistina), MDAI
(Malonildaidzina), MGLI (Malonilglicitina), MGEN (Malonilgenistina), ADAI
(Daidzeina), AGLI (Gliciteina), AGEN (Genisteina). A partir das funcdes respostas
foram realizadas a andlise de regressdo para avaliar os efeitos das variaveis
independentes (x4 € X2) € suas interagdes.

A andlise de variancia (ANOVA) da regressao e coeficiente de determinagao
(R?) foram realizados para verificar o ajuste do modelo aos dados experimentais. As
fungdes respostas foram ajustadas conforme o modelo:

Y=Bo + Bix1 + BaXa + Br1x1® + BaoXa® + Proxixz + € (Equacgéo 1)

Onde, Y= funcao resposta, x1 € X, = niveis das variaveis codificadas, B =
coeficientes estimados para cada termo do modelo de superficie de resposta e e=

erro puro.
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Figura 5. Processo de obtengdo do extrato de soja visando maior teor de

isoflavonas agliconas e avaliagdo da estabilidade térmica

Selecao e lavagem dos graos

Maceracao a 5 °C por 14 h
(proporcao soja: agua de 1:3 (p:v))

Drenagem da solucéo e lavagem dos
graos

Adicéo de agua a 25 °C
(proporgao soja: agua de 1:8 (p:v))

Trituragao em liquidificador a 25 °C por
2 min

Aplicacdo do CCD 22 conforme a
Tabela 2

Filtragdo, congelamento e liofilizacéo e
quantificacao das fungdes-resposta

Analise de superficie de resposta,
ANOVA e desejabilidade

Extrato de soja otimizado com maior
teor de isoflavonas agliconas

________________ Jromo-m-memeeeee

Avaliagcéo da estabilidade térmica a 97
°C por até 25 min

Os graficos de superficie de resposta e parametros de desejabilidade foram

gerados para avaliar a condi¢cao de atividade da B-glicosidase e maxima conversao

de isoflavonas na forma de B-glicosideos em agliconas. Os calculos, construgao dos

graficos das superficies de resposta e desejabilidade foram realizados utilizando o

programa Statistica 7.0.

O modelo proposto foi validado apds obtengcdo de um extrato de soja em

triplicata na condigdo de temperatura e tempo onde ocorreu a maxima conversao

das isoflavonas na forma de B-glicosideos em agliconas. O teor de agliconas totais

deste extrato de soja foi quantificado e comparado com a fungao resposta estimada

pelo modelo utilizando o teste t-Student (p < 0,05).
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4.3.2 Avaliacdo da Estabilidade Térmica das Isoflavonas do Extrato de Soja
Otimizado

A estabilidade térmica das diferentes formas de isoflavonas do extrato de soja
otimizado foi avaliada a 97 + 2 °C por 0, 5, 10, 15, 20 e 25 min. Foram utilizado
frascos de vidro, em triplicata, contendo 200 mL do extrato de soja otimizado e apds
o tratamento térmico foram resfriados rapidamente em banho de gelo, congelados e
liofilizados para quantificacéo das diferentes formas de isoflavonas.

Os resultados foram submetidos a analise de variancia (ANOVA) e as médias

foram comparadas aplicando posteriormente o teste de Tukey (p < 0,05).

4.3.3 Determinagao da Atividade de B-Glicosidase

A enzima [-glicosidase foi extraida a partir de 200 mg de extrato de soja
liofilizado com 3,0 mL de tampéao citrato 0,05 M (pH 4,5) contendo NaCl 0,1 M e
agitados a cada 15 min por 1 h a temperatura ambiente (CARRAO-PANIZZI;
BORDINGNON, 2000). Em seguida, as misturas foram centrifugadas a 8200 x g, a 4
°C por 15 min (Eppendorf 5804R, Alemanha) e os sobrenadantes filtrados (Millex-
GV, PVDF, membrana hidrofilica, 0,22 ym) e utilizados como extratos enzimaticos
para os ensaios de atividade da enzima 3-glicosidase.

A atividade de B-glicosidase foi determinada conforme descricado de Matsuura
e Obata (1993), com algumas modificacbes propostas por Lima e Ida (2014). Assim,
0 substrato p-nitrofenil-B-D-glicopiranosideo (0,8 mL; 1 mM) foi diluido em tampao
citrato-fosfato (0,1 M; pH 5,0) e colocado em tubos de ensaio e incubados a 30 °C
por 10 min em banho-maria. Em seguida, 0,2 mL do sobrenadante filtrado foram
adicionados aos tubos de ensaio e mantidos a 30 °C por 30 min. A reagao foi
interrompida com a adicao de 1,0 mL de solu¢cdo 0,5 M de carbonato de sédio e o
conteudo centrifugado 6800 x g, a 25 °C por 15 min (Eppendorf 5804 R, Alemanha)
para a eliminacdo de qualquer turbidez antes da leitura em espectrofotdmetro
(Biochrom Libra S22, Reino Unido) a 420 nm. Para cada amostra de determinacéo
da atividade da enzima foi utilizado um controle de cor em paralelo, sem adigao do
substrato. A absorbancia real foi obtida pela diferenca entre a absorbancia da
amostra e do seu respectivo controle de cor. A concentragao de p-nitrofenol (p-NP),

produto da reagao enzimatica, foi determinada por meio da construgdo de uma curva
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de calibragdo a partir do padrdo de p-NP (0,04 a 0,32 ymol). Uma unidade de
atividade (UA) foi definida como sendo a quantidade de enzima requerida para
liberar 1 umol de produto por minuto nas condi¢cdes do ensaio. Os resultados foram

expressos em UA por g de amostra em base seca (UA.g™).
4.3.4 Extracao e Quantificagao das Isoflavonas

A extracdo e quantificagdo das isoflavonas foram realizadas conforme

descrito no item 4.2 4.

4.4 EXTRATO DE SOJA FERMENTADO COM CULTURA DE KEFIR PARA HIDROLISE DE
OLIGOSSACARIDEOS E ISOFLAVONAS NA FORMA DE B-GLICOSIDEOS EM AGLICONAS

4.4.1 Obtencao do Extrato de Soja

Os graos de soja foram previamente selecionados, eliminando os danificados,
manchados ou qualquer material estranho. Para a elaboragédo do extrato de soja, o0s
graos, usando propor¢ao soja:agua de 1:3 (p:v), foram macerados em agua
destilada a 5 °C por 14 h, drenados e lavados em agua corrente. Os graos
macerados foram adicionados de agua destilada na proporgdo 1:8 (p:v) e
homogeneizados em liquidificador (Philco All In One, BR) por 2 min a 25 °C. O
homogenato foi filtrado (malha 150 mesh) e submetido ao tratamento térmico a 97 +

2 °C por 15 min e obtido o extrato de soja.

4.4.2 Preparo do Inéculo

A cultura comercial de kefir foi preparada seguindo as instrugdes do fabricante
para casos de utilizacdo em volume inferior aos recomendados no envelope. O
extrato de soja foi esterilizado em autoclave a 121 °C por 15 min. Depois de
resfriado (~10 °C), foi adicionado a cultura de kefir (1 envelope de 5 UC para 1 L de
extrato de soja), homogeneizado e distribuido em recipientes de 10 mL, sendo que
em cada recipiente havia cultura suficiente para ser utilizada em 5 L de extrato de

soja. Os recipientes foram congelados a -18 °C, até o momento da utilizagao.
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4.4.3 Fermentagao do Extrato de Soja com Cultura de Kefir

O extrato de soja a 25 °C foi inoculado com cultura de kefir (0,02 UC.L™") e
fermentado em estufa BOD a 25 °C por até 30 h, sendo que até 15 h foram
coletadas amostras em intervalos de 2,5 h e de 15 a 30 h em intervalos de 5 h. No
extrato de soja controle ndo foi realizado a fermentagédo com cultura de kefir. O
fluxograma de obtencado e fermentagcdo do extrato de soja estd apresentado na

Figura 6.

Figura 6. Processo de obtengao de extrato de soja fermentado com cultura de kefir

Selecao e lavagem dos gréaos
[
Maceracédo a 5 °C por 14 h
(proporcao soja: agua de 1:3 (p:v))
I
Drenagem da agua e lavagem dos
graos

[
Adigao de agua a 25 °C
(proporcao soja: agua de 1:8 (p:v))
[
Trituragcao em liquidificador a 25 °C por
2 min
[
Filtragao

Envase e tratamento térmico a 97 °C
por 15 min

Resfriamento a 25 °C e adi¢ao de
cultura de kefir (0,02 UC/L)
[

Fermentacao a 25 °C por até 30 h

Determinacéo da viabilidade celular,
oo - T T TTmms oS mE oo s m s s e e pH, acidez, extracdo e quantificacado
i de isoflavonas e acgucares, atividade
de B-glicosidase e a-galactosidase.
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4.4.4 Determinagao da Viabilidade Celular

A contagem de bactérias lacticas foi realizada em meio MRS (pH 6,5 £ 0,2),
suplementado com Cicloheximida (200 mg.L"). Foi realizada semeadura em
superficie e as placas foram incubadas a 30 °C por 72 h, em jarra de anaerobiose
(IRIGOYEN et al., 2005).

A contagem de Lactococcus lactis foi realizada em meio M17 (pH 7,2 + 0,2),
suplementado com cicloheximida (200 mg.L"), por meio da semeadura em
superficie e com incubagao das placas a 30 °C por 48 h, em jarra de anaerobiose
(IRIGOYEN et al, 2005).

A contagem de Leuconostoc spp foi realizada em meio MSE por meio de
semeadura em superficie e as placas foram incubadas a 22 °C por 4 dias (FONTAN
et al., 2006).

A contagem de leveduras foi realizada em Agar Extrato de Levedura Glicose
Cloranfenicol (YEGC) por semeadura em superficie e as placas incubadas a 25 °C
por 5 dias, em aerobiose (FONTAN et al., 2006).

Todos os resultados das contagens microbiolégicas foram expressos em log

UFC.g" de extrato de soja fermentado.
4.4.5 Determinacao de pH e Acidez

O pH dos extratos de soja fermentados foi determinado em potencidmetro
digital (Hanna, HI 223) e a acidez por titulacdo com NaOH 0,1 M e expresso em g de
acido Ié\ctico.1009'1 de amostra.

4.4.6 Extracao e Quantificagcao de Isoflavonas

A extracdo e quantificagdo das isoflavonas no extrato de soja fermentado

foram realizadas conforme descrito no item 4.2.4.
4.4.7 Extragcao e Quantificagdo de Agucares

Os extratos de soja fermentados foram liofilizados e desengordurados com

hexano (1:10, p/v) por 1 h a temperatura ambiente, sob agitacdo. A extragdo dos
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agucares foi realizada com 1 g de amostra desengordurada e 40 mL de etanol 80%
que foram agitados em homogeneizador Turrax (Marconi MA102, Sado Paulo, BR),
velocidade 5 por 2 min. Em seguida, foram centrifugadas a 2070 g, por 10 min a
25°C (Eppendorf 5804 R, Alemanha) e o sobrenadante foi filtrado (Millex-GV, PVDF,
membrana hidrofilica, 0,20 um). Aliquota de 0,5 mL do filtrado foi evaporada sob
nitrogénio (2 psi), seguido de ressuspensao com 20 mL de agua ultra-pura (18,2 MQ
cm). A solugao foi novamente filtrada e analisada por cromatografia de troca i6nica
de alta eficiéncia (HPAEC).

A separagdo e quantificacdo dos acgucares foram realizadas com
Cromatégrafo de troca idnica de alta eficiéncia (ICS 5000, Dionex Canada Ltda,
Thermo Scientific Canada). Aliquotas de 10 uyL do extrato ressuspenso foram
automaticamente injetadas no cromatoégrafo utilizando a coluna analitica CarboPac®
PA1 (250 mm x 4 mm, 10 um de tamanho de particula) precedida pela coluna de
guarda CarboPac® PA1 (50 mm x 4 mm) de mesmo material de empacotamento. Foi
utilizado um sistema de detecgdo amperométrica pulsada (PAD, célula com eletrodo
de trabalho de ouro e eletrodo de referéncia pH-Ag/AgCl; Dionex/Thermo Scientific)
e bomba peristaltica com gradiente (modelo SP-5). Para eluicdo com gradiente foi
utilizado agua ultra-pura (18,2 MQ cm, eluente A) e 0,25 mol.L™" de NaOH (eluente
B) com fluxo de 1,0 mL min™ a 30 °C. A eluigdo com o gradiente iniciou-se com 93,2
% de eluente A e 6,8 % de eluente B até 8 min. A partir de 8 min até 35 min de
eluicdo o gradiente atingiu a proporcao de 56 % de eluente A e 44 % de eluente B
onde os agucares foram separados conforme o seu tempo de retencéo. A transi¢cao
do gradiente de eluigdo da condigéo de 56 % de eluente A e 44 % de eluente B para
20 % de eluente A e 80 % de eluente B ocorreu em 1 min. Esta condigéo foi mantida
por 10 min para remog¢ao de impurezas. Uma nova transicao de gradiente de eluicédo
da condicao de 20 % de eluente A e 80 % de eluente B para 93,2 % de eluente A e
6,8 % de eluente B ocorreu em 1 minuto. Esta condigdo foi mantida por 15 min para
estabilizar a coluna. Os frascos de polipropileno contendo fases modveis foram
continuamente pressurizados com gas nitrogénio para minimizar a incorporagéo e
interacdo do gas carbénico do ar. O sistema de oxidacao e reducéo foi estabelecido
no eletrodo de trabalho por meio da utilizagdo de uma forma de onda (E = potencial,
t = duragcéo) com os seguintes parametros: E1 = +0,1V, t1 =400 ms; E; =-20V, t, =
20 ms; E3 = +0,6, t3 = 10 ms; E4 = -0,10, t4 = 70 ms. A integragao ocorreu de 200 ms

a 400 ms durante a aplicacdao do potencial E4. Para calibracdo externa, foram
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utilizadas solugdes dos padrdo de galactose, glicose, frutose, sacarose, rafinose e
estaquiose para identificar os aglUcares com o0s seus respectivos tempos de
retengcdo. Para confirmar e identificar cada agucar nas amostras, adicionou-se
padroes de cada tipo de agucar nos extratos para injegdo. Para quantificagdo dos
agucares individuais separados conforme os cromatogramas, foi utilizado o software
Chromeleon verséo 6.8 (Dionex Corporation). As concentragdes de agucares foram

expressas em g de a(;l]cares.1009'1 de amostra em base seca.
4.4.8 Determinacao da Atividade de B-Glicosidade

A extracdo e determinacdo da atividade de B-glicosidade do extrato de soja

fermentado foram realizadas conforme descrito no item 4.3.3.

4.4.9 Determinagao da Atividade de a-Galactosidase

A enzima a-galactosidase foi extraida conforme procedimento descrito por
Shankar e Mulimani (2007) com modificacbes. A extracdo da enzima foi realizada
com 500 mg de extrato de soja fermentado liofilizado e 5,0 mL de tamp&o acetato de
sodio 0,2 M (pH 4,8) com agitacao orbital a 200 rpm (Marconi MA570, Brasil) por 1 h
a temperatura ambiente. Em seguida, as misturas foram centrifugadas a 2070 x g, a
4 °C, por 10 min (Eppendorf 5804 R, Alemanha) e o sobrenadante filtrado (Millex-
GV, PVDF, membrana hidrofilica, 0,45 um). O filtrado foi utilizado para a
determinacao da atividade de a-galactosidase.

A atividade de a-galactosidase foi determinada conforme Scalabrini et al.
(1998), e o substrato p-nitrofenil-a-D-galactopiranosidio (1,0 mL; 5 mM) foi diluido
em tampado Mcllvaine (0,1 M de Acido citrico e 0,2 M de Na;HPO, pH 5,8) e
colocado em tubos de ensaio e incubados a 37 °C por 10 min em banho-maria. Em
seguida, 0,5 mL do sobrenadante filtrado foram adicionados aos tubos de ensaio e
mantidos a 37 °C por 10 min. A reacao foi interrompida com a adicdo de 1,0 mL de
solugéo 1,0 M de carbonato de sddio e o conteudo centrifugado 6800 x g, a 25 °C
por 15 min (Eppendorf 5804 R, Alemanha) para a eliminagao de qualquer turbidez
antes da leitura em espectrofotdmetro (Biochrom Libra S22, Reino Unido) a 410 nm.
Para cada amostra de determinacao da atividade da enzima foi utilizado um controle

de cor em paralelo, sem adicdo do substrato. A absorbancia real foi obtida pela
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diferenca entre a absorbancia da amostra e do seu respectivo controle de cor. A
concentracdo de p-nitrofenol (p-NP), produto da reagdo enzimatica, foi determinada
por meio da construcdo de uma curva de calibragdo a partir do padrao de p-NP
(0,016 a 0,128 pmol). Uma unidade de atividade (UA) foi definida como sendo a
quantidade de enzima requerida para liberar 1 pymol de produto por minuto nas
condigdes do ensaio. Os resultados foram expressos em UA por g de amostra em

base seca (UA.g™).
4.4.10 Analise Estatistica

Os resultados foram submetidos a analise de variancia (ANOVA), teste de
homogeneidade de variancias e normalidade dos residuos e, posteriormente, teste

de Tukey para comparacao de médias (p < 0,05) utilizando o software Statistica 7.0.
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5 RESULTADOS E DISCUSSAO

Os resultados obtidos foram redigidos na forma de trés artigos cientificos
conforme seguem nas proximas paginas. Estes seguiram as normas de publicagao

dos respectivos periddicos.
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ABSTRACT

The objective of this study was to evaluate the influence of different processing
conditions used to obtain soymilk on physical and chemical properties and
acceptability. Five processing conditions were applied to obtain soymilk and analyzed
for pH, hue, viscosity, chemical composition, trypsin inhibitors, isoflavones and
acceptability. The different processing conditions to obtain soymilk influenced the
physical and chemical properties and isoflavone content, but no differences in
sensory acceptance were found. From the processing, the soybeans soaked at 5 °C
for 16 h, homogenized for 3 min with distilled water at 25 °C with filtration and heat
treatment at 90 °C for 30 min produced soymilk with a higher content of protein, fat,

ash, total and aglycone isoflavones and lower viscosity and hue.
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Keywords: Soymilk; processing conditions; principal component analysis;

isoflavones; protein.

1 INTRODUCTION

Soymilk is a turbid colloidal dispersion and contains part of the original
soybean components (Nik, Tosh, Woodrow & Poysa, 2009). Soymilk is traditionally
obtained from soaking the grains, draining the water, homogenizing, filtrating and
heat treatment. However, there have been many changes in the process due to
technological advances and to better meet the needs of consumers (Prabhakaran &
Perera, 2006).

There has been, in several countries, an increased consumption of
beverages and soybean products. This increase has been associated with beneficial
effects on human health, such as the prevention of coronary heart disease,
osteoporosis, postmenopausal symptoms and others (Pena et al., 2010). The
beneficial properties of soymilk were attributed mainly to protein and isoflavone
content (Pena et al., 2010). Isoflavones in soybeans occur in four distinct chemical
structures known as aglycones (daidzein, genistein and glycitein), B-glucosides
(daidzin, genistin and glicitin), 6”-O-acetylglucosides (acetyldaidzin, acetylgenistin
and acetylglicitin) and 6”-O-malonylglucosides (malonyldaidzin, malonylgenistin and
malonylglicitin) (Liu, Chang, Li-Te & Tatsumi, 2004). The processing conditions to
obtain soymilk influence the isoflavones profile, which may cause degradation or
conversion of conjugated forms to unconjugated forms (Nufer, Ismail & Hayes, 2009).

Soymilk has 2 % fat, 5 % protein, 2 % carbohydrates, 0.6 % ash and 9 % total

solids (lwuoha & Umunnakwe, 1997). Chemical composition of soymilk can vary
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depending on the obtaining conditions. The physical, chemical, sensory and yield of
soymilk depends on various factors such as the soybean cultivar, grain soaking time,
proportion of soybeans to water, homogenization, filtration, and time and temperature
of heat treatment (Cai, Chang, Shih, Hou & Ji, 1997; lwuoha & Umunnakwe, 1997,
Jung, Murphy & Sala, 2008; Vishwanathan, Singh & Subramanian, 2011). Trypsin
inhibitors (Kunitz and Bowman-Birk) are considered anti-nutritional factors of
soybeans (Guerrero-Beltran, Estrada-Giron, Swanson & Barbosa-Canovas, 2009),
and their presence can cause a decrease in the digestibility and nutritional value of
the product (Poliseli-Scopel, Hernandez-Herrero, Guamis & Ferragut, 2012). The
different processes for obtaining soy products have been used to reduce the activity
of trypsin inhibitors, but their inactivation depends on the time temperature for
heating, particle size and the physical condition of the product (Guerrero-Beltran,
Estrada-Girén, Swanson & Barbosa-Canovas, 2009).

The effect of different processing conditions to obtain soymilk with maximum
extraction of desirable constituents has not been fully explored. Therefore, the
objective of this study was to evaluate the influence of different processing conditions

to obtain soymilk on physical and chemical properties and acceptability.

2 MATERIAL AND METHODS

2.1 Material

To obtain different soymilk products, soybean variety BRS 257 of 2011/2012,

which is lipoxygenase-free, was donated by the Sementes Parana company (Maua

da Serra city, Parana State, Brazil).
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For Ultra High Performance Liquid Chromatography (UHPLC) and the
construction of calibration curves, the following standard isoflavones were used: 6”-
O-acetylglucosides and 6”-O-malonylglucosides (Wako Pure Chemical Industries,
Ltd., Osaka, Japan), B-glucosides and aglycones (Sigma-Aldrich Co., St. Louis,
USA). The reagents used in the analysis were of analytical grade or specific for

liquid chromatography.

2.2 Different processes for the soymilk production

For processing different soymilk products, 50 g of whole grains were used, in
triplicate, and the proportion of soybean to water for soaking (1:3; w:v) and
homogenizing (1: 8; w:v) were kept constant. During homogenizing, the amount of
water added was calculated by subtracting the amount of water absorbed by the
grain soaked. The following will describe the details of the five processes for
obtaining soymilk.

Process A — Soymilk was obtained according to the process described by Embrapa
(2005). Soybeans were soaked at 25 °C for 12 h in 0.5 % sodium bicarbonate
solution, and then drained and washed. Grains were boiled at 100 °C for 10 min in
0.25 % sodium bicarbonate solution. After cooking, soybeans were drained, washed
and homogenized in a blender (Arno Clic’Lav LN70, Sdo Paulo, BR) for 3 min with
distilled water at 90 °C. The slurry was filtered (150 mesh) after cooling, and the
obtained soymilk A was transferred to the appropriate glass vials with semi-open
cover for heat treatment at 98 °C for 10 min.

Process B — Soymilk was obtained according to the process described by lllinois

(2012). Soybeans were soaked at 100 °C for 5 min in 0.25 % sodium bicarbonate
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solution, and then drained and washed with boiling water. Soaking with hot water
was carried out twice. Soybeans were homogenized in a blender (Arno Clic’Lav
LN70, Sao Paulo, BR) for 3 min with distilled water at 90 °C . The slurry was filtered
(150 mesh) after cooling, and the obtained soymilk B was transferred to the
appropriate glass vials with semi-open cover for heat treatment at 98 °C for 20 min.
Process C - Soymilk was obtained according to the process described by Kwok and
Nirajan (1995) and Kwok, Basker and Niranjan (2000) with modifications. Soybeans
were soaked at 5 °C for 16 h in water, and then drained and washed. Soybeans were
homogenized in a blender (Arno Clic’Lav LN70, Sao Paulo, BR) for 3 min with
distilled water at 25 °C. The slurry was filtered (150 mesh) after cooling, and the
obtained soymilk C was transferred to the appropriate glass vials with semi-open
cover for heat treatment at 90 °C for 30 min.

Process D — Soymilk obtained by this process differed from procedure C only in the
filtered slurry. The slurry was transferred to the appropriate glass vials with semi-
open cover for heat treatment at 90 °C for 30 min according Kwok and Nirajan (1995)
and Kwok, Basker and Niranjan (2000) and then filtered (150 mesh) after cooling to
obtain soymilk D.

Process E - Soymilk was obtained according to the process described by Achouri,
Boye and Zamani (2007). Soybeans were soaked at 40 °C for 3 h in 0.05 M sodium
acetate buffer, and then drained and washed with water. Soybeans were
homogenized in a blender (Arno Clic’Lav LN70, Sdo Paulo, BR) for 3 min with
distilled water at 90 °C. The slurry was transferred to the appropriate glass vials with
semi-open cover for heat treatment at 116 °C for 3 min. Filtration was then performed

(150 mesh) after cooling to obtain soymilk E.
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2.3 Physical and chemical properties of soymilk

The pH analysis of soymilks A, B, C, D and E was carried out in triplicate in a
digital potentiometer (Hanna HI 223, Sdo Paulo, BR). Color (5 replicates) was
measured with a Minolta CR-400 colorimeter (Konica Minolta Sensing, Incorporation)
with lighting D65 according to the system (L*, a* and b*). The results are expressed
in hue (H*), and were calculated by the equation H*= arctan (b*/a*), where the 0°
angle refers to red, 90° to yellow, 180° to green and 270° to a blue hue. The viscosity
was determined using a Brookfield digital viscometer with spindle 1 and a speed of
100 rpm with a 600 mL sample at 10 = 2°C, and the results are expressed in
centipoise (cP).

The chemical composition analysis of soymilks A, B, C, D and E was carried
out in triplicate following AOAC methods (2006). Trypsin inhibitors were extracted as
described by Liu and Markakis (1989). Thus, extraction was performed with 500 mg
of lyophilized soymilk and 50 mL of deionized water, stirring at 200 rpm for 30 min at
25 °C. The material was filtered (Millex filters 0.45 um) and used to determine the
trypsin inhibitor activity (Kakade, Rackis & McGhee, 1974) using benzoyl-DL-
arginine-p-nitroanilide as substrate. One trypsin unit (TU) is arbitrarily defined as an
increase of 0.01 absorbance units at 410 nm per 10 mL of the reaction medium. The
results are expressed as trypsin units inhibited (TUI) per mg of soymilk, on a dry
basis, and an inhibited unit corresponds to a unit of inhibiting trypsin.

The lyophilised soymilk samples were defatted with hexane (1:10; w:v) at 25
°C for 1 h by continuous rotary agitation (150 rpm), and the isoflavone extraction was
performed with 300 mg of sample and 6.0 mL of an extraction solution containing

ultra-pure water, acetone and ethanol (1:1:1, v/v/v) (Yoshiara, Madeira, Delaroza,
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Silva & Ida, 2012) at 25 °C for 1 h and agitated by vortex for 15 min each. The
mixture was then placed in an ultrasonic bath at 25 °C for 15 min, centrifuged at 794
g at 4 °C for 15 min (Eppendorf 5804 R, Hamburg, GE) and filtered (Millex — LH —
0.20 pm). The separation and quantification of isoflavones were performed using
Ultra High Performance Liquid Chromatography (UHPLC) as described by Handa,
Couto, Vicensoti, Georgetti and Ida (2014). The results are expressed in ymol of

isoflavones per g of sample on a dry basis (umol.g™).

2.4 Sanitary conditions analysis

Before the sensory analysis, the samples were analyzed for coliform at 45 °C,
and for Bacillus cereus and Salmonella spp counts according to the method

described in Brazil (2003).

2.5 Sensory analysis

For sensory analysis, the study was approved by the Ethics Committee of
Institution (CAAE 11278112.0.0000.5231). The sensory analysis was performed by
an acceptance test with 80 untrained consumers, 40 were men and 40 were women,
aged between 15 and 50 years. The consumers received 30 mL of the product at 10
°C in plastic drinking cups coded with three-digit random numbers. The soymilk
samples A, B, C, D and E were evaluated for color, flavor, viscosity and overall
acceptability attributes. The panelists used a 9-point hedonic scale, ranging from

"dislike extremely (1)" to "like extremely (9)" (Stone & Sidel, 2004).
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2.6 Data analysis

Data were submitted to an analysis of variance (ANOVA) and a Tukey’s test (p
< 0.05). Correlation test was performed with Statistica 7.0 software, and was applied

to the physical properties, chemical properties and isoflavone content data.

3 RESULTS AND DISCUSSION

3.1 Physical and chemical characterization

Soymilk A, B, C, D and E (Table 1) had different pH values (p < 0.05) among
soymilk processes. The high pH of soymilks A (pH 7.3 £ 0.0) and B (pH 6.9 = 0.0)
was due to the addition of sodium bicarbonate in the soaking solution. The lower pH
in soymilk E (pH 6.6 £ 0.0) was due to soaking the grains in sodium acetate buffer
with a pH of 5.0. Soymilk with a pH of 6.6 was described by Mullin et al. (2001) and
Jung, Murphy and Sala (2008).

The color of a food product is a very important characteristic. The L* indicates
brightness, where 0 is black and 100 is white. Soymilks A and B showed minor
brightness and did not differ (p > 0.05) with an average of 64.7. However, the soymilk
C, D and E present greater brightness and did not differ (p > 0.05) with an average of
68.7. The hue is the attribute by which to identify color, and the 0° angle is red, 90° is
yellow, 180° is green and 270° is blue. Soymilks A, C and D (Table 1) showed
intermediate tone and did not differ (p > 0.05) with an average of 79.9°. Soymilk B
(76.8 = 0.1) had less of a yellow hue and differed from other extracts. Soymilk E

presented more yellow hue (83.8 £ 0.2) and differed from the other soymilks. The
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more intense yellow hue of the soymilk was due to greater heat intensity because
according to Kwok, MacDougall and Niranjan (1999), the formation of pigment in
soymilk increases with the intensity of the heat due to the Maillard reaction. Hues of
76.8 to 83.8° found for soymilks A, B, C, D and E were similar to the five commercial
soymilks evaluated by Terhaag, Almeida and Benassi (2013).

The viscosity (Table 1) of soymilk E (35.4 + 0.6 cP) was higher and differed
from soymilks A (32.7 + 0.3 cP), B (25.6 £ 0.5 cP), C (23.7 £+ 0.5 cP)and D (24.1 =
0.7 cP). The soymilkC and D not present differ (p > 0.05). The high viscosity of the
soymilk may be desirable in final product when it is intended to obtain soymilk without
the necessity of adding thickeners. This increase in viscosity, according Liu, Chang,
Li-Te and Tatsumi (2004), may be associated with the effect of denaturation of the
soymilk protein after intense heat treatment (116 °C for 3 min). The major proteins of
soybeans, B-conglycinin (7S) and glycinin (11S), denature between 65-75°C and 85-
95°C, respectively (Kitabatake et al., 1990). In addition, increased viscosity of soy
protein dispersion may occur after heating, and produce irreversible change to the
"progel" state (Yamauchi, Yamagishi & Iwabuchi, 1991) and affect the quantity,
nature and particle size of the solids present, especially the proteins (lwuoha &
Umunnakwe, 1997).

The chemical composition of soymilk depends on the soybean cultivar, the
climatic conditions and the crop management, and conditions such as grain soaking
time, soybean to water proportions, trituration, filtration, heat treatment time and
temperature, enzymatic hydrolysis, pressure, and others (Cai, Chang, Shih, Hou & Ji,
1997; Chun et al., 2008; Jung, Murphy & Sala, 2008). It has been seen that higher
protein content (Table 2) was found in soymilks A (41.49 + 1.0 g.100 g "), B (43.37 +

1.1 g.100 g"), C (44.51 + 0.1 g.100 g') and D (46.04 + 0.4 g.100 g "), which did not
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differ (p > 0.05). However, the lowest protein content (39.13 + 1.8 g.100 g”') was
observed in soymilk E, which did not differ from soymilk A (41.49 + 1.0 g.100 g™).
The lower protein content of the soymilk can be attributed to the heat treatment of the
slurry (116 °C for 3 min) and filtration conditions. According to Nik, Tosh, Woodrow
and Poysa (2009), heat treatment at this level can lead to denaturation and
aggregation of soy protein with subsequent insolubilization, wherein the filtration
process of the soymilk and a part of the denatured protein migrated with the residue
and thus was not recovered in soymilk. The protein content of the soymilk (44.0 to
48.7 g.100 g') was obtained by soaking the soybeans at 13 °C for 22 h, followed by
trituration with water at 60 °C and filtration (Poysa & Woodrow, 2002). Cai, Chang,
Shih, Hou and Ji (1997) reported a protein content between 43.7 and 52.7 g per 100
g'1 in soymilk. A high protein content of 52.4 and 56.7 g per 100 g'1 was obtained by
Vishwanathan, Singh and Subramanian (2011).

The lipid content (Table 2) of soymilks C and D did not differ (p > 0.05), with
an average content of 24.03 g per 100 g'1 and was similar to that obtained by Cai,
Chang, Shih, Hou and Ji (1997) and Vishwanathan, Singh and Subramanian (2011).
The lipid content of soymilks A, B and E did not differ (p > 0.05), with an average
content of 15.98 g per 100 g™'. The ash content (Table 2) of soymilks A, B, C, D and
E ranged from 4.62 £ 0.0 to 6.31 £ 0.4 g per 100 g'1, and was higher in soymilks C, D
and E, which did not differ (p > 0.05), and had an average content of 6.09 g per 100
g’. Similar results were described by Cai, Chang, Shih, Hou and Ji (1997), who
found that the ash content of the soymilk varied between 4.9 and 6.4 g.100 g'1. The
high carbohydrate content (Table 2) was observed in soymilks A, B and E, which did
not differ (p > 0.05), and had an average content of 37.56 g.100 g'. It should be

noted that carbohydrates can also increase the viscosity of soymilk. However, lower
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carbohydrate content was observed in soymilks C and D, which did not differ (p >
0.05), and had an average content of 24.45 g .100 g

The activity of trypsin inhibitors (Table 2) in soymilks A, B and E did not differ
(p > 0.05), and the average value was 1.39 TUL.mg". Additionally, a low trypsin
inhibitor activity of 0.44 TUl.mg™" was detected in commercial mixtures of powdered
milk with soymilk (Genovese & Lajolo, 1998). Low trypsin inhibitor activity in soymilks
A, B, C, D and E indicate that the heat treatment during processing of the extracts
was adequate. Low trypsin inhibitor activity in soymilks A and B may be due to the
time of heat treatment at 98°C, which was 10 to 20 min, respectively, or because the
soaking conditions. Further, soymilk E had low trypsin inhibitor activity, and a higher
temperature (116 °C for 3 min) was applied during processing. Inactivation of trypsin
inhibitors increases with the pressure, temperature and time of heat treatment
(Guerrero-Beltran, Estrada-Giron, Swanson & Barbosa-Canovas, 2009). Trypsin
inhibitor activity of soymilks C and D did not differ (p > 0.05), and the average content
was 2.62 TUI.mg'1 because during processing the same heat treatment was applied
and its was less intense that others treatment employed. Because an anti-nutritional
factor it is desirable that soymilk presents less trypsin inhibitor activity. The different
values of trypsin inhibitors in soybeans and their derivatives may also be due to the
different ways of obtaining these products, and there is no set limit on their content in

foods.

3.2 Isoflavones profile

Soymilk C (Table 3) had higher total isoflavone content (8.42 pmol.g™),

whereas soymilks B and D did not differ, and soymilks E and A did not differ, with
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averages of 6.4 pmol.g'1 and 5.68 pmol.g'1, respectively. Total isoflavone contents
between 5.95 and 7.96 pmol.g'1 have been described in the soymilk obtained at
industrial scale by Prabhakaran and Perera (2006). Lower levels of total isoflavones
(5.01 pmol.g™) in soymilk were obtained by Jung, Murphy and Sala (2008). The
isoflavone content in soymilk may vary depending on the steps of the extraction
process, such as soaking, filtration or homogenization and centrifugation (Kao, Lu,
Hsieh & Chen, 2004). According to Wang and Murphy (1996), conditions for soaking
the grains in water favors lixiviation of isoflavones, changing the amount of total
isoflavones in soymilk. Furthermore, during processing to obtain soymilk and after
filtration, a part of the isoflavones may be retained in the residue (okara).

The content of B-glucosides isoflavones daidzin, genistin and glycitin (Table 3)
of soymilk E was higher than soymilks A, B, C and D. However, daidzin and genistin
contents were lower in soymilk C, and the glycitin content was lower in soymilk D.
These results were greater than the soymilk containing 0.29 pmol.g'1 daidzin, 0.12
pmol.g'1 of glicitin and 0.30 pmol.g'1 of genistin as described by Jung, Murphy and
Sala (2008). The steps of soaking in water and mixing the soybeans may favor the
action of endogenous B-glucosidase, which hydrolyses the soybean B-glucoside
isoflavones and there by reduces its content (Lima & Ida, 2014; Wang & Murphy,
1996), due to formation of isoflavone aglycones.

The content of isoflavones malonyldaidzin, malonylglicitin and malonylgenistin
(Table 3) in soymilk C (1.65 = 0.03, 1.65 = 0.03 and 3.68 + 0.06 umol.g™"
respectively) was higher than other soymilks. However, lower malonylglucosides
content was observed in soymilk E. Malonylglucosides isoflavones are thermally
unstable and their content decreases with the intensity of the heat treatment

(Jackson et al.,, 2002). Comparing the reduced content of malonylglucosides
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isoflavones from soymilks A, B, C and D with the soymilk described by Jung, Murphy
and Sala (2008) revealed that the malonylglicitin (0.25 umol.g™) and malonylgenistin
(1.70 pmol.g™") content was less, whereas the malonyldaidzin content (2.02 pmol.g™")
was greater than in soymilk E.

It is noteworthy that soymilk E was the only soymilk that had acetylgenistin
content (0.07 pmol.g™"), and acetyldaidzin and acetylglicitin isoflavones were not
detected. Generally, acetylglicosides are formed by dry heating conditions (Kao, Lu,
Hsieh & Chen, 2004) due to decarboxylation of malonylglucosides to the formation of
significant amounts of acetylglicosides during heating (Barbosa, Lajolo & Genovese,
2006). In the soymilk, the higher temperature employed (116 °C) possibly favored the
de-esterification of manolylglicosides and acetylglicosides for respective [-
glucosides, which was also observed by Coward, Smith, Kirk and Barnes (1998). In
general, soy isoflavones are present in glucosylated form and their concentration
depends on the cultivar and processing conditions (Cai, Chang, Shih, Hou & Ji, 1997;
Chun et al., 2008; Jung, Murphy & Sala, 2008).

The isoflavones aglycone glycitein was not detected in soymilk (Table 3), and
the daidzein isoflavone was not detected in soymilks A, B and E. The isoflavone
genistein was detected in soymilk D, and higher levels were observed in the soymilk
C, which differed from soymilks A, B and E. The aglycones isoflavone content was
similar between samples at 0.05 and 0.51 pmol.g™", similar to that observed by
Prabhakaran and Perera (2006) who compared the cold and hot milling methods with
different soymilk heat treatments. Moreover, Jung, Murphy and Sala (2008) detected
the presence of the three aglycones (0.16 umol daidzein.g™", 0.05 umol glicitein.g™
and 0.12 pmol genistein g'1 of soymilk), and their results were higher than soymilks A,

B, C, D and E. The processing conditions for obtaining the five soymilks favor the B-
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glucosidase action to convert the B-glucosides to aglycones. Lima and Ida (2014)
found that soaking the soybeans at 55 °C for 6 h produced higher conversion of [3-
glucosides to aglycones, wherein optimal activity of the enzyme occurs at 50 ° C.
Furthermore, in soaking and grinding in cold conditions, B-glucosidase activity was
also detected, wherein the heat treatment inactivated the enzyme, preventing

hydrolysis of the B-glucosides (Lima & Ida, 2014; Wang & Murphy, 1996).

3.3 Correlation between the soymilk characteristics

According the Table 4, the soymilks showed physical and chemical properties
that relate. Thus, can see that soymilk with high hue showed greater acetylgenistin
content, and this can be confirmed by the action of intense heat treatment applied to
soymilk, which affected these characteristics. In addition, soymilk with high fat had
higher brightness (r = 0.91). The viscosity was negatively correlated with protein
content (r = -0.95), but showed a good correlation with the carbohydrate content (r =
0.79).

With respect to protein content, this correlated positively with malonyldaidzin (r
= 0.91), malonylglicitin (r = 0.88), malonylgenistin (r = 0.91) and daidzein (r= 0.81)
isoflavones. According to Wang and Murphy (1996), the isoflavones are generally
associated with the proteins and, therefore, is presented highly correlated. However,
was negatively correlated with the B-glucosides daidzin (r = 0.86) and genistin (r =
0.85). Protease inhibitors are protein substances and showed good correlation with
the protein content (r= 0.79), indicating that the conditions that increase the protein

extraction can also increase the anti—nutritional compounds content.
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The soymilk, the isoflavones the B-glucosides daidzin, glicitin and genistin
were highly correlated. The same was observed for manlonylglicosides isoflavones.
This indicates that, being compounds with similar chemical structure, are extracted in
similar conditions on the soymilk obtention.

Analyzing the correlations between the soymilk characteristics (Tabke 4) and
the data presented in tables 1, 2, 3 and 5, is observed that change in filtration steps
and heat treatment in obtaining soymilks C and D did not influence the general
characteristics of the soymilk. However, to obtain soymilk on an industrial scale, it
would be advantageous to recommend the process used for soymilk C. In addition to
having the best features of high protein content and total isoflavone content, the
process could ensure the microbiological safety of the product by filtration and then
heat treatment.

Soymilk E was characterized by higher hue, viscosity and isoflavone b-
glucosides and acetylgenistin. However, soymilks A and B had higher pH and lower
ash content. Thus, this process are disadvantageous compared to the processes for

soymilks C and D.

3.4 Microbiological conditions

The safety of soymilks A, B, C, D and E was ensured by the absence of

coliforms at 45 ° C and the absence of Bacillus cereus and Salmonella sp.
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3.5 Sensory acceptance test

The sensory acceptance test indicated that the processing of soymilks A, B, C,
D and E did not influence the acceptance of the color, taste, viscosity or global
acceptance. The acceptance notes ranged from 7.1 to 7.5 for color, 5.7 to 6.4 for
flavor, 6.3 to 6.8 for viscosity and 5.9 to 6.5 for overall acceptance (Table 5). On the
hedonic scale, a 6 indicated that the judges "liked regularly" and a 7 indicated that
the judges '"liked slightly". These results were superior to those described by
Rosenthal, Deliza, Cabral, Cabral, Farias and Domingues (2003) who obtained a 4.8
for global acceptance of soymilk obtained from soaking the grains at 100 °C for 5
min, dehulled, bleaching with 0.25 % sodium carbonate solution brought to boiling for
30 min, mixing the grains in boiling water, homogenizing at a pressure of 5000 psi
(60 °C) and filtrating, using a 9-point hedonic scale. Iwuoha and Umunnakwe (1997),
in a similar study with four soymilks obtained by different processing conditions,
received scores of 3.43 to 6.93 for global acceptance using a 9-point hedonic scale.
Overall acceptance was 3.8 and 4.4 for two soymilks described by Silva, Prudencio,
Felberg, Deliza and Carrdo-Panizzi (2007), using a 9-point hedonic scale, that were
obtained from the soybean cultivar BRS 213 husked, bleached with 0.25 % sodium
bicarbonate solution, triturated in boiling water, homogenized and spray dried in a
drier, followed by reconstitution of 5 or 10 % in water. Therefore, the five different
processing conditions for obtaining soymilks A, B, C, D and E had no effect on

sensory acceptance.
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4 CONCLUSION

The different processing conditions to obtain soymilk influence the physical
and chemical properties and isoflavone content, but differences in sensory
acceptance were not detected. From the processing, the soybeans soaked at 5 °C
for 16 h, homogenized for 3 min with distilled water at 25 °C with filtration and heat
treatment at 90 °C for 30 min produced soymilk with greater protein (44.51 g.100 g'1),
fat (25.07 g.100 g"), ash (6.17 g.100 g'), total isoflavone (8.42 umol.g") and
aglycone isoflavone (0.56 umol.g™) content and lower viscosity (23.7 cP) and hue

(79.9%).
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Table 1. Physical characteristics of soymilk (A, B, C, D and E) obtained by different

processes

Physical Soymilk

characteristics A B C D E

pH 73+00° 69+0.0° 6.8+0.0° 6.7+0.0° 6.6+0.0°
L* 65.2+0.9° 64.3+04° 69.6+1.1° 685+05" 68.0+0.6°
Hue (°)* 79.8+02° 76.8+0.1° 79.9+0.3° 79.9+0.2° 83.8+0.2°
Viscosity (cP) 327+0.3° 256+0.5° 23.7+05° 241+07° 354+06°

Mean values with the same letter in a line are not significantly different (p < 0.05) according to Tukey'’s test.
Soymilk A: Soaking at 25°C/12h; drainage; heat treatment at 100°C/10min (0.5 % sodium bicarbonate); drainage;
homogenized with distilled water at 90°C/ 3min; filtration and heat treatment at 98°C/10 min.

Soymilk B: Soaking at 100°C/5min (0.25 % sodium bicarbonate); drainage; soaking and drainage repetition;
homogenized with distilled water at 90°C/ 3min; filtration and heat treatment at 98°C/20 min.

Soymilk C: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at
25°C/ 3min; filtration and heat treatment at 90°C/30 min.

Soymilk D: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at
25°C/ 3min; heat treatment at 90°C/30 min and filtration.

Soymilk E: Soaking at 40°C/3h (acetate buffer); drainage; soaking and drainage repetition; homogenized with
distilled water at 90°C/ 3min; heat treatment at 116°C/3 min and filtration.

L* indicates brightness, where 0 is black and 100 is white. * Hue: 0° angle refers to red, 90° to yellow, 180° to
green and 270° to a blue hue;
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Table 2. Chemical composition and trypsin inhibitor activity of soymilk (A, B, C, D and

E) obtained by different processes

Soymilk

A B Cc D E

Protein (3.100g") 41.49+1.0°° 4337 +1.1*® 4451+0.1° 46.04+05° 39.13+1.8°

Fat (3.100 g™) 1430 £1.1° 1557 +£2.1° 25.07+1.1*® 23.00+0.1° 18.08 £0.5°
Ash (g.100 g™ 462+00° 495+00° 6.17+0.1° 6.31+04* 580+0.3°
Carbohydrate

39.50+1.7° 36.11+1.4° 2425+0.8° 2466+06° 36.99+21°
(9.100g™

Trypsin inhibitor
1.39+0.05° 1.37+0.04°> 259+0.04° 2.66+0.08 1.43+0.03°
activity (TUL.mg™)

Mean values with the same letter in a line are not significantly different (p < 0.05) according to Tukey'’s test. The
results are expressed on a dry basis.
Soymilk A: Soaking at 25°C/12h; drainage; heat treatment at 100°C/10min (0.5 % sodium bicarbonate); drainage;
homogenized with distilled water at 90°C/ 3min; filtration and heat treatment at 98°C/10 min.
Soymilk B: Soaking at 100°C/5min (0.25 % sodium bicarbonate); drainage; soaking and drainage repetition;
homogenized with distilled water at 90°C/ 3min; filtration and heat treatment at 98°C/20 min.

Soymilk C: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at
25°C/ 3min; filtration and heat treatment at 90°C/30 min.

Soymilk D: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at
25°C/ 3min; heat treatment at 90°C/30 min and filtration.

Soymilk E: Soaking at 40°C/3h (acetate buffer); drainage; soaking and drainage repetition; homogenized with
distilled water at 90°C/ 3min; heat treatment at 116°C/3 min and filtration.
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Table 3. Isoflavone profile of soymilk (A, B, C, D and E) obtained by different

processes
Soymilk
A B [ D E
B-glucosides
Daidzin 0.50 +0.00° 0.65+0.01° 0.44+0.01° 0.31+0.01° 0.79+0.01°
Glicitin 0.21£0.00° 0.26+0.00° 0.22+0.00° 0.18+0.00° 0.30 +0.00°
Genistin 0.86+0.01° 1.03+0.00° 0.74+0.01° 0.56+0.00° 1.12+0.02°

Malonylglucosides

M. Daidzin ~ 0.98 £ 0.01Y 1.27 £0.01° 1.65+0.03* 1.47 +0.00° 0.82+0.01°
M. Glicitin 045+0.00° 0.73+0.01° 1.13+0.02° 1.03+0.00° 0.48 +0.01°
M. Genistin ~ 2.55 £ 0.04° 2.84+0.02° 3.68+0.06° 3.28+0.02° 1.95#0.02°

Acetylglucosides

A. Genistin nd nd nd nd 0.07 £ 0.00°
Aglycones
Daidzein nd nd 0.06 £ 0.00° 0.08 + 0.00? nd
Genistein 0.14 £+ 0.00° 0.05+0.02° 0.50 + 0.01° nd 0.12 + 0.00°
Total

0.14+0.00° 0.05+0.02° 0.56+0.01* 0.08+0.00°° 0.12 +0.00°
Aglycones
Total

5.69 +0.06° 6.83+0.02°® 842+0.14° 6.21+0.03° 5.67 +0.08°
Isoflavones

Mean values with the same letter in a line are not significantly different (p < 0.05) according to Tukey’s test. The
results of isoflavone content in soymilk are expressed in umol.g'1 (dry basis), nd=not detected.

Soymilk A: Soaking at 25°C/12h; drainage; heat treatment at 100°C/10min (0.5 % sodium bicarbonate); drainage;
homogenized with distilled water at 90°C/ 3min; filtration and heat treatment at 98°C/10 min.

Soymilk B: Soaking at 100°C/5min (0.25 % sodium bicarbonate); drainage; soaking and drainage repetition;
homogenized with distilled water at 90°C/ 3min; filtration and heat treatment at 98°C/20 min.

Soymilk C: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at
25°C/ 3min; filtration and heat treatment at 90°C/30 min.

Soymilk D: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at
25°C/ 3min; heat treatment at 90°C/30 min and filtration.

Soymilk E: Soaking at 40°C/3h (acetate buffer); drainage; soaking and drainage repetition; homogenized with
distilled water at 90°C/ 3min; heat treatment at 116°C/3 min and filtration.
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Table 4. Correlation coefficients between physical and chemical properties of the obtained soymilk (A, B, C, D and E) obtained by

different processes

pH Hue L* Visco  Protein Lipi- Ash Carboh IT Daidzin  Glicitin Genis M.Daid M.Glicit M.Geni A.Ge Daid Genist
sity ds ydrate tin zin in stin nistin zein ein

pH 1.00 -0.44 -0.64 0.16 -0.08 -0.59 0 6-31* 0.49 -0.39 -0.18 -0.34 -0.02 -0.18 -0.39 -0.02 -0.54 -0.39 0.01
Hue 1.00 0.56 0.67 -0.60 0.16 0.39 0.08 -0.02 0.34 0.39 0.22 -0.50 -0.31 -0.52 0.85* -0.05 0.09
L* 1.00 -0.23 0.25 0.91* 0.93* -0.77 0.78 -0.33 -0.17 -0.46 0.44 0.61 0.40 0.23 0.73 0.53
Viscosity 1.00 -0.95* -0.62 -0.42 0.79 -0.73 0.68 0.58 0.66 -0.96* -0.91* -0.93* 0.74 -0.73 -0.23
Protein 1.00 0.61 0.43 -0.81 0.79 -0.86* -0.79 -0.85* 0.91* 0.88* 0.91* -0.79 0.83* 0.08
Lipids 1.00 0.93* -0.96* 0.94* -0.56 -0.39 -0.66 0.77 0.89* 0.72 -0.13 0.90* 0.52
Ash 1.00 -0.85* 0.83* -0.36 -0.19 -0.51 0.54 0.72 0.45 0.17 0.81* 0.28
Carbohydrate 1.00 -0.98* 0.71 0.56 0.78 -0.88* -0.96* -0.84* 0.36 -0.96* -0.39
IT 1.00 -0.79 -0.66 -0.87* 0.84* 0.92* 0.83* -0.38 0.99* 0.38
Daidzin 1.00 0.98* 0.99* -0.73 -0.69 -0.80 0.76 -0.83* -0.13
Glicitin 1.00 0.94* -0.61 -0.54 -0.70 0.79 -0.71 -0.03
Genistin 1.00 -0.73 -0.73 -0.78 0.64 -0.90* -0.12
M.Daidzin 1.00 0.97* 0.98* -0.68 0.81* 0.45
M.Gilicitin 1.00 0.93* -0.51 0.89* 0.42
M.Genistin 1.00 -0.76 0.80 0.49
A.Genistin 1.00 -0.40 -0.12
Daidzein 1.00 0.24
Genistein 1.00

*Significant values at p< 0.01.

Soymilk A: Soaking at 25°C/12h; drainage; heat treatment at 100°C/10min (0.5 % sodium bicarbonate); drainage; homogenized with distilled water at 90°C/ 3min; filtration and
heat treatment at 98°C/10 min.

Soymilk B: Soaking at 100°C/5min (0.25 % sodium bicarbonate); drainage; soaking and drainage repetition; homogenized with distilled water at 90°C/ 3min; filtration and heat
treatment at 98°C/20 min.

Soymilk C: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at 25°C/ 3min; filtration and heat treatment at 90°C/30 min.

Soymilk D: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at 25°C/ 3min; heat treatment at 90°C/30 min and filtration.

Soymilk E: Soaking at 40°C/3h (acetate buffer); drainage; soaking and drainage repetition; homogenized with distilled water at 90°C/ 3min; heat treatment at 116°C/3 min and
filtration.



109

Table 5. Sensory acceptance of soymilk (A, B, C, D and E) obtained by different

processes
Soymilk
A B C D E
Color 74+14% 71+£16° 75+14% 74+14° 72+14°
Flavor 6.3+1.7%° 64+19° 58+17% 6.3+1.9%° 57+19°
Viscosity 6.3+1.8% 64+17° 6.7+16° 68+1.5 6.7+1.6°

Global acceptance 6.3+1.7% 63+18% 6.1+16° 65+1.6° 59+1.8°

Mean values with the same letter in a line are not significantly different (p < 0.05) according to Tukey'’s test.
Soymilk A: Soaking at 25°C/12h; drainage; heat treatment at 100°C/10min (0.5 % sodium bicarbonate); drainage;
homogenized with distilled water at 90°C/ 3min; filtration and heat treatment at 98°C/10 min.

Soymilk B: Soaking at 100°C/5min (0.25 % sodium bicarbonate); drainage; soaking and drainage repetition;
homogenized with distilled water at 90°C/ 3min; filtration and heat treatment at 98°C/20 min.

Soymilk C: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at
25°C/ 3min; filtration and heat treatment at 90°C/30 min.

Soymilk D: Soaking at 5°C/16h; drainage; soaking and drainage repetition; homogenized with distilled water at
25°C/ 3min; heat treatment at 90°C/30 min and filtration.

Soymilk E: Soaking at 40°C/3h (acetate buffer); drainage; soaking and drainage repetition; homogenized with
distilled water at 90°C/ 3min; heat treatment at 116°C/3 min and filtration.
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SOYMILK PROCESSING WITH HIGHER AGLYCONES ISOFLAVONES CONTENT
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SOYMILK PROCESSING WITH HIGHER AGLYCONES ISOFLAVONES CONTENT

BAU, T.R'.: IDA,E. .7

'Londrina State University, Department of Food Science and Technology, 86051-

990, Londrina city, Parana State, Brazil; *email: "tahisbau@gmail.com, %elida@uel.br

ABSTRACT

The objective of this work was to optimise soymilk processing for converting 3-
glucoside isoflavones to aglycones and evaluating their thermal stability. The soymilk
was assessed for the time and temperature effects of incubating supplied to central
composite design 2%, The response functions were investigated for B-glucosidase
activity and isoflavones content. The B-glucosidase activity was reduced through
soybean slurry incubation at approximately 64 °C and 3.42 h. The soymilk process
that resulted in the maximum conversion of B-glucosides into aglycone isoflavones
involved soaking the soybeans at 5 °C for 14 h at a 1:3 ratio (soybean:water; w:v)
and homogenising them at a 1:8 ratio (soybean soaked: water; w:v), and the slurry
was incubated at 50 °C for 2.7 h. In evaluation of thermal stability of isoflavones in
soymilk at 97 °C for 25 min, the daidzein and genistein aglycone contents were
maintained, the glycitein and [-glucosides contents increased and the
malonylglucoside content decreased.

Keywords: Soymilk, Aglycone isoflavones, B-glucosidase, Thermal stability.

) Corresponding author. Tel.: +55 43 3371 5971; fax: +55 43 3371 4080

E-mail address: elida@uel.br (E. I. IDA).
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Chemical compounds studied in this article:

Daidzin (PubChem CID: 107971); Genistin (PubChem CID: 5281377);
Malonyldaidzin (PubChem CID: 53442202); Malonylglicitin (PubChem CID:
23724657); Malonylgenistin (PubChem CID: 15934091); Daidzein (PubChem CID:

5281708); Glicitein (PubChem CID: 5317750); Genistein (PubChem CID: 5280961).

1 INTRODUCTION

Soybeans are appreciated by consumers because of their high protein
contents (Liu, 2004) and their bioactive compounds, such as isoflavones, saponins
and oligosaccharides. Soybean isoflavones have been widely investigated because
they provide benefits to human health in association with the prevention and
treatment of some disease types such as cancer, cardiovascular disease, bone loss
and relieving the symptoms of menopausal in women (Atteritano et al., 2009; Chan et
al.,, 2007; Liu, 2004). Isoflavones in soybeans occur in four distinct chemical
structures known as aglycones (daidzein, genistein and glycitein), B-glucosides
(daidzin, genistin and glicitin), 6”-O-acetylglucosides (acetyldaidzin, acetylgenistin
and acetylglicitin) and 6”-O-malonylglucosides (malonyldaidzin, malonylgenistin and
malonylglicitin) (Liu, 2004; Wang, 2008). In soybeans, aglycone isoflavones are
absent or only present at low concentrations (Paucar-Menacho, Berhow, Mandarino,
Chang & Mejia, 2010). Aglycone isoflavones have greater beneficial effects that other
types of isoflavonas on human health (Messina & Messina, 2000). Isoflavones can
be converted to different conjugates, which has a significant effect on their
bioavailability. Aglycone forms are absorbed more easily than glycosylated

conjugates because their low molecular weight improves diffusion (Xu, Wang,
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Murphy, & Hendrich, 2000). The aglycones in soymilk are more quickly absorbed
than the glycosylated forms (Kano, Takayanagi, Harada, Sawada & Ishikawa, 2006).

Isoflavones can be converted through the action of B-glucosidase, which
catalyses the hydrolysis of B-glucosides into aglycones (Wang & Murphy, 1994). 3-
glucosidase is naturally present in soybeans and may also be produced by various
microorganisms (Yeom, Kim, Kim, & Oh, 2012). Considering the benefits of aglycone
isoflavones and the possibility of increasing its content due hydrolysis of f-
glucosides, there is growing interest in enriching soy products with aglycones (Chen
et al.,, 2013). Thus, some studies seek alternatives to enrich soy products with
aglycones, such as: hydrothermal treatment of soybeans to increase the (-
glucosidase activity (Gées-Favoni, Carrao-Panizzi, & Beleia, 2010; Lima & Ida, 2014;
Sutil, Mandarino, Laurindo, Benassi, Gées-Favoni & Petrus, 2008); production of soy
protein isolate with change in temperature, pH and ionic strength processing to
increase isoflavone extraction (Barbosa, Lajolo, & Genovese, 2003); soybean meal
fermentation with fungi (Handa, Couto, Vicensoti, Georgetti, & Ida, 2014); soymilk
fermentation with lactic acid bacteria (Chun, Kim, & Kim, 2008); soybean extract
enriched in B-glucosidase immobilized enzyme (Chen et al, 2013); and addition of
soy germ, soy protein isolate and bifidobacteria in soymilk (Tsangalis, Ashton,
Stojanovska, Wilcox, & Shah, 2004).

Soymilk is a turbid colloidal dispersion that contains part of the original
soybean component (Nik, Tosh, Woodrow, Poysa & Corredig, 2009). Soymilk is
traditionally obtained after soybean grains are soaked, the water is drained, and the
resulting is mixed, filtered and heat-treated (Liu, 2004). Processing conditions can
affect the content and composition of isoflavones, especially in the conversion to

non-conjugated forms (Kao, Lu, Hsieh, & Chen, 2004; Jung, Murphy & Sala, 2008).
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Isoflavone content and conversion during processing is directly affected by the
chemical structure and other parameters such as the soybean cultivar, pH,
temperature and time of soaking and thermal treatment, soybean:water proportion,
filtration and factors affecting the B-glucosidase activity (Chun, Kim & Kim, 2008;
Ismail & Hayes, 2005; Jung, Murphy & Sala, 2008). Few investigators have proposed
modifications in the process to increase the aglycone content by increasing
endogenous B-glucosidase activity.

Therefore, considering the importance of aglycone isoflavones and the
possibility for obtaining soymilk with high aglycone contents by modifying some
processing stages, the objective of this work was to optimise soymilk processing to

convert B-glucoside isoflavones to aglycones and evaluate their thermal stability.

2 MATERIALS AND METHODS

2.1 Materials

The soymilk was prepared from soybean variety BRS 257 (2011/2012), which
is lipoxygenase-free, and it was donated by the Sementes Parand company (Maua
da Serra city, Parana State, Brazil).

For Ultra High Performance Liquid Chromatography (UHPLC) and the
construction of calibration curves, the following standard isoflavones were used: 6”-
O-acetylglucosides and 6”-O-malonylglucosides (Wako Pure Chemical Industries,
Ltd., Osaka, Japan), B-glucosides and aglycones (Sigma-Aldrich Co., St. Louis,
EUA). The substrate p-nitrophenyl-b-D-glucopyranoside (p-NPG) (Sigma-Aldrich

Co., St. Louis, USA) was used to determine the B-glucosidase activity. The reagents
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used in the analysis were of analytical grade or specific for liquid chromatography.

2.2 The effects of temperature and time on B-glucosidase activity and the conversion

of B-glucoside isoflavones to aglycones during soymilk processing

For soymilk processing, the soybeans that had been screened and washed
were soaked at a 1:3 ratio (w:v; soybeans:water) at 5 °C for 14 h. The soybeans were
drained and rinsed with water and added to distilled water at a ratio of 1:8 (w:v;
soybeans soaked: water). The material was homogenised in a blender (Philco All In
One, Sao Paulo, BR) for 2 min at 25 °C to obtain the slurry.

To evaluate the temperature (X4) and time (Xy) effect on the B-glucosidase
activity and conversion of B-glucoside isoflavones to aglycones in the soymilk
preparation, a central composite design 2° (CCD) was applied with 4 axial points and
three replicates at the centre point, for a total of 11 randomised experiments. Table 1
presents the code and the real levels of independent variables X, (temperature, °C)
and X; (time, h). For each assay, a glass containing 150 mL of slurry was incubated
in a bath with orbital agitation at different temperatures (X1 = 36, 40, 50, 60 and 64
°C) and times (X, = 0.58, 1, 2, 3 and 3.42 h) according to the CCD (Table 1). After
incubating, the slurry was rapidly cooled in an ice bath, filtered with cloth (150 mesh)
and soymilk was obtained. In parallel to the assays, a soymilk control (C) was
collected in triplicate, and it was not treated with process variables X4 (temperature)
and X, (time). The soymilk was frozen (-26 °C) and lyophilised to evaluate the [3-
glucosidase activity and isoflavones content. The response functions investigated in
soymilk were B-GLU (B-glucosidase activity) and the contents of isoflavones DAI

(Daidzin), GEN (Genistin), MDAI (Malonyldaidzin), MGLI (Malonylglicitin), MGEN
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(Malonylgenistin), ADAI (Daidzein), AGLI (Glycitein) and AGEN (Genistein). Using
the response functions, regression analyses were performed to evaluate the effects
of the independent variables (x4 and x;) and their interactions. An analysis of
variance (ANOVA) and regression coefficient of determination (R?) were performed to
check the fit of the model to the experimental data. The function response was
adjusted according to the model as follows: Y= Bo + Bix1 + BaXa + B11x12 + Booxo® +
Bi2x1x2 + €, where Y= the function response, X1 e xo= the levels of coded variables,
B= estimated coefficients on the response surface and e= pure error. The response
surfaces and desirability were analysed to assess the [B-glucosidase activity and
maximum conversion of B-glucoside isoflavones to aglycones. Calculations, graphs
for the construction of the response surfaces and desirability were analysed using
Statistic 7.0 software. The proposed model was valid after soymilk processing, in
triplicate, at the temperature and time conditions with the maximum conversion of [3-
glucoside isoflavones to aglycones. The total aglycone content in soymilk was
quantified and compared with the response function estimated by the model with

Student’s t-test (p < 0.05).

2.3 Evaluating the thermal stability of isoflavones from optimised soymilk

The thermal stability of isoflavones was evaluated after optimised soymilk
reaching at 97 + 2 °C for 0, 5, 10, 15, 20 and 25 min. Glass vials with semi-open
cover containing 200 ml of optimised soymilk that was collected in triplicates after
thermal treatment were rapidly cooled on ice, frozen and lyophilised to quantify the
isoflavone forms. The results were submitted to an analysis of variance (ANOVA) and

Tukey’s test (p < 0.05).



152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

117

2.4 B-glucosidase activity

B-glucosidase was extracted from 200 mg of soymilk that was lyophilised and
added with 3 mL of citrate buffer 0.05 mol.L”" (pH 4.5) containing NaCl 0.1 mol.L"
and shaken every 15 min for 1 h at 25 °C (Carrdo-Panizzi & Bordingnon, 2000).
Enzyme activity analysis was performed according to Matsuura and Obata (1993),
with minor modifications as proposed by Lima and Ida (2014). One activity unit (AU)
was defined as the quantity of enzyme necessary to release 1 pymol of p-nitrophenol
per min under the experimental conditions. The results were expressed in UA at g of

sample on a dry basis (UA g™).

2.5 Isoflavone determinations

The lyophilised soymilk samples were defatted with hexane (1:10; w:v) at 25
°C for 1 h by continuous rotary agitation (150 rpm), and the isoflavone extraction was
performed with 300 mg of sample and 6.0 mL of an extraction solution containing
ultra-pure water, acetone and ethanol (1:1:1, v/v/v) (Yoshiara, Madeira, Delaroza,
Silva & Ida, 2012) at 25 °C for 1 h and agitated by vortex for 15 min each. The
mixture was then placed in an ultrasonic bath at 25 °C for 15 min, centrifuged at 794
g at 4 °C for 15 min (Eppendorf 5804 R, Hamburg, GE) and filtered (Millex — LH —
0.20 um).

The separation and quantification of isoflavones were realised using Ultra High
Performance Liquid Chromatography (UHPLC) as described by Handa, Couto,
Vicensoti, Georgetti and Ida (2014). The results are expressed in ymol of isoflavones

per g of sample on a dry basis (umol.g™).
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3 RESULTS AND DISCUSSION

3.1 B-glucosidase activity and isoflavone contents in soymilk

The total isoflavone content of the soymilk control obtained by soaking the
grains at 5 °C for 14 h, draining and washing the grains, homogenating them with
water at 25 °C and filtering was 8.27 pmol g'1 soymilk (Table 1). This result was
similar to the result published by Prabhakaran and Perera (2006) who obtained 5.95
and 7.96 pmol.g'1 of soymilk obtained of by mechanically stripping the soybeans,
adding water and grinding at 85 °C, separating the residue, and heat treating at 120
°C for 80 s. However, a lower level of total isoflavones of 4.86 ymol.g™ soymilk was
described by Jung, Murphy and Hall (2008), who soaked the grains at room
temperature for 12 h and used a homogenisation ratio of 1:8 (soybean grains
macerated: water), and then performed filtration and heat treatment at 95 °C for 15
min. In processing, the characteristics of raw materials can affect the isoflavones
content in soymilk, and Tsangalis, Ashton, Stojanovska, Wilcox and Shah (2004)
have developed soymilk from soy germ and soy protein isolate for fermentation, and
the soymilk made from soy germ presented isoflavone content about eleven fold
higher that soymilk drawn up soy protein isolate.

Regarding the B-glucoside isoflavones, the soymilk control contained 0.98
pmol daidzin.g'1 and 1.04 umol genistin.g'1 soymilk. The malonylglucoside isoflavone
contents were 2.18 umol malonyldaidzin.g'1, 0.59 pmol malonylglicitin.g'1 and 3.30
malonylgenistin.g'1 soymilk. The p-glucoside and malonylglucoside isoflavone
contents in the soymilk control (Table 1) was higher than that reported by Jung,

Murphy and Hall (2008), who observed 0.29 pmol daidzin.g™”, 0.12 pymol glicitin.g™”,
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0.30 pmol genistin.g™’, 2.02 umol malonyldaidzin.g™, 0.25 pmol malonylglicitin.g” and
1.70 pmol malonylgenistin.g'1 soymilk. The soymilk control only contained the
isoflavone aglycone daidzein, the content of which was 0.18 umol daidzein.g'1
soymilk. However, other forms of aglycone isoflavones in soymilk were reported by
Jung, Murphy and Sala (2008), who detected 0.16 pmol daidzein.g™, 0.05 umol
glicitein.g” and 0.12 pmol genistein.g™ soymilk. Because it did not undergo heat
treatment, the soymilk control did not contain acetylglucoside isoflavones because
these compounds are generally formed under heating conditions (Kao, Lu, Hsieh, &
Chen, 2004). The isoflavone content of soy and derivatives such as soymilk depend
on the cultivar and processing conditions, such as the time of grain soaking, the
soybean: water proportions, grinding, filtration, temperature and time of heat
treatment, enzymatic hydrolysis, high pressure and others (Chun, Kim & Kim, 2008;
Jung, Murphy & Sala, 2008). Thus, the different processing conditions are important
variables for increasing the extraction and profile of different isoflavone forms in

soymilk.

3.2 The effects of temperature and time during soymilk processing on B-glucosidase

activity and the conversion of 3-glucoside isoflavones to aglycones

According to the regression analysis and variance (ANOVA), the B-GLU
response function (Tables 1 and 2) showed significant linear and quadratic terms for
the x4 variable (temperature). The x, variable (time) terms and the interaction (x1.x2)
were not significant and were maintained because of the contribution within the
equation for the adjusted model as follows: B-GLU = 0.023 - 0.027x; + 0.021x4° -

0.011x, + 0.008x,2 - 0.018x1.x2. The B-GLU response function had a coefficient of
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determination (R?) of 0.87, indicating that the estimated model adequately fit the
experimental data. There is a reduction in the enzyme activity in the B-GLU response
surface (Fig. 1a), possibly because of an inactivation that occurred when the
temperature (X1) and time (Xz) approached 64 °C and 3.42 h of slurry incubation,
respectively. Furthermore, according to Esen (2003), a reduction of B-glucosidase
activity may occur under some processing conditions or inhibition due of the products
formed during hydrolysis, such as glucose and aglycones. According to Matsuura
and Obata (1993), the B-glucosidase of soybeans was inactivated at 60 °C, whereas
the maximum activity in soymilk was observed at 45 °C. In soybeans and their
products, the optimal temperature of B-glucosidase activity was described as
approximately 50 °C (Goées-favoni, Carrdo-Panizzi & Beleia, 2010; Wardhiani,
Vasquez & Pandiella, 2008), and the optimal pH was between 5.0 and 7.0 (Matsuura
& Obata, 1993; Sutil, Mandarino, Laurindo, Benassi, Gées-Favoni & Petrus, 2008).
The pH of all soymilk obtained in this study was 6.8 + 0.2, therefore the enzyme is at
its optimal pH of activity.

According to the regression analysis and variance (ANOVA), the DAI and GEN
response functions (Tables 1 and 2) showed significant linear and quadratic terms for
the x4 variable (temperature), and the x; variable (time) and its interaction (x4.x2) was
not significant (p > 0.05). However, because of the contribution from the model fit, the
terms were maintained in the equations as follows: DAI = 0.0 + 0.266x; + 0.220x12 +
0.030x; + 0.060x4.x2 and GEN = 0.196 + 0.159x; + 0.240x,% + 0.011x, + 0.005x,% +
0.04.x1.x2. The DAI and GEN response functions exhibited coefficients of
determination (R?) of 0.97 and 0.90, respectively, indicating that the estimated model
adequately fit the experimental data. The DAl and GEN response surface (Fig. 1b

and 1C) indicated a tendency to reduce the daidzin and genistin contents between -1
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and 0 temperature (x4) or between 40 and 50 °C, respectively. These results
indicated that there was a greater conversion of 3-glucosides in aglycone isoflavones
within this temperature range. Moreover, (Fig. 1a and 1b) indicated that a reduction
in the B-glucoside content occurred within this temperature range and after a longer
incubation period (3.42 h), indicating a possible action by endogenous B-glucosidase
from soybean. Kao, Lu, Hsieh, and Chen (2004) observed that the B-glucoside
content of soybeans that were soaked at 45 °C was also reduced when the time was
increased with a consequent increase in the corresponding aglycone isoflavones.
Lima and Ida (2014) observed lower B-glucosides and higher aglycone isoflavone
contents in soybeans soaked at 55 °C for 6 h because of the B-glucosidase activity.
The results of this study confirmed that samples treated at approximately 50 °C
showed higher enzyme activity and that 3-glucoside isoflavones were the primary
substrates for enzyme performance involving conversions into aglycones.

According to the regression analysis and variance (ANOVA) to MDAI, the
MGLI and MGEN response functions (Tables 1 and 2) showed significant linear x4
and xp variables. The equations for these analyses were as described: MDAI = 1.907
- 0.203%; - 0.052x1% - 0.139x, - 0.077x1.x2; MGLI = 0.562 - 0.067x; - 0.011x4* -
0.038x, - 0.003x,? - 0.027x4.x; and MGEN = 2.965 - 0.272x; - 0.234x, - 0.128x1.Xa.
The MDAI, MGLI and MGEN response functions showed coefficients of
determination (R?) of 0.96, 0.95 and 0.96, respectively, indicating that the estimated
model adequately fit the experimental data. In MDAI (Fig. 1d), MGLI (Fig. 1e) and
MGEN (Fig. 1f), the response surface showed a tendency to reduce the
malonylglucoside content when the temperature (X1= 64 °C) and time (X;=3.42 h)
increased for the incubating slurry, most likely because of the conversion of

malonylglucosides into B-glucoside isoflavones (Fig. 1). This conversion was most
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likely not caused by B-glucosidase activity, and this enzyme reportedly did not
hydrolyse sugar that was esterified to malonyl or acetyl groups (Barbosa, Lajolo, &
Genovese, 2006; Ismail & Hayes, 2005). Furthermore, malonylglucoside degradation
may occur with an increased temperature and time of incubation because of its
conversion into aglycone or B-glucosides in soybeans that were soaking at 45 °C
(Kao, Lu, Hsieh, & Chen, 2004). The thermal instability of malonylglucosides was
also observed in temperatures near those used in this study, as in soybeans soaking
at 41-69 °C (Lima & Ida, 2014) and the production of isoflavone-rich soy protein
isolates at 45-60 °C (Barbosa, Lajolo, & Genovese, 2006).

According to the regression analysis and variance (ANOVA) to ADAI and
AGEN responses functions (Tables 1 and 2), there were significant linear and
quadratic terms for the x4 variable (temperature), and the x, variable (time) terms
were not significant (p > 0.05), but were kept in the model. The x4 (temperature) and
X2 (time) variables showed significant effects for the AGLI response function (Tables
1 and 2). The interaction between temperature and time variables (x4.x2) was not
significant for response functions ADAI, AGLI and AGEN. The equations were as
follows: ADAI = 1.219 - 0.211x4 - 0.181x4*> + 0.025x, - 0.052x,% AGLI = 0.207 -
0.022x - 0.044x4* + 0.018x, - 0.007x,% and AGEN = 1.382 - 0.146x; - 0.248x," +
0.076x,. The ADAI, AGLI and AGEN response functions had coefficients of
determination (R?) of 0.90, 0.95 and 0.90, respectively, indicating that the estimated
model adequately fit the experimental data. In ADAI, AGLI and AGEN, the response
surface (Fig. 2a, 2b and 2c) had a region of maximum conversion for 3-glucosides
into aglycone isoflavones. The ADAI response surface (Fig. 2a) showed that the
daidzein content increased at temperatures of approximately 43 °C and 2 h of slurry

incubation. For AGLI (Fig. 2b) and AGEN (Fig. 2c), a higher content was observed at
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50 °C for 3.42 h. According to Matsuura, Obata and Fukushima (1989) and
Pandjaitan and Hettiarachy and Ju (2000), the ideal condition of B-glucosidase
activity occurs at 50 °C and, under this condition, the B-glucosidic bonds are
hydrolysed to release glucose and aglycones. Other studies have also investigated
the obtain of higher isoflavones aglycones content in some of the previous steps to
obtain soymilk, as Lima and Ida (2014) found that higher levels when soybean
soaked at 55 °C for 6 h. Goes-Favoni, Carrdo-Panizzi, and Beleia (2010) indicate the
soybeans soaking at 50 °C for 12 h to increased formation of aglycones. These
studies also used endogenous [-glucosidase, but not prepared soymilk from
soybeans with higher aglycones content. Furthermore, during soymilk processing
significant losses of isoflavones may occur, including soaking, filtration and heat
treatment steps (Jackson et al., 2002). Some studies have evaluated the degradation
and conversion of isoflavones in soymilk (Jackson et al., 2002; Wang & Murphy,
1996), however, in the literature there is no optimization descriptions of the soymilk
processing.

This investigation of soymilk processing to produce higher total aglycone
contents used a combined response optimisation in Statistic software, largely to
determine desirability. Thus, when x4=0 or X;=50 °C and x,=0.707 or X3=2.70 h
occurred, there was a maximum conversion of B-glucosides to aglycones (2.92 umol
total aglycones.g'1). The proposed model was valid under the condition for the
maximum conversion, and the results were experimentally determined and showed
no significant differences. The soymilk present 2.90 + 0.28 pmol total aglycones.g'1
and this equals 13.99 mg total aglycones in 200 mL of soymilk portion. Therefore, a
simple modification of soymilk incubation at 50 °C for 2.7 h yielded isoflavone

aglycone contents that were 16.2 times higher than those of the soymilk control. This
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process would be of great interest to the food industry because aglycones have been
highlighted for their high biological activity, including potential anticarcinogen and
antioxidant activity, and for use in the prevention and treatment of hormonal

disorders (Arora, Nair, & Strasburg, 1998; Messina & Messina, 2000).

3.3 Evaluating the thermal stability of isoflavones from optimised soymilk

The total isoflavone contents of optimised soymilk were not significantly
different in times of heat treatment at 97 °C in 5-25 min (Table 3), which indicates
that the isoflavones have been converted and not degraded. Drying soybeans using
infrared emissions at 50, 70, 130 and 150 °C showed that isoflavones are generally
more susceptible to conversion than they are under thermal degradation (Niamnuy,
Nachaisin, Poomsa-Ad, & Devahastin, 2012).

The B-glucoside daidzin was not detected in optimised soymilk that was
treated at 97 °C for 10 min, whereas treating for 15 to 25 min increased the content
by 1.46 times. However, the B-glucoside genistein was detected when treated at 97
°C for only 5 min, and treating for 5 to 25 min increased the content by 2.45 times.
The malonyldaidzin and malonylglicitin isoflavone contents at time 0 min was 1.54 +
0.05 pmol.g'1 and 0.46 £ 0.01 pmol.g'1 soymilk, respectively. The malonyldaidzin and
malonylglicitin contents for soymilk treated for 0, 5 and 10 min at 97 °C did not differ
amongst themselves, but at 15 and 20 min decrease of 0.77 and 0.82 times occurred
up to 25 min, respectively. The malonylgenistin isoflavone content of optimised
soymilk at time 0 min was 2.48 + 0.10 pmol.g'1 soymilk. However, samples treated for
0, 5 and 10 min at 97 °C did not differ, but there was a reduction at 15 min that

continued to decrease by 0.85 times in 20 and 25 min. Therefore, it is confirmed that
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the malonylglucoside isoflavones are thermally unstable at 97 °C. A
malonylglucoside content reduction was also described after the thermal treatment of
soymilk at 95 °C for 7 min by Wang and Murphy (1996). The same was also
observed in soybean grains and soymilk that was heat treated by Jackson et al.
(2002), Kao, Lu, Hsieh, and Chen (2004) and Mahungu, Diaz-Mercado, Li, Schwek,
Singletary and Faller (1999), who reported that the ester linkages of
malonylglucosides may be cleaved, giving rise to the corresponding B-glucosides.
The malonylglucoside content reduction can also be attributed to its conversion to
aglycone or B-glucoside forms no due to B-glucosidase action (Kao, Lu, Hsieh, &
Chen, 2004; Xu, Sam, & Chang, 2008). When optimised and treated at 97 °C, the
soymilk did not experience malonylglucoside decarboxylation to their corresponding
acetyl derivatives (Table 3), as observed by Coward, Barnes, Setchell and Barnes
(1993) and Mahungu, Diaz-Mercado, Li, Schwek, Singletary and Faller (1999).
Moreover, according to Kao, Lu, Hsieh, and Chen (2004), acetylglucosides are
generally formed by dry heat.

In optimised soymilk that was treated at 97 °C for 5 min, the daidzein and
genistein aglycone isoflavone contents increased 1.19 and 1.13 times, respectively,
and did not differ during other heat treatment times. The glycitein aglycone isoflavone
content at 97 °C increased by 1.27 times in 5 min and did not in differ at 20 and 25
min. Optimised soymilk samples that were subjected to heat treatment did not exhibit
B-glucosidase activity; however, there may have been little B-glucosidase activity
from 0 to 5 min before the heat inactivation could occur. Thus, the increased glycitein
content at 25 min may have been caused by a reduction in the malonylglicitin
content. These results confirm data described by Chien, Hsieh, Kao and Chen (2005)

and Jung, Murphy and Sala (2008), who showed that the malonylglucosides at high
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temperatures of 200 °C and 95 °C were converted directly into aglycone isoflavones.
Similar results were reported by Kao, Lu, Hsieh, and Chen (2004) in soymilk treated
at 100 °C for 10, 20 and 30 min in which the aglycone content did not change, but
there was a decreased malonylglucoside content and increased B-glucoside content.
However, Huang, Liang and Kwok (2006) subjected soymilk to 95 °C for 60 min, and
the daidzein content decreased by 23 % and the genistein and glicitein contents
remained the same.

The total isoflavone content of optimised soymilk at time zero was 7.71 £ 0.26
pmol.g'1 soymilk at 97 °C and did not differ with increases of 1.11 times at 5, 10, 15,
20 and 25 min. This increase in total isoflavone content can be explained by the soy
isoflavones when associated with globular proteins in relation to their stability during
processing and their extraction capacity as influenced by protein denaturation
(Achouri, Boye, & Belanger, 2005; Nufer, Ismail, & Hayes, 2009), and the level of
protein denaturation is also influenced by the temperature and time of process. In
high temperatures, the dissociation of the protein-isoflavone interaction can occur
with the release of isoflavones in the extracting solvent and consequently increases

the isoflavone content (Nufer, Ismail, & Hayes, 2009).

4 CONCLUSIONS

The B-glucosidase activity was reduced in response to a soybean slurry
incubation of approximately 64 °C and 3.42 h. The soymilk process with the
maximum conversion of B-glucosides into aglycone isoflavones occurred when the
soybeans were soaked at 5 °C for 14 h in a 1: 3 ratio (soybean: water; w:v),

homogenised in a 1:8 ratio (soybean macerated: water; w:v), and the slurry was
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incubated at 50 °C for 2.7 h. In evaluation of thermal stability of isoflavones in
soymilk at 97 °C for 25 min, the daidzein and genistein aglycone contents were
maintained, the glycitein and B-glucosides contents increased and the

malonylglucoside content decreased.
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Figure 1. Response surfaces as a function of time and temperature in soymilk

treatment: (a) B-GLU (B-glucosidase activity), (b) DAI (Daidzin), (c) GEN (Genistin),

(d) MDAI (Malonyldaidzin), (e) MGLI (Malonylglicitin) and (f) MGEN (Malonylgenistin).
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Figure 2. Response surfaces as a function of time and temperature in soymilk

treatment: (a) ADAI (Daidzein), (b) AGLI (Glicitein), and (c) AGEN (Genistein).
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Table 1. The central composite design 22 (CCD) with the coded and real levels for the independent variables and response functions

Independent variables and

Response functions*

Assays coded levels
01 -1 (40) -1(1) 0.087 0.00 0.37 2.08 0.63 3.28 1.33 0.17 1.33
02 -1 (40) 1(3) 0.097 0.00 0.35 1.90 0.59 3.00 1.27 0.19 1.30
03 1(60) -1(1) 0.072 0.32 0.43 1.89 0.58 3.09 0.76 0.13 0.99
04 1(60) 1(3) 0.010 0.56 0.57 1.40 0.43 2.30 0.83 0.14 1.00
05 -1.41 (35.86) 0(2) 0.093 0.00 0.34 217 0.65 3.46 1.03 0.15 1.05
06 +1.41 (64.14) 0(2) 0.009 0.88 1.04 1.51 0.42 2.55 0.55 0.08 0.68
07 0 (50) -1.41 (0.58) 0.038 0.00 0.23 2.08 0.60 3.27 0.98 0.15 1.09
08 0 (50) +1.41 (3.42) 0.013 0.00 0.21 1.76 0.52 2.70 1.12 0.23 1.53
09 0 (50) 0(2) 0.030 0.00 0.18 1.92 0.56 2.98 1.14 0.21 1.40
10 0 (50) 0(2) 0.019 0.00 0.21 1.94 0.56 3.00 1.27 0.21 1.43
11 0 (50) 0(2) 0.021 0.00 0.20 1.91 0.56 2.98 1.25 0.21 1.41
c* - - 0.054 0.98 1.04 2.18 0.59 3.30 0.18 0.00 0.00

x4 and x; are the coded levels of the X (temperature in °C) and X; (time in h) independent variables

*Response functions: B-GLU (B-glucosidase activity), DAI (Daidzin), GEN (Genistin), MDAI (Malonyldaizin), MGLI (Malonylglicitin), MGEN (Malonylgenistin), ADAI (Daidzein), AGLI

(Glicitein) and AGEN (Genistein)

** Control soymilk = the central composite design was not applied
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Table 2. An analysis of variance (ANOVA) for the models obtained by applying response surface methodology to the experimental data

Variation Degrees of B-GLU DAI GEN MDAI MGLI
source freedom SS F-value SS F-value SS F-value SS F-value SS F-value
X4 1 0.006 17.56* 0.564 118.487* 0.202 14.933* 0.329 75.701* 0.036 68.518*
X42 1 0.002 7.11* 0.273 57.400* 0.326 24.156* 0.019 4,253 0.000 1.079
Xo 1 0.000 2.75 0.007 1.512 0.001 0.077 0.157 36.168* 0.011 21.953*
X,? 1 0.000 1.08 0.000 0.000 0.000 0.013 0.001 0.379 0.000 0.066
Xq. Xo 1 0.001 3.74 0.014 3.024 0.006 0.474 0.024 5.521 0.003 5.787
Error 5 0.001 0.024 0.067 0.021 0.003
Total 10 0.012 0.909 0.629 0.551 0.053
Variation Degrees of MGEN ADAI AGLI AGEN
source freedom SS F-value SS F-value SS F-value SS F-value
X4 1 0.592 72.239* 0.355 30.071* 0.004 24.583* 0.171 13.896*
X42 1 0.001 0.071 0.186 15.728* 0.011 69.996* 0.376 30.511*
X5 1 0.439 53.624* 0.005 0.438 0.002 16.153* 0.046 3.729
X,? 1 0.002 0.275 0.016 1.325 0.001 1.798 0.006 0.519
Xq. Xo 1 0.065 7.929* 0.003 0.285 0.000 0.389 0.000 0.033
Error 5 0.041 0.059 0.001 0.062
Total 10 1.140 0.608 0.018 0.667

x1 and xz are the coded levels of the X1 (temperature in °C) and X; (time in h) independent variables. SS = Sum square

*significant (p < 0.05).



Table 3. The effect of a thermal treatment at 97 + 2°C on soymilk with maximum isoflavone aglycone contents
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{rLTne) Daidzin Genistin Malonyldaidzin Malonylglicitin Malonylgenistin Daidzein Glicitein Genistein Isom;:-:\tl?)lnes
0 0.00+0.00° 0.00%0.000 1.54+0.05*° 046+0.01*° 248+0.10*° 1.38+0.03° 0.22+0.01° 1.52+0.02° 7.71+0.26°
5 0.00+0.00° 029+001° 1.59+0.01° 0.48 + 0.00° 2.66+0.02° 1.63+002° 026+000° 1.73+0.02° 8.68+0.10°
10  0.00+£0.00° 0.40+0.00° 1.47+0.01° 0.45 + 0.00° 247+0.01° 1.63+0.01° 026+0.00° 1.72+0.01* 8.41+0.05°
15  0.37+0.01° 0.51+0.00° 1.35+0.01° 0.42 + 0.00° 2.29+0.01° 1.63+0.01° 0.26+0.00° 1.71+0.01° 8.58 +0.05°
20 0.45+0.00° 0.60+0.00° 1.29+0.01° 0.40+0.00° 219+0.01*% 1.67+0.00° 0.26+0.00° 1.73+0.00° 8.59 +0.02°
25 0.54+0.01% 0.71+0.00° 1.19+0.01° 0.38 + 0.00¢ 2.03+0.02 1.66+0.02° 0.28+0.00° 1.73+0.02° 8.57+0.12°

The results for isoflavone contents in soymilk were expressed in ymol.g™" (d.b.). Mean values with the same letter in a row are not significantly different (p < 0.05) according to Tukey’s test.
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Keywords: Bioconversion, probiotic, aglycone isoflavones, raffinose, stachyose.

Abstract

The objective of this study was to apply kefir culture to soymilk fermentation and to
evaluate oligosaccharide and B-glucosides isoflavones hydrolysis. Soymilk was
fermented with kefir culture at 25 °C for 30 h. The counts of lactic acid bacteria,
Lactococcus lactis, Leuconostoc sp and yeasts; measurements of pH, acidity, a-
galactosidase and B-glucosidase activity, as well sugar and isoflavone contents were
performed at intervals of 2.5 h to 15 h, from 15 to 30 h, in 5 h intervals. In the
fermented soymilk, a-galactosidase was produced, with 100 % raffinose and 92 %
stachyose hydrolysis being observed after the depletion of galactose, glucose and
sucrose. Kefir culture showed a good ability to hydrolyse B-glucosides in fermented
soymilk, resulting in 100 % bioconversion of glycitin and daidzin and 89 %

bioconversion of genistin into the corresponding aglycones.

Introduction

The consumption of soybeans and their derivatives provides benefits to
human health due to the presence of proteins, isoflavones, oligosaccharides, and
other constituents (Shao and Oszmianski, 2009). The oligosaccharides raffinose and
stachyose are not digested in the human intestinal tract because of the absence of a-
galactosidase (Donkor et al. 2008). These sugars are metabolised by bacteria in the
large intestine, resulting in the formation of gas, causing undesirable discomfort

(Tsangalis and Shah, 2004). Moreover, the use of probiotic micro-organisms that are



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

142

able to use the raffinose and stachyose can confer upon oligosaccharides prebiotic
properties. In fermented soymilk, certain types of micro-organisms that produce o-
galactosidase and are able to hydrolyse raffinose and stachyose may be used
(Marazza et al. 2009; Scalabrini et al. 1998).

Isoflavones occur in soybeans in four distinct chemical structures, known as
aglycones (daidzein, genistein and glycitein), B-glucosides (daidzin, genistin and
glicitin), 6”-O-acetylglucosides (acetyldaidzin, acetylgenistin and acetylglicitin) and
6”-O-malonylglucosides (malonyldaidzin, malonylgenistin and malonylglicitin) (Liu,
2004; Wang, 2008). Aglycone isoflavones have greater beneficial effects on human
health than other types of isoflavones (Messina and Messina, 2000). Aglycone forms
are absorbed more easily than glycosylated conjugates because their low molecular
weight improves diffusion and absorption in the human body (Izumi et al. 2000;
Zheng et al. 2003; Zubik e Meydani, 2003; Xu et al. 2000). Isoflavones can be
converted through the action of B-glucosidase, which catalyses the hydrolysis of 8-
glucosides into aglycones (Wang and Murphy, 1994). B-glucosidase is naturally
present in soybeans and may also be produced by various microorganisms (Yeom et
al. 2012) to obtain fermented soymilk with a high aglycones content.

Hydrolysis of isoflavones, raffinose and stachyose is observed in soymilk
fermented by lactic bacteria producing the enzymes [(-glucosidase and o-
galactosidase (Chun et al. 2007; Donkor et al. 2008; Marazza et al. 2009; Pyo et al.
2005; Rekha and Vijayalakshmi, 2011; Scalabrini et al. 1998; Wang et al. 2003).
Among the microorganisms used in soymilk fermentation, those employed in kefir
culture can be highlighted, which consist of a bacteria and yeast mixture that can be
used for acid and alcohol fermentation (Bau et al. 2013). The kefir microorganisms

co-exist in a symbiotic association and confer on these cultures beneficial properties



76

77

78

79

80

81

82

&3

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

143

such as antimicrobial, anti-inflammatory, healing and anti-allergic effects (Lee et al.
2007; Rodrigues et al. 2005). In addition, some kefir microorganisms are resistant to
bile salts and low pH levels and exhibit adhesion properties and the capacity to inhibit
some intestinal pathogens, which confers potential probiotic properties on kefir
(Romanin et al. 2010). Soymilk is a suitable substrate for the development of kefir
culture (Bau et al. 2014), though there is no literature addressing the fermentation of
soymilk with kefir culture to achieve oligosaccharide and B-glucoside isoflavone
hydrolysis. Therefore, the objective of this study was to apply kefir culture to soymilk

fermentation and evaluate oligosaccharides and B-glucosides isoflavones hydrolysis.

Materials and methods

Materials

Soymilk was prepared from the soybean variety BRS 257 of 2011/2012, which
is lipoxygenase-free and was donated by the Sementes Parana company (Maua da
Serra city, Parana State, Brazil).

For ultra high-performance liquid chromatography (UHPLC) and the
construction of calibration curves, the following standard isoflavones were used: 6”-
O-acetylglucosides and 6”-O-malonylglucosides (Wako Pure Chemical Industries,
Ltd., Osaka, Japan), B-glucosides and aglycones (Sigma-Aldrich Co., St. Louis,
USA). For high-performance ion exchange chromatography (HPAEC) and the
construction of calibration curves, the following standard sugars were used:
galactose, glucose, fructose, sucrose, raffinose and stachyose (Sigma-Aldrich Co.,

St. Louis, USA). The substrates p-nitrophenyl- B-D-glucopyranoside and p-nitrofenil-
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a-D-galactopiranosidio (Sigma-Aldrich Co., St. Louis, USA) were employed to
determine B-glucosidase and a-galactosidase activity, respectively. The reagents
used in the analysis were of analytical grade or specific for liquid chromatography.
For fermentation, a lyophilised kefir starter culture (Sacco®-Lyofast TM 036
LV) composed of a mixed stock of Lactococcus lactis spp lactis, Lactococcus lactis
spp lactis diacetylactis, Lactobacillus brevis, Leuconostoc spp and Saccharomyces

cerevisiae was used.

Soymilk preparation

Soymilk was prepared after soybean screening and washing. Soybeans at a
ratio of 1:3 (w:v; soybean grains: water) were soaked at 5 °C for 14 h, then drained
and rinsed in water. The soaked soybeans were mixed with distilled water soybeans
in a ratio of 1:8 and homogenised in a blender (Philco All In One, Brazil) for 2 min at
25 °C. The slurry was filtered (150 mesh) and subjected to heat treatment at 97 + 2

°C for 15 min, and soymilk was obtained.

Application of kefir culture for soymilk fermentation

Kefir culture (0.02 UC/L) was applied to the soymilk at 25°C, followed by
fermentation at 25 °C for 30 h in BOD incubator. At 15 h, samples were collected at
2.5 h intervals and, from 15 to 30 h, in 5 h intervals. In the soymilk control, kefir

culture was not applied.
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Determination of cell viability

Cell counts for lactic acid bacteria, Lactococcus lactis (Irigoyen et al. 2005),
Leuconostoc spp and yeast (Fontan et al. 2006) were carried out, and the results

were expressed as log CFU.g™" of the fermented product.

Determination of pH and acidity

The pH of the fermented products was determined with a digital potentiometer
(Hanna Instruments HI 223, USA). The lactic acid content was measured via titration

with NaOH (0.1 mol/L) and expressed in g lactic acid per 100 g of sample.

Determination of a-galactosidase and -glucosidase activity

The enzyme a-galactosidase was extracted according Shankar and Mulimani
(2007) with some modifications. Enzyme extraction was performed with 500 mg of
fermented soymilk, which was lyophilised and treated with 5.0 mL of 0.2 M sodium
acetate buffer (pH 4.8), with shaking at 200 rpm (Marconi MA570, Sao Paulo, BR)
every 1 h at room temperature. The extract was centrifuged (2070 g, 4 °C for 10 min)
(Eppendorf 5804 R, Hamburg, GE), and the supernatant was filtered (Millex filter 0.45
um). The filtrate was used for the determination of a-galactosidase activity according
to Scalabrini et al. (1998). One activity unit (AU) was defined as the quantity of
enzyme necessary to release 1 umol of p-nitrophenol per min under the experimental

conditions. The results were expressed in AU per g of sample on a dry basis (AU.g'1).
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B-glucosidase was extracted from 200 mg of soymilk that was lyophilised and
treated with 3 mL of 0.05 mol.L™ citrate buffer (pH 4.5) containing 0.1 mol.L™ NaCl,
with shaking every 15 min for 1 h at 25°C (Carrdo-Panizzi and Bordingnon, 2000).
Enzyme activity analysis was performed according to Matsuura and Obata (1993),
with minor modifications as proposed by Lima and Ida (2014), with the realization of
color control. One activity unit was defined as the quantity of enzyme necessary to
release 1 ymol of p-nitrophenol per min under the experimental conditions. The

results were expressed in AU per g of sample on a dry basis (AU. g™).

Determination of sugar contents

The lyophilised soymilk samples were defatted with hexane (1:10; w:v) at 25
°C for 1 h via continuous rotary agitation (150 rpm). For sugar extraction, 1 g of a
sample and 40.0 mL of 80 % ethanol were utilised, which were homogenised in a
Turrax (Marconi MA102, Sao Paulo, BR) at speed 5 for 2 min. The mixture was
centrifuged at 10414 g for 10 min at 25°C (Eppendorf 5804 R, Hamburgo, GE) and
then filtered (Millex — LH — 0.20 um). A 0.5 mL aliquot of the filtrate was evaporated
under nitrogen (2 psi), followed by resuspension in 20 mL of ultra-pure water (18.2
MQ cm). The solution was filtered again and analysed.

Sugar separation and quantification were carried out through HPAEC. Aliquots
of 10 uL of the resuspended extract were automatically injected into a chromatograph
(Thermo Scientific ICS 5000, Dionex Canada Ltda, Oakville, Canadda) with a
CarboPac® PA1 column (250 mm x 4 mm, 10 pym particle size), preceded by a
CarboPac® PA1 guard column (50 mm x 4 mm) with the same packing material, and

equipped with a gradient pump (Model SP-5), using pulsed amperometric detection
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(PAD, cell with disposable working gold electrode and pH-AgQ/AgCl reference
electrode, Dionex/Thermo Scientific). For the elution gradient, ultra-pure water (18.2
MQ cm, eluent A) and 0.25 mol.L™" NaOH (eluent B) were used, at a flow rate of 1.0
mL.min™ at 30 °C. The elution gradient started with 93.2 % eluent A and 6.8 % eluent
B for 8 min. From 8 min to 35 min, the gradient elution ratio reached 56 % eluent A
and 44 % eluent B, with the sugars being separated according to their retention time.
The transition of elution conditions from 56 % eluent A and 44 % eluent B gradient to
20 % eluent A and 80 % eluent B gradient occurred in 1 minute. These conditions
were maintained for 10 min to remove impurities. New transition conditions from
gradient elution with 20 % eluent A and 80 % eluent B to 93.2 % eluent A and 6.8 %
eluent B occurred within 1 minute. These conditions were maintained for 15 min to
stabilise the spine and apply the sample. The polypropylene bottles containing the
mobile phases were continuously pressurised with nitrogen gas to minimise the
development and interaction of carbon dioxide from the air. A quadruple potential
waveform was applied (E = potential, t = duration) using the following settings: E; =
+0.1V,t1=400 ms; E; =-2.0 V, t2= 20 ms; Ez = +0.6, t3= 10 ms; E4 = -0.10, t4, = 70
ms. Integration occurred from 200 ms to 400 ms during the application of E4. External
calibrations were prepared from standard solutions of galactose, glucose, fructose,
sucrose, raffinose and stachyose sugars to identify their respective retention times.
Carbohydrate standards were also used to identify the different sugars on the basis
of their retention times. Furthermore, each sample was spiked with carbohydrate
standards and run separately to confirm its identity. Chromatogram analysis was
carried out using Chromeleon version 6.8 software (Dionex Corporation). The sugar

contents were expressed in g per 100 g of sample on a dry basis (g.100 g'1).
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Determination of isoflavone contents

The lyophilised soymilk samples were defatted with hexane (1:10; w:v) at 25
°C for 1 h via continuous rotary agitation (150 rpm), and isoflavone extraction was
performed using 300 mg of sample and 6.0 mL of an extraction solution containing
ultra-pure water, acetone and ethanol (1:1:1, v/v/v) (Yoshiara et al. 2012) at 25 °C for
1 h, with agitation by vortexing every 15 min. The mixture was subsequently placed in
an ultrasonic bath at 25 °C for 15 min, centrifuged at 794 g at 4 °C for 15 min
(Eppendorf 5804 R, Hamburg, GE) and filtered (Millex — LH — 0.20 pm).

The separation and quantification of isoflavones were realised using ultra high-
performance liquid chromatography (UHPLC), as described by Handa et al. (2014).

The results were expressed in umol of isoflavones per g of sample on a dry basis

(umol.g™).

Data analysis

Analysis of variance (ANOVA) and the Tukey test (p < 0.05) were performed

using Statistica 7.0 software.

Results and discussion

Microorganism counts, pH and acidity in soymilk fermented with kefir culture

The lactic acid bacteria counts in soymilk fermented at 25 °C (Figure 1)

increased from 7.64 log CFU.g™" to 9.07 log CFU.g™" after 15 h of fermentation. The
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multiplication of these micro-organisms in the fermentation medium did not require an
induction period (lag phase). Soymilk fermented with lactic acid bacteria presented
counts of 7 to 9 log CFU.g" (Chun et al. 2007; Marazza et al. 2009). Soymilk
fermented with kefir culture at 25 °C for 15 h with the addition of sucrose showed a
similar lactic acid bacterial count (Bau et al. 2014). In milk fermented with kefir grains
at 25 °C for 18 h and 24 h, the count of total lactic acid bacteria increased by 2 log
units, reaching 10 log CFU.g'1 (Leite et al. 2013). However, Montanucci et al. (2012)
reported 13 log CFU.g'1 in fermented whole milk with the same commercial culture of
kefir. This difference in counts between the maximum values in the soymilk and milk
can be attributed to the limiting characteristics of the soymilk, which does not contain
lactose as a carbon source for microorganisms, in addition to the fact that the kefir
culture used in this study is commercial.

After 2.5 h of incubation of the soymilk fermented at 25 °C (Figure 1), the
Lactococcus lactis count increased from 7.70 log CFU.g" to 8.48 log CFU.g" and
was maintained in this interval for 30 h of fermentation. Soymilk with added sucrose
fermented with kefir culture at 25 °C for 15 h showed a similar Lactococcus lactis
count (9.12 log CFU.g") (Bau et al. 2014). Lactococcus lactis is a probiotic
microorganism, and under Brazilian legislation (Brazil, 2007), a fermented product
must exhibit a minimum count of 6 log CFU.g™".

At 7.5 h, in the soymilk fermented at 25 °C (Figure 1), the Leuconostoc sp
count increased from 7.28 log CFU.g™" to 8.26 log CFU.g™ and was maintained for 30
h of fermentation. For multiplication of these microorganisms in the fermentation
medium, 2.5 h of adaptation was required before the initiation of multiplication.
Similar counts of Leuconostoc sp (8.89 log CFU.g"') were obtained in soymilk

fermented with kefir (Bau et al. 2014).
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The yeast count in soymilk fermented for 7.5 h at 25 °C reached a maximum
of 6.83 log CFU.g" and then decreased to 6.01 log CFU.g"' after 30 h of
fermentation. However, in milk fermented with kefir grains, Leite et al. (2013)
observed that the yeast count peaked at 7.8 log CFU.g™" at 24 h of fermentation.
These differences can be attributed to the composition of yeasts between different
crops and substrates. Additionally, it was noted that the counts of lactic acid bacteria,
Lactococcus lactis, Leuconostoc sp and yeasts (Figure 1) after the exponential
growth phase remained stable or slightly decreased. The highest counts of
microorganisms (Figure 1) follow the specifications of the FAO/WHO (2003),
recommending that kefir beverages must submit scores from 7 to 4 log CFU.g™" of
total lactic acid bacteria and yeast, respectively.

To control the end of the process, the pH of the fermented soymilk was
measured periodically. The soymilk with kefir culture exhibited an initial pH of 6.55,
which dropped to pH 4.97 after 25 h of fermentation (Figure 2). The initial acidity of
the soymilk fermented (Figure 2) with kefir culture was 0.19 g lactic acid.100 g™, and
12.5 h after fermentation, the content reached 0.34 g lactic acid.100 g™ (Figure 2). In
milk fermented with kefir grains, Leite et al. (2013) quantified and detected the
presence of lactic, acetic, citric, propionic and butyric acids and found that lactic acid
was predominant. Marazza et al. (2009) used Lactobacillus rhamnosus for soymilk
fermentation at 37 °C and observed that between 6 and 12 h, there was a greater
reduction in pH. However, soymilk with added sucrose fermented with kefir culture at
25 °C for 15 h showed a pH of 4.36 (Bau et al. 2014). This difference in pH in the
soymilk fermented with kefir culture was due to the addition of sucrose, which is
metabolised by micro-organisms (Zhao and Shah, 2014), whereas in milk fermented

with kefir grains at 25°C for 24 h, a pH of 4.85 was obtained (Leite et al. 2013). The
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acid content in fermented soymilk increased up to 24 h (Marazza et al. 2009).
However, the acid content was higher (0.45 g lactic acid.100 g'1) in soymilk
fermented with kefir culture at 25 °C for 15 h with the addition of sucrose (Bau et al.
2014). Rekha and Vijayalakshmi (2011) observed an acid content between 0.11 and
0.92 % for soymilk fermented for 48 h at 37 °C with L. acidophilus, L. bulgaricus, L.
casei, L. plantarum and L. fermentum.

In soymilk fermented with kefir culture, a decrease in pH and an increase in
lactic acid production were observed (Figure 2), which occurred in the exponential
growth phase, within 10 h of fermentation. During fermentation, the observed
decrease in pH was due to the growth of bacteria and lactic acid production (Lucey,
2001), and acid accumulation in the soymilk resulted in a decrease in microbial
growth (Mccann et al. 2011). Soymilk fermented with different lactic acid bacteria
showed similar profiles regarding acid production and the growth of micro-organisms

(Donkor et al. 2008; Pham and Shah, 2008).

a-galactosidase activity and sugar content in soymilk fermented with kefir culture

Raffinose and stachyose can be hydrolysed by a-galactosidase produced by
some lactic acid bacteria (Wang et al. 2003). The reduction of the raffinose and
stachyose contents of the fermented soymilk (Table 1) indicated that the kefir culture
micro-organisms produced the a-galactosidase enzyme, which hydrolysed
oligosaccharides into simpler sugars that were consequently metabolised. These
results were confirmed (Figure 3 and Figure 4A) via observation of a-galactosidase
activity in the fermented soymilk, which ranged from 0.005 to 0.016 AU.g'1 extract.

Furthermore, it was observed that a-galactosidase showed a maximum activity of



300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

152

0.016 AU.g'1 after 10 h of fermentation, which was when the decrease in
oligosaccharides began. Donkor et al. (2008) fermented soymilk with lactic acid
bacteria and also observed that after the exponential growth phase (10 h), o-
galactosidase activity was reduced. The control soymilk (without the addition of kefir
culture) showed no a-galactosidase activity or reduced sugar content, confirming that
the kefir culture microorganisms were responsible for these reductions. However,
Scalabrini et al. (1998) found that some lactic acid bacteria in yogurt do not
metabolise raffinose and stachyose in soymilk, due to the absence of o-
galactosidase production.

The contents of galactose, glucose, fructose, sucrose, raffinose and stachyose
in fermented soymilk (Table 1) were quantified via HPAEC (Figure 3). Low galactose,
glucose and fructose contents were observed, with the galactose content being
decreased 1.1 fold at 2.5 h, and galactose was not detected from 5 h of fermentation
onward. The glucose content decreased 5.8 fold in 10.0 h, and glucose was not
detected from 12.5 h of fermentation onward. However, the fructose content had
increased by 3 fold at 7.5 h and decreased by 10 fold at 15 h compared to 7.5 h of
fermentation, and fructose was not detected from 20 h of fermentation onward. The
increase in the fructose content observed after the initiation of fermentation was
associated with the hydrolysis of sucrose to glucose and fructose their release, with
the micro-organisms initially using glucose, followed by fructose. The sucrose content
was reduced 7.0 fold at 7.5 h, and sucrose was not detected from 10 h of soymilk
fermentation onward. It is noteworthy that in fermented soymilk, the kefir culture
micro-organisms initially use simple sources of carbon, such as galactose and
glucose, followed by sucrose and fructose. The raffinose content remained constant

up to 5 h and was reduced 128 fold at 20 h, and raffinose was not detected at 30 h of
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fermentation. The stachyose content of the fermented soymilk remained constant at
7.5 h and was reduced 12.8 fold at 30 h of fermentation. The present study
demonstrated that the use of the oligosaccharides raffinose and stachyose from
soymilk occurred only after 7.5 and 10 h of fermentation at 25°C, respectively, which
coincided with decreases in the total consumption of glucose and sucrose (Table 1).
However, Wang et al. (2003) observed that in the soymilk fermented for up to 32 h
with lactic acid bacteria, hydrolysis of stachyose, raffinose and sucrose occurred, with
increased contents of galactose monosaccharides, glucose and fructose being

observed.

B-glucosidase activity and isoflavone contents in soymilk fermented with kefir culture

B-glucosidase is the enzyme responsible for catalysing the hydrolysis of B-
glucosides to aglycone isoflavones (Esaki et al. 2004). In soymilk fermented with kefir
culture, conversion of B-glucosides to aglycone isoflavones was detected (Figure
4B), confirming B-glucosidase production. Enzyme activity increased during the
exponential growth phase and was maximal (0.0164 AU.g™") at 12.5 h, followed by a
reduction thereafter. It was observed that in this fermentation period, there was a
higher rate of B-glucosidase activity and subsequent hydrolysis of B-glucosides to
aglycone isoflavones. This finding was confirmed by Chien et al. (2006) in soymilk
fermented with  Streptococcus thermophiles BCRC 14085, Lactobacillus
acidophilus BCRC 14079, Bifidobacterium infantis BCRC 14633 and B. longum B6.

In the hydrolysis of B-glucosides to aglycone, glucose is released. However,
no increase in glucose was detected (Table 1), possibly due to the use of kefir culture

microorganisms. In soymilk fermented with several species of Lactobacillus, Rekha
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and Vijayalakshmi (2011) also reported that most B-glucosidase activity occurred in
the exponential growth phase, followed by a significant decrease in the stationary
phase. Furthermore, Marazza et al. (2009) observed that in soymilk, when L.
ramnhosus was used, increased B-glucosidase activity occurred in the exponential
growth phase. In the interval between 10.0 and 12.5 h of fermentation (Figure 4B),
maximum B-glucosidase activity was detected, and within 15 hours, there was a
dramatic reduction in activity. In parallel with the activity of B-glucosidase, there was
an increase in genistein and daidzein contents, and the presence of glycitein was
detected (Table 2). It is noteworthy that in the soymilk fermented with kefir culture,
the growth of lactic acid bacteria was intense in the log phase (10 h) and resulted in
increased activity of B-glucosidase, which was also observed by Rekha and
Vijayalakshmi (2011). In soymilk fermented with Lactobacillus, Pham and Shah
(2008) observed higher isoflavone conversion within 12 h of fermentation, followed by
a decrease after this period.

The contents of the different forms of isoflavones were quantified via UPLC in
fermented soymilk (Table 2). The daidzin and glycitin isoflavone B-glucoside content
was reduced at 5 h, and these isoflavones were not detected from 7.5 h of
fermentation onward. Furthermore, the isoflavone genistin was predominant (1.50
umol.g'1), and its content remained 8.8 fold at 30 h of fermentation compared with the
beginning of fermentation. The rate of reduction of the isoflavone B-glucoside content
of soymilk fermented with kefir was higher at 5.0 and 7.5 h of fermentation (Table 2).
Marazza et al. (2009) also observed a greater reduction of soymilk B-glucosides in
the range 6-9 h of soymilk fermentation with L. rhamnosus. However, soymilk
fermented with different lactic acid bacteria species showed a greater reduction B-

glucosides after 6 h of fermentation with Lactobacillus paraplantarum KM,
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Enterococcus durans KH, Streptococcus salivarius HM and Weissella confusa JY
(Chun et al. 2007).

At 7.5 h in soymilk fermented with kefir culture, 100 % bioconversion of the
isoflavones daidzin and glycitin was observed. However, at 30 h of fermentation, 89
% bioconversion of genistin was recorded. Similar results were obtained by Chun et
al. (2007), who reported that soymilk fermented with lactic acid bacteria showed 90 %
and 100 % bioconversion for daidzein and genistein, respectively. However, Pyo et
al. (2005) observed 100% bioconversion of daidzein and genistein in soymilk
fermented with isolated strains of L. plantarum, L. delbrueckii subsp. lactis, B. brevis
and B. thermophilum.

The contents of the isoflavones malonyldaidzin and malonylglicitin in
fermented soymilk were reduced from 1.1 to 1.0 fold, respectively, within 30 h of
fermentation. In the fermented soymilk, predominance of the isoflavone
malonylgenistin was observed (3.84 pmol.g'1), and its content had decreased 1.1 fold
at 30 h of fermentation. This small reduction in the contents of malonylglycoside
isoflavones (5 to 8 %) in soymilk fermented with kefir culture for 30 h may have been
due to their instability and conversion to the corresponding B-glucosides. Ismail and
Hayes (2005) confirmed that the patterns of malonylglycoside isoflavones were not
optimal as substrates for B-glucosidase action, and when subjected to a temperature
of 37 °C, they were degraded approximately 4 to 8 % between 4 and 24 h. The
malonylglycoside content was reduced (Table 2), likely due to conversion to [3-
glucosides, which in turn, were hydrolysed due to the action of B-glucosidase
produced by the kefir culture and converted into aglycones. In soymilk fermented with

kefir culture the presence of acetylglucosides was not detected.
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The aglycone isoflavone glycitein (Table 2) was not detected in the soymilk
from 0 to 10 h of fermentation, and its content then increased by 1.8 fold compared to
10 h of fermentation. The content of the aglycone isoflavone daidzein had increased
9.0 fold at 10 h fermentation, while the genistein content had increased 4.8 fold at 20
h of fermentation. Pyo et al. (2005) observed that in soymilk fermented with isolated
strains of L. plantarum, L. delbrueckii subsp. lactis, B. breve and B. thermophilum,
the total amount of aglycone isoflavones increased 7.1 fold.

In the soymilk fermented with kefir culture at 25 °C for 30 h, the total content of
aglycone isoflavones was 3.62 pmol.g'1, while that of the control soymilk was only
0.50 pmol.g'1. This result also confirmed that the micro-organisms present in the kefir
culture produced B-glucosidase, which was responsible for the conversion of (-
glucosides to aglycone isoflavones. Therefore, it was found that kefir culture has a
strong ability to hydrolyse B-glucosides in fermented soymilk and produce a high

aglycone content, which is beneficial to the health of consumers.

Conclusion

In the soymilk fermented at 25 °C for 30 h, a-galactosidase was produced,
with 100 % raffinose and 92 % stachyose hydrolysis being observed after the
depletion of galactose, glucose and sucrose. Kefir culture showed a strong ability to
hydrolyse B-glucosides in fermented soymilk, resulting in 100 % bioconversion of
glycitin and daidzin and 89 % bioconversion of genistin into the corresponding

aglycones.
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Figure 1. Growth of lactic acid bacteria (®), Lactococcus lactis (m), Leuconostoc spp

Figure 2. pH (®) and acidity (m) of soymilk fermented with kefir culture for 30 h at

25°C.

(#) and yeast (A) in soymilk fermented with kefir culture for 30 h at 25°C.
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Figure 3. Typical chromatogram for the separation of sugars using high-performance
anion-exchange chromatography associated with pulsed-amperometric detection
(HPAEC-PAD) - (A) Sugar standard and (B) sugar in soymilk fermented with kefir

culture.
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Figure 4. (A) Raffinose (®) and Stachyose (m) contents and a-galactosidase activity

(A) and (B) Conversion of total B-glucosides (®) into total aglycones (m) and B-

glucosidase activity (A) in soymilk fermented with kefir culture for 30 h at 25°C.



Table 1. Sugar contents of soymilk fermented with kefir culture for 30 h at 25°C
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Time (h) Galactose Glucose Fructose Sucrose Raffinose Stachyose

0 0.15 £ 0.00° 0.23 £+ 0.00° 0.35 + 0.00° 5.77 £ 0.02° 1.28 + 0.00° 3.85+0.012°
25 0.14 + 0.00° 0.20 + 0.05%° 0.68 + 0.04° 4.95 + 0.08° 1.29 + 0.01° 4.01+0.02°
5.0 ND 0.13 £ 0.04° 0.70 £ 0.07° 4.42+0.43° 1.27+ 0.03° 4.16 +0.19°
7.5 ND 0.12 + 0.00° 1.02+0.01° 0.82+0.02° 0.98 +0.01° 3.90 £ 0.14°
10.0 ND 0.04 + 0.00° 0.52 +0.02° ND 0.70  0.04° 3.33+0.33"°
12.5 ND ND 0.16 £ 0.01° ND 0.53 +0.01° 3.17 £ 0.08°
15.0 ND ND 0.10  0.00° ND 0.28 + 0.00° 2.27 + 0.00°
20.0 ND ND ND ND 0.08 % 0.00f 1.10 + 0.05°
25.0 ND ND ND ND 0.01 + 0.00"¢ 0.61+0.01°
30.0 ND ND ND ND ND 0.31 + 0.00f

The sugar contents of fermented soymilk are expressed in g.100 g”'(d.b.). Mean values with the same letter in a row are not

significantly different (p < 0.05) according to the Tukey test.
ND = Not detected
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Table 2. Isoflavone contents of soymilk fermented with kefir culture for 30 h at 25°C

Time B-glucosides Malonylglucosides Aglycones
(h) Daidzin Glicitin Genistin Malonyl Malonyl Malonyl Daidzein Glicitein Genistein
daidzin alicitin aenistin
0 1.24 £+ 0.01* 0.27 +0.00° 1.49 + 0.15° 2.23 +0.02° 0.61 + 0.00°° 3.84 +0.00° 0.18 + 0.00¢° ND 0.33 + 0.00f
2.5 1.20+0.00° 0.26 + 0.00° 1.52 + 0.02° 2.21 + 0.002° 0.60 + 0.00° 3.79 £ 0.012° 0.32 + 0.05° ND 0.37 + 0.00f
5.0 1.10 £ 0.01° 0.25 +0.00° 1.50 + 0.14% 2.22 +0.02° 0.61 +0.00°° 3.79 + 0.05°° 0.36 £ 0.07° ND 0.48 + 0.00°
7.5 b ab b d
ND ND 048+0.02° 219£001%° o o 0aoc oo, ggqane  14430.00 ND 1.32 + 0.00
10-0 C a a a e [of
ND ND 0.16 £ 0.02 2.23+0.01 0.62 £ 0.00 3.80 + 0.02% 1.57 £ 0.01 0.15+£0.00 1.56 + 0.01
12.5 ND ND 0.20 + 0.00° 2.22 +0.02° 0.61 + 0.00% 3.77 £0.042>¢ 157 +0.02® 0.17 + 0.00¢ 1.58 £+ 0.02°
15.0 ND ND 0.18 + 0.00° 2.20+ 0.00*® 0.61 £ 0.00%>°¢ 3.73 +0.02**° 1.59 + 0.02° 0.21+0.00° 1.60+0.01°°
200 C a,b b,c a b
ND ND 0.17 £ 0.00 2.20+£0.02 0.61 +£0.00 372 + 0.05°° 1.64 £ 0.04 0.26 £ 0.00 165 + 0032
25.0 ND ND 0.16 £ 0.02° 2.16 + 0.01° 0.60 £ 0.00° 3.68 £ 0.01° 1.67 £0.02¢ 0.27 £ 0.00? 1.66 + 0.02°7
30.0 ND ND 0.17 £ 0.00° 2.09 +0.01° 0.58 + 0.00¢ 3.54 +0.02° 1.67 £0.00° 0.28 £0.01? 1.67 +0.01°

The isoflavone contents of soymilk were expressed in umol.g™ (d.b.). Mean values with the same letter in a row are not significantly
different (p < 0.05) according to the Tukey test.
ND = Not detected. Acetylglucosides were not detected.
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6 CONCLUSOES

As diferentes condigdes de processamento para obtencéo de extratos de soja
influenciaram as caracteristicas fisicas, quimicas e teor das diferentes formas de
isoflavonas. Entretanto, ndo foi detectada diferenca na aceitagdo sensorial dos
extratos de soja.

A maceracao dos graos de soja por 16 h a 5 °C, homogeneizagcao por 3 min
com agua destilada a 25 °C, filtracdo e tratamento térmico a 90 °C por 30 min
possibilitou obter extrato de soja com maior teor de proteinas, lipidios, cinzas,
isoflavonas totais e agliconas, menor tonalidade cromatica e viscosidade.

O processo de obtencdo de extrato de soja com maxima conversdo das
isoflavonas na forma de B-glicosideos em agliconas foi otimizado quando os graos
foram macerados a 5 °C por 14 h na proporcdo 1:3 (soja:dgua; p:v),
homogeneizados na proporgdo 1:8 (soja macerada:agua; p:v) € o homogenato
incubado a 50 °C por 2,7 h.

A estabilidade térmica a 97 °C por 25 min das isoflavonas do extrato de soja
foi mantida com relagédo ao teor de isoflavonas agliconas (daidzeina e genisteina),
enquanto que ocorreu um aumento no teor de gliciteina e B-glicosideos (daidzina e
genistina) e uma reducéao no teor de malonilglicosideos.

O extrato de soja fermentado com cultura de kefir a 25 °C por 30 h apresentou
atividade de a-galactosidase e hidrolisou 100 % de rafinose e 92 % de estaquiose,
apods o esgotamento de galactose, glicose e sacarose.

O extrato de soja fermentado com cultura de kefir a 25 °C por 30 h apresentou
atividade de B-glicosidase bioconvertendo 100 % de daidzina e glicitina e 89 % de
genistina em agliconas correspondentes, além de favorecer a reducdao do pH,

aumento da acidez e viabilidade celular.
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ANEXOS
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ANEXO 1 - Termo de Aprovacao do Projeto do Comité de Etica

[/WF

e A i;(ﬁ}
“I_H_Ill Universidade PARANA
== Esiadual de Londrina AR R

COMITE DE ETICA EM PESQUISA ENVOLVENDO SERES HUMANOS
Universidade Estadual de Londrina
Registro CONEP 5231

Parecer CEP/UEL: |221/2012

CAAE: 11278112.0.0000.5231

Pesquisador(a): Tahis Regina Bau

Unidade/Org3o: CCA - Programa de Pés-graduagdo em Ciéncia de Alimentos

Prezado(a) Senhor(a):

O “Comité de Etica em Pesquisa Envolvendo Seres Humanos da
Universidade Estadual de Londrina” (Registro CONEP 5231) — de acordo com as
orientagbes da Resolugdo 196/96 do Conselho Nacional de Saude/MS e Resolugdes
Complementares, avaliou o projeto:

“OTIMIZAGAO DA PRODUGAO DE EXTRATO DE SOJA, CARACTERIZAGAO E
USOS DO OKARA.”

Situagéo do Projeto: Aprovado

Informamos que devera ser comunicada, por escrito, qualquer modificacdo que ocorra
no desenvolvimento da pesquisa, bem como devera ser encaminhado ao CEP/UEL
relatério final da pesquisa, conforme prevé a Resolugéo 196/96 do Conselho Nacional
de Saude/MS e Resolugdes Complementares.

Londrina, 18 de dezembro de 2012.

Profa. Dra. Alexandrina Aparecida Maciel Cardelli
Coordenadora do Comité de Etica em Pesquisa Envolvendo Seres Humanos
Universidade Estadual de Londrina

Campus Universitdrio: Rodovia Celso Garcia Cid (PR 445), Km 380 - Fone (43) 3371-4000 - PABX - Fax 3328-4440 - Caixa Postal 6001 - CEP 86051-990 - Internet http://www.uel.br
LONDRINA - PARANA - BRASIL

Form. Cédigo 11.764 - Formato Ad (210x297)
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ANEXO 2 - Coleta de Dados do Julgador

Desejamos avaliar sensorialmente a aceitacdo de extrato de soja. Ser um
julgador ndo tomara muito seu tempo e nao envolvera nenhuma tarefa dificil. A prova
sera realizada no Laboratorio de Analise Sensorial do DCTA, leva em torno de 10
minutos. Se vocé deseja participar do teste, por favor, preencha este formulario.

Dados Pessoais:

Nome

Telefone para contato:

E-mail:

1. Faixa etaria:

()15-25 2. Sexo _

( )25-35 ( ) masculino

( )35-50 ( ) feminino

( ) acima de 50 anos

3. Ocupacgao: 4. Escolaridade
( )aluno ()1°grau

( ) funcionario ()2°grau

( ) professor ( )3°grau

( )outro ( ) Pés-graduacéao

Nao

5. Gosta/lconsome extrato de soja? ( )Sim ( )
( ) Nao

6. Gosta/consome produtos de soja? ( ) Sim

7. Frequéncia de consumo de produtos a base de soja:

( ) Nunca

( ) Ocasionalmente - vezes por ano

( ) Moderadamente - vezes por més

( ) Frequentemente - vezes por semana

8. Frequéncia de consumo de bebidas de soja:

( ) Nunca

( ) Ocasionalmente - vezes por ano

( ) Moderadamente - vezes por més

( ) Frequentemente - vezes por semana

9. Frequéncia de consumo de extrato de soja:

( ) Nunca

( ) Ocasionalmente - vezes por ano

( ) Moderadamente - vezes por més

( ) Frequentemente - vezes por semana

10. Produtos que costuma consumir (7 e 8).
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ANEXO 3 - Termo de Consentimento Livre e Esclarecido na Forma de Convite para
os Julgadores do Extrato de soja no Teste de Aceitagao

Prezado(a) Senhor(a):

Gostariamos de convida-lo a participar da pesquisa “Extratos de soja: influéncia dos
diferentes processos de obtencdo, otimizacdo do processo para conversdo de
isoflavonas em agliconas e fermentagdo com cultura de kefir" realizada no
Departamento de Ciéncia e Tecnologia de alimentos/UEL, Londrina/PR. o objetivo
da pesquisa € desenvolver um extrato de soja com boas caracteristicas nutricionais
e que apresente boa aceitacdo sensorial. A sua participacao é muito importante, e
ira requerer cerca de 10 minutos. Vocé participara como julgador e ira consumir as
bebidas e sera solicitado a dar sua opinido sobre o quanto gostou dos produtos
apresentados, avaliando os atributos cor, aroma, textura, sabor e aceitacao global.
Sera realizada uma sessdo e vocé podera fazé-la no horario que tiver maior
disponibilidade. Gostariamos de esclarecer que sua participacdo € totalmente
voluntaria, podendo vocé: recusar-se a participar, ou mesmo desistir a qualquer
momento sem que isto acarrete qualquer 6nus ou prejuizo a sua pessoa.
Informamos ainda que as informacgdes serao utilizadas somente para os fins desta
pesquisa e serdo tratadas com o mais absoluto sigilo e confidencialidade, de modo a
preservar a sua identidade. A ingestdo desse produto ndo traz riscos a saude.
Informamos que o senhor ndo pagara nem sera remunerado por sua participagao.
Garantimos, no entanto, que todas as despesas decorrentes da pesquisa serao
ressarcidas, quando devidas e decorrentes especificamente de sua participagdo na
pesquisa. Caso vocé tenha duvidas ou necessite de maiores esclarecimentos pode
nos contactar (Prof? Elza louko Ida, DCTA/UEL, elida@uel.br, (43) 3371- 4080), ou
procurar o Comité de Etica em Pesquisa Envolvendo Seres Humanos da
Universidade Estadual de Londrina, na Avenida Robert Kock, n® 60, ou no telefone
3371 — 2490. Este termo devera ser preenchido em duas vias de igual teor, sendo
uma delas, devidamente preenchida e assinada e entregue a vocé.

Londrina, de de 2012.

Pesquisador Responsavel
Elza louko Ida
Prof? Orientadora

Tahis Regina Bau
Doutoranda

Eu, , tendo sido devidamente
esclarecido sobre os procedimentos da pesquisa, concordo em participar
voluntariamente da pesquisa descrita acima.

Assinatura:
Data:
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Nome:

TESTE DE ACEITA(;AO
Data:

Vocé esta recebendo uma amostra de extrato de soja. Por favor, avalie a amostra
com relagdo aos atributos cor, aroma, textura, sabor e aceitacdo global, segundo o
grau de gostar ou desgostar, utilizando a escala abaixo:

(9 ) gostei extremamente

( 8 ) gostei moderadamente
( 7 ) goste regularmente

( 6) gostei ligeiramente

( 5) nao gostei, nem desgostei

(4 ) desgostei ligeiramente
( 3) desgostei regularmente

( 2 ) desgostei moderadamente

( 1) desgostei extremamente

AMOSTRA COR

AROMA

TEXTURA

SABOR

ACEITAGAO
GLOBAL

Comentarios:






