UNIVERSIDADE FEDERAL DE SANTA CATARINA
CENTRO TECNOLOGICO
PROGRAMA DE POS-GRADUAGCAO EM ENGENHARIA DE
ALIMENTOS

AVALIACAO DO EMPREGO DA CRIOCONCENTRACAO E
DA NANOFILTRACAO NAS PROPRIEDADES DE
COMPOSTOS FUNCIONAIS DO SORO DE TOFU E
APLICACAO DO CONCENTRADO NA OBTENCAO DE
BEBIDA LACTEA FERMENTADA

SILVIA BENEDETTI
Engenheira de Alimentos
M.Sc. Engenharia de Alimentos

Orientador: Prof. Dr. José Carlos Cunha Petrus
Coorientadora: Prof2. Dra. Elane Schwinden Prudéncio

FLORIANOPOLIS-SC
2014






UNIVERSIDADE FEDERAL DE SANTA CATARINA
CENTRO TECNOLOGICO
PROGRAMA DE POS-GRADUACAO EM ENGENHARIA DE
ALIMENTOS

AVALIACAO DO EMPREGO DA CRIOCONCENTRACAO E
DA NANOFILTRACAO NAS PROPRIEDADES DE
COMPOSTOS FUNCIONAIS DO SORO DE TOFU E
APLICACAO DO CONCENTRADO NA OBTENCAO DE
BEBIDA LACTEA FERMENTADA

Tese apresentada ao Programa de Pos-
Graduacdo em Engenharia de Alimentos
do Centro Tecnoldgico da Universidade
Federal de Santa Catarina, como requisito
final a obtencdo do titulo de Doutor em
Engenharia de Alimentos.

Orientador: Prof. Dr. José Carlos Cunha
Petrus

Coorientadora: Prof&. Dra. Elane S.
Prudéncio

SILVIA BENEDETTI
Engenheira de Alimentos
M.Sc. Engenharia de Alimentos

Florianopolis- SC
2014



Ficha de identificacdo da obra elaborada pelo autor,
através do Programa de Geracdo Automatica da Biblioteca Universitéria da
UFSC.

Benedetti, Silvia

Avaliagdo do Emprego da Crioconcentracdo e da Nanofiltragdo nas
Propriedades de Compostos Funcionais do Soro de Tofu e Aplicacdo do Concentrado
na Obtencgdo de Bebida Lactea Fermentada / Silvia Benedetti / orientador, José Carlos
Cunha Petrus, coorientadora, Elane S. Prudéncio - Floriandpolis, SC, 2014.

189 p.

Tese (doutorado) - Universidade Federal de Santa Catarina, Centro Tecnoldgico.
Programade Pés-Graduagdo em Engenharia de Alimentos.

Inclui referéncias

1. Engenharia de Alimentos. 2. crioconcentracdo. 3. nanofiltracdo. 4. soro de tofu. 5.
isoflavonas. Petrus, José C.C. Prudéncio, Elaine S. Universidade Federal de Santa
Catarina. Il. Programa de Pds-Graduagdo em Engenharia de Alimentos. I11.Titulo.










Dedico este trabalho aos meus pais,
Leila e Araujo, pelo amor incondicional
e pelo apoio em todos os momentos.






AGRADECIMENTOS

Agradeco a Deus, pela presenca constante em minha vida, me
orientando e guiando meus passos para sempre trilhar o melhor
caminho.

A Universidade Federal de Santa Catarina e ao Programa de P6s-
graduacdo em Engenharia de Alimentos, pela oportunidade de
realizacdo do doutorado, e aos professores do programa pelo bom
exemplo dado e pelo conhecimento adquirido o longo desses seis anos.

Ao meu orientador Prof. Dr. José Carlos Cunha Petrus pela orientagdo
ao longo desses seis anos de mestrado e doutorado, pela confianca em
mim depositada e pelo apoio para realizacéo deste trabalho.

A minha coorientadora Dra. Elane Schwinden Prudéncio pela amizade,
apoio, orientacdo e pelas valiosas contribuicbes para realizacdo deste
trabalho e para meu crescimento profissional.

A Embrapa Soja, por todo suporte na realizacdo dos ensaios ao longo
desses anos, especialmente ao pesquisador José Marcos Gontijo
Mandarino pelas valiosas sugestdes para o trabalho; e ao Rodrigo Santos
Leite, pela amizade, pelo apoio e por dispor de um coracdo enorme,
sempre disposto a ajudar.

A mi tutora en la Universitat Politécnica de Catalufia, Dra. Mercé
Raventos y todo su equipo de trabajo por la receptibilidad, por el
conocimiento compartido y por recibirme tan amablemente durante el
periodo que estuve en Barcelona.

A empresa Tofutura (Campo Largo-PR), por ceder a matéria-prima para
realizagdo deste trabalho.

Aos meus pais, Leila e Araujo, e meu irmédo Bruno pelo apoio,
compreensdo, carinho e por estarem sempre ao meu lado em todos os
momentos. A vocés, minha eterna gratidao.

Aos meus colegas do Laboratdrio de Processos de Separa¢do com
Membranas (LABSEM), pela amizade, pelo apoio, pela troca de
conhecimentos, pelo suporte nos experimentos, pelos momentos

descontraidos que tornaram nossa rotina muito mais leve e proveitosa.



Todo meu carinho por esse grupo de trabalho maravilhoso do qual
sentirei muita saudade.

As meninas do Laboratério de Leite, da CAL-UFSC, pela amizade,
carinho, parceira de trabalho e por todo suporte e ajuda na realizacdo
dos experimentos. VVocés foram fundamentais nesse trabalho!

A todos meus amigos queridos, por sempre acreditarem em mim, pelo
apoio e incentivo ao longo de todos esses anos; aos que estdo proximaos,
pelo carinho e bons momentos; e aos que estdo distantes, por
compreenderem a minha distancia e auséncia em muitos momentos
importantes de suas vidas e mesmo assim estarem sempre presentes na
minha vida.

Ao CERMAT, da Engenharia de Materiais da UFSC, principalmente a
Priscila e a Veronica, pelo auxilio na realizagéo dos ensaios de reologia.

Ao Laboratdrio de Propriedades Fisicas de Alimentos (PROFI-
EQA/UFSC), especialmente ao Giustino, pelo empréstimo do
equipamento e auxilio na liofilizagdo das amostras.

Ao CNPq e a CAPES, pela concessao da bolsa de estudos e pelo apoio
financeiro.

E a todos que de alguma forma contribuiram para a realizagéo e
evolucdo desta tese. Muito obrigada!



RESUMO

Este trabalho teve como objetivo a caracterizagdo e o aproveitamento do
soro de tofu, visando a aplicacdo de compostos bioativos oriundos da
soja, resultando em um concentrado com maiores teores de isoflavonas e
oligossacarideos e, que possa ser aplicado na elaboragédo de uma bebida
lactea. Inicialmente avaliaram-se 0s processos de crioconcentracdo(CF)
em sistema de filme descendente e nanofiltracdo (NF) para recuperagdo
e concentracdo das isoflavonas, presentes no soro de tofu. A
quantificacdo de isoflavonas foi realizada nos concentrados obtidos em
ambos os processos, além do permeado da NF e do gelo remanescente
da CF. Além disso, realizou-se um estudo do potencial antioxidante do
soro de tofu concentrado através da crioconcentragdo em blocos e da
NF. A atividade antioxidante foi avaliada pelos métodos FRAP (baseado
na capacidade de reducdo do ferro) e ABTS' (habilidade dos
antioxidantes em capturar o cétion radical ABTS"). Posteriormente, o
soro de tofu concentrado por NF foi aplicado na elaboragdo des bebidas
lacteas fermentadas, denominadas como Bebida 1 (10 % de soro de tofu
concentrado + 90 % de leite) e Bebida 2 (20 % de soro de tofu
concentrado + 80 % de leite), além do controle (apenas leite). As
bebidas foram avaliadas quanto a contagem total de bactérias acido-
laticas, propriedades fisico-quimicas, cor, indice de sinerese,
propriedades reoldgicas e quantificagdo dos compostos bioativos, tais
como isoflavonas e oligossacarideos. A partir dos resultados obtidos,
pOde-se observar que ambos os processos de CF em sistema de filme
descendente e NF resultaram na concentracdo das isoflavonas. Com
relacdo & atividade antioxidante, observou-se que seus valores foram
significativamente mais elevados nos concentrados obtidos do que no
soro de tofu inicial, sendo correlacionados positivamente com o teor de
isoflavonas. A utilizacdo do soro de tofu concentrado por NF na
elaboracdo de bebida lactea fermentada ndo interferiu na sobrevivéncia
das bactérias acido-laticas, cujas contagens foram maiores que 8 log
UFC mL™ ao longo dos 30 dias de armazenamento das bebidas.
Observou-se que a adicdo de maior quantidade de soro de tofu
concentrado na bebida 2 promoveu reducéo do teor de sélidos totais e
proteinas em comparacdo ao controle. Todas as amostras apresentaram
perfil similiar quanto ao comportamento do pH, acidez e indice de
sinerese ao longo do tempo de armazenamento. Tanto o controle quanto
as bebidas lacteas fermentadas adicionadas do soro de tofu concentrado
apresentaram coloragdo amarelo-esverdeada. Além disso, as bebidas
bem como controle apresentaram comportamento reoldgico de fluido



pseudoplastico com propriedades tixotropicas. Na bebida 2, observou-se
a manutencdo das isoflavonas totais ao longo do tempo de
armazenamento da bebida, enquanto na bebida 1 ocorreu uma pequena
reducdo nesses teores. Os oligossacarideos avaliados na bebida 2
apresentaram uma reducdo na sua concentra¢do ao longo do tempo de
armazenamento. Dessa forma, os resultados obtidos neste trabalho
sugerem que o soro de tofu concentrado pelo processo de nanofiltracéo
pode ser utilizado para obtencdo de uma bebida lactea fermentada com
atividade biolégica especial, conferidas pelas isoflavonas e
oligossacarideos da soja.

Palavras-chave: crioconcentracdo, nanofiltracdo, soro de tofu,
isoflavonas, oligossacarideos, bebida lactea fermentada.



ABSTRACT

This study aimed at the characterization and use of tofu whey, for the
application of bioactive compounds derived from soybeans, resulting in
a concentrate with higher concentrations of isoflavones and
oligosaccharides, and that can be applied in the preparation of a
fermented lactic beverage. Primarily it was evaluated the processes of
freeze concentration (CF) in falling film system and nanofiltration (NF)
for the recovery and concentration of isoflavones, present in the tofu
whey. The isoflavone quantification was performed in the concentrates
obtained in both processes, besides of the NF permeate and the
remaining ice of freeze concentration. Furthermore, it was carried out a
study of the antioxidant potential of tofu whey concentrated by block
freeze concentration and NF. The antioxidant activity was evaluated by
FRAP (based on the ability of iron reduction) and ABTS + (ability of
antioxidants to capture the radical cation ABTS") methods . Posteriorly,
the tofu whey concentrated by NF was applied in the preparation des
functional fermented milk beverages, denominated as beverage 1 (10 %
concentrate tofu whey + 90 % milk ) and beverage 2 (20 % concentrate
tofu whey + 80 % milk), and control (only milk). The beverages were
evaluated for total count of lactic acid bacteria, physicochemical
properties, color, syneresis index, rheological properties and
guantification ~ of  functional  compounds, isoflavones and
oligosaccharides. From the results obtained, it was observed that both
falling-film freeze concentration and NF processes resulted in the
concentration of isoflavones. With respect to the antioxidant activity, it
was found that the values were significantly higher in the concentrate
tofu whey than initial tofu whey, being positively correlated with the
isoflavones . The use of tofu whey concentrated by NF in the
preparation of fermented lactic beverages did not affect the survival of
lactic acid bacteria, whose counts were higher than 8 log CFU mL™ over
the 30 days of storage of beverages. It was observed that the addition of
a larger amount of concentrate tofu whey in beverage 2 produced a
greater reduction in total solids and protein compared to the control. All
samples showed similiar profile as the behavior of pH, acidity and
syneresis index throughout the storage time. Both control and fermented
lactic beverages with concentrate tofu whey showed greenish-yellow.
Moreover, the beverages and control presented rheological behavior of
pseudoplastic fluid with thixotropic properties. In the beverage 2 it was
observed the maintenance of the total isoflavones over time storage, the
beverage 1 as a slight decrease in these levels. The oligosaccharides



evaluated in the beverage 2 presented a decrease in their concentration
throughout the storage time. Thus, the results obtained in this study
suggest that the tofu whey concentrated by nanofiltration process can be
used to obtain a fermented lactic beverage with functional properties
conferred by the isoflavones and oligosaccharides soy of soybean.

Keywords: freeze concentration, nanofiltration, tofu whey, isoflavones,
oligosaccharides, fermented lactic beverage.
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1. INTRODUCAO

O mercado de alimentos funcionais vem crescendo nos ultimos
anos, 0 que aumenta a necessidade de encontrar novas fontes de
compostos bioativos, bem como avaliar novas técnicas para sua extracdo
e concentracdo, objetivando a producdo em larga escala. A recuperacao
de compostos bioativos a partir de produtos naturais € muito importante,
principalmente devido ao seu amplo espectro de aplicacdo na industria
de alimentos e farmacéutica. Dentre estes se tem as isoflavonas e os
oligossacarideos, que apresentam importantes propriedades bioldgicas e
tecnoldgicas. Desta forma, a investigacdo de alternativas tecnolégicas
visando agregar valor a residuos agroindustriais, podera contribuir para
reduzir seu volume e/ou os custos do seu apropriado descarte.

O tofu é um alimento muito consumido nos paises orientais e sua
producdo geralmente ocorre em pequenas indUstrias. E um produto
fabricado a partir da coagulacdo do extrato hidrossolUvel de soja, sendo
gue uma de suas etapas de producédo é a prensagem, na qual é eliminada
grande quantidade de residuo liquido, denominado soro de tofu. O soro
de tofu é caracterizado por elevados valores de demanda quimica de
oxigénio (DQO) e demanda bioquimica de oxigénio (DBO), elevado
teor de proteinas (CHAI et al., 1999), concentragdes substanciais de
aclcares e minerais (coagulantes) (BAZINET; IPPERSIEL;
LAMARCHE, 1999). Além disso, este residuo contém moléculas de
baixa massa molar, como peptidios, lipidios, e alguns compostos
bioativos, tais como isoflavonas e oligossacarideos (KIM; KIM; YOO,
2005). As isoflavonas sdo compostos fenolicos pertencentes a classe dos
fitoestrégenos, que apresentam estrutura quimica semelhante ao
estrogénio humano e estdo presentes na soja nas seguintes formas
guimicas: B-glicosideos, malonil glicosideos e acetil glicosideos e na
forma ndo-conjugada aglicona, sendo que cada forma quimica possui
trés isdbmeros que sdo a genistina, a daidzina e a glicitina (CHUN; KIM;
KIM, 2008). Ja os oligossacarideos sdo carboidratos nao-digeriveis, que
apresentam importantes propriedades fisico-quimicas e fisioldgicas
benéficas & salde, muito utilizados como ingrediente alimenticio, por
comportar-se como fibra dietética e prebidtico. Os principais
oligossacarideos da soja sdo a rafinose, a estaquiose e a verbascose,
sendo que suas propriedades biolégicas, intermediarias entre os aglcares
simples e os polissacarideos, sdo capazes de promover o equilibrio da
microbiota intestinal (QIANG; YONGLIE; QIANBING, 2009).
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Dentre 0s métodos tradicionalmente utilizados para extracdo e
concentracdo das isoflavonas e oligossacarideos a partir da soja estdo as
extracdes com solventes, a purificacdo aliada a técnicas cromatograficas
e a evaporagdo. Embora esses produtos apresentem pureza relativamente
alta, o uso de solventes organicos tem algumas restricbes como a
contaminagdo ambiental, a co-extragdo de compostos indesejaveis,
aumento dos custos para remogdo do solvente e purificacdo dos
compostos, preocupacGes com a seguranca devido a toxicidade dos
solventes, e podem ainda afetar a qualidade dos componentes. Com a
finalidade de superar essas limitagcbes dos processos convencionais de
extracdo e concentragdo e também recuperar compostos de interesse
comercial a partir de um residuo industrial altamente poluente, os
processos de separagdo por membranas e a crioconcentragdo surgem
como processos alternativos para obtencdo de compostos bioativos com
alta pureza, além de preservarem as caracteristicas fisico-quimicas
devido ao uso de temperaturas amenas no processo (BELEN et al.,
2013; MACHADO; MELLO; HUBINGER, 2013). Neste contexto, 0s
processos de separacdo por membranas e a crioconcentragdo se
destacam, devido ao uso de baixas temperaturas, preservando as
propriedades dos compostos de interesse e por ndo necessitarem 0 uso
de solventes.

Dentre os métodos de separacdo por membranas, destacam-se a
microfitracdo e a nanofiltracdo. A microfiltracdo constitui um processo
alternativo aos métodos convencionais e vem sendo muito utilizada para
clarificacdo de bebidas e sucos (ALMANDOZ et al., 2010; RAZI,
AROUJALIAN; FATHIZADEH, 2012; DOMINGUES et al., 2014 ) e
para remocdo de micro-organismos (pasteurizacdo a frio) (DEBON;
PRUDENCIO; PETRUS, 2010; CISSE et al., 2011; DEBON et al.,
2012; LAORKO; TONGCHITPAKDEE; YOURAVONG, 2013;
REZZADORI et al., 2013). JA a nanofiltracdo, é destinada a
concentracdo de micro e macromoléculas, cujas caracteristicas
peculiares sdo a capacidade de fracionamento parcial de ions mono, bi e
trivalentes, bem como a alta rejeicdo de compostos orgénicos com
massa molar entre 100 e 500 g mol™ (HE et al., 2008), justamente na
faixa onde se situa a maioria dos compostos funcionais presentes nos
alimentos.

Outro processo promissor para concentracdo de compostos
termossensiveis em alimentos é a crioconcentracdo, que se baseia na
separacao de fases sélido-liquido a baixas temperaturas e pode ser uma
alternativa promissora as técnicas de concentragdo convencionais
utilizadas no processamento de alimentos. Este processo j& foi utilizado
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para concentracdo de compostos presentes em soro lacteo (SANCHEZ
et al., 2011), mosto (HERNANDEZ et al., 2010), soro de tofu (BELEN
et al., 2012; BELEN et al., 2013), café (MORENO et al., 2013;
MORENO et al, 2014ab), extrato aquoso de erva-mate
(BOAVENTURA et al., 2013) e no tratamento de aguas residuérias
industriais (YEE et al., 2003).

Devido a presenca de compostos bioativos, tais como as
isoflavonas e os oligossacarideos da soja, o soro de tofu torna-se um
residuo industrial de grande interesse tecnolégico. Além disso, sua
reutilizacdo reduz o impacto ambiental causado pelo seu descate.
Entretanto, sdo escassos o0s estudos existentes na literatura sobre a
recuperagcdo de compostos bioativos do soro de tofu visando ao
reaproveitamento industrial. Assim, tendo em vista que esse residuo
também se apresenta como um grave problema ambiental devido a sua
elevada carga orgénica torna-se necessario o estudo da viabilidade
técnica da recuperacdo de seus compostos de interesse, utilizando
processos de concentragdo tais como nanofiltracdo e crioconcentracdo, e
sua posterior utilizacdo na elaboracdo de um alimento com atividade
bioldgica.

Este trabalho teve como objetivo a caracterizagdo e o
aproveitamento do soro de tofu, visando a aplicagdo de compostos
bioativos oriundos da soja, resultando em um concentrado com maiores
teores de isoflavonas e oligossacarideos e, que possa ser aplicado na
elaboracdo de uma bebida l4ctea. Ja os objetivos especificos foram os
seguintes:

a) concentrar o soro de tofu através da crioconcentracdo e
nanofiltracdo e avaliar o desempenho desses processos através da
determinacédo dos teores de isoflavonas nos concentrados obtidos;

b) avaliar o potencial dos processos de crioconcentracdo e
nanofiltragdo na concentracdo das isoflavonas e na melhoria da
atividade antioxidante do soro de tofu concentrado;

¢) avaliar a utilizacdo do concentrado de soro de tofu na
elaboracdo de uma bebida lactea fermentada;

d) caracterizar a bebida lactea fermentada quanto as caracteristicas
fisico-quimicas,  microbiolégicas e  reolégicas, durante 0o
armazenamento; e

e) avaliar a estabilidade das isoflavonas e oligossacarideos durante
0 armazenamento da bebida lactea fermentada.

Por fim, este trabalho encontra-se organizado da seguinte
forma:



26

a) Capitulo 1: Revisdo bibliografica abordando os temas
envolvidos no trabalho, ou seja, a soja, a producdo de tofu e a obtencéo
da matéria prima utilizada neste trabalho; seus compostos de interesse,
as isoflavonas e o0s oligossacarideos; os processos de concentracdo
utilizados para recuperacdo dos compostos bioativos; definicdes e
caracteristicas e as analises mais utilizadas para caracterizacdo dos leites
fermentados.

b) Capitulos 2: Potencial dos processos de concentracdo na
recuperacdo de isoflavonas presentes no soro de tofu, cujo objetivo
foi avaliar o potencial de aplicacdo dos processos de concentracdo, tais
como nanofiltracdo e crioconcentragdo, para a recuperacdo das
isoflavonas presentes no soro de tofu.

c) Capitulo 3: Propriedades antioxidantes do soro de tofu
concentrado através dos processos de crioconcentracdo e
nanofiltracdo, cujo objetivo foi avaliar a atividade antioxidante do soro
de tofu concentrado por crioconcentragdo e nanofiltracéo.

d) Capitulo 4: Utilizacdo do soro de tofu concentrado na
formulacdo de bebida lactea fermentada, cujo objetivo foi investigar
a utilizacdo do soro de tofu concentrado na producéao de bebidas lacteas,
pela avaliacdo do crescimento e sobrevivéncias dos micro-organismos
Streptococcus salivarius ssp. thermophilus e Lactobacillus delbrueckii
ssp. Bulgaricus durante a fermentagdo e armazenamento, caracteriza¢do
desses produtos e comportamento dos compostos bioativos durante o
periodo de armazenamento dos leites fermentados.

e) Considerac0es finais e sugestdes de trabalhos futuros

Ao final deste trabalho estdo também apresentadas as
publicacbes ja realizadas de acordo com os resultados obtidos neste
trabalho. O Anexo A apresenta o artigo publicado em parceria com a
Universistat Politecnica da Catalufia, desenvolvido durante o periodo
de doutorado sanduiche. O Anexo B apresenta dos trabalhos publicados
em eventos cientificos das areas de Engenharia, Ciéncia e Tecnologia de
Alimentos. Os Anexos C e D apresentam as comprovacbes de
submissdo dos artigos para publicagdo em revistas indexadas
internacionais.



27

Referéncias

ALMANDOZ, C.; PAGLIERO, C.; OCHO, A.; MARCHESE, J. Corn
syrup clarification by microfiltration with ceramic membranes. Journal
of Membrane Science, v.363, p.87-95, 2010.

BAZINET, L.; IPPERSIEL, D.; LAMARCHE, F. Recovery of
magnesium and protein from soy tofu whey by electrodialytic
configurations. Journal of Chemical Technology and Biotechnology,
V.74, p.663-668, 1999.

BELEN, F.; SANCHEZ, J.; HERNANDEZ, E.; AULEDA, JM;
RAVENTOS, M. One option for the management of wastewater from
tofu production: freeze concentration in a falling-film system. Journal
of Food Engineering, v.110, p.364-373, 2012.

BELEN, F.; BENEDETTI, S.; SANCHEZ, J.; HERNANDEZ, E,;
AULEDA, J.M.; PRUDENCIO, E.S.; PETRUS, J.C.C.; RAVENTOS,
M. Behavior of functional compounds during freeze concentration of
tofu whey. Journal of Food Engineering, v.116, p. 681-688, 2013.

BOAVENTURA, B.C.B.; MURAKAMI, A.N.N.; PRUDENCIO, E.S.;
MARASCHIN, M.; MURAKAMI, F.S.; AMANTE, E.R.; AMBONI,
R.D.M.C. Enhancement of bioactive compounds content and antioxidant
activity of aqueous extract of mate (llex paraguariensis A. St. Hil.)
through  freeze  concentration technology. Food Research
International, v. 53, 686-692, 2013.

CHAI, X.; MI, Y.; YUE, P-L.; CHEN, G. Bean curd wastewater
treatment by membrane separation. Separation and Purification
Technology, v.15, p.175-180, 1999.

CISSE, M.; VAILLANT, F.; SORO, D.; REYNES, M.; DORNIER, M.
Crossflow microfiltration for the cold stabilization of roselle (Hibiscus
sabdariffa L.) extract. Journal of Food Engineering, v. 106, p.20-27,
2011.

CHUN, J.; KIM, J.S.; KIM, J.H. Enrichment of isoflavone aglycones in
soymilk by fermentation with single and mixed cultures of


http://www.sciencedirect.com/science/journal/02608774

28

Streptococcus infantarius 12 and Weissella sp. Food Chemistry, v.109,
p.278-284, 2008.

DEBON, J.; SCHWINDEN PRUDENCIO, E.; CUNHAS PETRUS, J.
C. Rheological and physico-chemical characterization of prebiotic
microfiltered fermented milk. Journal of Food Engineering , v. 99, p.
128-135, 2010.

DEBON, J.; PRUDENCIO, E.S.; PETRUS, J.C.C.; FRITZEN-FREIRE,
C.B.; MULLER, C.M.O.; AMBONI, R.M.C.; VIEIRA, C.R.W. Storage
stability of prebiotic fermented milk obtained from permeate resulting of
the microfiltration process. LWT - Food Science and Technology,
v.47, p.96-102, 2012.

DOMINGUES, R.C.C.; RAMOS, AA.,; CARDOSO, V.L.; REIS,
M.H.M. Microfiltration of passion fruit juice using hollow fibre
membranes and evaluation of fouling mechanisms. Journal of Food
Engineering, v.121, p.73-79, 2014.

HE, T.; FRANK, M.; MULDER, M.H.V.; WESSLING, M. Preparation
and characterization of nanofiltration membranes by coating
polyethersulfone hollow fibers with sulfonated poly(ether ether ketone)
(SPEEK). Journal of Membrane Science, v.307, p.62-72, 2008.

HERNANDEZ, E.; RAVENTOS, M.; AULEDA, J.M.; IBARZ, A.
Freeze concentration of must in a pilot plant falling film
cryoconcentrator.  Innovative Food Science and Emerging
Technologies, v.11, p.130-136, 2010.

KIM, W.J.; KIM, H.H.; YOO, S.H. Ultra- and- nano-filtration process
optimization of isoflavones and oligosaccharides from sunmul. Food
Science and Biotechnology, v.14, p.380-386, 2005.

LAORKO, A.; TONGCHITPAKDEE, S; YOURAVONG, W. Storage
quality of pineapple juice non-thermally pasteurized and clarified by
microfiltration. Journal of Food Engineering, v.116, p.554-561, 2013.

MACHADO, M.T.C.; MELLO, B.C.B.S.; HUBINGER, M.D. Study of
alcoholic and aqueous extraction of pequi (Caryocar brasiliense Camb.)
natural antioxidants and extracts concentration by nanofiltration.
Journal of Food Engineering, v.117, p.450-457, 2013.



29

MORENO, F.L.; ROBLES, C.M.; SARMIENTO, Z.; RUIZ, Y.
PARDO, J. M. Effect of separation and thawing mode on blockfreeze-
concentration of coffee brews. Food and Bioproducts Processing,
v.91, p.396-402, 2013.

MORENO, F.L.; RAVENTOS, M.; HERNANDEZ, E.; RUIZ, Y. Block
freeze-concentration of coffee extract: Effect of freezing and thawing
stages on solute recovery and bioactive compounds. Journal of Food
Engineering, v.120, p.158-166, 2014.

MORENO, F.L.; HERNANDEZ, E.; RAVENTOS, M.;ROBLES, C.M.;
RUIZ, Y. A process to concentrate coffee extract by the integration of
falling film and block freeze-concentration. Journal of Food
Engineering, v.128, p.88-95, 2014.

RAZI, B.; AROUJALIAN, A.; FATHIZADEH, M. Modeling of fouling
layer deposition in cross-flow microfiltration during tomato juice
clarification. Food and Bioproducts Processing, v.90, p.841-848,
2012.

SANCHEZ, J.; HERNANDEZ, E.; AULEDA, J.M.; RAVENTOS, M.
Freeze concentration of whey in a falling-film based pilot plant: process
and characterization. Journal of Food Engineering, v.103, p.147-155,
2011.

QIANG, X., YONGLIE, C., QIANBING, W. Health benefit application
of functional oligosaccharides. Carbohydrate Polymers, v.77, p.435-
441, 2009.

YEE, P.L.; WAKISAKA, M.; SHIRAI, Y.; HASSAN, M.A. Effects of
single food components on freeze concentration by freezing and thawing
technique. Japan Journal of Food Engineering, v.4, p.77-83, 2003.


http://scholar.google.com/citations?view_op=view_citation&hl=en&user=vKAQI4MAAAAJ&citation_for_view=vKAQI4MAAAAJ:Tyk-4Ss8FVUC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=vKAQI4MAAAAJ&citation_for_view=vKAQI4MAAAAJ:Tyk-4Ss8FVUC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=vKAQI4MAAAAJ&citation_for_view=vKAQI4MAAAAJ:Tyk-4Ss8FVUC




CAPITULO 1
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1 REVISAO BIBLIOGRAFICA

1.1 A soja (Glycine max) e produtos da soja

A soja (Glycine max) é uma leguminosa de origem asitica, que
foi introduzida no Ocidente em meados do Século XIX (BARNES et al.,
2006). Atualmente, o Brasil é o segundo maior produtor mundial, cuja
producdo ultrapassou 81 milhdes de toneladas na safra 2012/2013. A
maior producdo esta concentrada nos estados de Mato Grosso, Parana e
Rio Grande do Sul (CONAB, 2014).

A composic¢do da soja depende de varios fatores, como cultivar,
localizagdo geogréfica, condi¢des ambientais, época de cultivo, dentre
outros. Em matéria seca, a composicdo aproximada é de 40 % de
proteinas, 20 % de lipidios, 35 % de carboidratos e 5 % de cinzas (LIU,
1997; MOREIRA, 1999). Além disso, destaca-se como fonte de,
potassio, fosforo, ferro, magnésio, zinco e calcio, e de vitaminas, como a
tiamina, riboflavina, niacina, acido nicotinico e acido ascérbico, e por
possuir baixos teores de sédio (MANDARINO, 2002; SOUZA, 2006).

A soja foi primariamente utilizada para producdo de 6leo
vegetal, devido a sua elevada concentracdo de lipidios. No entanto, nos
ultimos anos, tem sido pesquisada também como fonte de substancias
fitoquimicas, entre as quais se destacam os flavondides, que apresentam
atividade biolégica, relacionada a prevencdo de doencas cronicas nao-
infecciosas como as doencas cardiovasculares e osteoporose (SILVA et
al., 2006), além de atuar sobre os sintomas climatéricos e sobre o perfil
lipidico em mulheres durante a menopausa (NAHAS et al., 2003). A
soja destaca-se também por suas proteinas, que sdo de excelente
gualidade nutricional, pois contém aminoacidos essenciais necessarios
para uma dieta equilibrada. Com relacdo as isoflavonas, a concentracdo
pode vaiar entre 100 e 300 mg 100 g*, dependendo da cultivar e das
condi¢des de processamento da soja (LIU, 1997; RIAZ, 1999).

Apesar da alta produtividade e de seus beneficios a nutricdo e a
salde, a soja é ainda pouco consumida no Brasil. As razdes para o baixo
consumo sdo atribuidas principalmente ao seu sabor e odor
caracteristicos, além do beany flavor (sabor de feijdo cru), atribuido a
acdo das enzimas lipoxigenases formando hidroperoxidos a partir dos
acidos graxos poli-insaturados (MORAIS; SILVA, 2000; SILVA et al.,
2006). Porém, nos Gltimos anos, a soja e seus produtos tém se destacado
devido aos seus potenciais beneficios a salde, o que vem estimulando
também a busca de novas técnicas de processamento para melhorar as
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caracteristicas sensoriais e preservar a composi¢do dos alimentos
(PENHA et al., 2007).

A soja pode ser consumida de diversas formas, destacando-se 0
extrato hidrossollvel de soja, o tofu e os produtos fermentados, como
por exemplo, o miso, tempeh, molho de soja e o sufu (LI-JUN et al.,
2004). O extrato hidrossolivel de soja, que contém boa parte das
proteinas do gréo, pode ser convertido para uma forma semi-sélida, por
coagulacéo, obtendo-se o tofu (BARNES et al., 2006).

O tofu € um alimento muito consumido nos paises orientais e
no leste asiatico, apresentando variagfes na sua fabricacdo, de acordo
com a finalidade, sendo classificado como firme ou macio (CHAI et al.,
1999). Em base Umida, a composicdo tipica do tofu é de
aproximadamente 85 % de umidade, 7,8 % de proteina, 4,2 % de
lipideos e 2 mg g™* de calcio (LIU, 1997). Devido as suas caracteristicas
sensoriais e de textura, o tofu pode ser consumido como substituto da
carne ou de queijos. As técnicas de processamento do tofu podem variar,
mas consistem basicamente na maceracdo e moagem da soja, filtragdo e
aquecimento do extrato de soja, e adi¢do de um ou mais coagulantes. A
formacdo do gel protéico envolve duas etapas: primeiramente, ocorre a
desnaturacdo da proteina pelo calor e, em seguida, a coagulacdo
hidrofébica promovida por um coagulante (KOHYAMA et al., 1995;
NOH, 1995). O coagulo formado €é rico em proteinas, e 0 soro é
constituido basicamente de dgua e compostos minoritarios (VILLARES
etal., 2011).

Os coagulantes utilizados para o preparo do tofu podem ser sais
inorganicos ou &cidos organicos, como, como glucono-3-lactona. A
natureza e a concentracdo do coagulante ndo afeta apenas o produto
final, mas também a concentracdo de proteinas, isoflavonas e
oligossacarideos retidos no tofu e/ou eliminadas no soro (VILLARES et
al., 2011). Dentre os coagulantes, o sulfato de calcio (CaSO,) demonstra
ser eficiente no processo de coagulacdo, pois retém mais isoflavonas no
coagulo do que o cloreto de calcio (CaCly,). Isso pode ser explicado pela
coagulacdo mais lenta com CaSO,4 (KAO et al., 2004). Com relagdo as
suas propriedades fisicas, também se observa que o tofu apresenta maior
firmeza e maior retencdo de isoflavonas quando utilizados sais de célcio
como coagulante, pois a coagulacdo é mais completa do que quando
utilizado sais de magnésio (PRABHAKARAN; PERERA, 2006). Com
relacdo a concentracdo de coagulante utilizada, Kao et al. (2004)
mostraram que a perda de isoflavonas é maior quando se utilizam baixas
concentracBes de CaSO,,



35

Os é&cidos organicos, como o &cido citrico, acido acético e o
glucono-6-lactona, também podem ser utilizados como coagulantes.
Eles atuam enfraquecendo as interacGes eletrostaticas repulsivas entre as
proteinas. O emprego de solucdes fracas de &cido permite a retencdo de
isoflavonas semelhantes ao tofu coagulado com cloreto de célcio ou
magnésio. Entretanto, podem ocorrer alteragdes sensoriais no produto
como, por exemplo, gosto 4cido (PRABHAKARAN; PERERA, 2006).

O okara é o residuo sélido obtido durante o processamento do
extrato hidrossollvel de soja e do tofu. Aproximadamente 1,1 kg de
okara fresco é produzido a partir de cada kg de grdos de soja
processados para fabricacdo de extrato de soja. Contém 27 % de
proteina, lipidios e fibras solGveis e insolUveis. Embora possua elevada
concentracdo de proteinas de alta qualidade, aminoacidos essenciais e
isoflavonas, € destinado basicamente como racdo animal ou segue para o
tratamento de efluentes liquidos. Devido a sua composicdo, 0 okara ja
vem sendo utilizado para extracdo de proteinas e também como
ingredente de alguns produtos alimenticios (VISHWANATHAN et al.,
2011).

Além do okara, o soro de tofu, tradicionalmente conhecido
como sunmul nos paises orientais, € um subproduto da producédo do tofu
e, por apresentar elevada carga organica, constitui um sério problema
ambiental, caso ndo receba tratamento e destina¢do adequada (CHUNG;
EOM; KIM, 2006). Este soro geralmente é utilizado como alimento para
animais ou entdo encaminhado para a estacdo de tratamento de
efluentes, apresentando elevados valores de DBO (Demanda Biogquimica
de Oxigénio) e DQO (Demanda Quimica de Oxigénio). Possui de 2 a 3
% de solidos, principalmente proteinas, peptideos, lipideos,
oligossacarideos e isoflavonas, de média e pequena massa molar (CHAI
et al., 1999; KIM; KIM, YOO, 2005). Levando-se em consideracdo a
presenga de compostos boativos no soro residual da fabricacdo do tofu,
novos estudos visando a sua separa¢do e concentracdo tem sido
conduzidos, como a aplicacdo de processos conjugados de filtracdo por
membranas para separacdo e concentracdo de isoflavonas e
oligossacarideos (GOULAS; GRANDISON; RASTALL, 2003; KIM;
KIM, YOO, 2005).

1.2 Isoflavonas

As isoflavonas, juntamente com as flavononas, flavonois,
catequinas e antocianinas, constituem um grupo de produtos naturais



36

denominados flavondides. As isoflavonas sdo metabdlitos secundérios
de plantas, chamados polifendis, que se destacam pelo grande nimero
de efeitos fisiologicos que causam em seres humanos e outros
mamiferos (VACEK et al., 2008), atuando na prevencdo de doencas
cronicas (SILVA; CELEGHINI; CHANG, 2011), além de apresentarem
atividade estrogénica, amenizando os sintomas da menopausa (KONAR
et al., 2012). Estes compostos aparecem principalmente em plantas da
familia Leguminosae, como a soja (BONIGLIA et al., 2009).

A soja, uma das principais fontes desses compostos, contém
isoflavonas em doze formas quimicas, incluindo as trés agliconas
genisteina, daidzeina e gliciteina e seus respectivos 7-O-B-D-glicosideos
(genistina, daidzina e glicitina), 6”-O-malonil- 7-O-p-D- glicosideos
(malonil genistina, malonil daidzina e malonil glicitina) e 6”-O-acetil-7-
O-B-D- glicosideos (acetil genistina, acetil daidzina e acetil glicitina)
(SHAO et al., 2009). A estrutura quimica desses compostos consiste
basicamente de dois anéis benzénicos unidos por uma ligacdo de trés
carbonos, que podem ou nado ser fechados por um anel piranico (LIU,
1997) (Figura 1). Dentre os doze isémeros, predominam a 6”-O-
malonilgenistina, a genistina, a 6”-O-malonildaidzina e a daizina.

O processamento da soja pode também afetar a retencdo e a
distribuicdo das isoflavonas, em funcdo de alteragcBes quimicas e
enzimaticas promovidas pelo cozimento, maceracdo e fermentacdo
(WANG; MURPHY, 1996). As isoflavonas ndo estdo associadas aos
lipidios, por isso ndo estdo presentes no dleo vegetal, ficando retidas na
torta durante a extracdo do o6leo (MATSUURA; OBATA,;
HUKUSHIMA 1989). Em produtos como a farinha desengordurada,
ha predominancia dos conjugados malonil glicosideos, enquanto outros
produtos que sofrem tratamento térmico com temperaturas superiores a
100 °C apresentam predominéncia de B-glicosideos. As farinhas torradas
e proteina isolada de soja apresentam uma distribuicdo homogénea de
todas as isoflavonas conjugadas. Os malonil glicosideos séo
termicamente instiveis e convertidos em seus respectivos B-glicosideos
em altas temperaturas devido as reacdes de de-esterificacdo. Essa
reacdo consiste na transesterificacdo da ligagcdo éster entre o grupo
carboxil acetato ou malonato do grupo hidroxila da molécula de glicose,
liberando metil malonato ou metil acetato e uma isoflavona glicosidica
(BARNES; KIRK; COWARD, 1994).
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Figura 1 - Estrutura quimica das isoflavonas.
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Fonte: Shao et al. (2009).

As isoflavonas provavelmente estabelecem ligagdes com as
proteinas da soja, devido a sua polaridade e hidrofobicidade, bem como
a sua capacidade de formar ligacbes de hidrogénio (RICKERT;
JOHNSON; MURPHY, 2004). Essa ligacdo entre as proteinas e
isoflavonas pode estar relacionada ao grau de associagdo entre 0s anéis
de polifendis e as porcdes alifaticas dos residuos de prolina das
proteinas. Neste caso, o grupo hidroxila fenélico é um excelente doador
de fons H* para formacéo de ligacdes de hidrogénio com a carbonila da
amida da estrutura peptidica das proteinas (SIEBERT, 1999). Dessa
forma, o contetdo final de isoflavonas de um determinado produto
depende de sua maior ou menor associagdo com as proteinas durante
cada etapa do processamento (SPERONI; MILESI; ANON, 2010). Essa
ligacdo também é comprovada pela elaboracdo do tofu, no qual ndo ha
perda significativa de isoflavonas no residuo sélido, denominado okara,
sugerindo que esses compostos estdo associados com as proteinas
sollveis e ndo com os carboidratos; as isoflavonas do extratto aquoso de
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soja ficam retidas no coagulo ou séo liberadas no soro ap6s a prensagem
(L1U, 1997).

1.3 Oligossacarideos

Os oligossacarideos da soja sdo carboidratos ndo digeriveis de
baixa massa molar, cuja estrutura é formada por 3 a 10 moléculas de
acucares (MUSSATTO; MANCILHA, 2007). Sua estrutura quimica
consiste em uma molécula de sacarose ligada a diferentes quantidades
de moléculas de D-galacatose, através de ligagdes a(1-6) (OTT, 2005).
Esses compostos apresentam importantes propriedades fisico-quimicas e
fisiolégicas, benéficas ao homem, o que tem estimulado seu uso como
ingrediente alimenticio (KUNZ; RUDLOFF, 2006). Esses agucares sao
reconhecidos por promover o crescimento de bactérias benéficas no
intestino humano, principalmente as bifidobactérias, reconhecidos como
prebidticas (QIANG; YONGLIE; QIANBING, 2009).

Na soja, os oligossarideos representam aproximadamente 5 %
da sua composicdo em base seca, englobando a rafinose (0,1 - 0,9 %), a
estaquiose (1,4 - 4,1 %) e a verbascose, em menores concentracfes
(LIU, 1997; KARR-LILIENTHAL et al., 2005) (Figura 2), que
consistem de 1, 2 ou 3 a-1-6 ligagdes de unidades de galactose ligadas
por ligaces a-1-3 a sacarose terminal. Esses compostos sdo soliveis em
agua e possuem aproximadamente a metade do poder adogante da
sacarose, dependendo da estrutura quimica, do grau de polimerizacdo
presente e das propor¢des de mono e dissacarideos na molécula. Ja a
estabilidade varia de acordo com o residuo de acglcar presente, seu
formato de anel e configuragdo anomérica e os tipos de ligacGes
(MUSSATTO; MANCILHA, 2007).

Devido a sua estrutura quimica, os oligossacarideos podem
servir de substrato para apenas alguns grupos de bactérias, como as
bifidobactérias e os lactobacilos (QIANG; YONGLIE; QIANBING,
2009). Dessa forma, a ingestdo regular de produtos que contenham
oligossacarideos pode resultar em importantes alteracdes na microbiota
intestinal (redugdo de pH) através do estimulo ao crescimento de
bactérias anaerdbias, inibindo o crescimento de outros micro-
organismos patogénicos. Alguns autores indicam que a ingestdo diaria
de 10 a 15 mg é suficiente para causar efeito bifidogénico
(CRITTINDEN; PLAYNE, 1996), auxiliando na formacdo do bolo
fecal, reduzindo a incidéncia de diarréias e infec¢cdes gastrintestinais e
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constipacdo intestinal (FERNANDEZ-BANARES, 2006). A extracio
dos oligossacarideos da soja é feita diretamente dos gréos e ndo requer
processos enzimaticos (MUSSATTO; MANCILHA, 2007).

Figura 2 - Estrutura quimica dos oligossacarideos da soja (a)
estaquiose, (b) rafinose e (c) verbascose.

CH,OH

Fonte: Ott (2005).

1.4 Processos de separagdo por membranas (PSM)

Nos Ultimos anos, a utilizacdo dos processos de separacdo e
concentragdo por membranas na indlstria de alimentos vem
aumentando. A principal aplicacdo esta relacionada ao tratamento de
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aguas (PEINEMANN; NUNES; GIORNO, 2010), seguido da inddstria
de laticinios, de bebidas (vinho, cerveja, sucos), produtos de ovos e da
soja, além da remocdo ou recuperacdo de compostos de &guas
residuarias e subprodutos industriais (DAUFIN et al., 2001).

Dentre os PSM, destacam-se a microfiltracdo, ultrafiltracéo,
nanofiltracdo e osmose inversa, que utilizam pressdo como forga motriz
de acordo com o tamanho dos poros das membranas, permitindo ou néo
a passagem de determinados componentes (MIERZWA et al., 2008)
(Figura 3).

Figura 3 - Classificacdo dos processos de separagdo por membranas quanto a
sua seletividade.
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As membranas sdo definidas como filmes poliméricos ou
inorganicos semipermedveis que servem como uma barreira seletiva
para uma filtragdo em escala molecular de uma solugdo, quando
aplicada alguma forca motriz (STRATHMANN, 1990). Esta barreira
controla a transferéncia de massa através de sua superficie, permitindo a
passagem de determinados componentes de uma solugao e restringindo
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a passagem de outros, gerando duas correntes distintas, denominadas
como permeado, que é o fluido que atravessa a membrana, e o
concentrado ou retentado, constituido pelos solutos que ndo ultrapassam
a membrana por apresentarem particulas maiores do que o tamanho
médio dos poros (CHERYAN, 1998; ORDONEZ, 2005).

O transporte de moléculas ocorre em etapas através da
membrana; sor¢do das moléculas na superficie da membrana, difuséo
através da membrana e dessorcdo das moléculas no lado do permeado
(MULDER, 2000; HABERT; BORGES; NOBREGA, 2006). Em funcio
disso, a retencdo é expressa como razdo nominal que se refere a um
didmetro de corte (cut off), definido como o valor da massa molar das
moléculas para o qual a membrana apresenta coeficiente de rejeicdo de
95 % (CHERYAN, 1998).

As membranas podem ser fabricadas a partir de diversos
materiais, sendo as membranas poliméricas e as cerdmicas as mais
utilizadas. As membranas poliméricas podem ser fabricadas com acetato
de celulose, poliamida, polisulfona, polietersulfona, polifluoreto de
vinilideno, dentre outros (HABERT; BORGES; NOBREGA, 2006; HE
et al., 2008). Essas membranas apresentam altos fluxos, boa rejeicdo a
sais, tolerancia a altas temperaturas e variagdes de pH, boa resisténcia ao
cloro e a compactacdo, variando de acordo com o tipo de membranas
que sdo constituidas. Com relacdo ao tipo de processo, a filtragdo
tangencial (cross-flow filtration) é a mais utilizada industrialmente, pois
o0 fluido escoa paralelamente a superficie da membrana evitando o
acumulo de solutos sobre a mesma, permitindo a manutencdo do fluxo e
a maior eficiéncia do processo de separacdo (HABERT; BORGES;
NOBREGA, 2006).

Nos PSM, ocorre uma reducdo do fluxo permeado com o
tempo, geralmente ocasionado pelo fendbmeno denominado fouling. O
fouling é caracterizado pela deposicdo e acUmulo de solutos na
superficie e dentro dos poros da membrana, por adsor¢do ou bloqueio
fisico dos poros (AL-AMOUDI; LOVITT, 2007). A intensidade do
fouling depende do tipo da membrana, da concentracdo e solutos
presentes na solugdo, bem como da temperatura, pH e tempo de
operacdo. Como o fouling ocorre devido a interagdes fisicas e quimicas
entre os solutos e a membrana, ndo pode ser minimizado apenas por
modificagBes das condigBes hidrodindmicas do sistema, sendo
necessaria a aplicacdo de processos de limpeza, com substancias
detergentes, solucbes alcalinas e 4&cidas ou agentes oxidantes,
recomendados a cada tipo de membrana ou até mesmo a substitui¢do das
membranas (PETRUS, 1997; RODRIGUES, 2002).
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Os PSM, especialmente a microfiltracdo (MF), ja& vem sendo
muito utilizados industrialmente em processos de pré-tratamento de
agua potavel, recuperacdo de solidos de interesse e tratamento de aguas
residuérias (ALMANDOZ et al., 2010). Além disso, nos Gltimos anos, a
MF vem sendo muito utilizada em processos de clarificacdo de bebidas,
como substituto as técnicas convencionais de centrifugacdo e filtragdo a
vacuo para remocdo de sélidos em suspensdo; e também para
estabilizacdo microbiolégica de bebidas (pasteurizacdo a frio),
apresentando vantagens em relacdo aos processos térmicos por usar
temperaturas baixas e pressGes amenas, que preservam a qualidade
nutricional e os atributos sensoriais dos produtos (CARNEIRO et al.,
2002; SALAZAR et al., 2007; CISSE et al., 2011).

A ultrafiltracdo (UF), que compreende membranas com
tamanho de poro de 0,001 a 0,1 um, vem sendo utilizada para separar
ou concentrar componentes de uma solugdo ou mistura, tais como
acucares, biomoléculas, polimeros e particulas coloidais (CHEN et al.,
2006). Suas aplicagbes na industria de alimentos geralmente sdo para
concentracdo de proteinas do leite e producdo de queijos
(GOVINDASAMY-LUCEY et al., 2011), recuperacdo de proteinas do
soro do leite (BALDASSO; BARROS; TESSARO, 2011), clarificagdo
de sucos e bebidas alcodlicas (SEVERO et al., 2007; ECHAVARRIA et
al., 2012) e tratamento e purificacho de &agua (MIERZWA;
HESPANHOL, 2005). Além disso, pode ser utilizada para remocéo de
compostos quimicos e estabilizacdo de bebidas e fluidos alimenticios
(GONGALVES; FERNANDES; PINHO, 2001; RAO et al., 2011,
CHHAYA et al., 2012; MAKTOUF et al., 2014).

A nanofiltracdo (NF) abrange todo o espectro de filtracdo entre
a ultrafiltracdo e osmose reversa, combinando os mecanismos de
conveccdo da ultrafiltracdo com aqueles tipicamente caracteristicos de
transporte através de membranas densas de osmose reversa (OTERO et
al., 2006). Sua principal caracteristica é a capacidade de separagdo de
jons mono e divalentes, bem como alta rejeicdo para 0s compostos
organicos com massa molar entre 100-500 g mol ** (HE et al., 2008). As
membranas de NF apresentam cargas e poros na ordem de 1 nm. Dessa
forma, tanto os efeitos das cargas elétricas quanto 0s mecanismos de
filtracdo influenciam no comportamento da rejeicdo dos solutos nas
membranas de NF (AL-AMOUDI; LOVITT, 2007). Devido as suas
caracteristicas, associadas ao baixo consumo de energia e aos altos
fluxos obtidos, as membranas de NF tornam-se (teis para fracionamento
e remocdo seletiva de solutos a partir da filtragdo de solugdes
complexas. O transporte de solutos sem carga ocorre por convecgao,
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devido a diferenca de pressdo aplicada, e por difusdo, devido ao
gradiente de concentracdo através da membrana (OTERO et al., 2006).

A NF tem um mercado crescente no tratamento de &guas,
representando cerca de 65 % de sua utilizacdo. Outros 25 %
correspondem & aplicacdo em alimentos e produtos lacteos e menos de
10 % para a indUstria quimica (CISSE et al., 2011a). Na indUstria de
alimentos, ja vem sendo utilizada para recuperagéo de aromas de sucos,
concentracdo de agUcares, desmineralizacdo de leite, concentracdo de
isoflavonas, dentre outros, pois muitas das membranas possuem massa
molar de corte inferior a 180 g mol™, ideal para separacdo de moléculas
de baixa massa molar (KIM; KIM; YOO, 2005).

Estudos envolvendo aplicacdo de processos de separacdo
através de membranas em produtos da soja iniciaram-se em 1970 (LIU,
1997). Omosaiye, Cheryan e Matthews (1978) utilizaram a ultrafiltracdo
e a diafiltracdo para concentragdo de proteinas a partir de extrato aquoso
de soja e observaram que esses processos sao eficientes para produtos
proteicos de soja, pois possuem alta capacidade para separar as fragdes
proteicas de alta massa molar, de moléculas pequenas, como fitatos e
oligossacarideos. Além disso, 0s PSM consomem menos energia quando
comparados a evaporacdo ou liofilizagdo, pois ndo ocorre mudanca de
fase ou estado fisico do solvente durante o processo de filtragdo. Outra
vantagem é a versatilidade quanto ao uso de temperaturas baixas ou
altas, de acordo com a natureza de aplicacdo dos s6lidos concentrados
(CASSINI et al., 2010). Acredita-se que a qualidade de produtos obtidos
através de filtragdo com membranas é preservada, pois ndo empregam
calor e nem sdo utilizados produtos quimicos. Uma limitacdo do
processo é que os solutos ndo podem ser concentrados até total
eliminacdo da umidade, além de ocorrer o acimulo de solutos sobre a
membrana, o que reduz as taxas de transferéncia de massa através da
membrana e 0 aumento da viscosidade da solucdo torna mais dificil o
bombeamento do concentrado (SHALLO et al., 2001).

1.5 Crioconcentragéo

A crioconcentracdo baseia-se na separacdo de fases sélido-
liquido a baixas temperaturas, o que preserva as propriedades sensoriais
e 0s componentes termicamente sensiveis dos alimentos. Devido as
baixas temperaturas, esta tecnologia pode ser uma alternativa atraente as
técnicas de concentragdo convencionais utilizadas no processamento de
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alimentos (SANCHEZ et al., 2011a,b). Este processo assegura maior
qualidade do produto concentrado e os custos totais (incluindo capital,
energia e limpeza) sdo trés a quatro vezes menores do que a evaporacao
ou a osmose reversa (SANCHEZ et al., 201la). Como a
crioconcentracdo envolve a cristalizagdo parcial da dgua em solucédo
aquosa, e apo6s os cristais sdo separados do concentrado, ela possui
algumas vantagens, como a baixa deterioragdo quimica, devido a baixa
atividade enzimatica e microbiolédgica, nenhuma perda de componentes
volateis e baixa perda de produto (CHANG; HARTEL, 1997; YEE et
al., 2003). A concentracdo maxima obtida pela crioconcentracdo é de
cerca de 50 °Brix para alguns produtos, como sucos de frutas e soro de
leite.

Na crioconcentracdo, ha trés mecanismos basicos para a
formag&o dos cristais de gelo na solugéo de interesse: cristalizagdo em
suspensdo, crioconcentracdo em blocos e crioconcentragdo em camada.
A cristalizagdo em suspensdo consiste inicialmente na nucleacdo do
gelo, seguida pela fase de crescimento dos cristais de gelo na solugéo. Ja
a crioconcentracdo em camada consiste na cristalizacio da agua presente
na solucdo sob uma superficie fria, formando uma camada de gelo
(AIDER; HALLEUX, 2008; AIDER; HALLEUX, 2009). A
crioconcentragdo em blocos, ainda pouco aplicada, baseia-se no
congelamento total da solugdo seguida pelo descongelamento parcial
pelo método de descongelamento gravitacional assistido ou outras
técnicas. Esse método permite a obtengéo de duas fragbes: a primeira € a
fracdo concentrada (solugdo mae) e a segunda é a fracdo de gelo
contendo 0 minimo de matéria seca. A eficiéncia desse processo é
dependente da taxa de impurezas no gelo (AIDER; HALLEUX;
AKBACHE, 2007). O bloco de gelo atua como uma carcaga sélida
através do qual a fracdo do fluido rico em sélidos passa. O controle da
temperatura de descongelamento é importante e possibilita atingir
eficiéncia do processo superior a 90 %, o que significa que a quantidade
de sélidos retidos no gelo é minimizada (AIDER; HALLEUX, 2009).

Na crioconcentracdo, um parametro importante que influencia
na eficiéncia de separagdo, é a densidade de empacotamento dos cristais
no bloco de gelo formado. Quanto maior a densidade de
empacotamento, melhor é a separacdo do concentrado (BURDO;
KOVALENKO; KHARENKO, 2007). De acordo com alguns estudos,
este processo pode ser representado através de balango de massa global
de matéria seca e quantidade de gelo formado. Assumindo que a solucéo
é quase homogénea e a radiacdo térmica é negligenciada no sistema, a
equacao de equilibrio de calor pode ser expressa pela densidade do fluxo
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de calor através da parede do cristalizador (BURDO; KOVALENKO;
KHARENKO, 2008).

A crioconcentracdo ja foi utilizada para concentracdo de sucos
de frutas (AIDER; HALLEUX, 2009; SANCHEZ et al., 2010;
AULEDA, RAVENTOS; HERNANDEZ, 2011), soro lacteo (AIDER;
HALLEUX; AKBACHE, 2007; AIDER; HALLEUX; MELNIKOVA,
2009; SANCHEZ et al., 2011c), aclicares (RAVENTOS et al., 2007),
mosto (HERNANDEZ et al, 2010) e compostos bioativos
(BOAVENTURA et al., 2013; BELEN et al., 2013). Além da aplicacio
na industria de alimentos, a crioconcentracdo pode ser utilizada na éarea
de tratamento de aguas residuais (YEE et al, 2003).

1.6 Leites fermentados

Os leites fermentados sdo definidos como preparados lacteos
gue passam pelo processo de fermentacdo, ocorrendo modificagdes em
suas propriedades fisicas, quimicas e sensoriais (TSUCHIYA et al.,,
2006). Com a evolucdo das pesquisas na area da salde e o
desenvolvimento de novas tecnologias, estes produtos, inicialmente
desenvolvidos como meio de preservagdo dos nutrientes do leite,
passaram a ser produzidos com o uso de micro-organismos especificos e
condicdes controladas de processamento, a fim de obter produtos com
gualidade superior (SHAHANI; CHANDAN, 1979). Nos ultimos anos,
busca-se a ampliacdo da fonte de produtos lacteos devido ao aumento
crescente de consumo (BUTTRISS, 1997).

Alguns exemplos de leites fermentados sdo os iogurtes e as
bebidas lacteas fermentadas. As bebidas lacteas vém se destacando
como substitutos do iogurte, por apresentarem caracteristicas sensoriais
e fisico-quimicas semelhantes e também por serem comercializadas por
um pre¢o menor que os iogurtes. Além disso, a utilizagdo do soro para
elaboracdo das bebidas lacteas reduz o seu impacto ambiental, em
virtude ao seu alto potencial poluente (CUNHA et al., 2008). Na
elaboracdo das bebidas lacteas € permitida a adi¢do de outros produtos
além do leite, como soro de queijo, sucos de frutas, extrato de soja,
porém a base lactea deve representar no minimo 51 % (m/m) do total de
ingredientes do produto (BRASIL, 2005).

A elaboracdo dos leites fermentados, incluindo as bebidas
lacteas, se da pelo tratamento térmico do leite, com posterior inoculacéo
da cultura iniciadora selecionada (GINOVART et al., 2002). De acordo
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com Tamime e Robinson (2000), o tratamento térmico serve para:
eliminar os micro-organismos naturalmente presentes no leite; diminuir
a atividade enzimatica; reduzir a quantidade de oxigénio disponivel,
favoravel ao crescimento microbiano e desnaturar as proteinas do soro.
Os micro-organismos adicionados promovem a acidificacdo e, em
muitos casos, a coagulacdo do produto e o desenvolvimento das
caracteristicas sensoriais (GINOVART et al., 2002). As bactérias laticas
utilizadas devem apresentar uma contagem maior do que 10" Unidades
Formadoras de Col6nia (UFC) por mL ou g de produto, durante todo o
seu 0 prazo de validade (BRASIL, 2000).

As bactérias acido-laticas comumente utilizadas como culturas
iniciadoras para producdo de leites fermentados pertencem aos géneros
Lactobacillus, Lactococcus, Streptococcus, Leuconostoc,
Bifidobacterium,  Propionibacterium  (SABOYA; OETTERER;
OLIVEIRA, 1997). Essas bactérias promovem redugdo de pH dos
produtos, impedindo o crescimentos de micro-organismos indesejaveis
e, consequentemente, aumentando a vida de prateleira. Alimentos
fermentados por essas bactérias apresentam também maiores valores
nutricionais, em funcdo da digestdo parcial de proteinas, lipidios e
carboidratos, além de produzirem [-D-galactosidase (DEMIATE;
OETTERER; WOSIACKI, 1994). Em iogurtes e bebidas lacteas, as
bactérias comumente utilizadas sdo o Lactobacillus bulgaricus e o
Streptococcus thermophilus (OLIVEIRA et al., 2002).

Na elaboracdo dos leites fermentados, uma boa alternativa
como fonte de compostos biologicamente ativos para ser utilizado como
ingrediente em alimentos ou bebidas é o soro proveniente da producdo
de tofu. A utilizagdo desse subproduto da producéo de tofu oferece uma
boa relacdo custo/beneficio (KIM; KIM; YOO, 2005), uma vez que €
barato e fornece proteina de alta qualidade (KRUGER et al., 2008).

As caracteristicas quimicas e nutricionais do extrato da soja e
seus subprodutos, principalmente a presenca de sacarose €
oligossacarideos, possibilitam sua utilizacdo como meio de crescimento
para bactérias acido-laticas, as quais sdo amplamente utilizadas para
fabricacdo de iogurtes e bebidas fermentadas, melhorando o sabor e a
aceitabilidade dos produtos da soja (MORAIS; SILVA, 1996; GARRO
et al., 1999; SU; HENRIKSSON; MITCHELL 2007). As bactérias
acido-laticas sdo capazes de metabolizar a rafinose e a estaquiose
presentes na soja, aumentando a concentracdo de frutose, glicose e
galactose (MARTIN; CUENCA, 2009). Além disso,a metabolizacdo dos
oligossacarideos também € vantajosa para reduzir problemas de
flatuléncia (GUIMARAES et al., 2001).
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Para avalicdo das bebidas lacteas, algumas andlises séo
fundamentais, como a analise reoldgica e de cor.

A reologia é definida como a ciéncia que estuda a resposta de
um material a aplicagdo de uma tensdo ou deformacdo (TABILO-
MUNIZAGA; BARBOSA-CANOVAS, 2005), ou seja, descreve o
comportamento de fluxo dos materiais, sendo que o principal interesse
estd relacionado a materiais relevantes industrialmente, com
propriedades intermediérias entre sdlidos e liquidos (SCHRAMM,
2006).

A reologia tem muitas aplicagGes na area de alimentos, no que
diz respeito a aceitabilidade do consumidor para o desenvolvimento de
novos produtos. Os alimentos sdo materiais estruturalmente e
reologicamente complexos, consistindo, muitas vezes, de misturas de
sélidos e liquidos (TABILO-MUNIZAGA; BARBOSA-CANOVAS,
2005). O conhecimento das propriedades reoldgicas de produtos
alimenticios, como leites fermentados, & essencial para o
desenvolvimento do produto, controle de qualidade, avaliacdo sensorial,
projecdo de equipamentos (calculo de vazdo, selecdo de bombas,
determinacdo da perda de carga em tubulacbes, etc.) e avaliacdo do
processo (AICHINGER et al., 2003; MASSON, 2011).

Um fluido €é caracterizado por apresentar capacidade de
deformacéo continua quando submetido & acdo de uma forca tangencial,
denominada tensdo de cisalhamento (CAMPQOS, 1989). De acordo com
Bhattacharya (1997), um pardmetro muito importante em alimentos é a
viscosidade, que mede a resisténcia do fluido ao escoamento, quando
uma taxa de deformacdo ¢ aplicada. A viscosidade é dada pela relacdo
entre a tensdo de cisalhamento e a taxa de deformacéo, o que caracteriza
o comportamento de fluxo dos fluidos, classificando-os como fluidos
newtonianos ou ndo- newtonianos  (TABILO-MUNIZAGA;
BARBOSA-CANOVAS, 2005).

Os fluidos newtonianos séo caracterizados por uma relagéo
linear entre a tensdo de cisalhamento e a taxa de deformacéo,
independente do escoamento ser em regime laminar ou permanente,
dependendo apenas da temperatura e da composicao do fluido (SILVA,
2000). Alguns exemplos de alimentos que apresentam comportamento
newtoniano sdo os sucos de frutas clarificados, leite, cerveja, vinho, 6leo
refinado e solugdes de sacarose (HOLDSWORTH, 1971; SHARMA,;
MULVANEY; RIZVI, 2000). Ja nos fluidos ndo-newtonianos, a relacdo
entre a taxa de deformacéo e tensdo de cisalhamento ndo é constante e
depende ainda do tempo de observacdo ou das forgas de recuperacdo
eléstica, o que caracteriza a maioria dos alimentos liquidos. Estes podem
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ser dependentes ou independentes do tempo (SCHRAMM, 2006)
(Figura 4a).

Para os fluidos ndo-newtonianos independentes do tempo, a
temperatura e composigdo constantes, a viscosidade aparente depende
da taxa de cisalhamento ou da tensdo de cisalhamento (RAO; RIZVI,
1986). Estes se dividem em: pseudoplasticos (shear thinning), nos quais
a viscosidade aparente do fluido diminui com o aumento da taxa de
deformacdo; e em dilatantes (shear thickening), quando a viscosidade
aparente aumenta com o aumento da taxa de deformagdo (TABILO-
MUNIZAGA; BARBOSA-CANOVAS, 2005). Ja os fluidos
dependentes do tempo (Figura 4b) cuja viscosidade ndo depende
somente da taxa de deformacdo, mas também do tempo de escoamento,
estdo divididos em tixotropicos e reopéticos (MACHADO, 2002;
TABILO-MUNIZAGA; BARBOSA-CANOVAS, 2005).

Os fluidos podem ser submetidos a processos ascendentes e
descendentes de tensdo de cisalhamento, a fim de se obter o grau de
tixotropia, definido como uma diminuicdo continua da viscosidade
aparente com o tempo, a uma determinada tensdo, e a subsequente
recuperacdo da viscosidade, quando se interrompe o fluxo
(SCHRAMM, 2006).

O comportamento de fluidos ndo-Newtonianos tem sido
descrito por modelos como o da Lei da Poténcia, representado na
Equagdo 1, onde ¢ ¢ a tensdo de cisalhamento (Pa), k é o indice de
consisténcia (Pa.s"), y ¢ a taxa de deformagdo (s*) e n é o indice de
comportamento de fluxo. Neste modelo, quando n < 1, o fluido €
chamado pseudoplastico (CAMPOS, 1989; MULLINEUX; SIMMONS,
2007).

oc=ky"

Em produtos lacteos fermentados, as medidas reol6gicas séo
afetadas pelos tratamentos térmicos (ABU-JDAYIL, 2003), pela
composicdo do leite utilizado, pela temperatura de fermentacéo
(KRISTO; BILIADERIS; TZANETAKIS, 2003), tipo de cultura lactea
utilizada, tempo de armazenamento, entre outros (SODINI et al., 2005;
CHAMMAS et al., 2006). Um fator relevante na elaboracdo de leites
fermentados é a sinerese, ou seja, 0 aparecimento espontaneo de soro de
leite na superficie do gel, durante o armazenamento (AMATAYAKUL,;
SHERKAT; SHAH, 2006). A taxa e 0 aparecimento da sinerese
desempenham um papel importante na producdo de leites fermentados,
pois afetam a qualidade final e a aceitabilidade desses produtos pelo
consumidor (AINCHINGER et al., 2003; GENG et al., 2011). O
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fendmeno de sinerese ocorre devido aos rearranjos continuos das
moléculas de caseina, levando ao estresse na rede e subsequente quebra
das ligagdes proteicas (PEREIRA et al., 2003). Varios fatores
influenciam na sinerese de bebidas lacteas, como temperatura de
incubacdo, taxa de inoculacdo, baixo pH (PENNA; GURRAM;
BARBOSA-CANOVAS, 2006) e teor de sdlidos totais (AICHINGER et
al., 2003).

Figura 4 - Curva de fluxo de fluidos onde se tem os (a) independentes do tempo
e 0s (b) dependentes do tempo.

Herschel-Bulkley

Plastico de Bingham
Pseudoplastico Tixotréopico
Newtoniano

Dilatante Reopético

Tensio de cisalhamento (Pa)
Tensao de cisalhamento (Pa)

Taxa de deformaciio (s1) Taxa de deformaciio (s1)
(a) (b)
Fonte: Sharma; Mulvaney; Rizvi (2000).

Ja a colorimetria refere-se a ciéncia e a tecnologia usada para
guantificar, descrever e simular, através de modelos matematicos, as
percepcBes humanas da cor, sob determinados estimulos visuais
(WYSZECKI; STILES, 1982). Para a fisica 0tica, a cor é definida como
um feixe de radiagBes luminosas com uma determinada distribuicdo
espectral, ou seja, é a interacdo da luz com os materiais, percebida pelo
olho humano e interpretada pelo cérebro (CALVO; DURAN, 1997).

A percepcdo da cor esta relacionada a quatro principais fatores:
distribuicdo espectral da energia da luz; condi¢fes sob as quais a cor
estd sendo vista; caracteristicas espectrais do objeto em relacdo a
absorcao, reflexdo e transmissao; e sensibilidade do leitor (LEON et al.,
2006).

O aspecto visual e a cor dos produtos alimenticios ¢ um dos
parametros de qualidade mais importantes, pois é a primeira sensacdo
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gue o consumidor usa para aceitar ou rejeitar um alimento. A percep¢éo
da cor permite também a deteccdo de certas anormalidades ou defeitos
que o alimento possa apresentar (LEON et al., 2006). De acordo com
Macdougall (2002), a cor também serve para auxiliar no controle da
matéria prima e nas alteracdes causadas pelo processamento e
armazenamento.

A determinacédo da cor dos alimentos pode ser realizada através
de inspecéo visual ou pelo uso de um instrumento de medida de cor, que
pode ser um colorimetro ou um espectrofotdbmetro. Embora a inspe¢do
de cor pela observagdo visual seja adequada e rapida, as mudancas de
iluminacdo podem tornar essa analise muito subjetiva e varidvel de
observador para observador. Desta forma, para uma analise mais
objetiva, sugere-se 0 uso de um instrumento de medida de cor, chamado
colorimetro.

Os espacos de cor e os valores numéricos sdo utilizados para
criar, representar e visualizar cores em espacgos bi e tridimensionais
(TRUSSEL; SABER; VRHEL, 2005). De acordo com Le6n et al.
(2006), a cor dos alimentos geralmente € medida em L*a*b ou sistema
CIELab (Figura 5). Esse sistema é um padrdo internacional de medida
de cor, adotado pela Commission Internationale d’Eclairage (CIE) em
1976. Neste sistema, o parametro L* varia de 0 a 100, 0 maximo valor
de L* (100) representando uma perfeita reflexdo difusa, representando a
coloracdo branca, enquanto o valor minimo (0) representa a coloracéo
preta. J& os eixos a* e b* sdo componentes cromaticos e nao apresentam
limites numéricos especificos. A coordenada a* varia do vermelho (+a*)
ao verde (-a*), e a coordenada b* do amarelo (+b*) ao azul (-b*)
(YAM; PAPADAKIS, 2004).

De acordo com Debon (2009), ainda ndo existem padrGes
qualitativos para os atributos de cor em leites fermentados.
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Figura 5 - Diagrama de cores para analise de cor e calculo da diferenca de cor
de acordo com o diagrama CIELab.

Preto

Fonte: Minolta (1993).
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POTENCIAL DOS PROCESSOS DE CONCENTRAGAO NA
RECUPERACAO DE ISOFLAVONAS DE SORO DE TOFU
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Potencial dos processos de concentracéo na recuperacao de
isoflavonas de soro de tofu

Resumo

Neste estudo, avaliou-se o potencial da nanofiltracdo (NF) e da
crioconcentracdo (FC) para a recuperacdo de isoflavonas de soro de
tofu. O soro de tofu que foi submetido a concentracdo por NF, passou
inicialmente por uma etapa de ultrafiltragdo (UF), sendo o permeado
resultante desse processo utilizado como alimentacdo da NF. O processo
de NF foi conduzido até atingir os fatores de reducéo volumétrica (FRV)
de 2,5. O soro também foi concentrado através do processo de FC
operando em sistema de filme descendente, conduzido em trés etapas. A
quantificacdo das isoflavonas foi realizada no concentrado e permeado
da NF, e nos concentrados e no gelo proveniente da FC. Durante a UF,
observou-se que o fluxo de permeado permaneceu estavel ao longo do
tempo, em torno de 14 L h™ m™, enquanto na nanofiltragio observou-se
reducdo gradual do fluxo com o tempo, atribuida principalmente a
formacdo da camada gel polarizada. Com relacdo as isoflavonas,
observou-se que a concentragdo de isoflavonas totais duplicou ap6s o
processo de NF, atingindo em torno de 81 mg isoflavonas por kg de soro
de tofu. Dentre os isdmeros, obteve-se maior concentragdo dos f-
glicosideos. No processo de FC, também observou-se um aumento de
aproximadamente duas vezes na concentracdo de isoflavonas totais,
atingindo em torno de 82 mg isoflavonas por kg de soro de tofu.
Diferentemente do processo de NF, observou-se maior concentracdo de
agliconas em relagdo aos B-glicosideos. Ambos o0s processos foram
eficientes para concentrar as isoflavonas presentes no soro de tofu.

Palavras-chave: Soro de tofu; Concentragdo; Nanofiltragdo;
Crioconcentracéo; Isoflavonas.
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Potential of concentration processes for the recovery of tofu whey
isoflavones

ABSTRACT

In this study the potential of nanofiltration (NF) and freeze
concentration (FC) for the recovery of isoflavones from tofu whey (TW)
was evaluated. The tofu whey that was subjected to concentration by NF
initially passed through a step of ultrafiltration (UF). The resulting
permeate of UF was utilized as feed in this NF process. The NF process
was conducted to achieve the volume reduction factor (VRF) of 2.5. The
tofu whey was also concentrated by the FC in a falling-film system
carried out by three stages. The quantification of isoflavones was
determined in concentrate and permeate from NF, and in the concentrate
and ice from FC. During UF, it was observed that the permeate flux
remained stable over time, about 14 L h™> m?, while in the NF observed
gradual decrease of the flux with time, attributed primarily to the
formation of polarized gel layer. With respect to isoflavones, it was
found that the concentration of total isoflavones doubled after the NF
process reaching around 81 mg isoflavones per kg of tofu whey. Among
the isomers, yielded higher concentration of B-glucosides. In the FC
process also observed an increase of approximately twice in the
concentration of total isoflavones, reaching about 82 mg isoflavones per
kg of tofu whey. Unlike the NF process, there was a higher
concentration of aglycones in relation to B-glucosides. Both processes
were effective to concentrate isoflavones present in the tofu whey.

Keywords: Tofu whey; Concentration; Nanofiltration; Freeze
concentration; Isoflavones.
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1 Introduction

Tofu processing generates a liquid waste material known as tofu
whey (TW), which contains isoflavones. When discharged to the
environment, TW causes an unpleasant odor and pollutes surface and
ground water. The amount of TW generated varies with the type of
coagulant used for the tofu preparation (Sudyani et al., 2007), as well as
the different water holding capacities of the curd (Uzzan and Labuza,
2004). According to Wang and Murphy (1996) the loss of isoflavones in
the whey during the manufacture of tofu can reach around 44%.
Prabhakaran and Perera (2006) noted that this low-cost by-product is
interesting to be used by food industry as a source of bioactive
compounds.

Isoflavones are subclasses of flavonoids and are also described
as phytoestrogen compounds because they exhibit estrogenic activity.
Campos et al. (2007) reported that the isoflavones used for hormone
replacement therapy are found in whole foods and commercial
preparations, such as purified isoflavone supplements, fortified foods,
and other preparations containing these compounds. Vacek et al. (2008)
observed that isoflavones compounds are frequently used to treat
symptoms associated with the menopause, osteoporosis and other
estrogen-related disorders. These compounds are present in significant
concentrations mainly in plants from Leguminosae family, as soybeans
(Konar et al.,, 2012). Isoflavones are usually found as conjugates
(acetyls, glycosides or malonyls) and are hydrolyzed in the human
digestive system to aglycones that are biologically active (Alves et al.,
2010). Isoflavones can form complexes with the soybean protein, which
can be released into the tofu whey during the coagulation process.
Because of their bioactivity, Butylina et al. (2006) indicate a potential
demand for isoflavones recovered and concentrated from industrial
wastewater produced during soybean processing as a concentrate.
However traditional methods to recover isoflavoes require large
quantities of organic solvents and various chromatographic techniques,
which take longer processing time and are not cost effective (Chang,
2002). Moreover, few studies have been carried out on the concentration
of TW, particularly in relation to the concentrate form.

Nanofiltration (NF) can be defined as a membrane process for
the separation and concentration of substances with molar masses
between 100 and 1000 Da (g mol™) (Van der Bruggen et al., 2008). This
process serves a large and growing market in water treatment, which
currently accounts for around 65% of NF treatments. Another 25% of
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the NF market is associated with the food and dairy industries, and less
than 10% with the chemical industry (Bessarabov and Twardowski,
2002). In the food industry NF is used to treat effluents and other
applications have recently gain importance. According to Butylina et al.
(2006), NF can be applied to the separation of isoflavones due to the
suitable cut-off of their membranes, as well as electrochemical effects,
which play an important role in the case of charged molecules. Other
possible option is the use of freeze concentration (FC), as suggested by
Auleda et al. (2011), which has been widely studied also due to its
operation at low temperatures. Miyawaki (2003) reported that FC can
also provide good retention of thermosensitive compounds in foods.
Furthermore, this process that can be applied to aqueous systems, such
as fruit juices or wastewater, allowing the food industry to obtains high
quality products by preserving aromas, flavors and colors normally lost
during evaporation (Aider et al., 2012). FC involves the removal of
water as ice crystals by cooling the fluid to be concentrated at
temperatures below the freezing point (Raventos et al.,2007; Hernandez
et al., 2010). Thus, the concentration of TW is of great industrial
interest, enhancing its ability as a by-product and reducing
environmental pollution. Both technologies (NF and FC) result in a
liquid concentrate, which can be easily incorporated into food to
enhance nutritional and biological quality. Thus, the objective of this
study was to evaluate the potential of concentration processes (NF and
FC) for the recovery and concentration of isoflavones from tofu whey,
as an alternative to add value to wastewater from soybean processing
plants.

2. Materials and methods

2.1 Raw material

Tofu whey (TW) was supplied by NATURSOQY SL, Alimentos
Naturales y Bioldgicos (Castelltergol, Barcelona, Spain), produced from
the soybean variety BRS 258 (Embrapa Soja, Brazil).

TW sample presented the following characteristics: 1.9 °BriXx,
pH 5.1 and 6.26 mS cm™ electrical conductivity.

Sample preparation included centrifugation (Centrifuge Rotanta
460R, Hettich Zentrifugen, Tuttlingen, Germany) at 3,000xg for 20 min
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to remove suspended material and two stages of filtration in a glass fiber
filter (1 and 1.2 um) (Filter-Lab, Barcelona, Spain).

2.2 Membrane processes

Approximately 4 L of TW was submitted to the ultrafiltration
(UF) process to remove large molar mass compounds, such as tofu
fragments and foaming compounds, as recommended by Matsubara et
al. (1996) in order to increase NF efficiency. The operation parameters
used in the UF and NF processes were previously defined. The UF
operation was carried out with tangential flow using a ceramic
membrane with a molecular weight cut-off (MWCO) of 15,000 g mol™
(Ceram Inside, Tami Industries, France) and effective filter area of 95.2
cm?. The experimental device consisted of a reservoir tank, a pump, a
closed-pipe pressure dampener to prevent pressure oscillation, pressure
gauges, a filtration cell and flow meters for the concentrate and
permeate (Fig. 1). The experiment was carried out at 20+2 °C with a
transmembrane pressure of 600 kPa and cross flow velocity of 1 m s™.
The permeate obtained was used as a input to NF process. The NF was
carried out in a SEPA CF Il membrane element cell (GE Osmonics®,
Philadelphia, USA) equipped with an polimeric membrane Model MPF-
34 (Koch, SelRO® MPF-34, Staford, United Kingdom), with an
MWCO of 200 g mol™ and glucose rejection of 0.95. The experiments
were carried out at 22 + 2 °C, with a transmembrane pressure of 1000
kPa and a linear velocity of 1 m s™. The concentrate stream circulated
tangentially to the membrane surface until reaching a volume reduction
factor (VRF) of 2.5. VRF was calculated as the ratio between TW initial
volume (L) and concentrate final volume (L).

The permeate flux (J) (L h™ m?) during NF was measured
every 10 min and was calculated according to Eq. (1):

I=x (1)

where V,, (L) is the amount of permeate collected during the period of
time t (h) and A, (m?) is the permeation surface area of the membrane.
The quality of the filtration process was assessed by on the isoflavone
content, considering the highest mean J values obtained. The isoflavone
contents in the TW (stage 0), and of the concentrates (CNF) and
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permeates (P) for the three VRFs were denominated CNF 1.5, CNF 2,
CNF 2.5,P 1.5, P 2 and P 2.5, respectively.

Figure 1- Schematic diagram of the nanofiltration unit.
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2.3 Freeze concentration (FC) process

Around 840 kg of TW, previously filtered, was submitted to
freeze concentration (FC) in a pilot scale falling film plant system (Fig.
2). The process was carried out in three stages maintaining the average
flow rate at 1.0 + 0.2 L s* to ensure good contact between the
evaporator plates and the fluid. TW temperature at the entry and exit of
the plate, ambient temperature around the plate and temperature of the
cooled plate were registered using a Testo datalogger (model 177-T4,
Barcelona, Spain) with 4 K thermocouples.

Concentrate (6.0-15.5 °Brix) and ice samples were obtained
according to Fig. 3, as described by Belén et al. (2012). The isoflavone
contents in TW (stage 0), concentrates (CF) and ice (I) fractions, in three
stages were denominated CF1, CF2, CF3, 11, 12 and I3, respectively.
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Figure 2- Schematic diagram of freeze concentration equipment.
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2.4 Extraction and quantification of isoflavones

The extraction and quantification of isoflavones in the samples
(TW; CNF1.5, CNF2, CNF2.5 and P1.5, P2, P25, CF1, CF2, CF3; and
11, 12 and 13) were performed according to AOAC (2001), with
modifications.

For the isoflavone extraction, 10 g of samples were mixed with
40 mL of extracting solution (80% methanol and 20% water) in test
tubes, maintened for 2 h at 65 °C. The extracts were then saponified at
room temperature (25 °C) with 3 mL 2M NaOH and acidified with 1 mL
glacial acetic acid, then filtered through quantitative-grade filter paper
and diluted with water to yield 50% water and 50% methanol. Finally,
the extracts were clarified in a centrifuge (Centrifuge Rotanta38, Hettich
Zentrifugen, Tuttlingen, Germany) (5 min at 7000xg) and analyzed by
High Performance Liquid Chromatography (HPLC) (Agilent
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Technologies, Santa Clara, CA, USA). For the separation of the
isoflavones, the injection volume was 20 pL and a binary linear gradient
system was used with the following mobile phases:
water/methanol/acetic acid (88:10:2) and methanol/acetic acid (98:2).
The mobile phase flow was 1 mL min™. Isoflavone glucosides and
aglycones were separated in a C18 reverse-phase column (Nova-Pack
C18150x3.9 mm4yu) with a methanol-water mobile phase and gauntified
by UV detection at 260 nm in an Agilent1100 system equipped with a
DAD detector set at 260 nm (Agilent Technologies, Santa
Clara, CA, USA). For the identification and quantification of the peaks
corresponding to each one of the isoflavones, calibration curves with
linear regression based on the peak area were used. These calibration
curves were constructed with external standards of daidzin, daidzein,
genistin (Fluka 30408, 48756, 91955) and genistein (Sigma D7802).
Glycitin and glycitein were identified through their retention times. The
results were expressed in aglycone units by summing the concentrations
of the aglycone isoflavones (genistein, daidzein and glycitein) and the
glucosides (genistin, daidzin and glycitin) and presented as mg
isoflavones per kg of liquid sample. All of these analyses were
performed in triplicate.

2.4 Statistical analysis

Results were expressed as means and standard deviations.
Analysis of variance (ANOVA) and Tukey's studentized range test (5%
significance) were carried out to detect any significant differences, by
using software Statistica 7.0 (2004) (StatSotft Inc., Tulsa, OK, USA).
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Figure 3- Flowchart of the three concentration stages of TW.

75

=]
3
;1‘ Batch 1 Batch 2 X Batch 3 X Batch 4
o (210 kg of TW) (210kg of TW) (210kg of TW) (210kgof TW)
- Iﬁ L I_' I N
1 1
- N e U [
80 lelqn) Final P Teel(I1) 1 Final b Ieel (I1) | Final D Ieel(11) | Final
:, """"" concentrate | """ """ concentrate fmmmmmmm concentrate | """ 7777 I concentrate
@» stage 1 stage 1 stage 1 stage 1
(CF1) (CF1) (CF1) (CF1)
| I_’ o lj i H i Ij

~ p===- paner] T e et s T i R e D "
= D Ie2(12) | Final ' lee2(12) | Final Iee2(12) 1 Final b loe2(12) | Final
{‘.: tmmmmmmm e concentrate | '====--==- concentrate | ° concentrate Fommmoees concentrate
;‘ stage stage stage stage

g (CF2) (CF2 (CF2) (CF2)
- y
g :
= | Ice3(I3) o Final
7 tommmmmmm- ! concentrate

stage 3

(CF 3)




76

3 Results and Discussion
3.1 Membrane processes

Ultrafiltration (UF) process was used the remove
macromolecules and colloidal particles, as suggested by Kim et al.
(2005), to reduce the membrane fouling during the nanofiltration (NF)
of the tofu whey (TW). According to Chan and Chen (2004), proteins
are macromolecular species whose labile nature and complex structure
can contribute to fouling, mainly by adsorption on to the membrane
surface or deposition due to convection through a porous material.
Therefore, fouling caused by proteins has traditionally been followed by
flux decline and changes in the membrane rejection characteristics.

Results shows that the UF process was not influenced by the
concentration polarization phenomenon or fouling, since the permeate
flux (J) remained stable, i.e., approximately 14.06 L h™ m? (Fig. 4).
However, the concentration of total proteins decreased from 4.40 g L™
to 1.00 g L™, whose explanation could be the retention of high molar
mass compounds, as observed by Matsubara et al. (1996) during the UF
of TW.

Figure 4 - Behavior of permeate flux (J) in the ultrafiltration of tofu whey.
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The UF permeate from TW was submitted to the NF process.
Permeate flux (J) decreased during this process (Fig.5). The same
behavior was observed by Matsubara et al. (1996) and Kim et al. (2005)
in the NF of TW. Atra et al. (2005) and Wang and Tang (2011) reported
that this is due to the formation of a polarization layer and the fouling
phenomenon, which are normally associated with the NF process.
According to Chan and Chen (2004) the denatured protein in soybean
wastewater could influence the J value, since high temperatures induce
its aggregation and deposition on the membrane surface.

Figure 5 - Behavior of permeate flux (J) during nanofiltration process of the
tofu whey UF permeate.
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The average J value was 54 L h™ m?, which is in agreement
with results reported by Kim et al. (2005), Walha et al. (2011), and
Cissé et al. (2011) for the NF of TW (40 L h™ m™), salted tuna cooking
juice (40 L h™ m?) and roselle extract (50 L h™ m™), respectively.
Mulder (1996) and Baker (2004) observed that the operating conditions
directly influenced the NF performance. These authors used similar
operation parameters during the NF process, i.e., temperature around 30
°C and pressure around 200 kPa. According to Al-Malack and Anderson
(1997), modifications in the pressure, temperature, processing time,
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membrane type and pore size, raw material, and volume reduction factor
(VRF) affect the behavior of the membrane concentration process.

Total isoflavone content of the concentrate gradually increase
up to twice (VRF of 2.5), when compared with TW (Table 1). However,
long operation times can change the chemical structure of the
isoflavones, by de-esterification reaction, as observed by Barbosa et al.
(2006). Low VRF values were hence employed in the study. An increase
(p<0.05) in the protein content was observed during NF process.
According to Wang and Murphy (1996) this behavior can be attributed
to the association of isoflavones with the soybean proteins. Benedetti et
al. (2013) also observed an increase in the concentration of the
isoflavones content during the NF of an aqueous soybean extract.
Similar observations were reported by Kim et al. (2005) for the UF
process of TW followed by NF, and by Mello et al. (2010) and
Murakami et al. (2011) who applied NF to the concentration of
bioactive compounds.

As for the isoflavone profile, malonyl and acetyl glucosides
were not detected in the TW. Shao et al. (2009) and Belén et al. (2013)
observed different profiles for the isoflavones content of TW. These
authors reported that factors such as ionic strength, pH and the
endogenous B-glucosidase activity are responsible for differences in the
TW isoflavone profile. It is also important to note the high content of -
glucosides and aglycones obtained. According to Griin et al. (2001), the
TW isoflavone profile is due to the thermal treatment applied during the
tofu processing. These authors also noted that the application of moist
heat leads to an increase in the content of the B-glucoside conjugates.
However, Jackson et al. (2002) affirmed that certain processing
methods, such as boiling, milling, and protein coagulation, applied
during tofu production do not change the aglycone profile significantly.
Concerning the B-glucoside content during the NF process, only an
increase (p<0.05) in the daidzin content was observed, while an
increase (p<0.05) in all isomers of aglycone occurred during the
concentration process. Nurmi et al. (2002) found that the molar mass of
the membrane can influence the separation of the compounds.
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Table 1 - Isoflavones content (mg isoflavones kg™ TW) and protein content (mg 100 mL™) in the tofu whey (TW). Concentrates

(CNF) and permeates (P) obtained in the three stages of nanofiltration (VRF 1.5; 2.0; 2.5).

Aglycones® B-glucosides® Total Total
Samples
Daidzein Genistein Glycitein Daidzin Genistin Glicitin isoflavones? proteins
W 1.05(0.07)° ND ND 17.85(0.21)"  14.00(0.28)"  6.10(0.00)"  39.00(0.14)"  1.00(0.05)
CNF 1.5 1.50(0.14)° ND ND 21.75(1.06)° 17.70(0.28)°  7.60(0.14)°  48.55(1.34)°  1.06(0.01)
CNF 2.0 2.25(0.07)° ND ND 30.85(0.21)°  24.00(0.14)°  10.95(0.35)°  68.55(0.64)°  1.46(0.01)
CNF 25 2.55(0.07)°  0.6(0.00)% ND 36.90(0.71)* 28.35(0.35)*  12.70(0.00)*  81.10(0.99)  1.76(0.09)
P15 ND ND ND ND ND ND ND <1.00
P20 ND ND ND ND ND ND ND <1.00
P25 ND ND ND ND ND ND ND <1.00

ND: néo detectado

0 \Within a column, different superscript lowercase letters denote significant differences (p < 0.05)
! Results expressed as means + SD

2 Total of isoflavones expressed as the sum of the aglycones and B-glucosides.
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3.2 Freeze concentration (FC)

With regard to the isoflavone content of the TW samples, the
values for the concentrate fluids (CF1, CF2, CF3) and ice fractions (11,
12, 13) for the three stages of FC are shown in Table 2. During the FC
cycle the isoflavones content of all concentrates increased gradually
(p<0.05), and in CF3 the concentration doubled the initial value, notably
the aglycone forms. This behavior was also observed in other studies, in
which satisfactory results were obtained for the FC of foods and food
compounds, such as fruit juices (Sanchez et al., 2010; Auleda et al.,
2011), whey (Sénchez et al., 2011), must (Hernandez et al., 2010) and
sugars (Raventds et al., 2007). During the FC process a gradually
decrease (p<0.05) os isoflavones in the ice fractions was also noted.

Burdo et al. (2008) affirm that the chemical structure of certain
substances may interfere with the separation of the concentrate from the
ice. Only a small part of the isoflavones, principally aglycones, was
retained in the ice. This can be explained probably due to the retention
of solids during the FC steps. Sanchez et al. (2010) suggested that this
behavior may be due to an increase in the solution viscosity. This
concentration increase results in the solutes accumulating at the
interface, hindering their movement in the solution, and being retained
in the ice fraction. Additionally, phenolic compounds are able to bind to
a great number of water molecules through hydrogen bonds. By
increasing the concentration of isoflavones in the solution, the
interstitial water becomes less available for freezing. As a result the
isoflavone content remains in the ice and concentrated fluid fractions.
Sanchez et al. (2010) suggested that the size of the solutes could also
affect their ability to integrate with the ice fraction. According to Gao
and Shao (2009), solutes with a small molecular size can be more easily
incorporated into the ice structure than those with large molecules in the
freeze concentration, as happened to aglycones. Nurmi et al. (2002)
stated that the isoflavones groups have different chemical structures and
different molar masses, ranging from 400 to 600 g mol™ for B-
glucosides and from 200 to 300 g mol™ to aglycones.
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Table 2- Isoflavones content (mg isoflavones kg™ TW) in the tofu whey (TW). Concentrates fluids (CF) and ices (I) of each one
three stages of freeze concentration (CF1; CF2; CF3).

Aglycones” B-glucosides’ Total
Samples —— —— —— —— — . 2
Daidzein Genistein Glycitein Daidzin Genistin Glicitin isoflavones
TW 1.05(0.07)"  17.85(0.21)° 14.00(0.28)° 6.10(0.00)* ND ND 39.00(0.14)°

CF1  12.90(0.14)° 8.90(0.14)"  6.15(0.07)° 0.50(0.00)° 0.50(0.00)° 0.50(0.50)°  29.45(0.35)"
CF2  27.00(1.13)° 21.40(0.85)° 13.10(0.57)° 0.85(0.07)° 1.15(0.07)° 1.10(0.14)°  64.60(2.69)"
CF3  3525(0.35° 25.35(0.07)* 17.65(0.21)*> 1.20(0.28)° 1.90(0.28)° 1.60(0.14)*  82.95(0.64)"

11 1.90(0.00)°  1.70(0.00)°  0.95(0.07)° ND ND ND 6.05(0.07)°
12 5.95(0.21)°  3.45(0.35)°  2.90(0.28)° ND ND ND 13.80(0.85)°
13 13.15(0.21)°  7.85(0.21)°  6.00(0.14) ND ND ND 28.50(0.57)°

ND: néo detectado

0 \Within a column, different superscript lowercase letters denote significant differences (p < 0.05)
! Results expressed as means + SD

2 Total of isoflavones expressed as the sum of the aglycones and B-glucosides.
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4 Conclusions

The results of this study verify that the nanofiltration and the
freeze concentration processes are very promising techniques for the
concentration of tofu whey, aiming to recover bioactive compounds,
such as isoflavones. The UF membrane was efficient for the removal of
suspended solids and macromolecules of tofu whey which could cause
fouling of the NF membrane. The NF membrane allowed the
concentration of isoflavones. Similarly, on applying freeze
concentration the isoflavone content gradually increased in the
concentrates, particularly the aglycone forms.
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Propriedades antioxidantes do soro de tofu concentrado através dos
processos de crioconcentracdo e nanofiltracéo

Resumo

Um estudo foi realizado visando agregar valor ao soro de tofu,
aumentando o seu potencial como fonte de isoflavonas que séo
associadas com a atividade antioxidante da soja. Os ensaios de
concentracdo foram realizadas usando os processos de crioconcentracao
em blocos e nanofiltragdo . Os concentrados obtidos foram avaliados
guanto ao seu teor de isoflavonas e atividade antioxidante. O fluido
concentrado mostrou um aumento no teor de isoflavonas em as etapas
da crioconcentragdo. Embora as etapas subsequentes tenham alcangado
menor eficacia que a primeira, devido a retencdo de compostos fendlicos
no gelo, a recuperagdo manteve-se maior que 80 % em todas as fases.
Empregando o processo de nanofiltracdo, os B-glicosideos e malonil
glicosideos presentes no soro de tofu foram concentrados (p < 0,05), o
gue ndo ocorreu com as agliconas. Os valores para a atividade
antioxidante dos fluidos concentrados determinados pelos métodos
FRAP e ABTS, para cada etapa da crioconcentracdo e da nanofiltragéo,
foram significativamente mais elevados do que no soro de tofu inicial.
Além disso, os valores obtidos aplicando os dois métodos antioxidantes
foram significativamente correlacionados com o teor de isoflavonas das
amostras de soro de tofu.

Palavras-chave: isoflavona, soro de tofu, crioconcentracéo,
nanofiltracdo, atividade antioxidante.
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Antioxidant properties of tofu whey concentrate by freeze
concentration and nanofiltration processes
Abstract

A research study was conducted aimed at add value to tofu whey by
enhancemen its potential as a source of isoflavones which are associated
with antioxidant activity. The concentration assays were carried out
using block freeze concentration and nanofiltration processes. The
concentrates obtained were evaluated to determine their isoflavone
content and antioxidant activity. The concentrated fluid showed an
increase in the isoflavone content for all freeze concentration stages.
Although the process efficiency reduced significantly compared with the
first stage, due to the retention of phenolic compounds in the ice, it
remained at > 80% in all stages. The B-glucosides and malonyl
glucosides present in the tofu whey were concentrated by nanofiltration
process (p < 0.05), but not the aglycones. Antioxidant activity of the
concentrated fluid obtained from each freeze concentration and
nanofiltration stage, measured by FRAP and ABTS assays, were
significantly higher than that of the tofu whey. Moreover, the values
obtained by both antioxidant assays were significantly correlated with
the isoflavone content of the tofu whey samples.

Keywords: isoflavone, tofu whey, freeze concentration, nanofiltration,
antioxidant activity.
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1 Introduction

Soybean (Glycine max L. Merr.) is one of the most important
legumes consumed and has long been used as a protein source in Asian
countries (Anderson and Wolf, 1995; Yang et al., 2000). It contains
several nutrients and bioactive compounds including phytic acids,
saponins, oligosaccharides and isoflavones (Anderson and Wolf, 1995;
Kwak et al., 2007). In addition, it has been an excellent source of
vegetable oil in Latin America countries (Hirakuri and Lazzarotto,
2011). Soybeans can be commercialized as grains or as processed foods
such as tofu (Easaki et al., 1999; Kwak et al., 2007; Kim et al., 2008).

Tofu is produced through the coagulation of soymilk and during
the processing a liquid by-product called tofu whey (TW) or sunmul is
generated. The inappropriate discharge of TW in effluents can result in
serious environmental problems due to its high organic matter content.
Moreover, this residue contains notable concentrations of low molar
mass substances, such as isoflavones (Kim et al., 2005; Chung et al.,
2006).

It is well known that the main source of the biological activity
of soybean food products is isoflavones (Pratt and Birac, 1979), since
they exhibit  estrogenic, antioxidant, antiosteoporotic  and
anticarcinogenic activity (Cornwell et al., 2004). Many studies have
demonstrated that soybean food products, including non-fermented
products, present antioxidant activity (Easaki et al., 1998; Kwak et al.,
2007; Kim et al., 2008). Yang et al. (2000), Shon et al. (2007) and Devi
et al. (2011) demonstrated that soybean has antioxidant capacity and this
fact stimulated the development of health products with functional
properties. However, few studies have been carried out to evaluate the
antioxidant activity of tofu whey.

It is important to consider that to attain advances in the bio-food
industry, effective, low-cost and environmentally-friendly technologies
that preserve the functional properties need to be found (Aider, de
Halleux and Melnikova, 2009). Reports in the literature have shown that
it is possible and advantageous to concentrate the phenolic compounds
in vegetal extracts through freeze concentration (Boaventura et al.,2013;
Belén et al., 2013) and nanofiltration (Conidi, Cassano, and Drioli,
2011 and Cassano et al., 2013), both processes being able to preserve
the biological activity.

The freeze concentration process promotes the concentration of
liquid food products by means of freezing with part of the frozen water
being further separated from the liquid product (Belén et al., 2013). This
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technology has been considered promising for the concentration of
functional compounds (Aider and Halleux, 2009). Similarly, the use of
nanofiltration to concentrate functional compounds from aqueous
streams is also an area of growing interest (Cassano et al., 2013). As
described by Conidi, Cassano and Drioli (2011), membrane processes,
such as nanofiltration, can operate under mild conditions of temperature,
pressure and shear stress and therefore the biological activity and the
properties of the original product can be preserved. In addition, solvent
extraction is not required.

Considering the positive aspects of the freeze concentration and
nanofiltration technologies, the aim of this study was to evaluate the
feasibility of these processes to enhance the isoflavones content and
antioxidant activity of tofu whey concentrates.

2 Material and methods
2.1 Materials

Tofu whey was supplied by Tofutura Industria de Alimentos
Ltda (Campo Largo, Parana, Brazil). All reagents used were of
analytical grade.

2.2 Preparation of tofu whey

Firstly, the tofu whey (TW) was microfiltered in a pilot
filtration unit, using tangential flow and an organic polyimide
membrane (PAM Membranas Seletivas, Rio de Janeiro, RJ, Brazil) in a
hollow fiber configuration, with an average cross-section diameter of
0.4 pum and a filtration area of 0.7 m°. The following operating
conditions were used in the microfiltration (MF): temperature 22 1 °C;
transmembrane pressure 1 bar; and tangential velocity 1.0 m/s. MF was
used to remove compounds of large molar mass, as recommended by
Matsubara et al. (1996). The permeate obtained was used as input in the
nanofiltration and freeze concentration processes.

2.3 Protocol for the freeze concentration procedure

The freeze concentration technique applied was the progressive
process, also referred to as block freeze concentration. The experiment
was performed according to the methodology proposed by Aider and
Ounis (2012), with some modifications. The principle of this method is
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based on the total freezing of a food solution followed by a partial
defrosting procedure under simple gravitational separation. This method
makes it possible to obtain two fractions: the first one is the
concentrated fluid (C) and the second one is the ice (1) (Aider, Halleux
and Akbache, 2007). A diagram of the freeze concentration procedure
applied, is shown in Fig. 1. An initial volume of 4 L of microfiltered
tofu whey was divided into four batches of 1 L and then frozen at —24 +
2 °C. The freezing process was carried out in a freezer unit (Bosch
Space REBS37, S&o Paulo, SP, Brazil) by indirect cooling. Since the
feed solution was frozen, 50 % of the initial volume was defrosted at
room temperature (17 £ 2 °C). The defrosted liquid consisted in the
concentrated fluid of the first freeze concentration stage. This
concentrated fluid, obtained in the first stage, was frozen at -24 £ 2 °C
and was used as the feed solution in the second stage. At the end of the
second freeze concentration stage, 50 % of the frozen solution was
defrosted, collected and frozen again. This procedure was repeated in
the third and fourth freeze concentration stages. Each concentrate of a
given stage was frozen at -24 + 2 °C and used as the feed solution for
the following stage. Samples of ice remaining from each freeze
concentration stage and amples of each concentrated fluid was stored at
-24 + 2 °C for further chemical analysis.

2.3.1 Total dry matter

The total dry matter (DM) content of all samples was
determined by measuring the weight loss after drying in an oven at 80
°C to constant weight and expressed as dry matter content/ total weight
(9/100 g) (AOAC, 2005). Analysis of the ice and concentrated fluids
was performed in triplicate.
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Figure 1- Flowchart of the four concentration stages of TW in the block freeze
concentration process.

Batch1 Batch2 Batch3 Batch4
1L of tofu whey 1L of tofu whey 1L of tofu whey 1L of tofu whey
iTeeT1) || Concentrate | iIce(I1) | | Concentrate | :Ice(T1) | | Concentrate | i e (I1) | | Concentrate
"""" (CF1) T (R T (@R Tt (R
STAGE1 ‘ ‘ | ‘
STAGEZ  |Iee(2) | | Concentrate
""""" (CF2)
STAGE3 [Tee(13) | | Concentrate
"""" (CF3)
STAGE 4 }Ice(l-!) i | Concentrate
""""" (CF4)

2.3.2 Freeze concentration performance

The concentration factor (CF) at each freeze concentration stage
was calculated in accordance with the methodology proposed by Aider
and Ounis (2012), as ratio between the concentration of the solution and
the total dry matter content in the original tofu whey. The concentration
factor (CF) (%) was obtained as follows:

_ DM,

0]

CF

x100 (@))

where DM, is the total dry matter content (g) of the concentrated fluid in
each freeze concentration stage and DM is the total dry matter content
(9) of the original tofu whey.

As described by Belén et al. (2012), the efficiency of the freeze
concentration process was determined by the increase in the isoflavone
content (IC) of the concentrated fluid with respect to the IC remaining in
the ice, as calculated through the following equation:
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_PCC, -PClI,
~ PCC

PE x100 @)

n

where PCC,, is the IC of the concentrated fluid (mg) in a given freeze
concentration stage and PCl, is the IC of the ice (mg) in a given freeze
concentration stage.

2.4 Nanofiltration process (NF)

The microfiltered tofu whey was concentrated by nanofiltration
(NF) using a tangential flow filtration pilot plant equipped with a poly-
viny-lidene difluoride (PVDF) filter in the spiral configuration with a
molecular weight cut-off (MWCO) ranging between 150-300 g/mol and
effective filter area of 0.9 m® (GE Osmonics®, Philadelphia, USA). The
experiments were carried out in duplicate at 17 + 2 °C and with a
transmembrane pressure of 6 bar until reaching a volume reduction
factor (VRF) of 4. The VRF was calculated as the ratio between the
initial volume (L) of the tofu whey used in the feed and the final volume
(L) of the concentrate after NF. The permeate flux (J) (L/h m?) during
NF can be calculated as follows:

\Y

p
= 3
t><Ap ®)

where V, (L) is the amount of permeate collected during the period of
time t (h) and A, (m?) is the permeation surface area of the membrane.
The efficiency of the filtration process was measured by the isoflavone
content in the concentrate. After each experiment, the equipment was
cleaned with alkaline solution (0.1%) according to the manufacturer’s
instructions.

2.5 Isoflavone extraction and quantification

The extraction of isoflavones from the tofu whey samples and
the quantification of their components were carried out according to the
methodology proposed by Carrdo-Panizzi, Favoni, and Kikuchi (2002)
with modifications. For the extraction, a 1.5 mL aliquot of the tofu whey



96

sample was added to 2.5 mL of the extracting solution (70% ethanol and
0.1% acetic acid) in a test tubes. These tubes were stirred in a vortex
(Model MA162, Marconi®, Piracicaba, SP, Brazil) and submitted to
extraction for 1 h at room temperature (25 °C) with stirring every 15
min. The test tubes were then placed in an ultrasound bath (Model
USC5000, Unique®, Indaiatuba, SP, Brazil) for 30 min. A 1.5 mL
aliquot of this extract was transferred to a refrigerated microcentrifuge
(dimensions of 31 x 60 x 25 cm, 35 kg, Model 5417R 230 V/50 Hz,
Eppendorf®, Sdo Paulo, Brazil) and centrifuged at 20,800 g for 15 min
at 5 °C. The supernatant was filtered through 0.45 pm filters
(Millipore®, Billerica, MA, USA) and 20 pL was used to analyse the
isoflavones by high performance chromatography.

The separation and quantification of the isoflavones were
performed using HPLC, as proposed by Berhow (2002), with a
photodiode array detector (Model 996) and an automatic sample injector
(Model 717 Plus), both manufactured by WATERS® (Milford, USA). In
this stage, a reverse phase column (YMC-Pack ODS-AM, C18, S-5 um,
diameter of 250 x 4.6 mm) was used. For the separation of isoflavones,
the binary linear gradient system was used and the mobile phases were:
(a) methanol containing 0.025% trifluoroacetic acid (TFA) (Phase A)
and (b) ultrapure water (Millipore®, Billerica, MA, USA) containing
0.025% TFA (Phase B). The initial condition of the gradient was 20% of
Phase A, reaching 90% in 35 min, followed by cleaning of the column
with 100% of Phase A for 5 min and subsequently returning to 20% and
then mantaining these conditions for to 60 min. The mobile phase flow
rate was 1 mL min™ and the temperature during the analysis was 25 °C.
For the isoflavone detection the wavelength of the detector was set at
254 nm. The software used to control the equipment and for the data
acquisition was Millennium 32 (version 3.05.01) (GCLC® Toronto,
Pickering, ON, Canada). For the identification and quantification of the
peaks corresponding to each one of the isoflavones, calibration curves
obtained by linear regression based on the peak areas were used. These
calibration curves were constructed using external standards of daidzin,
daidzein, genistin, genistein, glycitin, glycitein, malonyl daidzin,
malonyl genistin, malonyl glicitin, acetyl daidzin, acetyl genistin and
acetyl glycitin. All standards were solubilized in  methanol
(chromatographic grade) to give the following concentrations: 0.00625
mg/mL, 0.0125 mg/mL, 0.0250 mg/mL, 0.0500 mg/mL and 0.1000
mg/mL. The results for the isoflavones were expressed as mg of
isoflavones per liter of tofu whey (mg/L). All analysis were performed
in triplicate.
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2.6 Determination of antioxidant activity
2.6.1 Ferric reducing antioxidant power (FRAP) assay

The ability to reduce ferric ions was measured using the method
described by Benzie and Strain (1996). The FRAP reagent was freshly
prepared from 300 mM acetate buffer, pH 3.6, with 10 mM 2,4,6-
tripyridyl-s-triazine (TPTZ) made up in a solution comprised of 40 mM
HCI and 20 mM FeCls-6H,0. All three solutions were mixed together in
a ratio of 10:1:1 (v/viv). A 40-uL aliquot of each sample (with
appropriate dilution) was added to 1.2 mL of the FRAP reagent. The
absorption of the reaction mixture was measured at 593 nm after 2 min
incubation at 37 °C. Measurements were performed in triplicate. Fresh
working solutions of known Fe (1) concentrations (FeSO,4-7H,0) of 0-2
mM were used for the calibration. The antioxidant capacity based on the
ability to reduce the ferric ions in the samples was calculated from the
linear calibration curve and expressed as Trolox equivalent in umol per
mL of tofu whey.

2.6.2 ABTSe+ radical cation decoloration assay

The ABTS free radical-scavenging activity of each sample was
determined according to the method described by Re et al. (1999). The
ABTS-" radical cation was produced by reacting 7 mM ABTS solution
with 2.45 mM potassium persulfate; the mixture must stand in the dark
at room temperature for 16 h before use. A working solution was diluted
with ethanol to an absorbance of 0.70 (x0.02) nm (constant initial
absorbance value used for standard and samples) at 734 nm and 30°C.
An aliquot (30 pL) of each sample or Trolox standard was mixed with
the working solution (3 mL) of ABTS+", and the decrease in the
absorbance was measured after 6 min at 734 nm using a Shimadzu LC-
20AT system (Shimadzu, Kyoto, Japan) equipped with a UV-visible
detector with DAD (Shimadzu, SPD-M20A, Kyoto, Japan).
Measurements were performed in triplicate. The ABTSe+scavenging
rate was calculated to express the antioxidant ability of the sample and
the results were expressed in terms of Trolox equivalent antioxidant
capacity (umol per mL of tofu whey).
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2. 7 Statistical analysis

The results were reported as the mean (+ standard deviation) of
at least three experiments. The significance of the difference between
the results obtained for the various treatments was determined by
analysis of variance (ANOVA), followed by the Tukey test. A p value
of < 0.05 was considered to be statistically significant. Pearson’s
correlation test was used to determine the correlation between the
antioxidant activity determined applying the two independents tests
(ABTS and FRAP) and the isoflavone contents. The data analysis was
carried out using STATISTICA 7.0 software (2004) (StatSoft Inc.,
Tulsa, Ok, USA).

3 Results and discussion
3.1 Freeze concentration (FC) process

As described by Belén et al. (2013), for the concentration of the
tofu whey (TW) isoflavones the freeze concentration (FC) process was
conducted in four stages. Shimoni (2009) and Alothman, Bhat and
Karim (2009) reported that shorter processing times provide ideal
conditions for preserving the phenolic compounds, which showed
functional properties. Belén et al. (2013) and Moreno et al. (2014) noted
that the FC process is able to maintain the functional properties because
of the use of low temperatures.

During the FC, the total dry matter (DM) content of the
concentrated fluids increased (p < 0.05) (Fig. 2), resulting in an increase
in their concentration factor (CF) (p < 0.05). The CF values were
130.52(+1.30)%, 205.02(+1.10)%, 332.49(+2.10)% and 552.51(+3.34)%
for the first, second, third and fourth stages, respectively. The same
behavior was observed by Aider, Halleux and Akbache (2007) for whey
proteins and by Boaventura et al. (2013) for aqueous extracts of mate,
both submitted to FC. These authors obtained CF values of up to 500 %.
On the other hand, a decrease in the DM values was observed for the
remaining ice in the first three stages (11, 12 and 13). However, the DM
increased in the fourth stage (14). The increase in the DM content of the
ice can be attributed to the high content of total solids entrapped in the
ice fractions, as detected by Aider and Ounis (2012) and Boaventura et
al. (2013), in the final stages of FC.
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Figure 2- Total dry matter content evolution of the ice and concentrated fluids
as a function of the freeze concentration stages.
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Data are expressed as mean+SD (n=3) of the total dry matter content in the
concentrated fluid and ice of each freeze concentration stage. Different
superscript uppercase letters indicate significant difference (p < 0.05) between
the feed extract and the concentrated fluid of each freeze concentration stage.
Different superscript lowercase letters indicate significant difference (p < 0.05)
between the feed extract and the ice of each freeze concentration stage.

As verified for the DM values observed during the FC process,
the isoflavone content (IC) of the concentrated fluids (C1, C2, C3 and
C4) and ice fractions (11, 12, 13 and 14) also increased (p < 0.05) (Table
1). Boaventura et al. (2013) noted that the phenolic compounds of the
aqueous extract of mate also increased during the FC process. These
authors associated this finding with the hydrogen bonds, since the
phenolic compounds are able to bind a great number of water molecules.
Thus, during the concentration of isoflavones in a solution, the
interstitial water becomes less available for freezing. For this reason,

the process efficiency was reduced, as also observed in the fourth stage
(Table 1).
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Table 1- Isoflavone content (IC) (mg isoflavone/ L tofu whey) of the feed tofu whey, concentrated fluid and ice at each freeze
concentration stage and the process efficiency in relation to IC.

B-glucosides Malonil glucosides Aglycones Efficiency
Samples - - - - - - Total process
G-dai G-gli G-gen M-dai  M-gli  Mgen Dai Gli Gen (%)

Initial TW  2.02° 4.07° 1.13° 7.70° 9.73°  12.78° 4.01° 12.43¢ 1.69° 55.74°
+0.04 +0.12 +0.02 +0.20 +0.10 +0.10 +0.06 +0.24 +0.02 +0.78

Cc1 6.72¢ 5.84¢ 532¢ 10649 9.41° 1180  1.61¢ 8.43¢ 0.92° 60.67¢ 81,44

+0.05 +0.05 +0.08 012 +0.17 +0.23 +0.06  +0.21 +0.01 +0.98 +0.87
C2 499°  8.60° 3.61°  21.95° 19.33° 2573 594° 1524° 1.60° 107.00° 83,59

+0.09 +0.05  +0.07 047 +0.27 +0.13  +0.09  +0.00 +0.06 +1.23 +1.12
c3 7.92°  11.76° 473 27.78° 2483 32.84° 627°  16.22° 1.51° 133.85° 87.41

+0.14  +0.05 +0.18 +0.85 +0.08 +0.50 +0.08  +0.72 +0.03 +2.62 +0.75
C4 11.62*  18.04*°  7.91* 4412 38.94% 52.63% 956°  34.32° 2.19° 219.33? 83.62

0.08 +046  +0.01 036 +0.26 +1.76 015 +0.54 +0.09 +3.18 +1,23
11 1.70¢  151° 1.43° 1.12¢  171P 137°  0.49° 1.55° 0.39¢ 11.26°

+0.03 +0.04  +0.01 004 +0.03 +0.04 001  +0.01 +0.01 +0.05 i
12 2268 2708 1.73%  1.458¢  204° 1.89° 1317  3.24% 0.92% 17.568

+0.00 +0.02  +0.06 +0.01  +0.02 +0.03 +0.03  +0.12 +0.03 +0.14 )
13 1.03°  161° 0.55P 1.96%  3.00°5  3.16° 1.198 3.398 0.698 16.598

+0.01 +0.00 +0.05 +0.05 +0.01 +0.01 001  +0.11 +0.03 +0.12 i
14 488" 416" 3914 560 537° 570 1.09® 449" 0.728 35.924

+0.02 +0.05 +0.04 +0.16 +0.09 +0.19 +0.02 +0.01 +0.00 +0.32

Data are expressed as mean+SD (n=3). 2 Different superscript lowercase letters indicate significant difference (p < 0.05) between the
feed tofu whey and the concentrated fluid of each freeze concentration stage. “BDifferent superscript uppercase letters indicate
significant difference (p < 0.05) between the feed tofu whey and the ice of each freeze concentration stage; CF, concentrated fluid; 1, ice.
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3.2 Nanofiltration (NF) process

As expected, a decrease in the permeate flux (J) was observed
over time (Fig. 3). This behavior is similar to that observed by Wang
and Tang (2011) and Ranamukhaarachchi, Meissner, and Moresoli
(2013) during the membrane filtration of soy protein and protein
solutions, respectively. These authors attributed this fact mainly to
concentration polarization, a phenomenon which typically occurs during
the membrane filtration process. Noordman et al. (2003) reported that
liquid protein foods, such as TW, tend to exhibit this phenomenon
during the membrane filtration process. According to Kelly, Opong, and
Zydney (1993), the deposition of large protein aggregates on the
membrane surface commonly occurs during this process. The decrease
in the J value is greater in the case of proteins that contain a free thiol
group, which, according to Kelly and Zydney (1997), is responsible for
the formation of the intermolecular thiol-disulfide bonds among the
protein molecules, and the resulting protein aggregates can not pass

through the membrane.
Figure 3- Permeate flux (J) during nanofiltration of tofu whey.

35

30

N
(6]

L 1
.

N
o
L 1

15 4 . o

10 A

Permeate flux (L.h".m?

0 10 20 30 40 50 60 70

Operating time (min)

The average J value obtained in this study was around 17.3 L/h
m?. It is noteworthy that this value was higher than that obtained by
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Murakami et al. (2011) for an aqueous mate extract (4.53 L/h m?),
where similar operating conditions, such as pressure and type of
membrane, were applied. However, similar J values (between 10 and 20
L/h m?) were observed by Mello et al. (2010) in the concentration of
phenolic compounds in an aqueous solution of propolis.

Isoflavone content increased in the NF concentrates (p < 0.05)
with an increase in the volume reduction factor (VRF), and were higher
than the corresponding values obtained for the TW (Table 2).
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Table 2- Isoflavone content (IC) (mg isoflavone/L tofu whey) of the feed tofu whey and concentrated at each VRF of
nanofiltration.

B-glucosides Malonil glucosides Aglycones
Samples - - - - - - Total
G-dai G-gli G-gen M-dai M-gli Mgen Dai Gli Gen

nitial TW 2.02¢ 4.07° 1.13¢ 7.70° 9.73% 1278 4.01* 1243 1.69° 55.74°
+0.04 +0.12 +0.02  £0.20 +0.10  +0.10 +0.06  +0.24 +0.02 +0.78
FRV 2 13.97° 10.21°  10.81° 22.30°  20.65° 33.94° 1.11° 4.43° 0.26°  117.68°
+0.25 +0.21 +0.07  +0.53 +0.07 +0.14 +0.04  +0.01 +0.04 +0.94
ERV 3 18.47° 13.06° 1351° 25.82°  25.94° 40.89° 1.07° 6.18° 032"  14527°
+0.21 +0.03 +0.13  +2.05 +043  +096 +0.08  +0.00 +0.02 +3.71
FRV 4 28.10° 19.32°  19.16* 4053  39.46° 61.27° 117" 7.24° 0.38"  216.63°

10.45 10.25 +0.37 +1.24 044 182 +0.14 +0.00 +0.00 +3.93
Data are expressed as meanSD (n=3).

**Different superscript lowercase letters indicate significant difference (p < 0.05) between the feed tofu whey and the
concentrated fluid of each VFR of nanofiltration.
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Based on the results obtained it was verified that a VRF of 4
showed the best concentration performance for TW applying the NF
process, presenting the highest IC value (p < 0.05). In relation to the
isoflavone forms, the greatest increase was observed for the conjugates
(p < 0.05), while the aglycones decreased (p < 0.05). However,
isoflavones were not detected in the permeate. According to
Schausberger et al. (2009), this is due to two mechanisms, i.e.,
deposition or adsorption on the membrane surface resulting from the
interactions between the proteins and isoflavones. According to Siebert
(1999) and Speroni et al. (2010), during the processing of tofu the
isoflavones may be involved in different types of interactions with
proteins because of their diverse polarity and hydrophobicity
characteristics, as well as their ability to form hydrogen bonds. On the
other hand, Garem et al. (1998) noted that the presence of high molar
mass compounds, such as proteins and peptides, in the concentration
polarization layer could influence the selectivity of the NF membrane as
well as the accumulation and/or adsorption of these proteins at the
membrane surface. This phenomenon would amplify the membrane
charge density and, in turn, affect the transmission of smaller positive or
negative species. Finally, the deposition or adsorption of isoflavones on
the membrane may occur through their binding with soy proteins.

3.3 Evaluation of antioxidant activity (FRAP and ABTS assays)

The antioxidant activity of soybean products has been
previously investigated through numerous studies (Yang et al., 2000;
Shon et al., 2007; Moktan, Saha, and Sarkar, 2008; Kim et al., 2008;
Devi et al., 2009; Chaiyasut et al., 2010). The results for the antioxidant
activity of the TW and the concentrated fluids of each FC and NF stage,
determined via ABTS and FRAP assays, are shown in Table 3. An
improvement (p < 0.05) in the antioxidant potential was observed for all
stages of the FC and NF processes. The maximum values obtained for
the final concentrates obtained from the FC and NF, respectively, were
0.25 and 0.30 pmol/mL for FRAP, and 1.99 and 1.68 pmol/mL for
ABTS. Conidi, Cassano and Drioli (2011) and Cassano et al. (2013) also
verified an increase in the antioxidant activity for vegetal extracts
concentrated applying the NF process. The same behavior was noted for
the concentrates obtained for all FC stages, similarly to the results
obtained by Boaventura et al. (2013) for the FC of aqueous extract of
mate.
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Chaiyasut et al. (2010) stated that the antioxidant activity of
soybean is related mainly to the presence of isoflavones. Therefore, the
correlation between the total isoflavone contents and the FRAP and
ABTS values was investigated. A correlation (p < 0.05) was found
between the IC and the antioxidant activity for the concentrates obtained
from both the FC (r*=0.872 and r?=0.939) and NF processes (r*=0.986
and r’=0.968). With regard to the isoflavone isomers, it was verified that
during the FC an increase (p < 0.05) in the aglycones content occurred,
and correlations with the FRAP and ABTS values (r?=0.71 and r?=0.81,
respectively) were observed. A similar finding was reported by l1zumi et
al. (2000) and Rao and Muralikrishna (2002), who found that aglycones
have a higher antioxidant activity than their conjugated form. Other
studies have shown that the aglycone form can present higher
antioxidant activity against ABTS, higher ABTS radical scavenging
activity, and a more prolonged lag time for low-density lipoprotein
oxidation than its conjugates, such as malonyl, acetyl and p-glucosides
(Ruiz-Larrea et al., 1997; Takahashi et al., 2005). It is noteworthy that
for both processes an increase (p < 0.05) was also observed in the
malonyl glucosides concentration (Tables 1 and 2). In addition, the
malonyl glucosides were also correlated (p < 0.05) with the antioxidant
activity observed for the FC and NF concentrates, determined by FRAP
(r*=0.89 and r’=0.98, respectively) and ABTS (r’=0.94 and r2=0.97,
respectively). As noted by Fleury et al. (1992) and Kwak, Lee and Park
(2007), malonyl glucosides can exhibit strong antioxidant activity.
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Table 3 - Antioxidant activities of tofu whey and concentrates obtained by
freeze concentration (FC) and nanofiltration (NF) processes determined by
ABTS cation radical scavenging and FRAP method.

FRAP ABTS

Samples @mol/mL)  (umol /mL)

Initial TW 0.03°+0.01 0.75°+0.04

FC CF1 0.11°+0.01 1.17°+0.05
concentrated CF2 0.13°+0.01 1.28°+0.05
CF3 0.24%+0.01 1.64°+0.03

CF4 0.25%+0.02 1.99°+0.03

Initial TW 0.03°+0.01 0.66%+0.02

NF NF2 0.12210.01 1.26210.01
concentrated NF3 o.14aJ_ro.01 1.39a4_ro.04
NF4 0.30%+0.03 1.68+0.05

Data are expressed as meanzSD (n=3).

*®Different superscript lowercase letters indicate significant difference (p <
0.05) between the feed tofu whey and the concentrated fluid of freeze
concentration stage and each VFR of nanofiltration.

Finally, the results showed that, in the case of tofu whey, FC
and NF can be considered as good alternatives for isoflavone
concentration and for improving the antioxidant activity. This provides a
means to reuse and add value to a liquid by-product from the soybean
industry, since the isoflavones present in the soybean are bioactive
compounds of major importance.

4 Conclusions

The freeze concentration process promoted a high concentration
factor for the total dry matter content of tofu whey. The concentrated
fluid showed an increase in the isoflavone content, for all freeze
concentration stages, mainly the fourth stage. Although the process
efficiency decreased in the fourth stage, due to the high retention of
isoflavones in the ice, it remained at > 80% in all four stages. Similarly,
the concentrate obtained through nanofiltration presented high
isoflavone content, mainly in the volume reduction factor equal to 4.
The antioxidant activity determined applying the FRAP and ABTS
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methods increased after all freeze concentration and nanofiltration
stages, and was mainly correlated to the aglycone and malonyl
gucosides present in the tofu whey.
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Utilizacdo do soro de tofu concentrado na obtencao de bebida lactea
fermentada

Resumo

O soro de tofu foi concentrado através do processo de nanofiltracao até
atingir fator de reducéo volumétrica igual a 4,5. O concentrado foi usado
na producdo da bebida lactea fermentada 1 (10 % de soro de tofu
concentrado + 90 % de leite) e bebida lactea fermentada 2 (20 % de soro
de tofu concentrado + 80 % de leite). Ambas as bebidas (1 e 2 ) foram
abaliadas quanto a contagem de bactérias &cido-laticas e suas
propriedades fisico-quimicas, cor, indice de sinerese, reoldgicas e
funcionais durante o periodo de estocagem (30 dias). Observou-se que a
contagem total de bactérias acido-laticas foi maior do que 8 log UFC
mL™. O uso do soro de tofu concentrado contribuiu para o processo de
pos-acidificacdo, para a reducdo do teor de sélidos totais e proteinas e
pelo aumento do indice de sinerese. Todas as amostras apresentaram
tendéncia a coloragcdo amarelo-esverdeado. A viscosidade aparente de
todas as amostras diminuiu com 0 aumento da taxa de cisalhamento,
apresentando comportamento shear thinning e propriedades tixotrépicas.
O modelo Lei da Poténcia foi apropriado para descrever o
comportamento reoldgico. O contetdo de isoflavonas totais foi maior
para a bebida 2, cujo conteGdo conteldo permaneceu inalterado,
enguanto o contetdo de oligossacarideos diminuiu durante o periodo de
estocagem.

Palavras-chave: nanofiltragdo, soro de tofu, bebida lactea fermentada,
isoflavonas, oligossacarideos.
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Utilization of tofu whey concentrate by nanofiltration in fermented
lactic beverage formulation

Abstract

Tofu whey was concentrated by nanofiltration process up to a volume
reduction factor of 4.5. The concentrate was used to manufacture the
fermented lactic beverage 1 (10 % of concentrate tofu whey + 90 % of
milk) and fermented lactic beverages (20 % of concentrate tofu whey +
80 % of milk). Both beverages (1 and 2) were evaluated for total lactic
acid bacteria count and their physicochemical, color, syneresis index,
rheological and functional properties during the storage time (30 days).
It was observed that the total lactic acid bacteria count was greater than
8 log CFU mL™. The use of concentrate tofu whey contributed for the
post-acidification process, for the decrease of total solids and protein
contents and for the increase of the syneresis index. All samples showed
a tendency to the greenish yellow color. The apparent viscosity of all
samples decreased with an increase in the shear rate, showing shear rate-
thinning and thixotropic properties. The Power Law model was
appropriate to describe the rheological behavior. The total isoflavones
content was greater for the beverage 2, and their content remained
unchanged, while the oligosaccharides content decrease, during the
storage time.

Keywords: tofu whey, nanofiltration, fermented lactic beverage,
isoflavones, oligossacharides.
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1 Introduction

During the last decade, fundamental studies opened a new
field of research dealing with bioactive compounds used in functional
foods processing. The bioactive compounds, as isoflavones present
mainly in soy products, deserve a large interest since they are mainly
associated with the prevention of some diseases. In this sense, the
consume of soy- products has been associated with a reduced prevalence
of various chronic diseases, such as breast and prostate cancers,
cardiovascular diseases and osteoporosis (Adlercreutz, Hamalainen,
Gorbach, & Goldin, 1992; Ganry, 2002; Reynolds et al., 2006). Besides,
other important components of soybean are oligosaccharides, that have
prebiotic effects. Studies have shown that their consumption is related to
several health benefits, such as lowering blood cholesterol, reducing
blood pressure and preventing some types of cancer (Roberfroid, 2007).

The isoflavones and oligossacharides have been found in soy-
products as tofu and its liquid waste, called of tofu whey, which also
contains these components that remains soluble after coagulation
(Sobral & Wagner, 2007). Currently, the tofu whey is a residual liquid
that represents an important problem due to its negative environmental
impact. A strategy to minimize this impact and allow its utilization in
formulated foods should include a concentration stage (Sobral &
Wagner, 2007). Nanofiltration is a membrane process based on the
principle of selective permeation of the solute molecules through semi-
permeable membranes, with the advantage of operating at lower
temperatures and thus preserves the chemical structure and biological
properties of the bioactive compounds of interest. This process has been
successfully employed for concentrating phenolic compounds extracted
from natural products (Murakami, et al., 2011; Prudéncio et al., 2012).
However, the utilization of the tofu whay concentrate for special
products through addition of exogenous bioactive compounds is still
scarce. Thus, dairy products with bioative compounds from natural
sources appears to be a convenient food format to satisfy the consumer
interested in health benefits.

The objective of the present study was to investigate the use of
concentrate tofu whey by nanofiltration to forumulate a functional
fermented lactic beverage and evaluate its microbiological, physical,
chemical, rheological and functional properties during the storage time.


http://www.sciencedirect.com/science/article/pii/S0023643812002940#bib18
http://www.sciencedirect.com/science/article/pii/S0023643812002940#bib21
http://www.sciencedirect.com/science/article/pii/S0023643812002940#bib21
http://www.sciencedirect.com/science/article/pii/S0023643812002940#bib21
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2 Material and Methods
2.1 Materials

Tofu whey (TW) supplied by Tofutura Industria de Alimentos
LTDA (Campo Largo, Parané, Brazil) with 0.35 g 100 g™ of protein,
1.00 g 100 g™ of lipids and 0.85 g 100 9'1 of sugars; homogenized
pasteurized cow's milk with 3.5 g 100 g™ of protein, 3 g 100 g* of
lipids and 10 g 100 g™ of sugars; milk thermophilic culture (YC-X11 Yo
Flex®, Chr. Hansen, Hagnsholm, Denmark) composed of Lactobacillus
delbrueckii ssp. bulgaricus and Streptococcus salivarius ssp.
thermophilus were used in the production of fermented lactic beverages.
All the reagents were of analytical grade.

2.2 Membrane processes

Aiming to remove the compounds with large molar mass for
clarify and avoid fouling in the nanofiltration process (Matsubara et al.,
1996), TW was first submitted to the microfiltration process in a pilot
filtration unit, using tangential flow and an organic polyimide
membrane (PAM Membranas Seletivas, Rio de Janeiro, RJ, Brazil) in a
hollow fiber configuration, with an avera%e cross-section diameter of
0.4 um and a filtration area of 0.7 m°. The following operating
conditions were used in the microfiltration: temperature 22+1 °C;
transmembrane pressure equal to 100 kPa; and tangential velocity of 1.0
m s™. The permeate resulting from the microfiltration process was used
as the nanofiltration (NF) feed material. Yet, the NF was performed
using a polyvinylidene (PVDF) membrane in the spiral configuration
with molecular weight cut-off (MWCO) ranging between 150 and 300 g
mol™ and effective area of 1.2 m* (GE Osmonics®, Philadelphia, USA).
MF and NF experiments were carried out in triplicate at 22 + 1 °C.
However, for NF process the transmembrane pressure was 600 kPa. As
long operation times can change the molecular conformation of the
isoflavones, as observed by Barbosa, Lajolo and Genovese (2006), low
VRF values, as used in the present study are desirable. NF process was
performed to achieve a volume reduction factor (VRF) equal to 4.5. This
processing result in a concentrated tofu whey, with 6.12 g 100 g™ of
total solids and 1.20 g 100 g™ of proteins. The VRF was calculated as
the ratio between the initial volume (L) of tofu whey used in the feed
and the final volume (L) of the concentrate after NF. During NF process
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the permeate flux (J) (L h™ m) was calculated at each 3 min, as follow

in the Eq. (1):
1= (1)
A

p
where V, (L) is the amount of permeate collected during the period of
time t (h) and A, (m?) is the permeation surface area of the membrane.
After each processmg, the pilot unit and the membranes were cleaned
and hygienized, according to the manufacturer's instructions.

Thus, this concentrate was added to to the formulation of a
fermented lactic beverages.

2.3 Production of fermented lactic beverages

Two fermented lactic beverages with the following
formulations: 10 % concentrate tofu whey and 90 % milk (beverage 1);
and 20 % concentrate tofu whey and 80 % milk (beverage 2), were
manufactured according to the procedures described by Najgebauer-
Lejko, Grega, and Walczycka (2011), with modifications. Milk and
concentrated tofu whey were heated at 42 £1 °C and then mixed in the
proportions mentioned above. The lactic culture (5 g 100 g* of
inoculums) was added before incubation (42 + 1 °C) until pH of 4.6 +
0.2 was reached. After fermentation, the lactic beverages were cooled to
10 £ 1 °C, gently stirred, and then conditioned into polypropylene cups
sealed and stored at 5 £ 1 °C, until for them analysis. Following the
same procedure, a control sample was run containing only milk (100
%).

2.4 Microbiological analysis

In order to assess the influence of the concentrate tofu whey
over lactic acid bacteria (LAB) counting was carried out in beverage 1,
beverage 2 and in the control sample (only milk). Theses counts were
made in triplicate according to the methodology described in APHA
(2001). The results were expressed as logarithm of colony counts per
mL of beverage (log CFU mL™).

2.5 Physicochemical analysis

Beverage 1, beverage 2 and control were analyzed for total
solids content (g 100 g™*), by drying samples until constant weight. The
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samples were also analyzed to the protein content (g 100 g™) by
Kjeldahl method (N x 6. 38) (AOAC, 2005). The acidity (g 100 g™* of
lactic acid) of the three samples were determined according to the
methodology described by Analytical Norms of the Adolfo Lutz
Institute (IAL, 2008). The measurements of pH values were carried out
with a pH meter (MP220, Metler-Toledo, Greinfensee, Switzerland).

2.6 Syneresis index

The syneresis index for beverages 1 and 2 and the control
sample, was determined in accordance with the method proposed by
Riener et al. (2010). Thirty grams of each sample were spread evenly on
to Whatman No. 1 filter paper (Whatman Ltd., Maidstone, England)
inside a funnel placed on the top of a 50 mL graduated cylinder to
collect the liquid after 3 h of draining at 5 (£ 1) °C. The syneresis index
was calculated, using the following Eq. (2):

Syneresis index (%) = Supernatant (mL) x 100 (2)
Fermented lactic beverage (mL)

2.7 Color measurements

Measurement of the samples color (beverages 1 and 2, and
control) were carried out with a Minolta Chroma Meter CR-400
colorimeter (Konica Minolta, Osaka, Japan). This apparatus was
previously calibrated and adjusted to operate with D65 illuminant and
observation angle of 10°.The CIElab color scale was used to measure
the L*, a* and b* parameters. The L* parameters indicate luminosity
hile, the a* axis shows the variation from red (+a*) to green (-a*) and
the b* axis is the variation from yellow (+b*) to blue (-b*). The
measurements were performed four times for each sample.

2.8 Rheological analysis

The rheological measurements (beverages 1 and 2 and control)
were carried out using a Thermo Haake DC 10 rotational viscosimeter
(model VT 550, Thermo Haake, Karlsruhe, Germany), with concentric
cylinders (NV ST 807-0713 CE and NV 807-0702). Data were collected
using the software program Pro Rheowin® (version 2.93, Haake). The
flow curves were generated by shear rate increased linear from 0.02 s
to 200 s* first 5 min (upward curve) and returned to 0.02 s in the
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following 20 min (downward curve). Constant temperature (5.0 £ 0.1
°C) was maintained using a circulating water bath (Phoenix P1, Thermo
Haake, Karlsruhe, German) coupled to the viscosimeter. The rotational
speed was increased from 2 rpm to 41 rpm, at a rate of 2 rpm per
minute.

The flow behavior was described through the Power Law model
according to Eq. (3):

o=K(y) ©)

where o is shear stress (Pa), y is shear rate (s), K is consistency index
(Pa s™), n is flow behavior index). Viscosity values on the downward
(viscosity/shear rate) curves at a rate of 50 s were considered as the
apparent viscosity (g) of the beverages 1 and 2 and control, which
according to Bourne (2002), represent the approximate viscosity
perceived on the palate. The thixotropic behavior of the beverages and
control were evaluated by calculating the hysteresis loop area between
the upward and downward flow curves.

2.9 Extraction and determination of isoflavones

Extraction of isoflavones and the determination of their
components were carried out with lyophilized samples (beverage 1 and
beverage 2), in accordance with methodology proposed by Carrédo-
Panizzi, Favoni, and Kikuchi (2002), with modifications. One hundred
grams of each sample was transferred to a 10 mL test tube, into which 4
mL of an extracting solution (70 % ethanol and 0.1 % acetic acid) were
added. The test tubes with the samples and the extracting solution were
stirred in a Vortex (Model MA162, MARCONI®, Piracicaba, SP,
Brazil). The extraction was realized during 1 h at 25 °C, with stirring at
each 15 min. The test tubes were then placed into an ultrasound bath
(Model USC5000, UNIQUE®, Indaiatuba, SP, Brazil) and left for 30
min. A 1.5 mL aliquot of this extract was transferred to a refrigerated
microcentrifuge (dimensions of 31 x 60 x 25 cm, 35 kg, Model 5417R
230 V/ 50 Hz, EPENDORFF®, Séo Paulo, Brazil) and centrifuged at
20,800 x g for 15 min at 5 + 1°C. The supernatant was filtered through
0.45 pm filters (MILLIPORE®, Billerica, MA, USA) and 20 pL was
used to separate and quantify the isoflavones through chromatography.
The separation and the quantification of the isoflavones were performed
using HPLC, as proposed by Berhow (2002), with a photodiode array
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detector (Model 996) and an automatic sample injector (Model 717
Plus), both manufactured by WATERS® (Milford, USA). In this stage,
a reverse phase column (YMC-Pack ODS-AM, C18, S-5 Im, diameter of
250 x 4.6 mm) was used. For the isoflavones separation, the binary
linear gradient system was used and the mobile phases were: (a)
methanol containing 0.025 % trifluoroacetic acid (TFA) (Phase A) and
(b) ultrapure water (MILLIPORE®, Billerica, MA, USA) containing
0.025 % TFA (Phase B). The initial condition of the gradient was 20 %
in Phase A, reaching 90 % in 35 min, followed by cleaning of the
column with 100 % of Phase A for 5 min and subsequently return to 20
%, retaining these conditions for up to 60 min. The mobile phase flow
was of 1 mL min™ and the temperature during the analysis was 25 °C.
For the isoflavone detection, the wavelength of the detector was
adjusted to 254 nm. The software used to control the equipment and the
data acquisition was Millennium 32 (version 3.05.01) (GCLC®,
Toronto, Pickering, ON, Canada). For the identification and
guantification of the peaks corresponding to each one of the isoflavones,
calibration curves with linear regression based on the peak areas were
used. These calibration curves were constructed with external standards
of daidzin, daidzein, genistin, genistein, glycitin, glycitein, malonyl
daidzin, malonyl genistin, malonyl glicitin, all of which were solubilized
in methanol (chromatographic grade) to the following concentrations:
0.00625 mg mL%; 0.0125 mg mL™; 0.0250 mg mL™; 0.0500 mg mL™
and 0.1000 mg mL™ (for each external standard). The results of
isoflavones were expressed as mg of isoflavones 100 g™ of solid sample.
This assay was repeated 4 times for each sample.

2.10  Determination of oligosaccharides

Oligosaccharides were determined only in beverage 2. This
determination was carried out in triplicate with lyophilized samples as
methodology proposed by Kennedy, Mwandemelet, and McWhirtert
(1985), Burgner and Feinberg (1992) and Cicek (2001), with
modifications. Two grams of each sample were transferred to a 100 mL
wide mouth glass flask, into which 20 mL of an extracting solution (50
% ethanol and 50 % distilled water) were added. The glass flasks with
the samples and the extracting solution were stirred during 2 h. Then 2.0
mL of potassium ferricyanide 0.25 M and 2.0 mL of zinc acetate were
added, and the glass flasks were stirred again. The supernatant was
filtered through paper filter Whatman No. 1 filter paper (Whatman Ltd.,
Maidstone, England) and PVDF membrane of 0.22 um and 13 mm of
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diameter. The clarified filtrate was analyzed by HPLC (Model YL 9100,
Young Lin Instrument Co., Anyang, Henan, Korea), equipped with
injection valve Reodyne with loop of 20 uL, quaternary pump (Model
YL 9110, Young Lin Instrument Co., Anyang, Henan, Korea) and
refractive index detector (Model YL 9170, Young Lin Instrument Co.,
Anyang, Henan, Korea), using column NH, Luna (Phenomenex, 250 X
4.6 mm, 5 pm). The mobile phase flow was of 1.5 mL min™ and the
temperature during the analysis was 40 °C. For the oligosaccharides
separation, a binary system was used and the mobile phases were: (a) 75
% acetonitrile and (b) 25 % ultrapure water (MILLIPORE®, Billerica,
MA, USA).

For the identification and quantification of the each
oligosaccharide peak, calibration curves with linear regression based on
the peak areas were used. These calibration curves were constructed
with external standards of raffinose and stachyose, which were
solubilized in methanol (chromatographic grade) at concentrations
ranging between 0.02 and 1.0 g 100 mL™. The results were expressed as
g of oligosaccharides 100 g™ of sample.

2.11 Statistical analysis

Data were expressed as means and standard deviation. One-way
ANOVA and Tukey's test (5 % significance) were carried out to
evaluate the results, using the software STATISTICA version 7.0
(StatSoft Inc., Tulsa, OK, USA).

3 Results and discussion
3.1 Nanofiltration process

In Fig. 1 it is possible to see that the permeate flux (J) decreased
during the nanofiltration (NF) process, with an average J value equal to
20.25 L h*m™. The same behavior was also observed by Kim, Kim and
Yoo (2005) during the NF process of tofu whey, with J values ranging
from 15 to 35 L h™m? Several factors can influence the NF
performance (Baker, 2004), such as the increase of the osmotic pressure
of the feed solution (Suérez et al., 2009), concentration polarization
phenomena (Rinaldoni, Tarazaga, Campderros, & Pérez Padilla, 2009;
Pan, Yan, Zhu, & Li, 2013), adsorption, fouling and gel-layer formation
due to presence of protein (Rinaldoni et al., 2009). Furthermore, Al-
Malack and Anderson (1997) stated that modifications in the pressure,
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temperature, duration of the process, type and pore size of the
membrane, raw material, and the VRF used could affect the membrane
process.

Regarding to the NF process, Wang and Tang (2011) affirm that
apart of the type of raw material, normally are detected the formation of
a polarization layer and the fouling phenomenon. Yet, Suarez et al.
(2009) verified that the proteins are able to form a gel layer on the
membrane surface. On the other hand, Chan and Chen (2004) associated
the high temperatures used during the tofu manufacture with the
proteins aggregation and therefore, with the deposition of these
aggregates on the membrane surface, resulting in lower J values.

Figure 1- Permeate flux (J) (mean + standard deviation) of tofu whey submitted
to nanofiltration (NF), up to volume reduction factor equal to 4.5.
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3.2 Lactic Acid Bacteria (LAB) Count

In the present study, the inclusion of tofu whey concentrate in
the elaboration of fermented lactic beverages (1 and 2) didnot affect the
survival of lactic acid bacteria (LAB) (Table 1) count greater than 8 log
CFU mL™, including during all storage time. These results are in
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accordance with Codex Alimentarius (2011), which establishes that this
count must be greater than 7 log CFU mL™.

During the storage time, it was possible to observe that in the
beverage 2 there was a greater reduction (p < 0. in the LAB count.
According to Farnworth et al. (2007) this fact can be associated with the
further reduction in pH (Table 2), by the increase of organic acids
concentration. These authors consider this is one of the more important
factors that can dramatically affect bacterial. These results are also in
agreement with those obtained by Lee, Jenner, Low, and Lee (2006) and
Jaziri et al. (2009) by tea phenolic compounds.

Table 1- Lactic Acid Bacteria (LAB) count of control sample and fermented
lactic beverages (1 and 2) during storage time, expressed as logarithms of
colony counts per mL of beverage (log CFU mL'l).

Day 1 Day 15 Day 30
Sample
Control 8.90+0.04% 9.10£0.04™ 9.08+0.04™
Beverage 1 9.00+0.06" 9.01+0.06" 8.90+0.01""
Beverage 2 8.69+0.01%° 8.99+0.01™ 8.40+0.06°

Control sample (only milk); Fermented lactic beverage 1 (10 % of concentrate
tofu whey and 90 % of milk); Fermented lactic beverage 2 (20 % of concentrate
tofu whey and 80 % of milk).

Results expressed as mean + standard deviation (n=3).

A,B,C Within a line, different superscript uppercase letters denote significant
differences (p < 0.05) among the different storage day, for each sample.

AB,C Within a column, different superscript lowercase letters denote
significant differences (p < 0.05) among the different samples (control,
beverage 1, beverage 2) for the same storage time.

3.3 Physical and chemical properties

The use of concentrate tofu whey decreased the total solids
content, reflecting also in a decrease of the protein contents (p < 0.05)
(Table 2), but this behavior was more evident in beverage 2 (with 20 %
of concentrate tofu whey). However, at the end of storage time (30 days)
it was possible to verify that total solids and protein contents remained
unchanged (p < 0.05). The same behavior was observed by Cunha et al.
(2008) for lactic beverages produced with different contents of whey
and Debon et al. (2012) for prebiotic fermented milk.
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On day 1 of storage, acidity and pH values for beverage 2 were
lower (p < 0.05) than the beverage 1 and the control sample. However,
acidity increased and pH values decreased (p < 0.05) (Table 2),
throughout the storage time (up to 30 day) for all samples, i. e., it was
observed a post-acidification process. Kailasapathy and Sultana (2003)
stated that the post-acidification of fermented dairy products occurred
during refrigeration storage because of the residual metabolic activity of
lactic acid bacteria (LAB). The activity of p-galactosidase released by
the LAB to cleave lactose is still active even at refrigerated storage
temperature (0 - 5 °C) (Kailasapathy & Sultana, 2003). This contributes
to the accumulation of lactic acid, acetic acid, citric acid, butyric acid,
acetaldehyde and formic acid produced by starter culture as metabolic
by-products (Kailasapathy, 2006). Acidity and pH values obtained were
in agreement with those recommended by Costa et al. (2013) and
Tamime and Robinson (2007), which should be in the range acidity of
0.6 and 1.5 % lactic acid and pH equal to 4.6, respectively. Furthermore,
Tamime and Robinson (2007) related that fermented milks obtained at
this pH range would exhibit in a better rearrangement and aggregation
of casein particles.

The syneresis index data for these beverages (1 and 2) and
control (Fig. 2) show that higher the amount of concentrate tofu whey
used, within the levels studied, the greater the syneresis. This influence
was also observed by Castro et al. (2009) for lactic beverages. At the
end of storage time (30 days), for the same sample, it was possible to
verify that the syneresis index showed differences (p < 0.05). The
instability of syneresis index during the storage time could be related
with the pH values observed in all samples evaluated. As observed by
Castro et al. (2009), in the present study the increase of concentrate tofu
whey content in fermented lactic beverage contributes to the formation
of acid gels with open structure, due to reduction of intermolecular
interactions and, therefore, more susceptible to the syneresis effect.
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Figure 2- Results of the average + (standard deviation) (_L) syneresis index of
controle sample and fermented lactic beverages (beverage 1 and beverage 2),
during storage time at 51 °C.
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different storage time, for each sample. *"Different superscript lowercase letters
denote significant differences (p < 0.05) among the different samples (control,
beverage 1 and beverage 2) for the same storage time.

Table 3 shows the parameters L*, a*, and b* for both beverages
(1 and 2) and for the control sample, during the storage time. For all
samples, at the the same day of storage time, it was possible to note that
the parameter a* increased, while the parameter b* decreased (p < 0.05).
For these parameters the same behavior was observed during the storage
time. Despite these variations, it was possible to note that all samples
showed a tendency to the greenish yellow color. The same behavior was
observed by Poloseli-Scopel, Hernandez-Herrero, Guamis, and Ferragut
(2013) in soymilk. Parameter L* decreased (p < 0.05) during the storage
time for beverages 1 and 2. This decrease could be due to oxidation of th
concentrated tofu whey, which is undesirable and may influence the
consumer acceptability. According Kong, Chan, Liu, and Wilson
(2008), this change in the color of soybean products could be attributed
to nonenzymatic reactions.



128

Table 2 - Results of physicochemical composition of control sample and fermented lactic beverages (beverage 1 and beverage 2)
during storage time at 5 + 1°C.

. . Acidity
Total solids Proteins 1 .

Samples Day (g 100 ) (9 100 g (g 100 éindc;f lactic pH
1 11.62+0.03™ 3.25+0.12™° 0.67+0.01% 4.50+0.02"°
Control 15 11.36+0.02"*° 3.26+0.04™ 0.69+0.01°° 4.38+0.01%*
30 11.64+0.02 3.31+0.07" 0.72+0.00™ 4.40+0.03%*
1 10.93+0.06"" 3.14+0.03" 0.66+0.01°% 4.53+0.01"
Beverage 1 15 10.79+0.03% 3.05+0.03% 0.71+0.01" 4.330.01%°
30 11.06+0.01% 3.13+0.04% 0.72+0.00" 4.38+0.03“
1 10.36+0.04°* 2.92+0.03% 0.61+0.00°° 4.48+0.00"
Beverage 2 15 10.02+0.03°" 2.69+0.02° 0.67+0.01%" 4.30+0.01°°
30 10.36+0.05%* 2.91+0.03“® 0.71+0.01™ 4.35+0.01%*

Control sample (only milk); Fermented lactic beverage 1 (10 % of concentrate tofu whey and 90 % of milk); Fermented lactic
beverage 2 (20 % of concentrate tofu whey and 80 % of milk).

Results expressed as mean + standard deviation, among three batches realized in triplicate for each type of beverage, with three
repetitions for physicochemical analyzes.

ABC Within a column, different superscript uppercase letters denote significant differences (p < 0.05) among the different samples
(control, beverage 1, beverage 2)

for the same storage time.

ab¢ \Within a column, different superscript lowercase letters denote significant differences (p < 0.05) among the different storage
time, for each sample.
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Table 3- Color parameters (L*, a* and b*) for the control samples and
fermented lactic beverage 1 and beverage 2 during storage time
at5 +1 °C.
Day Parameters
Sample L* a* b*
1 82.50+0.57"%  -3.35+0.04™*  9.31+0.13%
Control 15  82.97+0.91"*  -3.11+0.03,, 8.99+0.08""
30  81.70+0.99"*  -2.79+0.07"°  8.02+0.29"°
1 82.55+0.23"  -3.28+0.35™*  9.49+0.06"%
Beverage1 15  82.82+0.86"*  -2.97+0.02%°  9.01+0.09""
30 78.75+1.08"%" -2.45+0.02%°  7.60+0.10"°
1 81.02+0.98™  -3.13+0.02%  9.56+0.07"
Beverage2 15  82.00+0.52"*  -2.85+0.03“°  9.06+0.08""
30  75.8442.91%° -2.21+0.11°°  7.38+0.33"°

Control sample (only milk); Fermented lactic beverage 1 (10 % of concentrate
tofu whey and 90 % of milk); Fermented lactic beverage 2 (20 % of concentrate
tofu whey and 80 % of milk).

Results expressed as mean + standard deviation (n=3).

ABC Within a column, different superscript uppercase letters denote significant
differences (p < 0.05) among the different samples (control, beverage 1,
beverage 2)

for the same storage time.

&P \Within a column, different superscript lowercase letters denote significant
differences (p < 0.05) among the different storage time, for each sample.

3.4 Rheology properties

The apparent viscosity of beverage 1 and 2 and control
decreased with an increase in the shear rate, indicating a non-Newtonian
fluid behavior (Fig. 3a-c), with shear thinning characteristics. This is in
agreement with results obtained by Rinaldoni, Campderrés, and Pérez
Padilha (2012) for fermented milk from ultrafiltreted soy milk.
Karazhiyan et al. (2009) explained that the increase in shear rate and
decrease in viscosity occur by a breaking of the macromolecular
structures in solution, due to the shear force. Because the hydrodynamic
forces are more intense at the beginning of shearing, greater rupture
occurs generating system stretching allowing, over time, the alignment
with the flow and, consequently, a reduction in the viscosity values, as
related by Castro (2003).
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Figure 3- Apparent viscosity versus shear rate on (a) 1 (b) 15 and (c) 30 storage

days for control sample (A) and fermented lactic beverages (beverage 1(. )
and beverage 2 (). Results expressed as mean (n=3).
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During the storage time, it can be verified that the control
sample showed a higher initial viscosity, with a steep decrease more
pronounced for both beverages (1 and 2). However, the viscosity was
lower for beverage 2 (Table 4). According to Ramaswamy and Basak
(1992), this behavior can be credited to the addition of aqueous extracts,
which generally decreased the viscosity of the products due to reduced
water-binding capacity of proteins. Jung, Chung, and Kim (2005) also
observed a reduction in the viscosity values for fermented milk mixed
with concentrate tofu whey.

The rheological parameters evaluated for beverages 1 and 2 and
for the control, during 30 days of storage, are given in Table 4. For the
Power Law model, correlation coefficients (R) values were greater than
0.9. Thus, this model was considered appropriate to describe the
rheological behavior of these beverages, during the storage time (30
days). The flow behavior index (n) for these samples obtained through
the model (Table 3), showed characteristics of a shear thinning fluid (n
< 1), thus confirming the non-Newtonian behavior. The storage time
contributed to the decrease of the beverages apparent viscosity (Table
4). This fact can also be credited to the addition of the aqueous extract.
Since Ross-Murphy (1990) states that this behavior is common in acid
gels during storage.
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The decrease in K values (Table 4), combined to the partial
structure recovery between the two cycles of shear rate (Fig. 4a-c),
indicate that all samples show shear rate-thinning and thixotropic
properties, as stated by McCann et al. (2011), Rawson and Marshall
(1997) and Staffolo et al. (2004), which it is typical for fluid fermented
dairy products.

Table 4 - Rheological parameters obtained using Power Law model (1= K(y)™
') and apparent viscosity for the control samples and fermented lactic beverage
1 and beverage 2 during storage time at 5 +1 °C.

Power Law model

Sample Day n n
K(Pas") n (MPa.s) R
1

0328 0533 5275  0.989
Control 15 0.293 0557 5145  0.984
30 0239 0580  47.94  0.993
1 0131 0675 3528  0.989
Beveragel 15 0119 0692 3556  0.990
30 0057 0835 2995 0987
1 0051 0740 1851  0.990
Beverage2 15 0037 0794 1653 0991
30 0028 0867 1651 0991

Control sample (only milk); Fermented lactic beverage 1 (10 % of concentrate
tofu whey and 90 % of milk); Fermented lactic beverage 2 (20 % of concentrate
tofu whey and 80 % of milk).

K, consistency index; n, flow behavior index; m, apparent viscosity; R,
correlation coefficient.

Toneli, Mirr, and Park et al. (2005) reported that the formation
of an hysteresis curve reflects changes in the rheological behavior of the
product. This behavior is of a product with shear thinning
characteristics, which exhibits thixotropic behavior. Therefore, the
rheograms (Fig. 4a-c) indicate that all samples evaluated showed
hysteresis, and thus, they are dependent of the storage time. It is
noteworthy, that this behavior occurs when products with fragile
agglomerated particles are submitted to a shear force. In this case,
Oliveira et al. (2002) stated that the tridimensional structures of fluid
fermented dairy products are lost, but they are practically regained after
a period of rest.
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Figure 4- Flow curves, shear stress versus shear rate, for control samples A

and fermented lactic beverages (beverage 1 . and beverage 2 ) on (a) 0,
(b) 15 and (c) 30 storage days.
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Thus, in the Fig. 5 it is possible to verify that the control sample
showed the greatest hysteresis values, followed by the beverage 1 and
beverage 2. In accordance with Mohameed et al. (2004) changes in the
rheological properties of fluid fermented dairy products can be
associated to their solids concentration. Therefore, the greatest
hysteresis observed for the control sample may be related to its total
solids content, as shown in Table 1. This behavior can be also associated
to the viscosity of sample, i. e., as stated by Herndndez (1996) a
thixotropic fluid of higher viscosity must have a greater hysteresis area
than a fluid with lower viscosity, even when an increase occurs in the
breaking of the structure of the less viscous product.
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Figure 5 - Hysteresis area for control sample (.), beverage 1 (D) and
beverage 2 (D) during storage time at 5 + 1°C.
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3.5 Functional properties assessment of the fermented lactic
beverages

As expected, beverage 2 presented the greatest isoflavone
content (p < 0.05), that remained unchanged (p > 0.05), during the
storage time. However, storage time affected beverage 1, so it was
possible to note an increase in its total isoflavone content (p < 0.05), due
to increase in the M-daidzin, M-glicitin and M-genistin contents (p <
0.05). Already, the total isoflavone content remained unchanged (p >
0.05), during the storage time of beverage 2. In beverage 2, the increase
of B-glucosides (daidzin, glicitin and genistin) and of aglycones
(daidzein and genistein), and the decrease of malonil glucosides (M-
daidzin and M-genistin) were responsible for the unchanged total
isoflavones content.

It was also possible to verify that after storage time (30 days) of
the beverage 2 (with 20 % of concentrate tofu whey), the daidzein and
genistein contents increased (p < 0.05). According to Li-Jun et al.
(2004) this fact could be due to enzymatic hydrolysis produced by the
starter microorganism. However, it was not observed the conversion
from B-glucosides into the corresponding aglycones, because both
values increased (Table 5). Therefore, there was not enough enzyme
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amount or activity, under hydrolysis by B-glucosidase. For the other
hand, Fletcher (2003) stated that the diversity of processing techniques
has a major effect on the level of isoflavone. The effects of soybean
processing techniques on the distribution of isoflavones were also
investigated by Chien, Huang and Chou (2006), Li-Jun et al. (2004) and
Wang and Murphy (1996), for soybean products. As affirmed by Yin et
al. (2005), in the present work the conversion of isoflavones structures
was perhaps due to storage conditions than by glucosidase hydrolysis.
Rossi et al. (2004) neither observed the isoflavone hydrolysis in
soybean yogurt. However, Cassidy et al. (2006) emphasize that the
bioavailability of isoflavones are influenced mainly by the type of food
matrix or form in which they are ingested. These authors also stated that
a liquid matrix, such as soy yogurt, yields a faster absorption rate than a
solid matrix, whereas aglycones in a fermented food are absorbed more
rapidly than glucosides conjugates. Therefore, the technological and cost
advantages of the use of concentrate tofu whey make possible a wider
range of foods, such as the fermented lactic beverage, offering potential
health benefits.

As observed by Kano et al. (2006) fermentation products (lactic
acid) can influence the absorption or the metabolism of isoflavones. It is
noteworthy, that it reinforces the need to accurately determine the
isoflavone content of foods used in dietary intervention studies while
exposing the limitations for estimating daily isoflavone intakes.

As well as the isoflavones, Gomes and Malcata (1999) stated
that products with oligosaccharides may positively affect human health.
Thus, the oligosaccharides contents were determined in beverage 2.
During its storage time, it was observed that the oligosaccharides
contents decreased (p < 0.05) (Table 4). De Vuyst (2000) verified that
ever technological conditions of food processing must affect the
oligosaccharides content. However, this author also reported that post-
acidification is responsible by hydrolysis of the oligosaccharides present
in the food matrix, and that this behavior results in the loss of the
nutritional properties of the food. Furthermore, De Vuyst (2000) also
affirms that the stability of these compounds is strongly dependent on
the nature and type of the oligosaccharides; in ring structure, their
anomeric configuration, and the type of bonds. Finally, it has to be
underlined that oligosaccharides are substrates for microorganisms, so
that they may be fermented and consumed during storage time (Buono,
Erickson, & Fung, 1990).
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Table 5- Isoflavone content (mg isoflavone 100 g™ dry sample) for the fermented lactic beverage 1 and beverage 2 during
storage time and oligosaccharides content (g oligosaccharide 100 g™* dried sample) for the beverage 2 on days 1 and 30 of storage.

Isoflavones Oligosaccharides
. . . Total
Sample Day B-glucosides Malonil glucosides Aglycones
Daidzin  Glicitin  Genistin M- M- M- Daidzein  Genistein Raffinose  Stachyose Total
daidzin  glicitin genistin
11.56 2.13 6.93 16.22 4.42 24.50 0.47 0.34 66.59
1 024"  #0.13% 017"  x050% #0.23%  +0.52% +0.05"° £0.03"  +1.53% - - -
Beverage 1 11.19 2.18 6.77 20.02 5.02 27.76 0.41 0.33 73.68
9 15 #0.32°° #0090  £0.18"  x0.14%® 017"  +0.60%° +0.05"° £0.05%°  x1.18% - - -
30 11.63 2.34 6.95 22.29 5.33 30.16 0.44 0.34 79.49
#0047  #023% £040"  £1.27"° 035" 153" £0.04"° £0.01"*  +3.99"" ) ) )
1 23.62 4.74 13.92 38.55 10.33 58.47 1.00 0.68 151.31 0.22 1.79 2.02
+£0.26%  +0.35%%  £0.27°® 093" 038"  #1.37% +0.09% +0.07% 325" +0.014 +0.03* +0.04*
4.98
Beverage 2 15 24.7% +0.08" 14.BSB 37.6£ 10.3£ 58.54/1 1.09B 0.71B 152.93 - - -
+0.36% T g +0.07° +0.31%  +0.47%° +0.26"* +0.02"% +0.06%* +0.43%
30 2771 517 1668 3520 1035 5555 131 o2 15280 9% Ryt
+£0.80"  #0.10%  £0.39"  +053% 024"  +118% +0.14% +0.03% 282" - - -

Beverage 1 (10 % of concentrated tofu whey and 90 % of milk); Beverage 2 (20 % of concentrated tofu whey and 80 % of milk).

ABC Within a column, different superscript uppercase letters denote significant differences (p < 0.05) among the different storage
day, for each sample. ** Within a column, different superscript lowercase letters denote significant differences (p < 0.05) among

different samples (beverage 1 and beverage 2) for the same storage time.
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4 Conclusions

The inclusion of concentrate tofu whey in the manufacture of
fermented lactic beverages did not affect the survival of lactic acid
bacteria during all storage time. It was observed a decrease in the total
solids content, proteins content and in the apparent viscosity and highest
syneresis index in the fermented lactic beverage 2, i. e., with 20 % of
concentrate tofu whey. Besides, it was possible to note that all samples
showed a tendency to the greenish yellow color. The power-law model
was applied successfully to describe the flow properties of fermented
lactic beverages. Both types of beverages showed shear rate-thinning
and thixotropic properties, confirming a non-Newtonian behaviour. The
total isoflavones remained in the fermented lactic beverages, while the
oligosaccharides (evaluated only in the beverage 2) decreases over
storage time. Finally, the use NF process to concentrate the tofu whey
and the use the concentrate in the manufacture of | fermented lactic
beverage offer an opportunity for an entirely new approach regarding
the utilization of tofu whey.
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CONSIDERAGOES FINAIS

A crioconcentracdo e a nanofiltragdo mostraram-se técnicas
promissoras para a concentragdo de soro de tofu, visando a recuperagédo
dos compostos bioativos. Em ambos 0s processos, observou-se um
aumento gradual no conteldo de isoflavonas ao longo das etapas de
concentragao.

Os processos de crioconcentracdo e nanofiltracdo também
possibilitaram o aumento do potencial antioxidante do soro de tofu
através da sua concentragdo, estando positivamente correlacionado com
0 aumento do contelido de isoflavonas. A crioconcentragdo promoveu o
aumento do conteldo de matéria seca total e apresentou eficiéncia de
concentracdo superior a 80 % em todas as etapas. Na nanofiltracdo, o
maior potencial antioxidante foi observado no concentrado obtido no
fator de reducdo volumétrica igual a 4. A atividade antioxidante em
ambos os concentrados foi correlacionada principalmente com as
agliconas e malonil glicosideos presentes no soro de tofu.

A utilizacdo do soro de tofu concentrado na elaboragdo de
bebidas lacteas fermentadas com propriedades bioldgicas ndo afetou a
sobrevivéncia das bactérias acido-laticas, embora tenha contribuido para
0 processo de pos-acidificacdo das bebidas ao longo do periodo de
armazenamento.

A adicdo de soro de tofu concentrado na bebida lactea
fermentada 2 (20 % de soro de tofu concentrado + 80 % de leite)
contribuiu para a reducdo do teor de sélidos totais, proteinas e aumento
do indice de sinerese. Além disso, foi possivel detectar tendéncia a
coloracdo amarelo-esverdeada em todas as amostras. O modelo Lei da
Poténcia foi adequado para descrever as propriedades de fluxo das
bebidas lacteas fermentadas. Ambas apresentaram comportamento shear
thinning e propriedades tixotrépicas, tipico de fluido ndo-newtoniano.

As isoflavonas totais permaneceram inalteradas, enquanto o
contelldo de oligossacarideos diminui ao longo do periodo de
armazenamento na bebida lactea fermentadas 2. Finalmente, o uso da
nanofiltracdo para concentrar o soro de tofu e 0 uso do seu concentrado
na elaboracdo de uma bebida lactea fermentada especial com atividade
bioldgica oferece uma oportunidade ainda ndo explorada de utilizacdo
do soro de tofu, agregando valor a esse residuo agroindustrial de
processamento de soja.






SUGESTOES PARA TRABALHOS FUTUROS

a) Otimizar as condigdes operacionais da nanofiltracdo e
crioconcentracdo para 0s ensaios de concentracdo do soro de
tofu;

b) Desenvolver novas formulacdes de bebidas lacteas fermentadas
saborizadas adicionadas de soro de tofu concentrado;

c) Realizar a andlise sensorial das bebidas lacteas produzidas;

d) Propor a aplicagdo do soro de tofu concentrado em outros tipos
de alimentos.
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The liguid wase genemed from rofy product on, denominansd 2 Toft Whey (TW), congins imparanr
ampuritsod boflawonesthat can e evalued by W rious separaton wohnkgues. In this work TW sascon-
cenmraed by falling - freese concenmation from 19 © 155 *Bix, uproleveds of 208 m g of boflasons
per 100 g solids. The beveds of | soflavanes, proweins, sugars, calcium and mageesium wine Seeam inad
Enth in the ke and in the concenma® odtained I was fund by rheclogical charactestzarion thar TW
shows 2 NewDnian behawer It conenTason: tetwemn 19 and 155 “Brix with freezing points of
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1. Introduction et al | 2007), ardiovaso lar divezses ( Sads et al, 2006 ) osieoparo-

Tafu i the main processad soyhean product in the world and
the TW, the liquid that oazes out of soybean curd during proo=ss-
ing, is thenefore an impartant sovhean proessing by-product. This
represents an environmental problem fordirect dispasa = the TW
deteniarates very quickly beause of its high water antent andits
igh content of nuiritows substancss for ecera. Although TW
amtaims high quantities of beneficial nutrients, maost tofu by
products are used as animal feed, fertilizer ar simply disposed of
s higuid wase (Matemu et al 2009). jack son et al {2002 jreporisd
that this effluent cntains solible salts and @rbohydrates
(nligosaccharides) and also significant levels of soflavones result-
ing from the dissahtion of thess in the water during processing.
Amording to Wang and Murphy {1996 ) the loss of soflzvones in
the liquid wasie during the ofu promessing reaches 445

Isaflavones area group of naturally ourring heiera cyclic phe-
nals, called phyioestrogens, found mainly in soyhean. |soflavanes
have heen daimed to perform several health-promating functions.
Kim et a. (2005) reparted that these health daims place sayhean
products into 2 seledt @tegary of findional foods that posses
good averall nutritional values apart fram the specific health ben-
efits. The benefits provided by the Soflavanes and dligaacchands
from saybeans indude posi tive effects an patients with the folkow-
ing diseases: cancer of breast, prstate, ad coln (Espinosa-
Maris et al, 2006; Ounis ot al, 2008; Kennedy, 1993; Magata

* Chemigonday atho
Emal addnes. mucer ooy (W Riwns )|

st (Taku et al, 2011) and menopaeal sympioms (Taku et al,
2010} Oldoni et al {2011) reparted that a dietary comsumption
af foods and foad additives antaining soflavane phytosstrogens
have bheen associated with several henefidal properties to human
health, such as prevention of coranary heart dissase and osteopo-
osts; and reduchion of menopausal symptoms.

Soyben contxins 12 different phytosstrogens, divided into the
fallowing four chemical forms: aghyoones {geni stein, daidzein and
glydeEin), f-ghcosides (genistin, daidzin and ghycitinl, malanyl
glucmsides (6*-0-malonilgmistin, 6*-0-malonildaidrin and &0
malonilghyciting and acetyl ghicasides (6°-0-acstilgenistin, &-0-
acetildzidrin and 6*-0-acetil ghyoitinl Howeve, Shao et al.
{2009) reparted thatithas been estblished tha the bimvailibility
of isoflavanes can be influenced by their chemical form. Already,
Jackson & d. (2002) shown that some soflavones mukd be kst
during the promessing steps, a5 obtention of sy products. Snee
same studies have shown that the chemicl form and the content
of isoflavanes may depend of process used, Kostagno et al (2005)
highlights the impartance of studies about the nfluence of pro-
cexsing and hehaviar of soflvones aimed at industrial use.

The compesitian and properties of TW make it 2 reusable efflu-
ent with patential applictions | Espinosa-Martos & d, 2006). The
management of this waste with high water conent represents an
econamic problem becawse of the high transportation axts far
its disposal, treatment and for wse The mncentration of TW thus
hemmes 2 nisges sary first step for its waste management and sval-
uation. In prindple ane @uld use evaporation as coneentration
process, but inforiunately this @n @use damageto heat sensitive
components ar ks of volatile compounds (Kakshi and johnsan,
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9%, o0 that J0em e OONC ST roceeses Je neaded One
posible aption ks the e of faene CNCENTANON, 3 PRSCRSS PR
aed & bow emperanores, which Sworsa god miention o ther-
ke Tebl: Com poneEis.

The lieranore oeoally indicanes that the concenmason of -
flawiomes in soy foodsand soy ingrediens may arywith fe gnes-
ks of soyban colfars ad dimaic conditons during e
cultvason. In add imion, processing tec hniques ako may afiect ge
concenitration of kaflivanes. Repas in the |erarure usoally indi-
cate thar kadlavan s are rather smibdecompounds afoed by hear
anly with regas] to ther speafic conjugtad form and there ks bitde
evdence for thermal degradation of these compoun ds The change
o the tsoflavane aghycones in soymilk during heat processing bs of
particular inerest, becamse here am indicasons tha the agy
cones, especally genisten, show the geamst hiskgical aciviy
{Hoangetal, 2005} Thus, thense of kyw Emperaure i impatant
to madniin the fundional propertes of the koflvanes during Sie
coinCEntTation procees (CAs-Favend & o, PO04) Freee concentra-
o, a3 sodution for sapamtions of mast e substances from e
soiution, has bem stodied fom year ago This wanld be 2 good
alemnaive for matment of wasewater Sie food and chemical
indusrially. This mathod require small amount of power com-
pared with S high temperatore technodogy s ch 35 D TaSons.

By falling-film freme concentmsan echnd ofy tofy indusy
can meowe 50 oble solids in @ effluents, the TW volume can be
reduced and in Sis way s ervironment ] management can b im-
prowed (Bekén etal, 2012} The aim of ghits study was 1o idmsfy fe
effet of failirfl bm feeme concent@tion of TW an the anent of
anflavemes, prosns, sogars, cidum and magnesiom in bot Te
ke and concenmate sh@ined Forhermore, the feesng point
and rhenigical behavior of the TW during the steps of fraeze con-
cenaration was deemined

I Marerials and methods

2.1 Samples of Tofu Wikay (TW)

Friesh TW wias suppiad by MATURSOY 51, Alimenins Maturaies
and Biokégios (Caselitergol, Bamelona-Spin). 240ky of frsh
TW, & an initlal concenmason of 1.9 Bax, were freeae mince-
trated. The TW fresae-conCenTanon proces was camed oot in
three soes maintaning the average fow e & 1:020s ' o
ensune good contact berwesn the ssapoato plies and e fod
being concemtrated. The aquipment ossd in this sudy was de-
sombed in el by SAnchem &t al (3010) and & shown in B 1.
Freeze concenirated samples of TW (B0-155 *Brix) and ke were
ohtained from e et developed by Bedén etal (2012}, according
o Rg. Z Samples of concenmae and ke wer olleaed ater |
step of freme conCENTanan

For ach feee concentmiim s, the hllowing samples were
aralypad: frech TW in stage 0, % final concenmams (OF), OF2,
and CF2) and ice fractions (11, I, and B) forsoges 1, 2 and 2
resperovely. Analysss includad the detemin ationod o an e rasen
of profeing, sugas, caldum, magnesium and toflvoenes Moreaeer,
the frezing point dapression and the enogical behawior were
deermined for fresh TW, OF1, OF2 and OF2. The sobubls sadid con-
centration in each concentrates was measured with an Atam
reframomes (moded DEX-55; Banedon, Spain), and in accor-
dance with Bedén et al (2012) fuy wer equal © 1.8, &0 and
11.0 and 15.5*Brix ta TW, TR, OF2 and OF3, respac ovely.

2.2 Physkachemical auatysts

The jprotsn content (F 1007 ') in the vanoos smplss was
dewermined by Kjsdahl analysis (N « 5.70) in an automase Kjs-

dahl distillagon equipment (Pro-Mims I-messuning range 1-
140 mg of nitmgen), according to ADAL (2005). Fallwing S4nchez
etal 2010}, with medifications, the otd sugar content (gL ')
wer deprmined through High Perirmance Liquid Chromamgrs-
pitiy (HLC, Beckman, 5an Ramon, USA) equipped with neo Bk
man 1108 pumps; imjeco Hewbs Packasd Geris 1700
refracove index detecior Becloman 156, Hewles Packard Chem -
than softwam; and Phenomenex lona WHZ 1004 (250 = 46 mm )
collumn, 5 um particies The mobils phase ussd was acetanimile:
waer|T522); whilethe flowrae was 12 mlmin ' and the injec-
o wodum e was equal to 20 ul Al these an alyseswers camizsd aon
in wiplcae

The concent@iion of caciom and magnesiom in e vanis
samples was mezue by flame anmic adsaption, according ©
ADAC (2005, The equipment wsad wi supplisd by Varian, medel
spectra AATTL The refrences nsad for cll dum and magnesim
wer solutions of 1-10-25-100mgl " and 1-5-10-20mgl"
respergibily. 10 ml of bquid was usad bosh for the sampls and
for the refemnces; and 100 ul of swontiom chlodds (Sn0;) was
added ar 200 gL ", The wasdengts wed were 4227 nm and

285 2nm fir caicum and magnasiom, resper el
2.3 kofievon merantion ood defermuinrtbn

Twenty millilier of exh ample wer kophileed firsty

{ fremze- dryer; CRVODOS-45, Testag Barcelona, Spainl, in miplicate
The extraceon of soflvones and S deermination of thedr com-
pOnents weR camied out with sampies dnied in accordance with
misthadoiongy proposad by Carro-Fanizzi et al. (200E), with mod-
fications. Ome hundredof Iyophilized samples we mandemed ma
Tl st pobe, it which 4 ml of an exmacing 2o otion (702
edianod and 013 acetic acd) wene addad. The test tubes with @i
samplzs and the exiracring solution wene stimned ina Vorex | Mod-
el MATE2, MARCDMI®, Piraccaba, 5P, Brazll). The scracion was
reaiized duning 1 0 350, with soming ateach 15 min. The fest
b were then placed info an oimsoond barh (Made] USCS000,
IBOQUE", Indatamba, P, Brazil) and ket for 30 min A 1.5 ml 3
quat of Bis exTactwas trans fmed to 2 nefrigemited mimaoents-
foge (dimenmione of 31 = 60 25 am, 35k, Mode] S417R 230V
50 Kz, EPENDORFF®, So Pauks, Boal) and centrifuged & 20,5007
for 15min at 5 °C. The supsmatant was filtered through 0.45um
flers{ ML FORE, Billerica, MA, USA} and 20 ul was usedio sgp-
arate and quanefy the loflwonss through dromatgraphy. The
sramam and the quantificaton of the koflwvones wers per
formad wzing HPLL, ag propased by Berhow (2002} with 3 phota-
dinde aray dewctor (Model 995) and an amamasc mplke
injectar (Modd 717 Phs), both manofactored by WATERS"
(Milfomd, WSA) In this sage 2 resers: phase column (YMC-Pack
DDG-AM, C1E, 5-5um, diameter of 250 = 46 mm ) was oead Far
the smaration of Gaflsones, the binary near gadisnt sysem
was med and the moblle phasss wem: (1) mathand con@ining
0.025% mfl pomacese acid (TFA) (Phase A)and (b) oitrapone water
[ MILLIPORE®, Billerica, MA, UISA ) conmiming 005 TRA (Phase B
The inirial comdirion of S gradist was 200 in Phase A, raching
S0 i 35 i, followed by chmning of the oo omn wish 1008 of
Phase Ador 5 min and subsaquently repumn o 208, re@ining these
condizons for up to Gmin The moblle phase flow wa of
1mimin ' and Se tempemme during the analysts was 25°C
For the soflvane demorion, the wavekmgh of e dearnr was
1o 254 im. The safraare sed to conmal ®ie aqupment

and mie &0 awquistion was Millsniom 32 (vemkm 3.0501)
[COC® Taronts, Pideesing, ON, Canada) Fr the idensficarion
and quantification of the peaks conesponding o sach one of e
boflavanes, calibration corves with Binear regession based an
the peak amas were used These callifanon CUReS Were oon-
strectad with soemal standards of dasdsn, daidesin, genkeon,
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gemisiein, ghyitin, ghyctein, maknyl dadzin, malmyl genisin,
onaionry] ghicitin, aceryd dabdsin, aceqy] gentstn and aceyl gheion,
all of which wem solubliosd i mehand (| chromanograp hic
grak] © ®e hllowing conenTasons: O0DEISmgml
0012Smgml ' amsimg ml'; 00s0mgml ' and 01000
mgmL " The results of iaflwones wene sqpresosd 2 my of bo-
flawomes per 100g of solid sample. Al these analyses wee per-
formed in duplicate

2.4 Rienlrica be kavior

Arotational sscoaimeer with ooaxial oy inder (Visoo Star phas,
Fangilh, SA, Rarcelons, Span) equippad with a0 adaptes LPR
oy vy wincoesities, 3 spindle with 3 mdios of 905 mm and ovenll
lengh of &5 mm. The visometer contained an adapter LOPR for
low wisooaities Sar works with 2 sample volome of 12ml The
nemperanre of the samples was conmolied whit 3 Dara Logger,
Tesiv 1777-R; Barcedona-Spain, connected by a sensor rype K
proke (MICr-NUA sensor). Dag anabysls was periormed wing the
dat beggrer "Testo Comiort Software”. The measures of wscogty
WA Carmid ot constant romsonal spead with 2 valne in @e
range of 50-200rpm and at tempeatnes of -2 °C; -1 7 0°C;
10 20 and 4°C resparably. The oyosaussd was Polysoence,
miade] S505; USA osinga mive of sthylens ghyood and water. An
Amhenis-rype model, given in Bg. (1] was weed fodesoibe the ef-
feat of temparatone an S wiscosinyof TW and ins concenirates [ar
19,60 110 and 155 “Brix.

1= hﬂw{%) ol

i i) Tepnasan St Synamic vioEity (mPa s), i b 3 constant
(miPas) E; ks the aohason energy far viscous flow (K]md '), R
&5 ®e gas constant (5] med ') and T the abeclute emperanre (K
o the siope of the plot of in g vens 1ET, the Exwas determi ned
for TW and all concenaranes. These analysss were repaed dour
Times

2.5 Determimtbn of free sing point

Cooling cores were obtaned from samples of fesh TW ar
15%Brx and o fresve-concen maed TW samples & 6.0, 110, and
15.5°Brix. For #ach concenmation the freming point dapmssion
{ At} was iden Sfled, hased on the coaling curve (R, 3) The exper-
imeantal 22 up and Semearhisd need hawve been desoibed by San-
cher et al (2001). The freezing point measors were repaied
fovur times.

iy 1 Schwmucc d spam of aolng ore.

2.6 Sty anplyss

Smestical data analysts was carmiad sur ming the multvanane
stistical soffware package Sasstica 70 (Radedt Inc, Toka,
O, USA; 2004}, Analysis of vasanc e [ANOVA] and Tukey's sude-
rized @nge hast were carted ot to dewect any significant difier-
ences (p<0UEL The comelsion cefident (F) wa med
deermine the best fit for the cunves.

3 Results and dlsouzskon

3.1 Physicochemic gyt

s expected, the profein condent inoreased in the concenrans 1
and 2 (OF1 and OF2) e the concenma s obinedinsag 1 and 2
of e raeae CONGENTRE process HOwever, insog 3 the proedn
content of the concentate (OF3) demeased (g 4) Noh et al.
2006 mparied mat the oo gLation of soyml, in which TW tsob-
ramed, invoilviss 3 two-step process: first proedn dena taraon by
heamng, foliowed by yd mphobic coagola Son promoted by coago-
Lanits Oz et al, (2007 )and Tang (2007 ) repanted tha the detalls of
hin fA NGRS SRR, togemer with the deqils of the soybean
com peesision, and She pocesing methads Siat are wead to sbGin
the soymilic could influence the stability of the protens In addison
i thsse varions process ing seps, the TW was submitted o three

of freeze comcenitRon. Thiss it Seems raasonabie toassume
that Sese so@s hawe casad some cangss inothe proein
Charaoeriss

The inmss:in podsn conent forCF and OF2 coold bedoe o
the G0 fiar the pmtEn baromes parially imsohibds in wate and
thizs rEmaining in higher concent@Em in the mnentaes (CF
and OF2) San i the e According o Moh et al. [ 2006) opon freez-
ing 2 proiein sobugon, the soy potsn became pamially insobo ble
due o e pohymen zason of pravedn moks olesthroaghithe foma-
tion of infemmalerular disuifide bonds Thas, it appars dar e
rwofist sages of freeze concent@iion process inmesse te hydro-
[ ity o 2oy pro@edne. Duning rhes & stages the pransns poasibly
Imtemar with each ofher and farm Lger aggragates. Acording o
Chen et al (2000} smalier malao ks in solution e more sy
trapped inside the bce strocore, whemas Larger mid eules ane less
Hkzly o b inclonded in the ke oo

The demease cheerved in the promin content of CF2 migh tindi-
cate that S frevping of 5oy prowing causesa changs in confoema-
thom of sy roheins, a5 sbsenved by Vishwanathan e al (2011) for
soybean prdocs. This nesult soggesss shat during the fresing of
OF2 arge aggregtes of protens are desmoyed thos caosing a ds-
crease in mean parick: sie, beading o the dereas in proten con-
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F. B ¢ i fourmaa o o] Eypimarring 115 (201 ) ST -500 -]

tent of CF3. Momover, 1 & al (2009) reported St Lrgr agme-
gaws predsentialy fomn 3 ssarate phase because of deplegon
InEramian

The resul s of ro@l sugar content of concentrates and boes frac-
tions are shown in R, 5. The concentration of otal sugars in the
comenmae show 3 mend of Bner growdh (8= 054) dusng the
entire process. The concenmasan of toral sugars in e e fdlows
3 |oganmmic rend (K= 094). Poysa and Wiodrow (200E) re-
[partead that rhe process of maiing fofn involves 3 complex neTac-
man of many oo, ncloding e demica Campoanm and
[physical armibares of e oyhaan, o s ng redhniques and pro-
egin g conditione. Ao arding o Padnedoar & 2 (2010] She nerac-
o berween all these oo could camser changes © the sugar
coment of the soybean Kar-1ilenthal et al (3005) mponed rhat
dumng prec s ng, barmers are mmowed and the csbobydraes of
sopbean undergo ransrmatins St indude 3 modification of
their crystallinify and a depolyme s zaion Thisbehasior ispossibly
dueto e amangement of these sugas and thedr affinity forather
componens of TW. Hydrophilic mamices can be formed in the
flud, thraugh covalant bands between sumrs and ese makr ks
(Recherreral, 2004) Co et al | 2009 indcatad thar 3 changs in the
net charge of protsns & obsemed, cimed by the gycason
e

The msults of magnesiom content of the concenmae and lc
fmations am shown in Fig 6. As expeed the magnesim leve in-
ceasa in the coneenmae during all stages of feee concenma-
ton Prabhakaon and Pemra (20E) mponed Sar the
coagulation of soymilic i the Mokt EMpArGnt shep in e produc-
thon process of oy Ther are diffemnt types of coagalints osad
on indusmial ke The TW ned in Sk siody had been ooage Leed
with "I, 2 sait ecracted fiom 98 waer composed primasly
ofm chioide. The magnasium prsentin the TW i prob-
ahily an excess of ooagalant from S coapulation process. Arcord-
imgno Chad et al | 1399 Se disalent cations addsd o soy milk 2
coggulant male tha the wastewaer fom this process requines
forfer maament befare dischamging. Dunis et al (20E) dema-
siraed S zasibiliny ro racoeer Se sl of the TW and osethese
a5 rowE I el Um fo IS mOT TS M il Sitason proesses

Fig 7 shows the content of cakdom in Meconenmae and ie
fmaions. In e concenirate an inoese in cloum content & ob-
serwed unel the sscond stage, followed by 3 redoction in the &isd
Stage, & obsereed for the profsns The cakoom prasent in the TW
results mairly from e soymilk and a minor part coukd be fram the
niggari tas. According to Ly (1997}, dusng the heating and maga-
Larrhom pmsesees, the <o um present in soym ik possibdy com petes
with the hydmgen kons for the same binding sites on ®e 5oy pro-
Tedng berween pH 3 and 7. The bond berween caldom and pro@ins
can explan rhe similanes deeried for Sedr bafavior in ese
COMCETITa BomL
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3.2 bofhrvone comiemts

Thiz ks afl oz comtenss in the sam ples of ofo whey(TW ), in the:
concenmaes fuds (OF1,CF2, OF3) and ices fracsons 11, I3, B)far
ach of the fiee stages of freeze oo cenmation are shown in Ta-
ble 1. In the TW were not defeced f-ghoosides. Diferent profile
and conent of koflawones wer ob@ined by Shao et al (008
Thes: aurhom reparted thar Goors such a3 konk srength, pH
and s endogenous f-piumsidase acovity will be responzible by
these behawars. The resolts obqined soill shiws SarTW e high
conent of |zl aanes, highliphtng o conent of malony] guco-
Sides and agyoones. Thise nassolts am dlzoin acorlance with @ar
obtained by Sudyani et al (3007}, which repomed that TW h a
Tepressntaive conent of genison and dadan

Alfimgh, e evidnce in Se Beraure suggess that e bio-
Iogical effers of sy iaflavones depend upm the agyoone fom,
L and Choung (2011) afimn gt the recent frend has been fo
quantidy alltype of dervane consumed, & thesemay hawe difler-
img bl ogical acrmnies. Ko o al (3004) reported Sar diflerences
in the comtentof Boflavones conld be cedited to She type of coag-
wlant used in the preparasion of i, which & responsibls by iner-
actions beween proweins and toflwones. Already, Speron et al
(2010} affirm that e final Bodlavone oot in 3 gven soy-
bean-derived product depends on the assoclationirdease of -
flavones and proteins dusng each sep of prodoction. According
o these authors during the process of iy Se varoes koflavones
may exahbiich Aiferent kinds of Imteractions Wit proeins becams:
off Seir drverse poarityand hydrophobicityas well 25 thair abiliry
to farm hiydmgen honds. Sebert [ 1999) ke moted Sat an impar-
tant rale im Shis malarular linkage woukd be e daresof stacking
berapen the rings and the dphaic madsies of the
pmlind Eodnes of pmisn s In @ negard, Teeberr(1999) o ared
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Talia 1
Maun of b [1emded davianon | of (o Asone oo [my iodsons 100y LIM | in the TW, concenimanes. nd ice foctom of sch one S wages of feew
CINE IR [ ORFE.
Sergie  pliamide® Mulorrgd grmida’ Mgyl Teeal®
Ductnn Gyoon Gmam Muamd Muard Mainmd Dnictrein Gyaoan [= ] 1]
dudm Hytn mmmn
™ ] -] HD MWK WSOEF IR EAROEF TS2@F OE0LME 121 AEE
on IEMEF LW00F SIN0AF ATN0F  GSLTIT  RE4LNF  BROEE TSP S0 I2LM0EIE
[= 3 PRNEF ARLEF SE0MF LANEF  SMLDF  RI4LMF NOQOMF MALEF  E000F 043R0F
m/ nwon ® ezom’ ssma e zenm’ 0 ame o ansoe nEes™ nssom? o)
n L] LWL 1300 MBS0 ABLNT TS MM@Er mejds RS e
2 IZRINAF ATMEF GIEDOF OTENDEF TENR0F OIS0 REOEF STEnoF ArdnmEo Homspes
o NZWIEF LWL TSIF SE0S1  ZELWF  AEWNF 2EONF RIELTF O STUET 075 nmr
D= nor detwcted.
¥ yajchin a colimn, diffenss diiferemom (p <00E]
‘Tﬂ.ﬂﬂ-mnﬂnmnn_:mdﬁmum darzn, pmam nd gcion
¥ el of eyl plureniclen. sy el un thanum of B o st sl eyl d aririn, muderd pycion md mheyl gesan.
! Toxall of aglycone sxxrewd @ theum of dw dudran, §yctan and pmscen.
" Tozal moflevon s omoes.
thar e plhenodic bydrooyl growp & an excelent bydrogen donor - Table 2
for he formasion of hydmgen bonds with the amide camony] of RS of TW nmgin
the peptide backibon e of prasing Concenmation ["Bex] 13 L] 1 55
It was werified 2 dareaes In the adlvones conent (p< Q5] Temm a "
a5 well & obsered with S prowin conent o 032, As relaed
by Achourl e . (2005) and Spemond et al (2010} this G @ i
ool e e i the interacrion beaeen the oflavones, 2 pobyphe. \ n 216 . 1
ool oo o, with coim poments in e food mai soch as de a L& 224 2 Am
In the concemraes flods higher toflwvones content =1 14 28 im 4=
-1 L 238 1m AH

(s Q05| was obeeraed inthe second stage of inseze concentRTm,
whic i wias pocesl bilke to deea S presence of Bemed-
em et al (3017 )ales obsered an incmase in e conent of thase
o poiunds after the comcenason of aguons exractof saybean,

In the present stody, S highest content (p < 0.05) of Boflav
anes was obeered in the ke from the fist stage o freeae concen-
i 17 ). Thhiks beechied o ol e e i e coim pomds of TW. A5
oltmeed by Ayel o al (2005) rhese compounds could be 2 nega-
v mpact on S e Comoenina Son reslting in the frmazon
of 3 o e Lyer an the ¢ hillad 5w ace | dend mnic e, with Se
solute refen Som in the dendrise e layer. Besides, the s of @e
sohutes coubdalkeo a1 hsr abil iy i integrae intothe ioe phase
The smalksr modsoules canbe incorporasd moee Sy i the e
Strocture than langr mokouls in the freeme ConGEnTason (Gan
and Shao, 2009) This may explain Se beuviar of il avanes,
wihic i are modecoles of kow molar mass

The diflerence (p> 005) berween toral oflavones content of
F3 and B was ot observed, becanse aocarding no Burdo o al
(3008) sie complete sparagion bemween conceniraed and e
pure warer s ot possible. According ro Rasennds ef al (2007),
the freezin g emperare of 3 soludan b afleoted abowe all by Se
presance of sodutes with kw malar mass, since, for 3 ghen mass,
the molar fimotion of such compounds i higher San the modar
fration of 4 5o me wimh 2 high molar mass Besdes, these authars
alkso repored that dlthough some substances have e sam e modar
maes, the difiermce of the enmal condu clwry can be
the difference in the formationof ice, since it afects e heat trans-
fer. Farthemmone, the efficent ssparation of Siecompounds could
b akeo relaed 1o e presence of bow molar mass co-soboe such
a5 sugan. o o al (2008 cted Sar the sogars can aiter the con-
formartion and ineracsions of praeins by binding © profein so-
e rougs, or ey may indireoy influsnce thase ¢haracrenistcs
iy atering e vy sion-chemical propentes of waes However, Be-
7 and Modizments (2005) amphasize that rhe ineracsons and
thair influence an peotan funcsonality depend on the rype and
concentranions of oo-sodwes presmit

The bz formed during all three stages of feeze concenragion
also showed a high comtent of Gsaflawomes. The ©on o magons of

Taltl 3
Paryrerem of e Arterin modsl e aas-an o TW (0 dw rpermanrs
range fom 4w -2

Concenization [Mex] [T E, [ kjma- 1] »
19 76 ¢ 10 174 om
&0 1% & 104 127 om

110 208 5 10 anm LE]

155 1« 10 e om

f-gocomdes and malmyl gloosides noesed (p<A05) I @e
ez the sarand stape of fraese ComcenTRITE, 3gresn g with Tin-
cher & al (2010} who caimed mat the imponity of e ice -
e with momsng onceraton of he solution due to he
reendm of solidsin the ke As with ofher products with high lev
els of prodein, an explanagon forthis & Sarsoy ot neane ale o
Tind with waer maizog ks wa hydogen bonds. Ve o al (3003
suggesied tha an abernarive for recoweny of Sk solids on e ke
s e wisin ehee vk migue of fractional Shawing.

The acetyl £on jugates wene not detacied in the sampiles ane-
Iyzed According o |ung et al (2008), the farmation of #ise ko
maEs ooon onfy when @e soy o sop-based producs ane
suibyjacted o high emperatunes, 2 in S drying of soybeans, which
was Tt s i the present study.

3.3 Eendagioal be bk

The incease in fhoid wiscosiy doring fresze concemtraion has
e o idenedas oneof S Bonrs that lim i the process (Raven-
s o al, 3007, Thangand Harel, 1996] To the inowledge of se
[present aurhors ther has not been any pobl ishad stody on the rhe.
wdogical behawior of free-conc sntraned TW at fam parasres near
the: freezn g point Hosever, them have been some studiss on e
efiey of fmezing on e rhedogical properses of whey proem
concemEe suspensions and freede-concenmaed whey (Mea
etal, 7010; Bhargava and Jebm, 1995; Sinchez & al, 3011} Table 2,
shovws e sxpesimen & resultsiar visoosity of freeze-concemmed
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Fig. A. Fowsying g ¥ TW concememacion.

TW. It was foond thar TW bhehaved a5 a Newtonian floid ower the
emtire rarge of hemperatnes and conceniTaions s ed EBenara
Candenranon of salues of 155 “Brix S oboined W oy val ns
were bess than 5mifa £ To show the emperanore dependency of
wiscon ity in e of the Amhenius aquation 2 logarithmic plot of
WESC o6 B! WETES Fer iprocal fem perature hus besn made. The Arrhe-
s equation fits wedl for 2l concentTaions a5 shown by the aor-
relation copfficient obtaned. AT NoTEISNT oON TN 4 dear
Incease e flow activation ey (Eo was observed (Table 3]

3.4 Determination of freezing point

The freesn g paint of 2 liquid depends on the concentsition and
Type o sodutes prss et inthe sduson (Hemdndez & a, 2009 Nk
well knowm St the presmce of kew-mokoular-weight solutes
(=l sogars, ex.) cans: 3 change in the feezng point of lgwd
foends, Thie higgher the bevel o diesobvid solids, the | ower me free-
ing point {Gabas o al, 3003} The freezing point depression [ Af)
was deermined for TW and conceniraies af vanaos salid o
trations (Fig. 8} The experimentally detemmined fmezing point
depres sion indeced with cancengason of sdids, as ed
Similr res i were dbtained by Snchez et a (3011)and Aokda
et (F011a} The vaines of elbarmical oon dodid iy of ®2 cmnom-
trated phase and of the | o2 ndecaie 2 higher connentraian of sl
Ini the o T A TW ian S in the e (Baitnatal, 202 This
can explan S e of AL Combirang the graph o frezng
PoinT TR conCeTTaton Wit the commeasen of Chal and Die
{1885} ame can dhtain the values of physio-chemical properties
such as thermal conductivity, specfic hear, themnal diffusivity
and density (Tharz and Barboca, 3005 ). Once #ese properties have
been dewrmined, smulaions can b made of Sie process of Gl
ing-film freeze concenmasan, which indude the sstimason o -
STy COTSUMPSN and Comparion WA other pEosmEs B
suggesed by Auleda etal (201 1h) Moreowes, cboinin g the val s
of Sese propenses i of great imporance forpeces design in the
foad imdustrg

A i i hael res
Tofo whey (TW) contains boflvons & levels around

120 mg 100g * byophilized dry master. A réas mship ks observed
between the concenzagon of sofliones and prowing badh in

the freepe-conoenirate of TW as in rhe ke Layer ob@ined in aach
pmess stage. The ioe of the first sage of freeze concentration re-
tained abour HE myg koflvonss 100 ' Iyophil ed dry maner.
TW has a Newnnlan rhealogical behawior in e concenason
range of 1.8-155 *Brix. Freszing poins in this concentrarion ange
are berween 06T and -2TC
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RECUPERACION DE ISOFLAWONAS A PARTIR DE LA CRICCOMCEMTRACION DE
RESiDUD LIQUIDD DE LA PRODUCCION DE TOFU

Benedett, 5.; Belén, F_; Prudéncio, E.S_; Petrus, 1.C.C; Hemdndez, E.; Auleda, 1.M.,
Farve

nbds, H.*
*Departamento de Ingenseria Agroalimentaria y Blotecnologia, Universidad Politécnica de
Catalufia (UPC), ofEsteve Terradas 8, 08550 Castelidefels, Barcelona, Espafia
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Palabras clave: efluents de soja, aciéin por , Pro funcionales

El tofu &= un alimento obtenida a través de la coagulacién de la beche sofa v 5u produccién
era impartantes volimenes de suerc. Este residuc contiene isoflawanas, compuestos
mmnnlu de gran interés para la salud. Bl objetivo de este trabajo fue analizar la
composicién del suera de tofu con reladdn a la concentracidn de isofiavonas para su
recuperacién a través del process da umunc-nu-.nan. Los ensayas fueran realzades en
tres etapas de crioconcentracin an placa y las soflavonas fueron analzadas de acuerdc con
ia metodologia de ks ADAC 200110 (200! J Loe mauliados mosstan que &l suerc de tof
contiene cerca de 10,7 mg isoflavona kg? suerc. Al final de la tercera etapa de la
cricconcentracién, se obtuwa wn comcentrado con B295 mg isoflavona kgt suero,
demcstranda que ks mayoria de s is Isnﬂavmls permanecs en o concentraca mientras que al
Rieio presenta bajos valores de Las agliconas, las isoflavanas: con las propsedades
funciorales mds imporantes, aum.-nu.n d- £.9 hasta 61,5 mg isoffavona kg™ de suero. En
conclusién, se observa que el suerc de tofu presenta un gran potencal para el
aprovechamierta v la recuperacitn de isofiavonas y gue o proceso de crioconcentraciin es
una alternatrva eficiente para esta finalidad.

1. Introducchén

El tofu e5 un alimento no fermentado obtenido a partir de la julacién de la leche de
soja y su producciSn genera importantes cantidades de suerc de . Este resdua liquida
contiene azicares, proteinas y cn-mums minoritarios como soflavonas y sales minerales,
nepr un problema su elevada carga argdnica (Sudyani et al., 2007}
De acuerdo con Espincsa-Martos et .I :mus} la composicidn y las p.rupomds de las
soflavanas presentes en el suera de tofu lo convierten en un residuc rewtilcable con

s p en la farm sica y alimentaria. Las Isnﬂavnnls son
fitcestrigencs de reconocides efectos beneficiosos para la salud y se presentan
Formezs almmicas: B-glucssidos. (geniztng, daidana; gictina), malonil’ glecasidos. { {maloﬂll
genistina, malonil daidzina, malonil giicitina), acetd gluctsidos {acetil genistina, acetil
daidzina, acetd glidtina) y aglh It gliciteina) (Fostagno et

2009). Ademnds de la ingesta diaria de productos de soja, también es interesante obtener
slagos de proteinas con altos niveles de isoflavonas v concentrades: de iscflavonas de
encapsulados a partir de la recuperackin de estos compuestos de residucs industriales, ke
agreganda valar y reduciendo el impacts ambiental. Concentrados de isoflavonas a aislados
protéscos con alto nivel de boflevonas pueden ser ochtenidos a partir de técicas de
concentrackin a frio de residucs liquidos, como procesos de separaciin por membranas y
criocancentracién mnudman et al, 2003; Xu et al., 2004).

Bl proceso de cricconcentracén es basado en la separacdn de fase sdlido-liguido a
bajas temperaturas, de manera gue haya una buena retencién de sabores y componentes
sensibles al calor. Este procesa permite mds calidad del producto concentrado y kas costos
totales (incluyendc el capital, ka energia y de limpieza) son més peguefics que la evaporacién

u Gsmoss inversa (Sdnchez et al, 2011 Ea:lptu:-suy-hasldul.ﬂlz:dnpﬂrl
concentrackin de aricares, rumos de frutas, lactosuero, o y para el tratamiento de
aguas residuales (Raventds et al., ZDO7; Sdncher et al_ 2009; Sdnchez et al., 2010;
Herndndez et al_, zam Auleda et al., 2011; Sncher et al., 2011), pera no hay Informes en
la lteratura scbre la utilizacién del procesa de cricconcentracién para cancentrar compuestos
funcionales de soja, como el propéseo de este trabaje. El abjetivo de esto trabajo fue
anaizar la composickéin del suero de tafu en refackdn a la concentrackin de soflavanas para
su recuperacién a través del procese de cricconcentracién.

2 Material y métodas

1 Crioconcentracién

El proceso  de oroncentracién del suero de tofu se llewé a cabo en tres llzpax
mlllnndn un equipe piloto de placas. La Figura 1 presenta el esguema del eguipo de
racién. Cuatro lotes de 210 kg de de suero de tofu a una concentracién inicial de

1.90 B ﬁurnn crioconcentrados hasta 15,5 % Brix. El Alujo de suero se mantuva constante
a1l # 0,1 L s1 Durante cada etal ‘fl.llﬂ:m rﬂllm medidas de peso inicial y final,

2 e dad de Puja en Ademds, fueran recogidas muestras
del cancentrade y del hiele para lkos lnﬂil: de Isnfl.vms. El higlo formade fue fundido para
medir la concentracién de solutos ¥ para ser repr de todo el wolumen

6 T e bafil ProcEs SO0 & I8 CHOTIRCENTEEn.

Vi i st
B Tuberkde dairieedin

Hid

Uigpsiria alimarano

Evapcradar

Brpos

Condensader = —

Fig. 1. Esquema bisico del equipo plloto de cricconcentracién

2.2 peterminacién de isoffavonas

Las isofiavonas fuercn determinadas de acuerde con la metodologia 200010, ACAC
{2005), con adaptaciones. Fara las muestras liguidas de suero de tofu, 10 g de muestra fue
extraida a &% *C durante 2 h en 40 mi de soluciin de metancl-agua (80 20) y los extractos
fuercn saponificados a temperatura ambsente con 3 mi de MalM M. Los
acdificaron con 1 mi de scido aceético Gracial, filtradas en fitra de papel cunmtitate ¥ ¥
dilside con agua hasta metancl-agua (50:50). Después de este paso, los extractos fueron
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centrifugados durante § minutos a 7000wy v analizados por cromatografia liquida de alta
resalwdén [HH.C] Fara la separaciin de isoflavonas, el wlum de |n-,.-u:udm fue de 20 pL, ¥
el sisterna gradiente binaria lingal fue wtilcado ¥ méwiles fusron: agua /
imatanal, i.cldn a:imr.n (82:10:2) y metancl / doido :.:in:n {9:-2] El flujo de fase misl fue
de 1 mL min-1. Gluchsides de isoflavona y agliconas fueron separados en una columna de
fase inversa C18 (Mova-Pack C18 150 x 3,% mm 4p) con fa fase mdvil de metanci-agua y
determinadas en equipamiento Agilent 1100 DAD con detector UV en 2E0 nm. Fara la
dentsficacién y cuartficackin de los picos correspandientes 2 cada una de las isoflavanas, se
wtilizarcn las curvas de calibrackin con regresién lineal basado en las dreas de los
Estaz curvas de calibracsdn fuerocn construidas con estdndares externos de daidzina,
daidzeina, gentstina y genistein {Fiuka 30408, 48756, S1555 y sugm. D7802). Bl glicttina y
glicteina se dentficaron scbre la base de bempos de retencién. Los resultados se
ron en unidades de agliconas por la suma de las concentraciones de las isoflavonas
agur_nms (gentsteina, daidzeina ¥ ulmna] ¥ los ull.l:ﬂsldm [gensstina, daidzina w glicitina)
presentados como isaflavonas mg kg™ de suerc de b

3 Resuitades y discusién

La Figura 1 presenta los resultados de cuantificacién de soflavonas en el suero de
tofu del proceso industrial, en el concentrado y en el hielo obtenidos en Las tres etapas de la
ericconcentracién, El suerc de tofu contiene cantidades signifiativas de soflavonas. De
acuerdo con Wang y Murphy (1596), se plerde cerca de 44 % de isoflavonas en el suen
durante |3 producesin del tofu. Kao et al. (2004) evaluarcn el efects de los cosgutantes en el
contenido de soflavonas ¥ encontrarcn que alguncs son mds eficientes en rendimsentc en
isoflavanas, principaimente debida al facto gue un coagulante es mas eficiente gue otro en la
coagulacién de proteinas v las isoflavonas son directamente enlazadas con las proteinas.
Frabhaiaran et al (2006) ha explicado que pierdas significativas en el suero de tofu ocurren
durantz ka3 coagulaciin de Iy leche de saj para |3 produccién de tofu, ¥ eso pusde cambaar
«con el tipo de coaguitante ubilzado. Estos resultados estdn de acuerdo con los de Sudiayni ot
al. (2007), que detecté altas concentracianes de genistina y dasdzina en suerc de tofu.
ntcwand et al. {2011} tambien abservaron altas concentraciones de soflavonas en residus
industrial de saja.

wssnsgnarerede — - =il

L]

IseHavomwns botales
o Mlav

Etapasde crlecencentraciin

Fig. 1. Evoluciin del contenido de isoflavonas totales en el concentrado y el hielo.

Los resultados muestran gue hay un aumenta en |3 concentrackéin de isoflavonas
totales de 10,85 mg kg™ ST a 82,55 mg kg™ 5T en todas las etapas de la croconoentracién
del suera de tofu, principalmente Ir.nnu indicando su potencial de apravechamienta
b Al b b g el g g Lt L ]
| concentrada durante el procesa v |a fraccdn del hielo presenta bajos valores de retencién
d- estos compuestos. Estas resultados estdn de acuerdo con otras investigaciones que

resultados  satisfactorios la para concentrar
limertng, come Tumes oe futas Sancher of al., 2009, Sinchar b al. 2010; Auleda et ol
2011), lactoswere (Sdénchez et al, 2011}, micares (RaventSs et al., 2007), masta
(Herndndez ot al, 2010), entre otros. Benedetti et al. (2011) tambeén cbservaron un
aumento de concentrackn de las isaffavonas utilizando procesos de concentracikn de
extractc aquosc de s0ja. La retencidn de iscflavonas es debsde a los sélidos retenidos en el
hielo en las etapas de |a cricconcentracién. Sdncher et al (2010) afirma que eso se puede
explicar por el aumentn de |2 viscosidad de la solucién con la concentracién, y bas solutos
acumulados en la interface tienen mds dificultad de moverse en la scluckdn y son mas
#iciimente retenidos en el hick que se forma.

Considerande las aghconas, se puede cbservar en la Figura 2 un aumento
significative en su concentrackin durante las tres etapes de la criomoncentracién. Setchell
{19548) e [zumi et al (2000) afirmaron que las agliconas constituyen un grupa de compuestos
responsables por muchas actvidades biolégicas y son absorbidas mis rdpidamente en el
intestino  humano. For ess, hay un interese en  Inwestigar nuevas tecnologias de
concertrackin que conserven sus propledades funconales y que, ademds, sea posible
recuperarias a partir de residuos alimentarics industriales.

wsees oreenmat o o sbisn

B i
mig ! g ik

o BEESEEZHEE

Fig. 2. del " en el do y el hizko.,

Los Dunjlg P-glucdsidos también presentan un aumento en su conoentracién en
las tres | proceso de cricconcentracidn, pera mencs expresivo que las agliconas
{Figura 3). De acuerdo con Burdo et al. (Z00B), la estructura guimica de las substancias
pusde imterfernir en su separackin entre n concentrade y &l hicke. Se sabe que las grupos
scflawonas tienen diferemtes estructuras quimicas y masas malares que varan entre 400
500 g mol para glucisidos y 200-300 g S pars aglicanas (Murmi et al, 2002).
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Trabalho apresentado no Il Simpoésio de Processos de
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RJ, 2013:

Recovery and Concentration of Isoflavones of Tofu Whey Using the
Nanofiltration
Silvia Benedetti'”, Lara Alexandre Fogaca®, Guilherme Zin',
ElaneSchwinden Prudéncio?, Rodrigo Santos Leite®, José Marcos
Gontijo Mandarino®, José Carlos Cunha Petrus®
'Department of Chemistry and Food Engineering, Technology Center,
Federal University of Santa Catarina, Floriandpolis, SC.
Department of Food Science and Technology, Agricultural Sciences
Center, University of Santa Catarina, Florianopolis, SC.
® Embrapa Soja, Londrina, PR.
*silviabene@gmail.com

The tofu is a nutritious food produced from the hydro soluble extract of
soybean. Among the production steps, a large volume of whey is
eliminated during the pressing step. The tofu whey is characterized by
high values of Chemical Oxygen Demand (COD) and Biochemical
Oxygen Demand (BOD), considerable protein content, substantial
sugars and minerals (coagulants) concentrations , besides presenting low
molecular weight molecules as peptides, lipids, and some functional
compounds such as isoflavones and oligosaccharides.

The objective of this study was the use of tofu whey, using
nanofiltration (NF) for concentration of isoflavones. Initially, the
influence of pressure, temperature and tangential velocity during the
process was evaluated. The experiments were carried out in duplicate at
6 bar, 28 °C and 0.3 ms™ until reaching a volume reduction factor
(VRF) of 4.5. The VRF was calculated as the ratio between the initial
volume (L) of the tofu whey used in the feed and the final volume (L) of
the concentrate after NF. The quantification of isoflavones was
performed using High Performance Liquid Chromatography (HPLC)
with photo diode array detector (Model 996) and automatic sample
injector (Model 717 Plus) of WATERS ® (Milford, USA). It was used a
reverse phase column (YMC Pack ODS-AM ®, 250 mm x 0.4 mm
diameter) [1].

Throughout the nanofiltration process of tofu whey, a reduction in the
permeate flux with time was observed, typical of membrane separation
processes. Concerning the concentration of isoflavones, it can be
observed through Figure 1 a significant increase (p <0.05) in the
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concentration of the B-glycosides and malonyl glycosides isomers. This
behavior was also observed by other authors [2] in the concentration of
tofu using a nanofiltration membrane. Regarding aglycones, no increase
of its concentration in the retentate was noticed. Overall, there was high
retention of isoflavones, showing that nanofiltration was effective for
concentration of these bioactive compounds. Therefore, the tofu whey
has a potential use on the recovery of isoflavones, and that the
nanofiltration process is an effective alternative for this purpose.

160,00
+ Aglycones
A
= 140,00 m B-glycosides
-
E 120,00 A Malonyl glycosides 4 A
c
.2 100,00
I A
= A
c
g 80,00 A A
1=
S 60,00
g 4 [ ] [ ]
] ]
& 40,00 A . .
‘.6 n
a
20,00 n
0,00 #’—‘—‘—’—’—’—’

Whey VRF1,5 VRF2 VRF2,5 VRF3 VRF3,5 VRF

Samples of tofu whey and concentrates

Figure 1- Results of isoflavones concentration in the tofu whey and concentrates
obtained by nanofiltration process.

[1] M.A. BERHOW (2002). Modern analytical techiniques for flavonoid
determination. In: BUSLIG, B.S.; MANTHEY, J.A. Flavonoids in the
Living Cell. New York: Klusher, 2002. 505 p.

[2] W.J. KIM; H. H. KIM; S.H.,YOO (2005), Food Sci Biotechnol, 14
(3), 380-386.
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1) Trabalho complete apresentado no 9° Congreso Iberamericano
de Ingenieria de Alimentos (9° CIBIA), Valéncia, Espanha,
2014:

AVALIAGCAO DO TEOR DE ISOFLAVONAS E ATIVIDADE
ANTIOXIDANTE DO SORO DE TOFU CONCENTRADO POR
CRIOCONCENTRACAO

MSc. Silvia Benedetti*; Eng.Lara Alexandre Fogaca'; Dra.Elane
Schwinden Prudéncio’; MSc. José Marcos Gontijo Mandarino®;
Quim. Rodrigo Santos Leite®; Dr.José Carlos Cunha Petrus

! Departamento de Engenharia Quimica e Engenharia de Alimentos,
Universidade Federal de Santa Catarina, Floriandpolis, Floriandpolis,
SC, Brasil. silviabene@gmail.com

2 Departamento de Ciéncia e Tecnologia de Alimentos, Centro de
Ciéncia Agréarias, Universidade Federal de Santa Catarina,
Floriandpolis, Florianépolis, SC, Brasil.

¥ Embrapa Soja, Londrina-PR, Brasil.

1 Introducéo

O aproveitamento e a recuperagdo de compostos a partir de residuos da
indlstria de alimentos constitui uma alternativa a obtencdo de
compostos funcionais de alto valor agregado, que podem ser utilizados
como insumos e/ou ingredientes na indlstria de alimentos e
farmacéutica, além de minimizar o impacto ambiental gerado por esses
residuos.

O tofu é um alimento muito consumido nos paises orientais e
geralmente produzido em pequenas industrias. Esse produto é fabricado
partir da coagulacdo do extrato hidrossolivel de soja. Um das suas
etapas de producdo € a prensagem, na qual é eliminada grande
guantidade de residuo liquido. O soro de tofu é caracterizado por
elevados valores de demanda quimica de oxigénio (DQO) e demanda
bioguimica de oxigénio (DBO), elevado teor de proteinas (CHAI et al.,
1999), concentragdes substanciais de aglcares e minerais (coagulantes)
(BAZINET; IPPERSIEL; LAMARCHE, 1999). Além disso, contem
moléculas de baixa massa molar, como peptidios, lipidios, e alguns
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compostos funcionais, tais como isoflavonas e oligossacarideos (KIM;
KIM; YOO, 2005). As isoflavonas sdo compostos fendlicos
pertencentes a classe dos fitoestrdgenos, que apresentam estrutura
guimica semelhante ao estrogénio humano e estdo presentes na soja em
quatro formas quimicas: B-glicosideos, malonil glicosideos e acetil
glicosideos e na forma ndo-conjugada aglicona, sendo que cada forma
guimica possui trés isdbmeros: a genistina, a daidzina e a glicitina
(CHUN; KIM; KIM, 2008).

Um grande nimero de pesquisadores relatam os beneficios do consumo
de produtos contendo isoflavonas na salde humana, tais como a
capacidade de reduzir o risco de doencas cardiovasculares, colesterol,
aterosclerose, osteoporose, apresentar atividade estrogénica amenizando
sintomas relacionados a menopausa e reduzindo o risco de cancer de
préstata e mama, além de seu efeito antioxidante (KWAK, LEE e
PARK, 2007; SCAMBIA et al, 2000; ZHANG et al., 2003).

Para selecdo de um processo a ser utilizado na inddstria de alimentos e
de bioprodutos, é importante avaliar se 0 mesmo possui baixo custo, se é
uma tecnologia eficiente e sustentavel e se preserva os componentes do
alimento, bem como sua atividade biol6gica conferida pelos seus
compostos fitoquimicos (KLIMCZAK et al., 2007). Nesse contexto, a
crioconcentragdo vem sendo considerada uma técnica promissora para
concentracdo de compostos bioativos. Essa tecnologia promove a
concentracdo de fluidos alimenticios através do congelamento e
subsequente separacdo da parte aquosa dos solutos por meio de
descongelamentos fracionados sucessivos (BELEN et al., 2012). Do
ponto de vista da industria de alimentos, a crioconcentracdo é adequada
devido a sua capacidade de preservar a qualidade nutricional dos fluidos
alimenticios, pois minimiza a perda de compostos termolabeis,
resultando num produto final de melhor qualidade e pode ser uma
alternativa promissora as técnicas de concentracdo convencionais
utilizadas no processamento de alimentos (SANCHEZ et al., 2011a,b).
Considerando os aspectos positivos da crioconcentracédo e os beneficios
potenciais das isoflavonas presentes no soro de tofu, esse estudo tem
como objetivo avaliar os efeitos da crioconcentragdo na concentragéo
dos compostos bioativos presentes nesse residuo bem como da atividade
antioxidante, na fragdo concentrada e no gelo.

2 Material e métodos

2.1 Crioconcentragao
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O principio deste método baseia-se no congelamento total da solucdo
seguido por descongelamento parcial através de separacdo gravitacional
simples. Assim, obtém-se duas fragGes: o fluido concentrado (FC) e a
fragdo de gelo (G). A crioconcentracdo foi realizada de acordo com
metodologia proposta por Aider e Ounis (2012), com modificagcbes. Um
volume inicial de 1,5 L de soro de tofu foi dividido em 2 bateladas de
750 mL e entdo congelado a -20 +2 °C. O processo de congelamento foi
conduzido em um freezer por congelamento indireto. Ap6s congelar-se
completamente a solucdo, 50 % do seu volume inicial foi descongelado
a temperatura ambiente (20+2 °C). O liquido descongelado representa o
fluido concentrado da primeira etapa da crioconcentracdo. Esse fluido
concentrado foi novamente congelado a -20 +2 °C e entdo utilizado
como solucdo de alimentagdo para a segunda etapa. Ao final da segunda
etapa, 50 % da solucdo concentrada foi descongelada, coletada e
congelada novamente. Esse procedimento foi repetido até a 3? etapa de
crioconcentracdo, sendo que em cada etapa o fluido concentrado foi
congelado a -20 +2 °C e utilizado como solucdo de alimentacdo na etapa
seguinte. O gelo remanescente de cada etapa e uma aliquota de cada
concentrado foi armazenado a -20 +2 °C até o momento da realizacdo
das analises. Na Figura 6 esta apresentado um diagrama exemplificando
0 processo de crioconcentracdo a ser utilizado.

O fator de concentracdo (FC) de cada etapa da crioconcentragdo foi
calculado de acordo com a metodologia proposta por Aider e Ounis
(2012), em fungdo do aumento de concentracao da solucdo em relacéo a
guantidade de matéria seca no soro inicial de alimenta¢do. O contetido
total de matéria seca sera determinado pela medida da perda de peso
apos a secagem a 80 °C e expresso como conteldo de matéria
seca/massa total (g 100 g™) (AOAC, 2005). Todas as anélises do gelo e
do fluido concentrado serdo realizadas em triplicata. O FC, expresso em
%, sera calculado de acordo com a Equacao 1.

FC = bM, 100
" DM,

Onde DM;, é o contelido total de matéria seca (g) do fluido concentrado
de cada etapa da crioconcentracdo e DMy é 0 conteldo total de matéria
seca (g) do soro de tofu inicial. O desempenho da crioconcentracdo (E)
serd determinado baseando-se no conteldo de isoflavonas e de
oligossacarideos. A eficiéncia do processo é referida como o aumento
do conteudo de isoflavonas e de oligossacarideos do fluido concentrado
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em relacdo ao contelldo destes mesmos compostos remanescente no
gelo, calculado pela Equagéo 2.

CCCpr_CCG
cce,

E (%) = .100

Onde CCC, ¢é o contelido do composto de interesse (isoflavonas) no
fluido concentrado (mg) em cada etapa da criooconcentracdo e CCG é
conteldo do composto de interesse no gelo (mg) em cada etapa da
crioconcentracéo.

A matéria seca total foi determinada pela medida da perda de peso da
amostras numa estufa a 80 °C e expressa com contelido de matéria
seca/peso seco (9/100 g) (AOAC, 2005).

2.2 Quantificagdo de isoflavonas

A extracdo de isoflavonas das amostras de soro de tofu foi realizada
conforme metodologia proposta Carrdo-Panizzi, Gées-Favoni e Kikuchi
(2002), com modificagdes. A separacdo e a quantificacdo das
isoflavonas foram realizadas de acordo com a Berhow (2002), utilizando
Cromatografia Liquida de Alta Eficiéncia (CLAE), com detector de
arranjo de foto diodo (Modelo 996) e injetor automatico de amostras
(Modelo 717 Plus) da WATERS® (Milford, EUA). Foi utilizada nesta
etapa uma coluna de fase reversa (YMC Pack ODS-AM®, 250 mm x 0,4
mm de diametro).

2.3 Determinacdo da atividade antioxidante pelo método FRAP
(Método de reducéo do ferro)

Utilizou-se o método descrito por Benzie e Strain (1996), com
modificacdes de Arnous, Makris e Kefalas (2002). Este se baseia na
medida direta da habilidade dos antioxidantes (redutores) da amostra em
reduzirem, em meio &cido (pH 3,6), o complexo Fe3+ /tripiridiltriazina
(TPTZ), para formar Fe2+, de intensa cor azul e absor¢do méaxima a 593
nm. O Trolox foi usado como padrdo e os resultados foram expressos
como equivalente Trolox em pmol/mL.

3 Resultados e discussao

3.1 Matéria seca total e fator de concentracéo
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A evolucdo do contelido de matéria seca total em funcdo das etapas da
crioconcentracdo esta apresentada na Figura 1. O contetdo de matéria
seca total aumentou significativamente (p <0,05) no fluido concentrado
nas etapas 2 a 4 se comparado com o soro inicial. J& o fator de
concentracdo aumentou significativamente (p <0,05) em todas as etapas
do processo se comparado com os valores do soro inicial de
aproximadamente 130, 40 % na primeira etapa, 206, 5 % na segunda
etapa, 338, 05 % na terceira etapa e 554,40 % na Ultima etapa. O
contetdo de matéria seca total no gelo remanescente diminuiu
significativamente ao longo do processo em todas as etapas se
comparado ao soro inicial.

Figura 1: ConteGdo de material seca total do gelo e do fluido
concentrado em funcdo das etapas da crioconcentracdo. Os dados s&o
expressos como média + desvio padréo.
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3.2 Eficiéncia da concentragéo de isoflavonas

O contelido de isoflavonas em ambos o fluido concentrado e o gelo, esta
apresentado na Tabela 1. O efeito do ciclo da crioconcentracdo foi



141

significativo no conteddo de isoflavonas em todos os fluidos
concentrados, aumentando em funcdo da evolucdo do processo. Na
fracdo de gelo, observa-se que o conteldo de isoflavonas na primeira
etapa foi significativamente maior (p<0,05) do que nas etapas
subsequentes, sendo que no gelo das etapas 2 e 3, ndo houve diferenca
significativa na concentragéo desses compostos. Os compostos fenélicos
apresentam um grande ndmero de pontes de hidrogénio, o que lhes
confere a capacidade de ligacdo com moléculas de &gua. Pelo aumento
da concentracdo de isoflavonas na solucdo, a agua intersticial torna-se
menos disponivel para o congelamento, resultando na retencdo desses
compostos no gelo durante o processo de separacdo. De acordo com
Aider, Halleux e Akbache (2007), esse fenbmeno pode reduzir a
eficiéncia do processo. A maior eficiéncia na separacao foi observada na
terceira etapa da crioconcentracdo, com 89,11 %. Nas etapas anteriores a
eficiéncia foi inferior, de 82, 23 % na segunda etapa e 79,52 % na
primeira etapa. De acordo com Belén et al. (2012), normalmente ocorre
perda da eficiéncia ao longo das etapas da crioconcentragdo devido ao
aumento da retencdo de solutos no gelo. Porém, nesse caso houve menor
retencdo de solutos na terceira etapa e um aumento significativo de
isoflavonas no concentrado.
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Tabela 1: Contetido de isoflavonas (mg L™) no soro de tofu na alimentagao, fluidos concentrados e fracéo de gelo de cada etapa
da crioconcentragdo em blocos.

B-glicosideos* Malonil glicosideos™ Agliconas* )
Amostras - - - - - - Totais**
G-dai G-gli G-gen M-dai M-gli M-gen  Dai Gli Gen
Soro 2597  1,67° 2,220 5,64¢ 4,95¢ 10,729  1,08° 4,07° 056d 33,507
0,15 +0,12  +0,24  #0,12  #0,12 0,57 0,13 0,19  +0,06 0,17
Concl 9,55° 7,59 8,51° 20,50° 17,44° 33,01° 2,54° 5,95° 0,77 105,87°
0,37 #0,17  +0,16  #0,17  +0,61 +2,00 +0,07 +1,85 +0,04 +1,89
Conca 12,02° 9,42° 11,86°  26,20° 2256° 41,25° 3,27° 9,60° 1,03° 137,21°
0,13 +0,08  +0,27 +1,30 042 +2,34  +0,10 0,38  +0,07 *3,73
conc3 21,76 14,91*°  19,17° 4253* 3556° 64,55 5,31° 12,12*  1,30° 217,212
0,16 +021  +0,18 +154  +053 0,60 +0,23 +0,76 +0,10  +4,23
Gelol 2,27 1,76% 2,094 503*  442% 930 088" 236* 037" 2847°
0,06 +0,11  +0,08  +048  +0,29 0,35 +0,03 0,74  +0,02  +0,85
1,08% 1,448 1,768 495" 3878  796%  0,75° 1,368 0,318 24,388
Gelo2 +0,06 +0,06  +0,06 0,31  +0,16 0,24  +0,05 0,04 0,00 0,70
Gelo3 2,06 1518 1,738 4378%¢ 3948  g13®8 (728 0,95¢ 0,24  2366°

+0,04  +0,08 +0,11 +0,10 0,13 #0,03 +0,03 +0,09 +0,05 +0,38
*Dai=daizeina; Gli=gliciteina; Gen=genisteina; G-gen=genistina; G-gli=glicitina; G-dai: daidzina; M-dai: malonil daidzina; M-gli:
malonil glicitina; M-gen: Malonil genistina. ** Isoflavonas totais: agliconas + B-glicosideos + Malonil glicosideos.
&b | etras mindsculas sobrescritas na mesma coluna indicam diferencas significativas (p < 0,05) entre as amostras de soro de tofu e
concentrados. “® Letras maiGsculas indicam diferencas significativas (p < 0,05) entre as amostras de gelo.




141

3.3 Avaliacéo da atividade antioxidante

A atividade antioxidante do soro inicial e do fluido concentrado de cada
etapa da crioconcentracdo, medido através do método FRAP, esta
apresentada na Tabela 2.

Tabela 2: Atividade antioxidante do soro inicial e dos fluidos concentratos de
cada etapa da crioconcentracao.

Soro
inicial Conc1 Conc 2 Conc 3 Conc 4

FRAP
(Umol/mL) 120,64+518° 72,2+176° 14153+176° 113,98+402° 14576+2,04°

Os valores de FRAP aumentaram significativamente (p <0,05) no fluido
concentrado na etapa 4, de aproximadamente 120 pmol/mL para 146
umol/mL, embora as etapas intermediarias tenham apresentando alguns
resultados insatisfatorios. A atividade antioxidante de produtos da soja
também foi relatada em outros estudos, na inibicdo da auto-oxidagéo do
ascorbato em produtos fermentados e também na soja in natura
(WANG; YU; CHOU, 2006; CHAIYASUT et al., 2010; NIAMNUY et
al., 2011).

4 Conclusao

O presente estudo mostrou que é possivel aumentar o contetdo de
compostos bioativos e a atividade antioxidante do soro de tofu através
da crioconcentracdo em blocos. Esse processo mostrou-se uma possivel
alternativa para preservar as caracteristicas funcionais de produtos da
soja. A crioconcentragdo promoveu um maior fator de concentracdo do
conteldo de matéria seca total no soro de tofu. O concentrado
apresentou aumento na concentracdo de isoflavonas em todas as etapas,
principalmente na etapa final. Embora o processo seja eficiente, houve
retencdo de parte das isoflavonas no gelo. A atividade antioxidante
medida pelo método FRAP aumentou significativamente no concentrado
final, sendo correlacionada ao contetdo de isoflavonas com potencial
antioxidante comprovado.
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