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SILVA, Mariah Benine Ramos. Extragéo assistida por ultrassom e hemicelulase aumenta
atividade de pg-glicosidases, contedado de isoflavonas e aminas bioativas de extratos
aquosos de soja e avaliacdo das aminas em produtos prontos para consumo. 2019. 141f.
Tese (Doutorado em Ciéncia de Alimentos) - Universidade Estadual de Londrina, Londrina,
2019.

RESUMO

O objetivo deste trabalho foi investigar a extracdo assistida por hemicelulase (EAH) e ultrassom
(EAU) sobre a atividade de g-glicosidases, contetido de isoflavonas e aminas bioativas, assim
como, o potencial antioxidante de extratos de soja. Em adicdo, foi avaliado o perfil e contetido
das aminas em produtos prontos para consumo disponiveis no mercado de Barcelona. O
delineamento inteiramente casualizado foi utilizado para avaliar a EAH e EAU de f-
glicosidases, isoflavonas e a capacidade antioxidante (ABTS e ORAC) de extratos de soja. O
delineamento inteiramente casualizado foi utilizado para avaliar a EAH e EAU de aminas
bioativas de extratos de soja e o delineamento composto central rotacional (DCCR) foi aplicado
para investigar os efeitos da % hemicelulase, intensidade de ultrassom e o tempo de tratamento
sobre a extracdo das aminas bioativas de extratos de soja. O perfil e conteddo de aminas
bioativas foram avaliados em cinco produtos prontos para consumo disponiveis no mercado de
Barcelona, sendo eles, nigiri e gyoza de langostino, hosomaki de salmé&o, sashimi de salméo e
de atum. Além disso, foi investigado o conteldo de aminas em sashimi de atum armazenado a
5°C e 20 °C por 1 e 2 dias. O contetdo de isoflavonas e aminas bioativas foram determinados
por cromatografia liquida de ultra eficiéncia (UPLC). A EAH e EAU influenciou na atividade
de p-glicosidases, no perfil de isoflavonas e no potencial antioxidante de extratos de soja. A
maior atividade de S-glicosidases e conteudo de isoflavonas agliconas foram observadas nos
extratos assistidos por ultrassom, seguido de hemicelulase e controle. Os extratos assistidos por
ultrassom e hemicelulase ndo apresentaram diferencas no potencial antioxidante, contudo,
apresentaram maior atividade sequestradora de radical do que o extrato controle. A soja
BRS257 e os extratos assistidos por hemicelulase e ultrassom apresentaram o mesmo perfil,
poréem diferentes conteddos de putrescina (PU), cadaverina (CA), agmatina (AGM),
espermidina (EPD) e espermina (EPM), com predominancia de EPD. O conteldo de aminas
bioativas do extrato assistido por ultrassom foi maior do que o assistido por hemicelulase e
controle. A %hemicelulase, intensidade de ultrassom e tempo de tratamento apresentaram
diferentes efeitos lineares, quadraticos e de interacdes sobre as funcdes respostas PU, CA, AGM
e EPD, enquanto que nenhum efeito significativo foi apresentado para a funcdo resposta EPM.
A aplicacdo do DCCR mostrou-se adequada para obter modelos preditivos, cujas funcGes
respostas maximas de PU, CA, AGM e EPD dos extratos de soja foram quando se utilizou
hemicelulase a 2,34%, intensidade de ultrassom de 50 W cm™ e tempo de tratamento de 6,36
min. Diferentes perfis e conteddo de tiramina (TI), PU, CA, histamina (HI), p-feniletilamina
(PHE), EPD e EPM foram detectados e quantificados nos produtos. Ndo foram observadas
alteracdes no contetdo de TI, PU, HI, EPD e EPM em sashimis de atum adquiridos em
supermercado e restaurantes especializados quando armazenados a 5 °C por 1 e 2 dias.
Entretanto, o conteudo de TI, PU, CA e HI aumentou quando armazenados a 20 °C. Assim
sendo, para evitar a formacdo de aminas biogénicas destes produtos recomenda-se controlar
adequadamente a temperatura de armazenamento.

Palavras-chave: Glycine max. Agliconas. Enzimas. Sonicacdo. Compostos bioativos.
Potencial antioxidante.



SILVA, Mariah Benine Ramos. Ultrasound- and hemicellulase-assisted extraction increase
p-glucosidase activity, the content of isoflavones and bioactive amines of soymilk and
evaluation of amines in ready-to-eat products. 2019. 141f. Thesis (Doctoral Degree in Food
Science) - Universidade Estadual de Londrina, Londrina, 2019.

ABSTRACT

The objective of this work was to investigate hemicellulase- (HAE) and ultrasound-assisted
extraction (UAE) on the S-glucosidases activity, isoflavone and bioactive amines content, as
well as the antioxidant potential of soymilk. In addition, the profile and content of amines in
ready-to-eat products available in the Barcelona market were evaluated. A completely
randomized design was used to evaluate HAE and UAE of g-glucosidases, isoflavones and
antioxidant capacity (ABTS and ORAC) of soymilk. A completely randomized design was used
to evaluate HAE and UAE of bioactive amines of soymilk and central composite rotatable
design (CCRD) was applied in order to investigate the effects of %hemicellulase, ultrasound
intensity and treatment time on the extraction of bioactive amines of soymilk. The profile and
content of bioactive amines were evaluated in five ready-to-eat products available in the
Barcelona market, namely, nigiri and langostino gyoza, salmon hosomaki, salmon and tuna
sashimi. Moreover, the amine content of tuna sashimi stored at 5 °C and 20 °C for 1 and 2 days
was investigated. Isoflavones and bioactive amines contents were determined by ultra-
performance liquid chromatography (UPLC). HAE and UAE influenced g-glucosidase activity,
isoflavone profile, and antioxidant potential of soymilk. The highest activity of f-glucosidases
and isoflavone aglycone content were observed in the soymilk assisted by ultrasound, followed
by hemicellulase and control. No differences were found between the antioxidant potential of
ultrasound and hemicellulase-assisted extraction, both of which showed higher effects than the
control. BRS257 soybean and hemicellulase and ultrasound-assisted soymilk showed the same
profile, but different contents of putrescine (PU), cadaverine (CA), agmatine (AGM),
spermidine (SPD) and spermine (SPM), with the predominance of SPD. The bioactive amine
content of this soymilk was greater than the control. The %hemicellulase, ultrasound intensity
and treatment time to obtain soymilk showed different linear, quadratic and interaction effects
on the PU, CA, AGM and SPD response functions, whereas no significant effect was showed
for the SPM response function. Therefore, the CCRD was shown to be an adequate approach
to obtain predictive models; moreover, maximum PU, CA, AGM, and SPD response functions
in soymilk were obtained when 2.34% hemicellulase, 50 W cm ultrasound intensity, and 6.36
min of treatment time were used in the treatment. Different profile and contents of tyramine
(TY), PU, CA, histamine (HI), g-phenylethylamine (PHE), SPD and SPM were detected and
quantified in the ready-to-eat products. No changes were observed in TY, PU, HI, SPD and
SPM content in tuna sashimis purchased in supermarket and specialized restaurants when stored
at 5°C for 1 and 2 days. However, TY, PU, CA and HI content increased when stored at 20 °C.
Therefore, in order to avoid the formation of biogenic amines in these products it is
recommended to control the storage temperature.

Keywords: Glycine max. Aglycones. Enzymes. Sonication. Bioactive compounds.
Antioxidant potential.
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1 INTRODUCAO

A soja [Glycine max (L.) Merril] € uma planta pertencente a familia das
leguminosas. Como um produto agricola, hd grande interesse mundial devido a versatilidade
dos gréos e dos produtos derivados que séo utilizados para alimentacdo humana e animal e para
agroindustria. No cenario econdmico mundial, observa-se que a cada ano, a soja tem alcangado
recordes em sua producdo e comercializacdo, sendo que esta foi a cultura agricola brasileira
que mais cresceu nas Ultimas trés décadas. Na safra 2019/20 estd previsto que o Brasil
ultrapassara a producao dos Estados Unidos tornando-se o maior produtor mundial deste gréo
(CONAB, 2019; USDA, 2019).

Os indicadores de producdo e comercializagdo da soja sdo promissores,
entretanto, 0 seu uso esta direcionado principalmente para a producédo de 6leo vegetal e farelo.
Entretanto, devido aos beneficios desta leguminosa a saude humana, tem sido incentivado o seu
consumo, o desenvolvimento de novos produtos e 0 seu uso como ingrediente na elaboracgéo de
varios produtos (SEIBEL, 2018; CONAB, 2019).

Além do elevado teor de proteinas e lipidios, ao redor de 40% e 20%,
respectivamente, a soja contém substancias bioativas, tais como, peptideos, fibras,
oligossacarideos, &cidos fendlicos, isoflavonas, saponinas, fitosterois, acido fitico, aminas
bioativas e outros compostos que sdo benéficos a saide humana (MESSINA, 2016). Embora
somente as proteinas da soja possuam alegacdo de beneficios a saide humana (FDA, 1999;
ANVISA, 2013), tem-se demonstrado por estudos clinicos e epidemioldgicos que estes outros
constituintes também possuem potenciais efeitos sobre a saide de humanos (CHEN et al., 2012;
MESSINA, 2016; AMARAL et al., 2017).

As substancias bioativas ou compostos bioativos sdo nutrientes ou nao
nutrientes que possuem acdo metabdlica ou fisiologica especifica em humanos (ANVISA,
2018). Os compostos bioativos geralmente sdo metabdlitos secundéarios de plantas e, por isso,
muitas vezes sdo denominados de fitoquimicos. Quando consumidos, 0s compostos bioativos
desempenham um papel importante na satde, crescimento e desenvolvimento humano, além de
contribuir na reducdo de risco de certos tipos de doencas (LAGOS et al., 2015).

As isoflavonas da soja ocorrem em quatro classes e doze formas de estruturas
quimicas distintas e sdo denominadas de agliconas (daidzeina, genisteina e gliciteina) e as suas
respectivas formas conjugadas denominadas de S-glicosideos (daidzina, genistina e glicitina);
malonilglicosideos (malonil-daidzina, malonil-genistina e malonil-glicitina) e acetilglicosideos
(acetil-daidzina, acetil-genistina e acetil-glicitina) (LIU, 2004; WANG, 2008). As isoflavonas
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podem ser convertidas em suas diferentes formas e possuem efeitos significativos na
biodisponibilidade, sendo que as agliconas s&o absorvidas mais facilmente pelo organismo em
relagdo as formas glicosideos (XU et al., 2000) e tem sido descritas que sdo mais benéficas a
salide humana (MESSINA; MESSINA, 2000; MESSINA, 2000; MESSINA;WOOD, 2008).

As aminas bioativas sdo compostos nitrogenados ndo proteicos que fazem
parte do metabolismo de animais, vegetais e microrganismos. Conforme sua origem podem ser
classificadas em aminas biogénicas e poliaminas. As aminas biogénicas, incluem
principalmente a tiramina, histamina, triptamina, g-feniletilamina e cadaverina e estdo presentes
nos alimentos devido a presenca de bactérias que produzem enzimas que descarboxilam seus
aminoacidos precursores. As aminas biogénicas sdo neuro- e vaso-ativas, sendo que a tiramina,
triptamina e S-feniletilamina, por exemplo, sdo reconhecidas pela capacidade de aumentar a
pressdo sanguinea, enquanto que a histamina é vasodilatadora (GLORIA, 2006). Enquanto que
as poliaminas constituidas por espermidina e espermina, sdo sintetizadas in situ a medida que
sdo requeridas e fazem parte do processo fisiolégico nos tecidos animais e vegetais, e sua
origem ndo esta associada com a atividade microbiana. Entretanto, a putrescina esté classificada
em ambos os grupos, tanto por sua ocorréncia fisioldégica, como por sua formacéo a partir da
descarboxilacdo da ornitina (GLORIA, 2006). As poliaminas, além de atuarem no crescimento
e metabolismo celular, apresentam efeitos antioxidantes inibindo a oxidacdo lipidica, séo
importantes na maturacéo e recuperacdo da mucosa intestinal, mediam a acdo de hormdnios e
fatores de crescimento e estdo envolvidas na sintese de DNA, RNA e proteinas (KALAC;
KRAUSOVA, 2005; GLORIA, 2006).

As aminas bioativas estdo presentes em diversos tipos de alimentos, tais
como: frutas, vegetais, peixes, carnes, queijos, vinhos e cervejas (VIDAL-CAROU et al., 2007;
SPANO et al., 2010). A presenca de putrescina, cadaverina, agmatina, espermidina e espermina
foram descritas em diferentes cultivares de soja (GLORIA et al., 2005) e em produtos de soja
ndo fermentados (tofu, extrato e brotos de soja), enquanto que em produtos fermentados (natto,
tempeh, miso, tamari, molho de soja, pasta de soja e sufu) além destas aminas, também foram
relatadas a presenca de tiramina, histamina, triptamina e S-feniletilamina (TORO-FUNES et
al., 2015a).

Entretanto, baixos niveis de aminas biogénicas em alimentos ndo sao
considerados um risco sério a saude de humanos, mas quando consumidas em quantidades
excessivas, podem causar efeitos farmacoldgicos, fisioldgicos ou toxicos distintos (EFSA,
2011). A deterioracéo de alimentos por microrganismos contaminantes pode ser acompanhada

pelo aumento na producdo de descarboxilases, assim sendo, hd um grande interesse na
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investigagdo sobre o contelldo de aminas biogénicas em alimentos, devido a sua possivel
toxicidade. Desta forma, a presenga destas aminas tem sido utilizada como indicador das
condi¢des higiénicas, préaticas de fabricacdo e frescor de alimentos (LINARES et al., 2011).

O extrato de soja é definido como o produto obtido a partir da emulsdo aquosa
resultante da hidratacdo dos grdos, convenientemente limpos, seguido de processamento
tecnoldgico adequado, adicionado ou ndo de ingredientes opcionais permitidos, podendo ser
submetido a desidratacdo, total ou parcial (ANVISA, 1978; 2005). Tradicionalmente, o extrato
é obtido apds a maceracdo dos grdos, drenagem da agua, trituracdo, filtracdo e tratamento
térmico (LIU, 2004). Entretanto, as condi¢des de processamento podem influenciar na extracao
dos constituintes da soja. A composicao e rendimento do extrato de soja dependem de fatores,
tais como: cultivar, tempo de maceracdo, proporcao soja:agua, trituracdo, filtracdo antes ou
depois do tratamento térmico, tempo e temperatura do tratamento térmico, além do emprego de
enzimas, fermentacdo e outros fatores (DONKOR; SHAH, 2008; JUNG; MURPHY; SALA,
2008).

O uso de enzimas em processos biotecnoldgicos é vantajoso devido as suas
especificidades, ndo necessidade de uso de temperaturas elevadas para a reacdo e a nao
formacdo de subprodutos indesejaveis (KIRK; BORCHERT; FUGLSANG, 2002; DUENAS;
HERNANDEZ; ESTRELLA, 2007). As carboidrases tem sido utilizadas como uma ferramenta
para extracdo de compostos de matérias-primas vegetais devido a hidrolise dos polissacarideos
da parede celular (BHAT, 2000).

O ultrassom é uma tecnologia que tem sido aplicada para melhorar a
produtividade de processos quimicos, fisicos e biotecnolégicos e pode ser convenientemente
combinada com outras técnicas de extracdo, tais como, o tratamento enzimético (SZABO;
CSISZAR, 2013). A combinacdo de enzimas e ultrassom resulta no aumento da eficacia da
operacdo intensificando a extracdo dos compostos de interesse e na diminuicdo do tempo de
tratamento (SHIRSATH; SONAWANE; GOGATE, 2012).
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Investigar a extracdo assistida por hemicelulase e ultrassom sobre a atividade
de p-glicosidases, contelido de isoflavonas e aminas bioativas e o potencial antioxidante de
extratos de soja, bem como, avaliar o perfil e conteido das aminas em produtos prontos para

consumo disponiveis no mercado de Barcelona.

2.2 OBJETIVOS ESPECIFICOS

Investigar a extragdo assistida por hemicelulase e ultrassom de S-glicosidases
e isoflavonas de extratos de soja e avaliar a capacidade antioxidante dos extratos.

Determinar o perfil e contetdo das aminas bioativas na soja e extratos
assistidos por hemicelulase e ultrassom.

Aplicar o delineamento composto central rotacional para avaliar os efeitos da
adicdo de hemicelulase, intensidade de ultrassom e tempo de tratamento sobre a extracdo das
aminas bioativas de extratos de soja.

Avaliar o perfil e conteudo das aminas bioativas de produtos prontos para
consumo de supermercados e restaurantes especializados de Barcelona e em sashimis de atum

armazenados a 5 e 20 °C por 1 e 2 dias.
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3 REVISAO BIBLIOGRAFICA

3.1 ORIGEM, ASPECTOS ECONOMICOS E PRODUCAO DE SOJA

As evidéncias histdricas e geograficas indicaram que a soja teve a sua origem
no continente asiatico e o seu cultivo foi primeiramente registrado no noroeste da China no
século XI a.C.. Entretanto, a soja foi citada entre os séculos XI e VII a.C. em um dos livros
cléssicos chineses (LIU, 1999). Os historiadores chineses, relataram que o imperador Sheng-
Nun mencionou sobre a soja em um livro que foi escrito ha quase cinco mil anos. Neste livro,
a soja foi considerada como um dos cinco graos sagrados, junto com o arroz, trigo, cevada e
milheto e essenciais para o desenvolvimento da civilizacdo chinesa. A soja espalhou-se
gradualmente para outros paises asiaticos e somente apos o século VIII d.C. chegou ao Japao
(MESSINA; MESSINA; SETCHEL, 1994).

Na Europa, a soja foi introduzida ao redor de 1712 pelo botanico alemdo
Engelbert Kaempher e somente mais tarde o botanico sueco Lineu, atribuiu o nome cientifico
de Glycine max (LIU, 1999). Nos EUA, a soja chegou no final do século XVIII, embora a
introducdo oficial como uma cultura comercial ocorreu apos o inicio do seculo XX. Em 1919 e
apos o final da Primeira Guerra Mundial, a soja passou a ter um destaque efetivo e internacional.
Assim, em 1921 os EUA implementaram a American Soybean Association para cuidar dos
interesses de toda a cadeia produtiva da soja (MESSINA; MESSINA; SETCHEL, 1994).

No Brasil, os primeiros registros da soja ocorreram em 1882 no Estado da
Bahia. Em 1891 o grdo foi introduzido em S&o Paulo e Rio Grande do Sul (SANTOS, 1988).
Em 1901 foi cultivada pela primeira vez na Estacdo Agropecuaria de Campinas do Estado de
S&o Paulo. Em 1908, a soja também foi introduzida pelos primeiros imigrantes japoneses e
somente em 1914, ha o primeiro registro de cultivo na cidade de Santa Rosa no Rio Grande do
Sul. Em 1949 e pela primeira vez, o Brasil comeca a se destacar como produtor de soja com
participacdo nas estatisticas internacionais. Porém, a expansdo da soja aconteceu somente nos
anos 70 devido o interesse crescente da industria de 6leo e demanda pelo mercado internacional
(A SOJA, 2007; SEIBEL, 2018).

A producao de soja no Brasil se destacou em relacao aos outros paises, devido
ao escoamento da safra brasileira que ocorreu na entressafra americana e quando 0S precos
atingiram as maiores cotagdes. Associando a estes fatos, o pais passou a investir em tecnologias
para adaptacdo da cultura as condicBes brasileiras, cujos processos tem sido liderados pela

Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA - Soja). Estes investimentos
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possibilitaram a “tropicalizacdo” da soja, que permitiu o sucesso no cultivo em regides de
baixas latitudes, entre o tropico de Capricérnio e a linha do Equador. Essa conquista dos
cientistas brasileiros revolucionou a histéria mundial da soja e seu impacto no mercado
comegou a ser notado a partir do final da década de 80 e, mais notoriamente, na década de 90
(EMBRAPA, 2019b).

Assim a soja passou a ser considerada como a principal cultura do setor
agricola brasileiro. Na safra de 2017/2018, o Brasil produziu 119.281,7 mil toneladas em uma
area plantada de 35.149,2 mil hectares e representou 35% da safra mundial que foi estimada em
337 mil toneladas. Dentre os Estados brasileiros, 0 Mato Grosso é o maior produtor de soja,
seguido do Parana e juntos, representaram 51.476,6 mil toneladas ou equivalente a 44% da
producdo nacional (CONAB, 2019). Nesta safra, 0 maior produtor mundial foi os Estados
Unidos com 36% da produgdo mundial totalizando em cerca de 123.66 mil toneladas do gréo
(USDA, 2019).

Entretanto, segundo os dados apresentados no levantamento mensal referente
ao més de maio de 2019 pelo Departamento de Agricultura dos Estados Unidos (USDA), serdo
produzidos mundialmente 355.66 mil toneladas de soja na safra 2019/20. A previsdao do USDA
indica que o Brasil assumira a lideranca no ranking mundial, com producdo de 123 mil
toneladas superando os Estados Unidos com 112.95 mil, a Argentina produzira 53 mil e a China
17 mil toneladas (USDA, 2019).

Embora ha um aumento na producdo nacional da soja, apenas 50 % da
producdo nacional (ou cerca de 59 mil toneladas) foram destinados ao consumo interno
(EMBRAPA, 2019b). Sendo que o 6leo é o principal produto de soja destinado ao consumo
humano. Entretanto, esta leguminosa com grande potencial de producdo pode também ser
utilizada como fonte de proteinas e matéria-prima para elaboracdo de diferentes produtos tais
como: farinha, concentrado proteico, isolado proteico, bem como, extrato de soja e outros
produtos derivados do setor industrial (SEIBEL, 2018).

3.2 ESTRUTURA E COMPOSICAO QUIMICA DA SOJA

O gréo de soja € constituido de 8% de cascas, 90% de cotilédones e 2% de
hipocotilos (Figura 1). Considerando as estruturas dos componentes individuais do grdo, o
cotilédone ¢ a parte que apresenta maior percentual de proteinas e lipidios, enquanto que a casca
apresenta 0 menor percentual destes componentes, porém, apresenta elevado contetdo de

carboidratos. O cotilédone representa a maior parte de todo o gréo, portanto, € de se esperar que
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a sua composicdo se aproxime da composicdo do grdo inteiro (LIU, 1997; MEDIC;
ATKINSON; HURBURGH, 2014). A composi¢do quimica dos componentes do grdo de soja
podem ser observados na Tabela 1.

Figura 1 - Componentes da estrutura do gréo de soja.

Hipocdtilo

Fonte: Adaptado de Liu (1997)

Tabela 1 - Componentes do gréo de soja e sua composi¢ao quimica

Componentes do gréo Composicao quimica (%)*

(%) Proteinas Lipidios Carboidratos Cinzas
Hipocotilo 2 41 11 44 4
Cascas 8 9 1 86 4
Cotilédones 90 43 23 29 5
Gréos 100 40 20 35 5

* Expressos em (g/100g do grao, base seca).
Fonte: Adaptado de Liu (1997) e Medic; Atkinson; Hurburgh (2014)

A soja destaca-se pela sua composicdo quimica Unica e valor nutritivo.
Quando comparada a alguns cereais e outras leguminosas, possui 0 maior contetdo proteico,
com 40% de proteinas em base seca. Dentre as leguminosas, 0 amendoim apresenta maior
conteddo lipidico, sendo a soja 0 segundo com 20% de lipidios em base seca. Ainda, a soja
contém 30% de carboidratos, 13% de umidade e 5% de cinzas. Entretanto, a composicdo
quimica da soja depende de varios fatores, como genotipo da planta, estadio de maturagéo, tipo
de solo, localizacdo geogréafica de cultivo, dentre outros (LIU, 1997; RIAZ, 2006).

As proteinas da soja sdo armazenadas principalmente nos cotilédones e em
estruturas denominadas de corpos proteicos. Assim, como a maior parte das proteinas de outras
leguminosas, a soja possui baixo teor de aminodacidos sulfurados, sendo limitante em metionina
e cistina. Entretanto, as proteinas da soja contém a lisina, cujo aminodacido é limitante na maioria

dos cereais. Portanto, a combinacdo de leguminosas e cereais tem sido considerada 6tima do
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ponto de vista do valor nutritivo (LIU, 2004).

As principais proteinas da soja séo as globulinas e as suas fracfes podem ser
classificadas segundo seus coeficientes de sedimentacdo e denominadas de 2S, 7S, 11S e 15S.
Os principais componentes das proteinas da soja sdo as fragdes 7S (B-conglicinina) e 11S
(glicinina) e representam 40% e 30% do total do gréo, respectivamente (TAY; XU; PERERA,
2005). Estas fragdes conferem propriedades funcionais e tecnoldgicas as proteinas da soja,
sendo que a fragdo 7S possui maior solubilidade e melhor capacidade emulsificante do que a
fracdo 11S. A fracdo 11S forma um gel mais firme com agregados proteicos maiores em relacao
a fracdo 7S, devido ao grande nimero de grupos sulfidrila e apresenta uma tendéncia de ser
mais eficiente para formar filmes na interface ar/agua (HERMAN, 2005; TAY; XU; PERERA,
2005; MANION; CORREDIG, 2006).

As proteinas da soja possuem um balanco bastante satisfatério de
aminodcidos essenciais (CHEN et al., 2012). O Food and Drug Administration (FDA) em 1990,
alem dos métodos que ja haviam sido aprovados para avaliagdo da qualidade proteica dos
alimentos, também adotou o método Protein Digestibility Corrected Amino Acid Score
(PDCAAS), com o objetivo de melhor estimar a digestibilidade proteica dos alimentos (FDA,
1990; CHEN, et al., 2012). Devido as limitacfes e precisdo do método PDCAAS, um novo
método foi implementado e denominado de Digestible Indispensable Amino Acid Score
(DIAAS), com finalidade de melhor refletir a quantidade absorvida de cada aminoacido por
meio da determinacdo da digestibilidade destes na porc¢édo final do intestino delgado (FAO,
2012; 2013). Destaca-se que os indices PDCAAS e DIAAS para qualidade proteica dos
produtos de soja, apresentaram valores 6timos entre 0,90 e 1,00, sendo a referéncia a caseina
(proteina do leite) (FAO, 2012;2013).

Em 1999 o FDA aprovou a alegacéo de que a ingestao de 259 de proteinas de
soja por dia aliada a um baixo consumo de gordura saturada e colesterol pode reduzir o risco
de doencas coronarianas (FDA, 1999). No Brasil, a ANVISA também autorizou descri¢Ges
similares na rotulagem de alimentos contendo proteinas de soja, porém considera como um
ingrediente com alegacdo de propriedade funcional (ANVISA, 2013). A partir desta alegacao
pelo FDA tem ocorrido um aumento consideravel na producdo, comercializacdo e consumo de
soja e derivados (XIAO, 2008).

Os carboidratos representam a segunda maior fracdo de componentes da soja,
porém o seu valor econdmico tem sido menos importante do que o das proteinas e lipidios. O
teor de carboidratos totais nos graos de soja é de 34%, no qual 10% deste total correspondem

aos carboidratos sollveis ou oligossacarideos sollveis em agua (5% de sacarose, 4% de
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estaquiose e 1% de rafinose). A rafinose e a estaquiose sdo 0s principais responsaveis pela
flatuléncia causada em humanos apds a ingestdo de soja e derivados (BORDINGNON;
MANDARINO, 1994). Entretanto, estes aclUcares sdo utilizados como nutrientes pelas
bifidobactérias no intestino delgado e dessa forma s&o considerados como prebidticos, pois
podem melhorar a fungdo imune no organismo humano (GOLBITZ; JORDAN, 2006; MA et
al., 2016). Os carboidratos insoltveis ou fibras alimentares sdo constituidos por polissacarideos
complexos estruturais que fazem parte da parede celular, como celulose, hemicelulose e pectina
(CHEN et al., 2012).

Durante o desenvolvimento do grdo, os lipidios sdo armazenados
principalmente na forma de triacilglicerdis, e em menor quantidade ha os fosfolipidios e
material insaponificavel como tocoferol, fitosterol e hidrocarbonetos (LIU, 1997). Do total de
lipidios da soja, 86% é composto por acidos graxos insaturados e destes, 60% sdo acidos graxos
essencias, como o linoleico (w6) e o linolénico (m3). O elevado valor nutritivo do 6leo de soja
também tem sido atribuido a fonte de acidos graxos insaturados como o &cido oleico, linoleico
e linolénico. Entre os derivados de soja para alimentacdo humana, o 6leo de soja refinado € o
produto mais utilizado e representa 25% de todos o0s 6leos e gorduras consumidos no mundo
(EMBRAPA, 2019a). Foi observado por He e Chen (2013) que antes do crescente interesse de
consumo da proteina de soja, a obtencédo do dleo foi o principal objetivo comercial da soja.

Os gréos de soja contém 5% de cinzas em base seca. Dentre os principais
minerais presentes na soja, pode-se citar o potassio, fosforo, magnésio, enxofre, calcio, cloro e
sodio. Além dos minerais, a soja também apresenta algumas vitaminas em sua composicao,
como as vitaminas A, E, B1, B2 e niacina (EMBRAPA, 2019b). Ainda, apresenta as vitaminas
B6, C e K, que ndo sdo sintetizadas em quantidades suficientes pelo organismo humano e,
portanto, devem ser fornecidas a partir da dieta (CHEN et al., 2012). Também estdo presentes
na soja, outros constituintes que embora correspondam a uma pequena fracdo do total,
apresentam importante papel funcional, tais como os fitoesterois, inibidores de proteases,

saponinas, isoflavonas e outros (LIU, 2004).

3.2.1 Compostos Fendlicos e Isoflavonas

Os compostos fendlicos sdo produtos provenientes do metabolismo
secundario de plantas, sintetizados a partir das vias do chiquimato e do acetato, que formam um
grande e complexo grupo de fitoquimicos. Podem apresentar moléculas simples, como por

exemplo os acidos fendlicos, ou moléculas altamente polimerizadas, como os taninos (Figura
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2) (KARAKAYA, 2004). Dependendo da sua estrutura quimica, os compostos fenolicos séo
classificados em dois grupos denominados de &cidos fenolicos (C6-C1 ou C6-C3) e flavonoides
(C6-C3-C6). A maioria dos compostos fendlicos ocorre como glicosideos, ou seja, contém um
acucar (mono, di ou polissacarideo) ligado ao grupo hidroxil da estrutura quimica, sendo a
glicose o mais comum (ANGELO; JORGE, 2007; TSAO, 2010; OZDAL; CAPANOGLU;
ALTAY, 2013).

Figura 2 - Classificacdo dos compostos fendlicos.

Compostos
Fendlicos
: | '
Acidos fendlicos Elnonioiies
(C6-C1 ou C6-C3) (C6-C3-Co)
—l . : — i _
Acidos hidroxi | | Acidos hidroxi | | Flavonois | |Flavonas| | Flavanois Flavanona| |Antocianidinas] |isoflavonas
benzoicos CINamico
ga‘u:co p-cumanco | |lQuercetina Catequina Eriodictol pe?'a"’d"’;a .
l'rouo'ccoa- Caféico Kampferol Apigenina | | £nicate- Hespe- argonidina || | Genisteina
€q Ferdlico Miricetin Luteolina | 4 quina ridina Delfinidina Daidzeina
e Sinaptico s Crisina Epigaloca- | | Naringe- Peonidina Gliciteina
Sirigico Riap Galangina tequina o i

Fonte: Adaptado de Karakaya (2004)

Dentre os &cidos fendlicos, destacam-se a estrutura contendo (C6-C1) que
incluem os &cidos galico, p-hidroxibenzoico, protocatéquico, vanilico e sirigico; enquanto que
os acidos hidroxicindmicos sdo compostos com uma estrutura aromatica e com uma cadeia
lateral de trés carbonos (C6-C3), sendo 0s mais comuns, os acidos cafeico, ferulico, p-cumarico
e sinapico (KARAKAYA, 2004). Os flavonoides apresentam a estrutura quimica descrita como
(C6-C3-C6) (Figura 3) e com base nas diferencas estruturais do anel aglicona C e nas
substituicdes dos grupos hidroxila e metoxi, os flavonoides podem ser classificados como:
flavondis, flavonas, flavanois, flavanona, antocianidinas e isoflavonas (PAN; LAI; HO, 2010;
SHAHIDI; YEO, 2016). As isoflavonas sdo compostos heterociclicos que apresentam estrutura
(C3-C6-C6) (Figura 4) e se diferenciam das demais estruturas dos flavonoides por apresentarem

0 anel benzeno unido ao carbono 3 do heterociclo, em vez do carbono 2 (MORAES, 2009).
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Figura 3 - Estrutura geral de flavonoides.

Fonte: Adaptado de Moraes (2009)

Devido a estrutura quimica dos compostos fendlicos conter as hidroxilas e os
anéis aromaticos, estes compostos possuem capacidade antioxidante (NACZK; SHAHIDI,
2004; ANGELO; JORGE, 2007). Estes compostos atuam eliminando os radicais livres por
transferéncia de elétrons ou doagdo de um atomo de hidrogénio de um grupo hidroxila de sua
estrutura aromatica, que possui capacidade de manter um elétron desemparelhado ou quelar os
metais de transicdo, como Fe?* e Cu*, interrompendo a reacdo de propagacio de radicais livres
na oxidacéo lipidica (PODSEDEK, 2007; MIN; EBELER, 2008). A capacidade antioxidante
pode ser influenciada pela posicdo e grau de hidroxilacdo, polaridade, solubilidade e
estabilidade do radical fendlico (MCCLEMENTS; DECKER, 2010).

A capacidade antioxidante dos compostos fenolicos ocorre por diferentes
mecanismos, tais como: (i) eliminacdo de radicais livres; (ii) quelacdo de metais; (iii) inibicdo
de alguns tipos de oxidases (como ciclo-oxigenase) e (iv) protecdo de enzimas com
propriedades antioxidantes (superdxido dismutase, catalase, etc.) (NIJVELD et al., 2001;
XYNOS et al., 2012).

Os flavonoides sdo encontrados em varias familias de plantas, porém, as
isoflavonas estdo presentes em apenas algumas familias botanicas e sdo consideradas como o
principal metabolito secundario da soja e correspondem a 0,1 a 0,4% de seu peso seco (LIU,
2004). Na soja, o conteudo de isoflavonas, bem como suas formas quimicas, variam e séo
influenciados por fatores genéticos (cultivar), ambientais (local de cultivo, ano de plantio, data
colheita) e pelas condi¢des dos grdos apds a colheita (umidade relativa, temperatura e periodo
de armazenamento) (BENASSI; PRUDENCIO, 2013; SZYMCZAK et al., 2017).

A distribuicdo e forma quimica das isoflavonas também podem variar
conforme os componentes do grdo, sendo gque a concentra¢do maior de isoflavonas totais ocorre
no hipocatilo (87%) seguido dos cotilédones (13%). Ainda que o hipocétilo represente a maior
concentracdo de isoflavonas dentre os componentes do grdo, proporcionalmente este

componente participa com apenas 2% do total de isoflavonas e desta forma, s@o equivalentes



23

aos cotilédones e contribuem de modo similar no teor de isoflavonas na soja. A radicula e
epicotilo apresentam auséncia de isoflavonas no gréo in natura (YOSHIARA et al., 2018).

As isoflavonas da soja podem existir em quatro diferentes formas quimicas:
agliconas, p-glicosideos, malonilglicosideos e acetilglicosideos. As agliconas ndo contém
acucar na sua estrutura e sdo constituidas por daidzeina, genisteina e gliciteina. As isoflavonas
S-glicosideos sdo consituidas por daidzina, genistina e glicitina e contém uma glicose ligada ao
anel benzeno e podem ser conjugadas ou ndo com grupos malonil ou acetil (Figura 4). As
isoflavonas na forma acetilglicosideos, s3o denominadas de 67-O-acetildaidzina, 6”-O-
acetilgenistina, 6”-O-acetilglicitina e na forma malonilglicosideos, sio denominadas de 6”-O-
malonildaidzina, 6”-O-malonilgenistina e 6”-O-malonilglicitina, totalizando assim, as 12
diferentes formas de isoflavonas (LIU, 2004). No entanto, estas isoflavonas podem ser
transformadas em suas diferentes formas (Figura 4) por clivagem das ligagdes por meio de
descaboxilacdo, desesterificagdo ou hidrolise, quando submetidos a diferentes tipos de

processamento da soja e seus produtos (CHEN et al., 2015).
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Figura 4 - Estrutura quimica das diferentes formas de isoflavonas, seus radicais e possiveis

transformagdes por clivagem de ligagoes.

Descarboxilagao Desesterificagao Desglicosilagao
K4 4 v
: R1 .~

Hidrolise (Acida e alcalina)

B-glicosideos Agliconas { B-glucosidase ou fermentagao
Tratamento térmico

Hidratagao
-------------------------------- Germinagao

Fermentagao
Acetil-B.glicosideos Hidratagao
_____________________________________________________________________________ Germinagao
Fermentacao
Malonil--glicosideos Tratamento térmico

Isoflavonas Grupo R R> R3
Daidzeina H H H
Genisteina Agliconas H H OH
Gliciteina H OCHs H
Daidzina CeOsH11 H H
Genistina [S-glicosideos C6OsH11 H OH
Glicitina CeOsH11 OCH3 H
6”-O-acetildaidzina C605H11+COCH3 H H
6”-O-acetilgenistina Acetilglicosideos C605H11+COCH3 H OH
6”-O-acetilglicitina C605H11+COCH3 OCHs H
6”-O-malonildaidzina CeOsH11+COCH.COOH H H
6”-O-malonilgenistina  Malonilglicosideos CsOsH11+COCH.COOH H OH
6”-O-malonilglicitina CeOsH11+COCH,COOH OCHs H

Fonte: Adaptado de Liu (2004) e Chen et al. (2015)

Dentre todas as isoflavonas, as malonilglicosideos estdo presentes em maior
guantidade nos grdos de soja, seguidas pelas pS-glicosideos, agliconas e acetilglicosideos
(HSIEH; KAO; CHEN, 2005). Entretanto, quando a soja e seus derivados sdo submetidos a
diferentes tipos de processamentos, as malonilglicosideos sdo convertidas em acetilglicosideos
e estas, por sua vez, em -glicosideos (PARK et al., 2001; ROSTAGNO; PALMA; BARROSO,
2005; XU; CHANG, 2008). Além disso, as S-glicosideos podem ser convertidas em agliconas
devido a acdo das enzimas pg-glicosidases, como ocorre quando a soja € submetida a
fermentacdo (HANDA et al., 2014; BAU; GARCIA; IDA, 2015; FERNANDES et al., 2017),
hidratacio (LIMA; IDA, 2014), germinacio (QUINHONE JUNIOR; IDA, 2015) ou tratamento
térmico (ANDRADE et al., 2016).
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As isoflavonas glicosideos quando ingeridas por humanos, sdo menos
absorvidas e a sua biodisponilidade requer uma hidrélise inicial (SETCHELL et al., 2001).
Assim, é desejavel que ocorra a conversdo das isoflavonas glicosideos em agliconas, pois
resulta em maior quantidade de compostos que beneficiam a salde humana (PARK et al.,
2001). A importéncia das isoflavonas agliconas nos alimentos tem sido enfatizada devido a sua
elevada atividade biologica (AMARAL et al., 2017). As isoflavonas agliconas possuem
estrutura quimica similar ao hormdnio feminino 17p-estradiol, podendo apresentar atividade
estrogénica ou antiestrogénica, sao classificadas como fitoestrogenos e sdo capazes de exercer
efeitos protetores contra distUrbios hormonais e aliviar os sintomas da menopausa (LETHABY
et al., 2007; MEDIC; ATKINSON; HURBURGH, 2014; LEE et al., 2015).

As isoflavonas em combinacdo com as proteinas de soja podem ocasionar
reducdo do risco de doenca cardiovascular, pela diminui¢do dos niveis de colesterol de baixa
densidade e triglicerideos, aléem de aumentar a estabilidade oxidativa do colesterol (GARDNER
et al., 2001; CHEN et al., 2006). Além disso, destaca-se que as isoflavonas influenciam na
reducdo da perda de massa Ossea, atividade antioxidante, reducdo no aparecimento de
aterosclerose, hipertensao, inflamacéo intestinal e tem efeito protetor contra o desenvolvimento
de cancer de mama e de préstata (GANAI et al., 2015; MESSINA; WOOD, 2008; DONG et
al., 2013; MESSINA, 2016; WADA et al., 2013). As isoflavonas também podem influenciar
no metabolismo de glicose e de lipidios e serem benéficas na prevencao da obesidade e diabetes
(CHOI et al., 2008).

3.2.2 Aminas Bioativas

As aminas bioativas ou aminas biologicamente ativas sdo compostos
organicos nitrogenados, em que um, dois, ou trés atomos de hidrogénio da amdnia séo
substituidos por grupos alquila ou arila. S&o bases organicas alifaticas, aromaticas ou
heterociclicas de baixo peso molecular que participam de processos metabdlicos normais de
animais, plantas e microrganismos (MAIJALA et al., 1993; HALASZ et al., 1994; BARDOCZ,
1995).

A denominacdo da maioria das aminas ocorre em funcdo de seu aminoacido
precursor, como por exemplo, a histamina origina-se da histidina, a tiramina da tirosina, a
triptamina do triptofano, e assim por diante. No entanto, as aminas cadaverina, putrescina,
espermina e espermidina foram assim denominadas devido as suas fontes. Sendo que a

cadaverina e putrescina foram encontradas em produtos em fase de decomposicdo ou
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putrefacdo, enquanto que a espermina e espermidina foram isoladas pela primeira vez no fluido
seminal (BARDOCZ, 1995; LIMA; GLORIA, 1999; GLORIA, 2006).

As aminas bioativas podem ser classificadas em funcdo do numero de
grupamentos amina na molécula, da estrutura quimica, da via biossintética e das funcbes que
exercem. Quanto ao nimero de grupamentos amina na molécula, as aminas bioativas sdo
divididas em monoaminas (tiramina e feniletilamina), diaminas (histamina, triptamina,
serotonina, putrescina e cadaverina) e poliaminas (espermidina, espermina e agmatina). Com
relagdo & estrutura quimica, as aminas bioativas podem ser classificadas em aliféticas
(putrescina, cadaverina, espermina, espermidina e agmatina); aromaticas (tiraminas e
feniltilamina) ou heterociclicas (histamina e triptamina) (Figura 5). Enquanto que em funcéo
do grupo quimico, as aminas bioativas podem ser classificadas como catecolaminas (dopamina,
noradrenalina e adrenalina), indolaminas (serotonina) e imidazolaminas (histamina) (GLORIA,
2006).

Figura 5 - Estrutura quimica de algumas aminas bioativas.
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Fonte: Adaptado de Gloria (2006)
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Ainda, quanto a via biossintética, as aminas podem ser classificadas como
aminas naturais (espermina, espermidina, putrescina e histamina) ou aminas biogénicas. As
aminas denominadas de aminas naturais sdo formadas durante a biossintese “in situ”, ou seja,
a partir de uma molécula mais simples, a medida que sdo requeridas (espermina e espermidina),
ou podem estar armazenadas nos mastocitos e basofilos (histamina). Enquanto que as aminas
biogénicas sdo formadas por meio do processo de descarboxilacdo de aminoécidos. A histamina
pode ser classificada tanto como uma amina natural (armazenada em mastocitos ou baséfilos)
ou como uma amina biogénica (BARDOCZ, 1995; LIMA; GLORIA, 1999; GLORIA, 2006).

Com relacdo as funcbes fisioldégicas das aminas bioativas, estas sdo
classificadas em poliaminas e aminas biogénicas. As poliaminas sdo moduladoras da sintese
proteica por atuarem no crescimento e manutencéo do metabolismo celular de animais, vegetais
e microorganismos, enquanto que as aminas biogénicas séo vasoativas e neuroativas, devido ao
seu efeito nos sistemas vascular e neural (HALASZ et al., 1994; BARDOCZ, 1995). Para
elucidar melhor esta subdivisdo e segundo as informacGes de Halasz et al. (1994), Bardocz
(1995) e Gloria (2006), a classificacdo de aminas bioativas pode ser apresentada conforme a

Figura 6.

Figura 6 - Classificacdo de aminas bioativas.

AMINAS BIOATIVAS

AMINAS BIOGENICAS POLIAMINAS

Histamina
Tiramina
Triptamina
Serotonina

Espermina
Espermidina
Agmatina

Putrescina
Cadaverina

Fonte: Adaptado de Halasz et al. (1994), Barddcz (1995) e Gléria (2006)

As aminas biogénicas podem ser formadas por meio da hidrolise de compostos
nitrogenados, decomposicdo térmica ou descarboxilacdo de aminoécidos (Figura 7), sendo que
a ultima € a principal via de formacdo. A formacdo de aminas biogénicas depende de varios
fatores, tais como, disponibilidade de amino&cidos livres, presenca de microrganismos que
produzem enzimas descarboxilases e condigdes favoraveis para o crescimento destes
microrganismos (GLORIA, 2006).
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Figura 7 - Formacdo de aminas por meio da descarboxilacéo de aminoacidos.

?DOH
R—CH-NH, ——® R-CH,—NH, + CO,

Fonte: Gldria (2006)

Inimeras espécies bacterianas sdo capazes de descarboxilar um ou mais
aminodcidos, dentre estas sdo citadas: Bacillus, Citrobacter, Clostridium, Escherichia,
Klebsiella, Lactobacillus, Pediococcus, Photobacterium, Proteus, Pseudomonas, Salmonella,
Shigella e Streptococcus. Sendo que as espécies de Enterobacteriaceae produzem histaminas,
tiraminas, putrescinas e cadaverinas. Em peixes, as espécies Morganella morgani, Klebsiella
pneumonia e Hafnia alvei sdo importantes e consideradas as formadoras de histaminas (SILLA-
SANTOS, 1996; GLORIA, 2006; LAVON; LURIE; BENTUR, 2008).

As aminas biogénicas em alimentos podem estar naturalmente presentes ou
serem formadas por microrganismos adicionados (culturas iniciadoras) ou por contaminantes,
devido as condicdes higiénico-sanitarias inadequadas. Em geral, a quantidade e o tipo de aminas
nos alimentos dependem da natureza, origem, etapas de processamento e da presenca de
microrganismos (SILLA-SANTOS, 1996). Assim sendo, estes parametros tém sido utilizados
como critérios de qualidade, pois a presenca destas aminas reflete a ma qualidade das matérias-
primas utilizadas e/ou das condicGes higiénico-sanitarias na fabricacdo de certos produtos
(GLORIA, 2006). Porém, a presenca de aminas biogénicas em alimentos, ndo se correlaciona
necessariamente com o crescimento de microrganismos deteriorantes, porque nem todos sao
considerados descarboxilases positivos (SILLA-SANTOS, 1996).

As poliaminas sdo bases orgéanicas alifaticas e hidrossolaveis, que, em pH
fisiologico, atuam como polications. No grupo das poliaminas ha: espermidina, espermina e
agmatina. Estas substancias estdo presentes em todas as células, principalmente em tecidos de
alta renovacdo celular. Por serem polications, as poliaminas estdo envolvidas em diversas
funcdes metabolicas e fisioldgicas em animais, vegetais e microorganismos (BARDOCZ, 1995;
ELIASSEN et al., 2002; MOINARD; CYNOBER; BANDT, 2005).

A sintese das poliaminas é considerada como um processo mais complexo
(Figura 8) (GLORIA, 2006). Endogenamente, as poliaminas podem ser sintetizadas a partir da
ornitina por reacdo de descarboxilagéo, catalisada pela enzima ornitina descarboxilase (OD)

que produz a putrescina (MEDINA et al., 2003). A espermidina deriva da putrescina apos a
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adicdo de um grupo propilamina derivado da S-adenosilmetionina (SAM) descarboxilada pela
acdo da espermidina sintase. A espermidina € similarmente convertida para espermina pela
enzima espermina sintase que adiciona um segundo grupo propilamina proveniente da SAM
pela espermidina (MARTON; PEGG, 1995; LARQUE; SABATER-MOLINA; ZAMORA,
2007). Em vegetais, a sintese das poliaminas podem ocorrer tanto via agmatina quanto via
ornitina. Para a formacdo da espermidina e espermina, um grupo aminopropil derivado da
metionina via SAM ¢ adicionado a putrescina para formar a espermidina e esta ultima, para
formar a espermina (BARDOCZ, 1995; LIMA; GLORIA, 1999). Nos tecidos, as poliaminas
sdo submetidas as reacOes de interconversdo e acetilagdo. Além disso, as células podem
sintetizar suas préprias poliaminas a partir da ornitina, um aminoacido ativo envolvido no ciclo
da ureia no figado (ELIASSEN et al., 2002; HILLARY; PEGG, 2003; LARQUE; SABATER-
MOLINA; ZAMORA, 2007).

Figura 8 - Sintese de poliaminas.

Ornitina < Arginina

lODC‘ l ADC
Putrescina < Agmatina

l SpdS \
Espermidina Propilamina

SpmsS ,\ SMDC /
Espermina Propilamina
Metionina

Abreviacdes: ODC, ornitina descarboxilase; ADC, Arginina descarboxilase; SpdS, espermidina sintase; Spms,
espermina sintase; SMDC, S-adenosilmetionina descarboxilase; SAM, S-adenosilmetionina descarboxilada.
Fonte: Gldria (2006)

Inicialmente, havia a hipdtese de que as poliaminas eram produzidas somente
in situ uma vez que todas as células sdo capazes de sintetiza-las, entretanto, foi observado que
em alguns casos, a capacidade das células e dérgaos de sintetizarem as poliaminas foi
insuficiente para satisfazer os requerimentos totais do organismo. Desta forma, para 0s

processos metabolicos, a sintese de poliaminas por meio da ingestdo direta de poliaminas
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presente nos alimentos e também através da microbiota bacteriana residente no trato
gastrointestinal dos individuos, sdo de fundamental importancia (BARDOCZ, 1995; MEDINA
et al., 2003; KALAC; KRAUSOVA, 2005).

3.2.2.1 Aspectos toxicoldgicos e utilizagdo como critério de qualidade

As aminas bioativas sdo substancias importantes para dieta humana, pois
desempenham funcbes fisiologicas essenciais. Assim sendo, as aminas geralmente ndo
apresentam risco a saude humana. Entretanto, quando ingeridas em elevadas concentracdes ou
quando o sistema de catabolismo das aminas € inibido, podem causar efeitos toxicos (HALASZ
et al., 1994; SILLA-SANTOS, 1996). Segundo Gloria (2006) as aminas sdo rapidamente
metabolizadas no organismo por conjugacdo, ou mediante reacdes de oxidacdo por enzimas
aminoxidases, como as monoaminoxidases (MAO), as diaminoxidases (DAQO) e as
poliaminoxidases (PAO), sendo que a inibicdo do sistema de catabolismo pode ocorrer por
questdes genéticas ou pelo uso de medicamentos inibidores destas enzimas catabolizadoras.

Na avaliagdo de risco de aminas biogénicas realizada pela Autoridade
Europeia para a Seguranca dos Alimentos (EFSA), foi verificado que quantidades elevadas de
aminas biogénicas em alimentos séo indesejaveis do ponto de vista de seguranca e podem ser
responsaveis pelo desencadeamento de distdrbios de saide, sendo que a histamina é a amina
biogénica mais comumente associada a esses disturbios (EFSA, 2011).

O desencadeamento de sintomas ap0s consumo excessivo de histamina foi
descrito pela primeira vez ha mais de 60 anos. Inicialmente, foi atribuido como uma intoxicacao
por consumo de peixes escombrideos, pois 0s sintomas surgiram principalmente apos o
consumo de peixes das familias Scombridae e Scomberesocidae (atum, sardinha, cavala,
arengue, anchova, etc.) que possuem naturalmente elevado teor de histidina. Entretanto, a
Organizacdo Mundial da Saude (OMS) tem recomendado o uso do termo envenenamento por
histamina ou intoxicacdo por histamina, uma vez que outros alimentos também podem estar
envolvidos. Além disso, ha alguns anos outro distarbio foi descrito, denominado de intolerancia
a histamina, que também foi relacionado a histamina, decorrente da falha da enzima DAO em
metabolizar a histamina no intestino (OMS, 2013; COMAS-BASTE, 2019).

A intoxicacdo por histamina tem ocorrido na forma de surto, sendo que a
manifestacdo do efeito toxico ocorre com sintomas cutaneos (urticaria, edema e inflamacéo
localizada); gastrointestinais (ndusea, vomito, diarréia e dores abdominais); e sintomas

hemodindmicos (hipotensdo, dor de cabega, palpitacdo, formigamento e rubor) (SHALABY,
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1996; LIMA; GLORIA, 1999; LAVON; LURIE; BENTUR, 2008). Entretanto, outras aminas,
como por exemplo a tiramina, a triptamina e a S-feniletilamina também podem estar associadas
a causa de intoxicacdo alimentar ou ainda, potencializar o efeito toxico da histamina, como é o
caso da putrescina e cadaverina (Tabela 2) (GLORIA, 2006).

Tabela 2 - Efeitos toxicos das aminas bhioativas

Efeitos Toxicos Aminas Envolvidas Sintomas
Gastrointestinal: nausea, vomito, diarreia, colica
Histamina abdominal
(efeito toxico Neuroldgico: dor de cabeca pulsante, palpitacao,
potencializado pela  rubor facial e no pescoco, coceira, pulsacao
Intoxicacéo putrescina, cadaverina, rapida e fraca, tontura, fraqueza e formigamento
Histaminica espermina, triptamina, Hemodinamico: hipotensdo, dilatacao capilar
tiramina, Cutaneo: erupcao, urticaria, edema, inflamacéo
feniletilamina e localizada
alcool) Casos severos: bronco espasmo, sufocacao,

dificuldade de respiracédo
Dor de cabeca, febre, aumento na presséo
Intoxicacéo por Tiramina sanguinea, vémito, transpiracéo, dilatacdo da
Tiramina palpebra e pupilas, salivacao, lacrimacao,
respiracdo aumentada, palpitacdo e dispneia
Crise hipertensiva, dor de cabeca severa,
hemorragia cerebral, insuficiéncia cardiaca,
Tiramina edema pulmonar, alterac6es na visao, palpitacao,
Feniletilamina nausea, vomito, contracdo muscular, excitacao,
confusdo mental, pressao sanguinea alta, febre e

Reacgdo com queijo ou
crise hipertensiva
(associada a pacientes
medicados com

MAOIY) A
transpiracdo
Tiramina
Feniletilamina
Enxaqueca Triptamina Dor de cabeca pulsante e ataque de enxaqueca
Serotonina

1 MAOI — inibidor da monoaminoxidase.

Fonte: Adaptado de Gléria (2006)

A determinacdo dos limites de ingestdo de aminas biogénicas é uma tarefa
dificil, uma vez que seus efeitos toxicos dependerdo da presenca de compostos moduladores e
da eficiéncia dos mecanismos de detoxificacdo de cada individuo, porém, ha alguns estudos
que relataram sobre os niveis adversos a salde para determinadas aminas (EC, 2005; 2013,
FDA, 2011; LADERO et al., 2010).

A intoxicacdo histaminica, especificamente em pescados, pode ocorrer
quando o teor dessa amina atinge 500 mg kg (EVANGELISTA, 2010). De acordo com Silva
et al. (2011), alguns paises tem estabelecido limites toleraveis para histamina em peixes e

produtos da pesca. A Unido Europeia por meio do Regulamento (EC) n°® 2073/2005 sobre
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critérios microbioldgicos estabeleceu que em produtos da pesca de espécies com um contetdo
de histidina naturalmente alto (particularmente peixes das familias Scombridae, Clupeidae,
Engraulidae, Coryphaenidae, Pomatomidae e Scomberesocidae), usando um plano de
amostragem de nove amostras, o teor médio de histamina ndo deve ultrapassar 100 mg kg™;
duas amostras podem ter um valor maior do que 100 mg kg mas inferior a 200 mg kg* e
nenhuma amostra deve ter um valor de 200 mg kg?, sendo que a analise deve ser realizada e
quantificada por cromatografia liquida de alta eficiéncia. Em produtos de pesca obtidos de
espécies com elevado conteido de histidina e submetidos a tratamento de maturacdo enzimatica
em salmoura, o valor médio maximo permitido é de 200 mg kg, o valor individual maximo é
de 400 mg kg? e s6 pode haver duas amostras entre estes dois valores em um plano de
amostragem de nove amostras (EC, 2005; 2013). O FDA, utilizando um plano de amostragem
de 18 amostras, estabeleceu um nivel maximo toleravel de 50 mg kg™ de histamina para atum
e mahi-mahi ou entre 50 e 500 mg kg* de histamina para outras espécies de peixes, com apenas
uma amostra maior do que esses valores (FDA, 2011). No Canada, na Suica e no Brasil, o limite
maximo permitido para peixe e nos produtos da pesca é de 100 mg kg™ e na Australia e Nova
Zelandia o limite maximo permitido é de 200 mg kg* (BIJI et al., 2016).

Quanto as demais aminas, uma dose de 10 mg de tiramina, por exemplo, tem
sido associada com enxaqueca, no entanto niveis de 6 mg podem causar enxagueca nos
pacientes em tratamento com drogas inibidoras de MAO. Similarmente a tiramina e a
feniletilamina podem causar dores de cabeca ap0s ingestdo de 3 mg, em individuos suscetiveis
(COSTA; GLORIA, 2003).

Segundo o FDA (2011), as bactérias formadoras de histaminas sdo capazes
de se desenvolverem e produzirem esta amina dentro de uma ampla faixa de temperatura.
Contudo, o0 acimulo deste composto é mais rapido sob altas temperaturas (21,1 °C ou mais) se
comparado com temperaturas médias de 7,2 °C. O acimulo de histamina é particularmente mais
rapido em temperaturas ao redor dos 32,2 °C, sendo mais comum quando proveniente de um
armazenamento sob abuso de temperatura do que aquele armazenado por longo periodo de
tempo. A deterioracdo a baixa temperatura esta frequentemente relacionada a decomposicédo
que pode ser detectavel sensorialmente. Uma vez presente no peixe, a enzima histidina-
descarboxilase continua a produzir a histamina, mesmo apds a inativacdo das bactérias que a
produziu, pois a enzima pode permanecer estavel em condicdes de congelamento e pode ser
reativada rapidamente apds o descongelamento. Portanto, foi demonstrado que é importante a
adoc&o de boas praticas de fabricacdo em industrias de pescados para fornecer produtos seguros

para a populacéo.
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As aminas sd0 resistentes ao tratamento térmico aplicado durante o
processamento de alimentos. Desta forma, as presencas de mono, di e poliaminas em alimentos
in natura e processados tém sido utilizados como bons indicadores do frescor, da deterioragéo
e do grau de qualidade destes alimentos, pois refletem a qualidade da matéria-prima e das
condicdes higiénicas de processamento (MARTINEZ-VILLALUENGA et al., 2008).

3.2.2.2 Ocorréncia em alimentos

As aminas bioativas sdo inerentes aos organismos vivos e, portanto, todos 0s
tipos de alimentos, originarios de plantas ou animais, contém putrescina, espermina e
espermidina. Além desses compostos mais comuns, outras aminas também podem ocorrer
naturalmente, sendo que a quantidade e o tipo de aminas presentes nos alimentos dependem de
sua natureza e origem. Contudo, a quantidade e tipo de aminas bioativas podem ser alterados
durante a producéo, processamento, fermentacdo e armazenamento, além de serem afetadas
pelas condigBes higiénico-sanitarias (GLORIA, 2006). Altos niveis de aminas biogénicas tém
sido apontados em peixes e produtos de peixe, carnes e produtos carneos, alimentos e bebidas
fermentadas (lacteos, queijos, cerveja e vinho) (LORET; DELOYER; DANDRIFOSSE, 2005).

Os produtos de origem vegetal tem concentracGes significativas de
poliaminas, espermina e espermidina, como também das precursoras putrescina e agmatina,
sendo que a espermidina € a predominante, seguida de putrescina e pouca espermina. A
concentracdo de aminas nos tecidos vegetais € influenciada por fatores como grau de maturacéo,
luz e temperatura, sendo que a maior concentracdo de aminas nos frutos ocorre nos primeiros
estadios de desenvolvimento e declina até o completo amadurecimento (MORET et al., 2005).
Silva (2004) determinou em dez variedades de frutas o teor e o perfil de aminas bioativas, sendo
que estas foram constituidas de putrescina, histamina, tiramina, serotonina, agmatina e
predominancia de espermidina e espermina.

Em tecidos animais, a poliamina espermina é a predominante e em vegetais,
a espermidina € a predominante. As carnes vermelhas e a carne de frango contém maior
quantidade de espermina. Ainda, com relacdo aos produtos de origem animal, os ovos de
galinha, possuem baixo teor de poliaminas. Em condi¢fes fisiologicas normais, 0s peixes
contém altos niveis de espermina e espermidina e baixos niveis de histamina e putrescina,
entretanto conforme as condi¢es de armazenamento (temperatura, oxigénio, pH) pode haver
formacdo de cadaverina, tiramina, triptamina, feniletilamina e aumento de histamina
(BARDOCZ, 1995; GLORIA, 2006; KALAC; KRAUSOVA, 2005).
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Na soja e seus produtos foi descrita a presenca de diferentes aminas bioativas,
como putrescina, cadaverina, agmatina, tiramina, triptamina, histamina, espermina e
espermidina (OKAMOTO et al., 1997; KIM et al., 2004; GLORIA et al., 2005; KALAC et al.,
2005; NISHIMURA et al., 2006; NISHIBORI; FUJIHARA; AKATUKI, 2007; SAAID et al.,
2009). Sendo que Toro-Funes et al. (2015a) investigaram dez produtos de soja, sendo quatro
ndo fermentados (tofu macio, tofu duro, extrato e brotos de soja) e seis fermentados (natto,
tempeh, miso, tamari, molho de soja, pasta de soja, sufu). Foi observada nos produtos nao
fermentados, somente a presenca de cadaverina, putrescina, espermidina, e espermina e nos
produtos fermentados, além destas aminas, foi observada também a presenca de tiramina,

histamina, triptamina e feniletilamina.

3.3 EXTRATO DE SOJA

A utilizag&o da soja como alimento para consumo humano varia conforme o
pais e atualmente, ha disponibilidade de muitos tipos de produtos derivados de soja. Na Asia, a
soja tem sido utilizada na producdo de alimentos tradicionais, enquando que nos paises
ocidentais tem sido utilizada como ingrediente no processamento de alimentos. Alguns
produtos de soja sdo produzidos em grande escala a partir do uso de técnicas modernas de
processamento, ao passo que outros produtos sdo produzidos em menor escala e de maneira
tradicional, conforme as técnicas orientais de processamento. Os alimentos de soja tradicionais,
também sdo conhecidos como alimentos de soja orientais ou “Oriental Soyfoods”, tém sua
origem na China e em outros paises do Extremo Oriente e sdo produzidos ha milhares de anos
e ainda, sdo considerados como alimentos populares (LIU, 1997; LIU, 2004; LIU, 2008;
RAGHUVANSHI; BISHT, 2010).

Em geral, os alimentos de soja tradicionais sdo classificados em duas
categorias: ndo fermentados e fermentados. Os ndo fermentados incluem o extrato de soja, tofu,
brotos de soja, yuba (pelicula de extrato de soja), okara (residuo de extrato de soja), soja verde,
kinako (grdos de soja torrados ou farinha de soja torrada), enquanto que os fermentados incluem
principamente o shoyu (molho de soja), miso (pasta de soja fermentada), natto (grdos de soja
fermentados), tempeh (cotilédones de soja fermentados), iogurte de soja (extrato de soja
fermentado), sufu (tofu fermentado) e nuggets de soja (gréos inteiros fermentados) (L1U, 1997;
LIU, 2004; LIU, 2008; RAGHUVANSHI; BISHT, 2010).

O extrato de soja € o produto resultante da extracdo aquosa de varios

constituintes da soja, tais como lipidios, proteinas, carboidratos, minerais e outros componentes
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e possui aparéncia e composicdo similar ao leite animal (LIU, 2008; JINAPONG;
SUPHNTHARIKA; JAMNONG, 2008; RINGGENBERG; CORREDIG; ALEXANDER,
2012). Dependendo da proporcdo de soja:dgua utilizada no processamento, o extrato de soja
pode apresentar em base Umida, 3,6% de proteinas, 2,0 a 3,2% de lipidios, 2,9 a 3,9% de
carboidratos e 0,5% de cinzas (LI1U, 2008).

O padréo de identidade e qualidade para o extrato de soja foi estabelecido
pela Agéncia Nacional de Vigilancia Sanitaria (ANVISA) por meio da resolucdo CNNPA n°
14, de 28 de junho de 1978. Nesta resolucdo, o extrato de soja é definido como o produto obtido
a partir da emulsdo aquosa resultante da hidratacdo dos grdos de soja, convenientemente limpos,
seguido de processamento tecnoldgico adequado, adicionado ou ndo de ingredientes opcionais
permitidos, podendo ser submetido a desidratacédo, total ou parcial. O extrato de soja em po
quando na forma de emulsdo aquosa, constitui uma fonte de proteinas e pode ser usado como
alimento ou ingrediente para elaboracdo de alimentos (ANVISA, 1978). De maneira
complementar, a resolu¢cdo RDC n° 268, de 22 de setembro de 2005, estabelece que o extrato
em po deve conter no minimo 40,0 % de proteinas em base seca e 0 extrato liquido, no minimo
3,0 % (9/100 g) de proteinas (ANVISA, 2005).

O extrato de soja € uma bebida proteica muito apreciada em paises asiaticos
e seu consumo tem aumentado nos paises ocidentais devido aos aspectos positivos para a saude
(CHEN et al., 2014; TORO-FUNES et al., 2014a,b; MA et al., 2015). Além dos beneficios
nutricionais atribuidos aos fitoquimicos presentes nos grdos de soja, incluindo elevadas
quantidades de isoflavonas, o extrato de soja é um alimento adequado para pessoas com
intolerdncia a lactose, alergia as proteinas do leite ou vegetarianos e estes fatores tem
contribuido significativamente para o aumento de consumo deste produto (GOLBITZ,
JORDAN, 2006; REILLY et al., 2006; LIU, 2008; SINGH; VIJ; HATI, 2014).

O extrato de soja, conhecido em inglés como “soymilk™, é considerado tanto
um produto final, pronto para consumo, como um produto intermediario para a fabricacdo de
iogurte de soja (extrato de soja fermentado), tofu (constituido por codgulos ou proteinas
precipitadas de soja) e sufu (tofu fermentado). A concentragdo de sélidos totais e em especial
de proteinas soluveis no extrato de soja ¢ importante quando se visa a elaboracdo de tofu com

bom rendimento e qualidade sensorial (aparéncia, cor, aroma, sabor e textura) (LIU, 2008).
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Segundo Liu (1997 e 2008) ha dois métodos tradicionais de obtencdo de
extrato de soja: 0 método chinés (nama-shiboril) e 0 método japonés (semi-kanetsu-shiboril) e
as principais etapas do processamento séo apresentadas na Figura 9. Em ambos 0s métodos, 0s
grdos sdo hidratados por aproximadamente 12 h e triturados em &gua a temperatura ambiente.
No método chinés, a massa da soja triturada € filtrada e o extrato obtido é aquecido até fervura
a 98 °C, enquanto que no método japonés, a massa de soja triturada € aquecida até fervura a 98
°C e depois filtrada. Apo6s a filtragdo, obtém-se o extrato de soja (filtrado) e o okara (residuo)
(LIU, 1997; LIU, 2008).

Figura 9 - Etapas do processamento de obtencdo do extrato de soja segundo os métodos
Japonés e Chinés.

Graos de Soja
|
Hidratagéo
|
|
Método Japonés / \ Método Chinés
| |

\ Extrato de Soja /

Fonte: Adaptado de Liu (1997 e 2008)

Os extratos de soja obtidos pelos dois métodos diferem no contetdo de
solidos totais, devido ao aquecimento da massa antes da filtracdo que modifica a solubilidade
dos componentes da soja (TODA; CHIBA; ONO, 2007) e portanto, a maioria dos estudos
utilizam o método chinés para obtencéo do extrato de soja (TORO-FUNES et al., 2014a; BAU;
IDA, 2015; XIAODI et al., 2015; FENG et al., 2016). Dentre os métodos utilizados como
referéncia para elaboragdo do extrato de soja, hd& o método desenvolvido e descrito pela
Embrapa (2005b) e pelo National Soybean Research Laboratory (NSRL) de Illinois (2012). No

método da Embrapa (2005b), os graos de soja sdo macerados a 25 °C por 12 h em solugéo a
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0,5% de bicarbonato de sodio e em seguida sdo cozidos a 100 °C por 10 min em solugdo a
0,25% de bicarbonato de sddio enquanto que no método do NSRL (2012) os gréos de soja séo
macerados por duas vezes a 100 °C por 5 min em solucéo de 0,25% de bicarbonato de sédio.

Vaérios sdo os fatores que afetam a composi¢édo e o rendimento do extrato de
soja, entre 0s principais estdo a cultivar de soja, tempo e condi¢cdes de maceragdo dos graos,
propor¢cdo soja:agua, trituracdo, filtracdo antes ou depois do tratamento térmico, tempo e
temperatura do tratamento térmico, além do emprego de outras etapas como utilizacdo de
enzimas, fermentacdo e outros (DONKOR; SHAH, 2008; JUNG; MURPHY; SALA, 2008).
Considerando a importancia destes fatores para obtencao de extratos de soja com caracterisitcas
desejaveis, a seguir, serdo descritas as principais etapas de obtencdo do extrato de soja e como
estas etapas influenciam na composigéo do produto.

As cultivares de soja com caracteristicas apropriadas para producdo de
extratos podem ser selecionadas em fungédo do teor de proteinas, rendimento e caracteristicas
sensoriais para melhorar o rendimento e as propriedades do produto. Ma et al. (2015) avaliaram
a influéncia de 70 gendtipos de soja e verificaram que as caracteristicas quimicas distintas dos
gendtipos afetaram as propriedades sensoriais do extrato de soja, e portanto, cultivares de soja
com determinadas caracteristicas devem ser selecionadas para producdo de extratos de soja.
Nesse sentido, a Embrapa Soja implementou um programa de melhoramento genético visando
desenvolver cultivares com caracteristicas especiais para alimentacdo, como € o caso da BRS
257 que é isenta das enzimas lipoxigenases e por isso, apresenta sabor menos acentuado
(EMBRAPA, 2005a).

A etapa de branqueamento, ou seja, a imersao dos gréos de soja em dgua em
ebulicdo para inativar enzimas e reduzir a carga microbiana pode ou ndo ser utilizada no
processamento para obtencdo do extrato de soja (GOWEN et al., 2007). Quando utilizada, o
branqueamento é geralmente realizado antes da etapa de maceracdo dos grdos. O
branqueamento neste caso, visa principalmente a inativacdo das enzimas lipoxigenases que esta
associada a formacéao do beany flavor, cuja caracteritica de sabor € proveniente da peroxidacao
de &cidos graxos poli-insaturados. Esta reacdo € catalisada pelas enzimas lipoxigenases e resulta
na formacdo de varios compostos volateis, incluindo as cetonas, aldeidos e alcoois, sendo o
hexanal o principal responsavel pelo sabor de “feijao cru” (SILVA et al., 2010; LV et al., 2011).

A maceracdo ou hidratacdo dos gréos de soja é uma etapa muito importante e
utilizada para promover 0 amaciamento dos graos e, consequentemente, facilitar seu cozimento
e trituracdo. A proporcao entre os grdos de soja e dgua de maceragéo e o tempo utilizado nesta

etapa, varia de acordo com os diferentes autores, sendo geralmente de 1:3 a 1:5 (soja:agua) e 3
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a 16 h em é&gua ou solugdo contendo bicarbonato de soédio (VISHWANATHAN; SINGH;
SUBRAMANIAN, 2011; STANOJEVIC et al., 2012). A maceragdo dos gréos tem sido
utilizada para reduzir ou aumentar o teor de compostos de interesse. Lima e Ida (2014)
verificaram que a maceracgdo dos graos de soja em temperaturas proximas a 55 °C por 6 h pode
estimular a atividade de g-glicosidase enddgena da soja, e dessa forma, favorecer a conversdo
de isoflavonas na forma de S-glicosideos em agliconas.

A trituracdo dos grdos visa o rompimento das células vegetais para liberar os
corpos proteicos e lipidicos na agua, obtendo assim, um homogenato com elevado teor de
proteinas e que pode ser facilmente separado do residuo (RIAZ, 2006). A trituracdo pode ser
realizada com diferentes equipamentos e condi¢des de tempo, proporcéo graos de soja:agua e
temperatura que podem variar entre 1 a5 min, 1:6 a 1:10 e 25 a 100 °C, respectivamente (RIAZ,
2006; JUNG; MURPHY; SALA, 2008). Assim, como ocorre na maceragéo, a trituracdo dos
gréos de soja em agua pode favorecer a acdo da S-glicosidase endogena da soja que hidrolisa
as isoflavonas na forma de g-glicosideos, reduzindo o seu teor e aumentando o teor das
agliconas correspondentes (LIMA; IDA, 2014).

A separacdo do residuo do extrato de soja tem como objetivo eliminar o
material insolivel do produto, podendo ocorrer antes ou apos o tratamento térmico. Essa etapa
pode ser realizada por meio de centrifugacdo ou filtracdo em materiais do tipo malha, com
diferentes porosidades, que pode afetar a composi¢do do produto em funcédo da quantidade de
solidos totais do extrato (JUNG; MURPHY; SALA, 2008; STANOJEVIC et al., 2012). O
residuo obtido apos a filtracdo do extrato de soja, € denominado de okara, e apesar de se tratar
de um produto de baixo valor comercial, muitos dos componentes nutritivos da soja ainda sao
mantidos. Em geral, o okara contém 55,5% de fibras, 30% de proteinas, 8,5% de lipidios, 3,8%
de carboidratos e 3,0% de cinzas em base seca, podendo ainda conter aproximadamente um
terco do total de isoflavonas, além de saponinas, fitatos e outros compostos (VILLANUEVA et
al., 2010; LU et al., 2013).

O tratamento térmico empregado no processo de obtencdo do extrato de soja
visa aumentar a validade do produto por eliminar microrganismos, e pode inativar fatores
antinutricionais presentes na soja, como os inibidores de proteases e lectinas (TORO-FUNES
et al., 2015b). O tratamento térmico convencional geralmente € realizado entre 90 e 100 °C e
de 5 a 30 min, entretanto este binbmio tempo-temperatura varia de acordo com diferentes
autores, podendo ainda ser utilizado o método UHT (Ultra-High Temperature) como no caso
da industria de alimentos (KAO et al., 2004; JUNG; MURPHY; SALA, 2008). Durante o

tratamento térmico do extrato pode ocorrer a reacdo de Maillard, que acarreta perda da
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qualidade nutricional por reduzir a disponibilidade de lisina, e ainda modificar alguns
componentes, como as proteinas e isoflavonas. Segundo Jackson et al. (2002), as isoflavonas
malonilglicosideos sdo termicamente instaveis e seu teor diminui com a intensidade do
tratamento térmico, aumentando o teor dos S-glicosideos ou acetilglicosideos correspondentes.
Entretanto, foi demonstrado que as isoflavonas agliconas apresentaram estabilidade térmica a
100 °C por até 30 min (KAO et al., 2004).

Diferentes métodos tém sido utilizados na elaboracdo do extrato de soja com
0 intuito de melhorar a qualidade do produto e aumentar o teor de compostos bioativos. Toro-
funes et al. (2014a) investigaram os efeitos do tratamento por homogeneizacgdo a ultra alta
pressdo (HUPH) sobre os compostos bioativos do extrato de soja, e concluiram que a HUPH
foi capaz de aumentar significativamente o teor total de fitoesteréis (de 190.77 mg L™ para
224.53-266.80 mg L) e isoflavonas (de 149.42 mg L™ para 159.83-191.62 mg L), sendo que
esse aumento foi proporcional ao aumento de pressdo e temperatura no tratamento. Observaram
também uma significativa reducdo no teor total de tocoferdis e inalteracdo do contetdo das
poliaminas, espermidina e espermina.

Bau e Ida (2015) otimizaram a conversdo de isoflavonas f-glicosideos em
isoflavonas agliconas no processo de obtencdo do extrato de soja. A hidratacdo dos gréos de
soja por 14 h a 5 °C na proporcdo de 1:3 (soja:dgua, peso:volume), homogeneizacdo na
proporcao de 1:8 (soja hidratada:agua, peso:volume) e incubacdo do homogenato a 50 °C por
2,7 h promoveu uma maxima conversao de isoflavonas S-glicosideos em isoflavonas agliconas

no extrato de soja.

3.4 APLICACAO DE ENZIMAS PARA EXTRACAO DE COMPOSTOS

A parede celular dos vegetais € uma zona de fronteira entre cada célula e
morfologicamente é dividida em trés camadas, a lamela média, a parede celular priméria e a
parede celular secundaria. A composicdo da parede celular, forma e tamanho dependem das
funcbes das células dos tecidos dos vegetais. As principais funcbes das células sdo: conferir a
rigidez, controlar o transporte intracelular, armazenar as reservas alimentares e proteger contra
0s ataque de insetos e agentes patogénicos (ZHONG; YE, 2007).

A primeira parede da célula a ser formada é a parede celular primaria que se
deposita sobre cada lado da lamela média utilizando as células adjacentes e recobre a membrana
plasmatica. A parede celular primaria € constituida por trés estruturas independentes, as

microfibrilas de celulose, os polissacarideos ndo-celuldsicos (pectina e hemicelulose) e as
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proteinas estruturais. A lamela média é composta por substancias pécticas que mantém as
paredes primarias juntas com as células adjacentes, sendo entdo denominadas de substancias
intercelulares. Quando o crescimento celular € finalizado, acontece a formacdo da parede
secundaria, que € constituida por 40% de celulose (RAVEN; EVERT; EICHHORN, 2007).

A celulose, principal componente de sustentacdo das estruturas vegetais, € um
homopolimero de moléculas de glicose unidas por ligacdes glicosidicas £ (1-4). As moléculas
de celulose paralelas e adjacentes estdo interligadas, por meio de pontes de hidrogénio
formando as microfibrilas que s&o muito resistentes. Assim, as fibras de celulose sdo formadas
por regides cristalinas e amorfas. A porc¢do hidrolisavel por enzimas é denominada de regido
amorfa e a porcao resistente é constituida pela sua por¢éo cristalina. A celulose nativa difere
em sua cristalinidade quanto a localizacdo na parede celular, sendo que a camada secundaria é
constituida por celulose altamente cristalina enquanto que a camada primaria é constituida
principalmente por celulose amorfa (WALDRON; PARKER; SMITH, 2003; BEMILLER;
HUBER, 2010).

A hemicelulose é definida como um grupo heterogéneo de polissacarideos
ramificados que se ligam firmemente via pontes de hidrogénio a superficie das microfibrilas de
celuloses e entre si. Os polimeros das hemiceluloses sdo formados por varios residuos de
acucares que estdo ligados entre si por ligagcdes glicosidicas S (1-4) formando uma estrutura
principal constituida por um tipo especifico de residuos, a partir da qual surgem as ramificacdes
laterais de cadeias curtas de outros agucares. Assim, de acordo com o acUcar predominante na
cadeia principal e na ramificacdo lateral, estes polimeros de hemiceluloses sao classificados em
xilanas, galactomananas, arabinoxilanas, galactosanas, ramnogalactosanas. Nos vegetais, as
hemiceluloses estdo presentes em todas as camadas da parede celular e concentram-se
principalmente nas camadas priméaria e secundaria, onde estdo intimamente associadas a
celulose e lignina. A xilana é o principal polissacarideo componente das hemiceluloses
(WALDRON; PARKER; SMITH, 2003; BRECHT et al., 2010).

Ainda, a parede celular de vegetais contém proteinas estruturais, sendo a
extensina a principal glicoproteina, a qual é constituida por hidroxiprolina e outros
aminoacidos, como a lisina, serina e tirosina. Essas proteinas sdo capazes de se ligar
covalentemente por meio de intra e intermoléculas com os demais constituintes da parede
celular ( WALDRON; PARKER; SMITH, 2003).

A degradacdo dos principais polimeros constituintes da parede celular dos
vegetais, ocorre com a participacdo de enzimas. As enzimas sdo proteinas especializadas em

catalisar as rea¢Oes bioquimicas e atuam tornando possivel uma nova reagdo com menor energia
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de ativacéo. Isso significa que as enzimas simplesmente pela sua presenca e sem 0 seu consumo
durante o processo, conseguem acelerar os processos bioquimicos (KIRK; BORCHERT;
FUGLSANG, 2002; PARKIN, 2010).

As celulases séo enzimas que promovem a degradacdo das celuloses, via acéo
hidrolitica que catalisam a quebra das ligacfes glicosidicas g (1-4) entre os residuos de D-
glicose da molécula de celulose ou de seus derivados soluveis. O complexo celulolitico das
celulases envolve principalmente quatro enzimas: endoglucanases, exoglucanases, celobiases e
exoglucosidases (ARANTES; SADDLER, 2010).

As mananases e xilanases sdo enzimas que degradam os terminais dos dois
componentes principais da hemicelulose, enquanto que as S-xilosidases e f-manosidases, ainda
degradam mais os xilo-oligossacarideos. As a-arabinosidases e a-galactosidases liberam as
moléculas de arabinose e galactose, enquanto que a acetil xilano esterase cliva os grupos acetil
das unidades de agcar de xilana (JUHASZ et al., 2005).

Em processos biotecnologicos, 0 uso de enzimas é vantajoso, devido dentre
outras razfes, as enzimas sdo especificas, ndo necessitam de temperaturas elevadas para a
reacdo e nao formam subprodutos indesejaveis. Portanto, na inddstria alimenticia, as enzimas
sdo consideradas como suplementos nutricionais e tém sido utilizadas como coadjuvantes
tecnoldgicos para aumentar o valor bioldgico de certos alimentos (KIRK; BORCHERT;
FUGLSANG, 2002; DUENAS; HERNANDEZ; ESTRELLA, 2007).

Em geral, as enzimas comerciais sdo misturas e utilizam substratos
complexos. Assim, 0 uso de enzimas puras € de grande interesse devido as suas propriedades
cataliticas e especificidades sobre um determinado substrato. O resultado da acdo da enzima
depende das reacdes bioquimicas durante o tratamento, de modo que o substrato deve ser
cuidadosamente identificado e caracterizado; e as reacdes devem ocorrer sob certas condicbes
de pH, temperatura e tempo para cada tipo de enzima (DUENAS; HERNANDEZ; ESTRELLA,
2007).

A utilizacdo de celulases e hemicelulases na biotecnologia comecou no inicio
de 1980, para melhorar a qualidade da alimentacdo animal e somente depois, ja a partir de 1990
que foram aplicadas em alimentos, especialmente na producdo de cerveja e vinho, bem como
na industria téxtil e de papel e celulose (BHAT, 2000). As carboidrases tem sido utilizadas
como ferramenta para extracdo de proteinas de matérias-primas vegetais, embora 0s
polissacarideos da parede celular de vegetais podem limitar 0 acesso das enzimas a nutrientes.
As carboidrases sdo capazes de desintegrar os tecidos da parece celular pela hidrolise das

ligagbes entre os polissacarideos, liberando xilose, hemicelulose, celulose e outros
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componentes intercelulares, como as proteinas (LIU, 2004).

A efetividade de trés complexos de carboidrases para a extra¢do de proteinas
de farelo de arroz desengordurado foi avaliado por Tang et al. (2003) e observaram que foi
possivel extrair 45,4%, 28,5%, e 12,1% de proteinas utilizando as enzimas amylases, viscozyme
e celluclast, respectivamente, nas condi¢cGes 6tima de pH e temperatura. A otimizacdo da
extracdo com 58,4% de proteinas foi obtida quando utilizaram 87637 unidades de amylase, 17:1
de proporcdo agua:farelo de arroz, 50,9 °C e 4,5 h de extracao.

Kasai et al. (2004) investigaram a digestdo in vitro de okara utilizando
diferentes enzimas, tais como proteases, celulases, glucanase, hemicelulases, pectinases.
Concluiram que as celulases foram capaz de aumentar a digestdo da parede celular priméria do
okara, e quando empregou a agitacao e autoclavagem, a digestdo se tornou ainda mais eficaz.
Apenas duas enzimas, a Pectinex SP Ultra de Aspergillus aculeatus e a pectolyase de A.
japonicus conseguiram digerir o restante das paredes celulares secundarias do okara.

A aplicagédo de enzimas tambem tem sido utilizada para aumentar os niveis
de compostos bioativos em alimentos. Duefias, Hernandez e Estrella (2007) investigaram o
efeito das enzimas tannases, a-galactosidases, phytases e viscozymes sobre 0s compostos
fendlicos da farinha de lentilha e demonstraram as modificacfes ocorridas. Foi observado que
houve diminuigdo dos compostos hidroxicinamicos e proantocianidinas, aumento da quercetina
3-0 rutinosideo e luteolina e formacgdo de trans-resveratrol e acido galico nas farinhas tratadas
com as enzimas. Ainda, observaram que a atividade antioxidante aumentou nas farinhas tratadas
com viscozymes, a-galactosidases e tanases e diminuiu na farinha tratada com fitases.

O pré-tratamento enzimatico com Viscozyme L em farelo de aveia para
aumentar a extracdo de proteinas utilizando a metodologia de superficie de resposta foi
invetigado por Guan e Yao (2008). A condi¢do 6tima de extracao de 55,7% de proteinas ocorreu
quando se utilizou a concentracdo de Viscozyme L de 30 FBG / 10 g de farelo de aveia, pH 4,6,
2,8 h de incubacdo a 44 °C. O método do pré-tratamento enzimatico do farelo de aveia foi
comparado com o método alcalino (pH 9,5) e foi observado que o método enzimatico extraiu
56,2% de proteinas e foi significativamente maior do que 0 método alcalino que extraiu somente
14,8% de proteinas.

A hidrolise enzimatica dos carboidratos do farelo de canola para aumento do
seu conteudo de proteinas foi avaliado por Rodrigues, Carvalho e Rocha (2010). Trés
complexos de carboidrases comerciais, Viscozyme L, Pectinex Ultra SP-L e Celluclast 1.5L
foram utilizados e foi observado que os melhores resultados para extracdo de proteinas foram

obtidos utilizando Viscozyme L, sendo o conteudo de proteinas do farelo de canola aumentou
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de 41% a 68%, confirmando assim o forte potencial de aplicacdo desse complexo enzimatico.

O uso de Celluclast 1.5L na extracdo de proteinas de folhas de oliveiras foi
investigado por Vergara-Barberan et al. (2015). Descreveram que estas enzimas promoveram
a quebra dos materiais da parede celular tornando os materiais intracelulares mais acessiveis e
portanto, melhorou a extracdo de proteinas. Este método de extracdo assistida por enzimas foi
rapido e utilizou menos solventes do que os métodos ndo enzimaticos.

O efeito da extracdo assistida por dois complexos enzimaticos, Pronase e
Viscozyme, sobre os compostos fendlicos de subprodutos da indistria de vinho (cv.
Tempranillo) foi avaliado por De Camargo et al. (2016). Observaram que ambos complexos
aumentaram a extracdao de compostos fendlicos sollveis. Sendo que com a Viscozyme o0 &cidos
galico, bem como catequina, epicatequina, isoramnetina e dimero de prodelfinidina A foram
melhor extraidos em comparacdo com Pronase. Além disso, 0s acidos p-cumarico e cafeico,
bem como o dimero de procianidina B foram extraidos com Viscozyme, porém ndo foram

extraidos com Pronase.

3.5 APLICAGCAO DE ULTRASSOM PARA EXTRACAO DE COMPOSTOS

O ultrassom é definido como uma onda sonora com frequéncia que excede o
limite de audicdo humana (~20 kHz). Quando a energia sonora passa para 0 meio, resulta em
movimentos de ondas continuas e com 0 movimento, cria-se a compressdo e rarefacdo das
particulas do meio gerando as ondas longitudinais. Dependendo da frequéncia utilizada e da
amplitude da onda aplicada, alguns efeitos fisicos, quimicos e bioquimicos podem ser
observados e assim, permite uma variedade de aplicacdes (KNORR et al., 2004; CARCEL et
al., 2012).

O uso de ultrassom na industria alimenticia tem sido objeto de investigacdes
no desenvolvimento de varios processos. As técnicas de ultrasom séo relativamente de baixo
custo, simples e requerem pouca energia e assim, tornou-se uma tecnologia utilizada para a
sondagem e modificacdo de produtos alimenticios que visam a sustentabilidade ambiental
(AWAD et al., 2012).

As aplicacdes de ultrasom na industria de alimentos podem ser divididas em
duas categorias diferentes e dependem da utilizacdo de baixa ou alta intensidade de ultrasom.
A aplicacdo de ultrasom com baixa intensidade, utiliza niveis de poténcia de 100 kHz até 10
MHz e <1 W cm? que sdo tdo pequenas, cujas ondas ultrasdnicas ndo causam alterag@es fisica

ou quimica nas propriedades do material pelo qual passa a onda, isto é, sdo ndo-destrutivas. A
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aplicacdo mais comum de ultrasom de baixa intensidade ¢ como uma técnica analitica para
fornecer informagdes sobre as propriedades fisico-quimicas dos alimentos, tais como,
composicao, estrutura, estado fisico e vazdo. Em contraste, as aplicacbes com niveis de poténcia
de alta intensidade (<16-100 kHz e 10-1000 W cm™) sdo tdo grandes que causam rupturas
fisicas do material ao qual esta sendo aplicado, ou promovem determinadas reac6es quimicas.
O ultrasom de alta intensidade tem sido utilizado para gerar emuls6es, romper células e extrair
compostos intracelulares e dispersar materiais agregados (MCCLEMENTS, 1995; AWAD et
al., 2012).

A variagdo de pressdo (compressdo e descompressdo) provocada pela
propagacdo das ondas ultrassbnicas no meio em estudo, é responsavel pelo fenémeno
denominado de cavitacdo. A cavitacdo € definida como a criacéo e a implosdo de microbolhas
de gas no centro de um liquido (BARBOZA; SERRA, 1992). A cavitacdo pode ocorrer em trés
fases: (i) formacdo de ndcleos de cavitagdo (formacdo de bolhas de ar perto de particulas que
contenham superficies irregulares), (ii) crescimento e (iii) violenta imploséo das bolhas
(BARBOZA; SERRA, 1992; LUQUE-GARCIA; LUQUE DE CASTRO, 2003; JYOTI;
PANDIT, 2004) cujo processo completo ocorre em torno de 400 ps (Figura 10).

Figura 10 - Fendmeno de cavitacdo formado pela variacdo de pressao no interior de um liquido.
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Fonte: Adaptado de Bang e Suslick (2010)

O ciclo de compressdo gera uma pressao positiva no liquido e ha colisdo entre
as moléculas, enquanto que no ciclo de descompressdo, hé geracdo de uma pressao negativa no

liguido que promove o afastamento das moléculas. Esta implosdo das bolhas, libera a energia
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concentrada e estocada dentro da bolha em um tempo muito curto (com um aquecimento na
taxa de 10%° K s?) e esta liberacéo de energia cavitacional é considerada localizada (SUSLICK,
1990; BANG; SUSLICK, 2010). O tamanho das bolhas formadas é muito pequeno em relacéo
ao volume total do liquido e assim, o calor que elas produzem é rapidamente dissipado, sendo
que o resfriamento ap6s o colapso de uma bolha cavitacional foi estimado em cerca de 10
bilhdes de °C s (LUQUE-GARCIA; LUQUE-DE-CASTRO, 2003).

As aplicagdes de ultrassom podem ser realizadas por trés diferentes maneiras,
sendo: por aplicacéo direta ao produto, por acoplamento com aparelho ou pela submerséo em
banho. Com os avangos em eletronica tem sido construido probes de ultrasom e instrumentos
com alta resolucdo e conveniéncia, que diversificaram as aplicacGes de ultrasom na area de
ciéncia e tecnologia de alimentos. Assim, para melhorar a qualidade dos alimentos, ha aparelhos
modificadores (ultrasom de alta intensidade) ou sensores (ultrasom de baixa intensidade)
(AWAD et al., 2012).

Os principais fendmenos fisicos da aplicacdo da tecnologia de sonificacéo e
responsaveis pela eficiéncia sdo: (i) aumento do transporte de massa (os microfluxos de liquidos
sdo formados devido a absorcao de grande quantidade de energia vibracional e devido as ondas
de choque formadas pelo colapso das bolhas) com consequente aumento na velocidade da
reacao e mistura da solucdo; e (ii) producédo de ondas de choque (capazes de provocar defeitos
e deformac6es na superficie solida), com consequente aumento da superficie de contato devido
a fragmentacdo dos sélidos (BARBOZA; SERRA, 1992; ROSTAGNO et al., 2009). Estes
efeitos acoplados ao aumento de transferéncia de massa e disrupcdo das células, aumentam a
liberacdo de produtos intracelulares de interesse no meio liquido (ROSTAGNO et al., 2009).
Desta forma, o uso de ultrassom tem sido investigado em diferentes matrizes alimentares para
aumentar a eficiéncia de extracdo de compostos desejaveis.

A extracdo de produtos naturais assistida por ultrassom foi abordada por
Shirsath, Sonawane e Gogate (2012) em que afirmaram que essa técnica pode ser
convenientemente combinada com outras técnicas de extracédo, tais como, a extracdo com fluido
supercritico, a extracdo assistida por microondas, destilacdo sob vacuo e tratamento enzimatico.
Concluiram que a combinacdo de ultrassom com enzimas pode resultar no aumento total da
eficacia da operacdo com intensificacdo da extracdo dos compostos de interesse e diminuir o
tempo de tratamento requerido.

O ultrassom funciona principalmente por meio da geracdo de bolhas e
cavitagdo na matriz bioldgica, e segundo Kadam et al. (2015), o uso de ultrassom tem sido

aplicado na extracdo, identificacéo e liberacdo de proteinas e peptideos bioativos obtidos a partir
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de produtos naturais de fontes de plantas, animais e marinhos com aumento no rendimento e
taxa de extracdo.

Os efeitos da aplicacdo de ultrassom de alta intensidade em diferentes
matrizes alimentares, como leite e produtos lacteos, ovos, arroz, soja, ervilhas e carne sobre as
propriedades funcionais de solubilidade, capacidade de retengdo de agua, gelificacdo, espuma
e emulsificacdo de proteinas em alimentos foram revisadas por Higuera-Barraza et al. (2016) e
descreveram que houve melhoria nestas propriedades.

O uso de ultrassom de alta frequéncia com diferentes amplitudes (0, 21, 42,
63 e 84 umpp) e tempos (15, 30, 60 e 120 s) foi aplicado por Karki et al. (2010) para aumentar
a extracao de proteinas e agucares em flocos de soja. Concluiram que 46% de proteinas e 50%
de agucares foram extraidos em comparacéo ao controle, indicando que o uso de ultrasom tem
potencial para melhorar a extracdo destes compostos em compara¢do com 0S sistemas
convencionais e pode reduzir significativamente o custo do processamento de soja.

O efeito do tratamento com ultrassom sobre o teor de proteinas, propriedades
reologicas, isoflavonas daidzina e genistina do extrato de soja foi investigado por Fahmi et al.
(2011; 2012). O ultrassom foi aplicado no homogenato de soja obtido apos a trituracdo dos
gréos, em diferentes frequéncias (35 e 130 kHz), temperaturas (20 e 40 °C) e tempos (20, 40 e
60 min) de tratamento. Os resultados indicaram que o ultrassom aumentou significativamente
0 contetudo de proteinas do extrato de soja devido a cavitacdo induzida que aumentou a
permeabilidade dos tecidos vegetais. A viscosidade do extrato ndo foi alterada pelo tratamento
com ultrassom, entretanto ocorreu um aumento no indice de escoamento. Ainda, observaram
que ambas frequéncias favoreceram o aumento do conteudo de isoflavonas totais no extrato de
soja. No entanto, o tratamento a 35 kHz (baixa frequéncia, maior intensidade) resultou em um
maior conteddo de isoflavonas totais (daidzina, genistina, daidzeina e genisteina) no extrato de
soja quando comparado com alta frequéncia (130 kHz, menor intensidade). Estes resultados
foram atribuidos a diferenca da frequéncia do ultrassom, que foi inversamente proporcional ao
tamanho da bolha. Observaram que o aumento da frequéncia e formacéo das bolhas se tornaram
mais dificeis e a zona de cavitacdo menos violentas. O emprego da frequéncia de 35 kHz e
temperatura de 40 °C aumentou a proporcdo de isoflavonas agliconas:glicosidicas em 23 e 19%,
respectivamente.

Os efeitos do tratamento com ultrassom de alta frequéncia em agregados de
proteinas de soja com estruturas de 7S e 11S foram investigados por Hu et al. (2015). A
aplicagdo de ultrassom na frequéncia de 20 kHz, poténcia de 400 W por 5, 20 e 40 min reduziu

a turbidez e tamanho das particulas e aumentou a hidrofobicidade, solubilidade, atividade e
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estabilidade de emulsdo da fragdo 7S. Em relacdo a fracdo 11S também houve reducdo da
turbidez e aumento na atividade emulsificante, entretanto o efeito foi minimo em relacdo ao
tamanho das particulas e estabilidade de emulséo.

Os efeitos da intensidade de ultrassom (6, 15 e 24 W cm), temperatura (35,
45 e 55 °C) e tempo (5, 15 e 25 min) no pré-tratamento da soja antes da maceragao com reduzido
volume de &gua (1:1,5; soja:agua) com aplicacdo do delineamento Box-Behnken foi invetigado
por Falcdo et al. (2018). Observaram que 0 ultrassom exerceu efeitos significativos sobre o
conteido das isoflavonas com reducdo no teor das isoflavonas pg-glicosideos daidzina e
genistina e aumento no teor das isoflavonas agliconas daidzeina e genisteina. Esta conversdo
de isoflavonas S-glicosideos a agliconas foi associada aos efeitos da cavitacdo, no qual a ruptura
das bolhas como consequéncia final da cavitagdo, gerou ondas de choque entre as particulas
que podem ter facilitado a hidrdlise da ligacdo éter dos p-glicosideos das isoflavonas,
produzindo assim, agliconas como produto final. A soja assim pré-tratada com ultrassom pode
ser utilizada como um melhor insumo para a industria alimenticia. As melhores condicGes
estabelecidas para o pré-tratamento da soja com ultrassom na obtencdo de graos com maior teor
de agliconas e manutencéo da atividade da S-glicosidase foram estabelecidas a 55 °C, 5 min e
19,5 W cm2. Além disso, o pré-tratamento da soja com ultrassom resultou em reduzido tempo
de maceracdo (2 h) atingindo maior teor de umidade, menor dureza e maior conteldo de
agliconas. Portanto, este pré-tratamento pode ser recomendado antes dos processos
subsequentes da soja para obtencdo de maior teor de isoflavonas agliconas sem reduzir a

absorcdo de agua e dureza dos gréos.
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Abstract

Soymilk is consumed as such or used in the preparation of tofu, fermented soymilk, and soy
yogurt, among others. In this study, hemicellulase-assisted extraction (HAE) and ultrasound-
assisted extraction (UAE) were used during soymilk manufacturing. The activity of endogenous
f-glucosidases was increased 1.3 and 1.5-fold in soymilk produced upon HAE and UAE,
respectively. Likewise, the concentration of isoflavones in the aglycone form increased 1.7 and
2.4 times in samples subjected to HAE and UAE, respectively. UAE, but not HAE, rendered an
equimolar conversion from conjugated isoflavones to their respective aglycones. In addition,
HAE and UAE showed higher antiradical activity towards ABTS radical cation and peroxyl
radical, compared to those of the control. The aglycone isoflavones/conjugated isoflavones
(alSO/clISO) ratio correlated with the antiradical activity, thus suggesting that the soybean
industry may use this new quality index to indicate the antioxidant potential of products. Food
formulations containing soymilk with high alSO/cISO ratio may translate to higher oxidative
stability of the final product. Likewise, the higher absorption of aglycone isoflavones compared
to that of their conjugated counterparts is well recognized. Therefore, high alSO/cISO ratio of
soymilk and/or its products may provide a better antioxidant protection under physiological

conditions.

Keywords: Soybean; Hemicellulase from Aspergillus niger; Sonication; Phenolic antioxidants;

Antioxidant potential.
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1. Introduction

Soymilk has been recognized by its high protein content. It can be consumed as such or used in
the preparation of tofu, fermented soymilk, soy yogurts, among others. Production and
commercialization of soymilk has steadily increased in recent years as an option for vegetarians
and vegans, but also due to numerous evidences supporting its health benefits, attributed mainly
to its phytochemicals, especially phenolic compounds such as flavonoids (Toro-Funes et al.,
2014). The transformation of flavanones to isoflavone is a two step process which involves the
action of 2-hydroxyisoflavanone synthase and 2-hydroxyisoflavanone dehydratase (Veitch,
2007), although the action of isoflavone synthase has also been noted in describing the overall
reaction (de Camargo et al., 2018; Veitch, 2007).

As plant food secondary metabolites, flavonoids and other phenolic compouds are
related to the plant defense against pests and pathogens as well as biotic and abiotic stress. As
for the possible health benefits to humans, isoflavones have been widely investigated due to
their association with reduced risk of several chronic ailments such as cardiovascular and
Alzheimer diseases, some types of cancer, and type 2 diabetes, among others. Furthermore,
soybean isoflavones may also alleviate menopausal symptoms (de Camargo et al., 2019b;
Kalaiselvan et al., 2010).

The literature has described the existence of four groups of isoflavones, namely,
aglycones (genistein, daidzein, and glycitein), S-glucosides (genistin, daidzin, and glycitin),
acetylglucosides (acetylgenistin, acetyldaidzin, and acetylglycitin), and malonylglucosides
(malonylgenistin, malonyldaidzin, and malonylglycitin). Therefore, depending on the cultivar
and processing method employed, there may be twelve different isoflavones in soybean and its
processed products (Falcdo et al., 2018).

Digestion and absorption of isoflavones are influenced by their chemical structures

(Shahidi and Peng, 2018) and, it has been accepted that, conjugated isoflavones are poorly
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absorbed in the small intestine. In fact, according to a human study by lzumi et al. (2000),
conjugated isoflavones are absorbed more slowly and in lower amounts than their
corresponding aglycones, which has been explained by their hydrophilic nature and higher
molecular weight. Hence, to increase their bioaccessibility and render greater bioactivities,
conjugated isoflavones should be hydroysed into their corresponding aglycones. There is a
wealth of evidence supporting the improvement of soy protein bioactivity upon enzymatic
hydrolysis (Farzamirad and Aluko, 2008). Likewise, the procurement of soybean products with
higher contents of aglycone isoflavones could be helpful to the user industries.

Endogenous f-glucosidases present in soybeans catalyze the hydrolysis of glycosidic
bonds from conjugated isoflavones thus generating their respective aglycones (Yoshiara et al.,
2018a). Furthermore, thermal treatment, fermentation, and ultra-high pressure homogenization
are examples of other methods that have been tested to improve the recovery of isoflavone
aglycones (Andrade et al., 2016; Bau et al., 2015; Fernandes et al., 2017; Handa et al., 2014; de
Lima and Ida, 2014; Toro-Funes et al., 2014).

Enzyme-assisted extraction to improve the recovery of phenolic compounds has been
used as an alternative to alkali treatment. Thus, cell wall degrading enzymes have shown greater
potential than those of non-specific proteases (de Camargo et al., 2016). The cell wall of
soybean is mainly composed of hemicellulose, followed by pectin and cellulose (Riaz, 2006).
Hemicellulases (e.g. a-glucuronidase, a-arabinofuranosidase, arabinase, endo-mannanase, /-
mannosidase, acetyl xylan esterase, and feruloyl xylan esterase), which depolymerize
hemicelluloses, are usually of microbial origin (Juturu and Wu, 2012). However, the cost
associated with enzyme purchase and treatment may sometimes be prohibitive. Therefore,
technologies such as ultrasound-assisted extraction could be advantageous with respect to
enzymatic treatment or enhancing the observed effects. Propagation waves, which results in

compression/expansion cycles, are formed in the solvent system upon ultrasound application.
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During the ultrasound propagation in the solvent system, a decrease in the pressure with
consequent generation of bubbles, also known as cavitation, takes place. These microbubbles
expand until they collapse next to the surface of the cell wall of the plant material. High pressure
and temperature regions are among the factors interacting with the physical integrity of the cell
walls, which may facilitate the release of bioactive compounds linked to them (Arvayo-
Enriquez et al., 2013; Nadar and Rathod, 2017). Rao and Rathod (2015) reported that ultrasound
increases the permeability of the cell wall to the solvent. Therefore, in food systems, an
improved interaction of water with the biomolecules present in the test material may be
expected.

Enzyme and ultrasound treatment may increase the activity of endogenous p-
glucosidase, enhance the conversion of conjugated isoflavones into their aglycone forms as well
as affecting the antioxidant potential of soymilk. A recent study by Preece et al. (2017)
demonstrated that ultrasound treatment improves protein extraction yield during soymilk
production. However, to the best of our knowledge, the effect of ultrasound on the identities
and concentration of isoflavones as well as the outcome in terms of antioxidant properties have
not been addressed. Furthermore, we consider this to be the first report investigating the
isoflavone profile, activity of endogenous S-glucosidase and antiradical activity of soymilk as
affected by hemicellulase-assisted extraction. Therefore, the effects of both treatments were
evaluated for the aforementioned parameters. The results presented here are important for the
soymilk industry and may influence the application of soymilk in food formulations. Hence,
this contribution will provide means to anticipate potential benefits to the consumers due to the

strategies employed.
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2. Materials and methods

2.1. Samples, chemicals and solvents

Lipoxygenase-free BRS257 soybean samples [Glycine Max. (L.) Merr], crop year 2016, were
kindly donated by SL Alimentos (Londrina, Parand, Brazil). Acetylglycoside (acetyldaidzin,
acetylgenistin, and acetylglycitin) and malonylglycoside isoflavones (e.g., malonyldaidzin,
malonylgenistin, and malonylglycitin) were procured from Wako Pure (Osaka, Japan). f-
glucoside isoflavones (daidzin, genistin and glycitin) and all aglycone standards (daidzein,
genistein and glycitein) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Folin-
Ciocalteu, gallic acid, p-nitrophenyl-g-D-glucopyranoside (p-NP), 6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (trolox), 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic  acid) diammonium salt (ABTS), 2,2’-azobis(2-methylpropionamidine)
dihydrochloride (AAPH), and hemicellulase from Aspergillus niger (0.3-3.0 unit mg™? solid)
were purchased from Sigma-Aldrich (St. Louis, MO, USA). The remaining chemicals and

solvents were of analytical or chromatographic grade and were used as received.

2.2. Soymilk preparation

Soybean samples were mixed with water at 1:3 (w/v) and macerated at 5 °C for 14 h. The water
was drained and the grains were homogenised for 2 min using a M07 Power Mixer (Mondial,
Barueri, SP, Brazil) (Bau and Ida, 2015). The homogenate was used to evaluate the effect of
hemicelulase- and ultrasound-assisted extraction. To the homogenate, 1.5% hemicelulase was
added while stirring for 3 min at 37 °C using a Dubnoff TE-053 water bath (Tecnal, Piracicaba,
Brasil). Ultrasound-assisted extraction was evaluated with a Q700 QSonica equipment
(Newtown, CT, USA) operated at 20 kHz and 50 W cm). The treatment took 3 min and a 1/2"

(13 mm) diameter titanium probe was used. A sample devoid of enzyme or ultrasound treatment
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was kept as a control. The homogenates were filtered using a 150 mesh cloth. The soymilk so
obtained was frozen in a MDF-U32V Sanyo ultra-low temperature freezer (Wood Dale, IL,
USA), lyophilized using an Alpha 1-2 LD Plus freeze dryer (Martin Christ, Germany) and

stored at -18 °C until further analysis.

2.3. p-Glucosidase activity

Endogenous S-glucosidases were extracted according to de Lima and Ida (2014). The extracts
were centrifuged (794 g) for 15 min at 4 °C using an Eppendorf 5804R equipment (Eppendorf,
Hamburg, Germany). The upper layer was collected and used for S-glucosidase activity
determination (Matsuura and Obata, 1993) as described by de Lima and Ida (2014). The activity
unit (AU) is defined as the quantity of g-glucosidase required to release 1 umol of p-
nitrophenyl-A-D-glucopyranoside per min. The f-glucosidase activity was expressed as AU-g

L on a dry weight basis.

2.4 Isoflavone profile and antioxidant potential

2.4.1 Extraction procedure

Ground soybean, control soymilk as well as the soymilk obtained under hemicelulase- and
ultrasound-assisted extraction were lyophilized and defatted with hexane (1:20, w/v) for 1 h
using a MA 140/CFT shaker (Marconi, Sdo Paulo, Brazil). Defatted samples [1:20 (w/v)] were
extracted with ultrapure water-ethanol-acetone (1:1:1, v/v/v) according to Yoshiara et al.
(2018a). This mixture was agitated every 15 min using a vortex for 1 h after which it was
ultrasonicated for 15 min using a USC1450 Unique sonicator (Unique, Indaiatuba, Brasil). The
supernatants were collected after centrifugation at 794 g for 15 min at 4 °C using an Eppendorf
5804 R centrifuge (Hamburg, Germany). The isoflavone-rich extracts so obtained were used

for isoflavone profiling and antioxidant activity determinations.
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2.4.2. ldentification and quantification of isoflavones by ultra performance liquid

chromatography (UPLC)

The UPLC method described by Falcdo et al. (2018) was used for identification and
quantification of isoflavones. As each isoflavone has a different molecular weight, the results
are expressed as umol of isoflavone per gram of sample (umol-g™) on a dry weight basis. This
would allow to make an accurate discussion on the molecular conversion of conjugated

isoflavones to their corresponding aglycones.

2.4.5. Scavenging activity towards ABTS radical cation

The scavenging activity towards ABTS radical cation (Re et al., 1999) was carried as described
by Handa et al. (2016). The ABTS radical cation was generated by reacting ABTS (7 mM) with
potassium persulphate (2.45 mM). Both chemicals were prepared in distilled water and kept in
the dark for 16 h at 25 °C. This stock solution was diluted with phosphate buffered saline (20
mM, pH 7.4) to an absorbance of 0.70 £+ 0.02, which was read at 730 nm using a Biochrom
Libra S22 spectrophotometer (Biochrom, Cambridge, England). The reaction was carried out
with 10 uL of sample and 4 mL of ABTS radical cation for 6 min after which the absorbance
was read at 730 nm using the same equipment. The ABTS radical scavenging activity was

expressed as trolox equivalents per gram of sample on a dry weight basis.

2.4.6. Scavenging activity towards peroxyl radical

The scavenging capacity towards peroxyl radical was determined following the procedure
described by Melo et al. (2015). Peroxyl radical oxidizes fluorescein, therefore changes in the
fluorescence decay were recorded. The reaction was carried out in a microplate by mixing the
samples (30 puL), 508.25 nM fluorescein (60 puL) and 76 mM AAPH (110 pL). All solutions

prepared in 75 mM potassium phosphate buffer (pH 7.4), which was also used as a blank. The
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reaction was monitored every min for 2 h at 37 °C. The microplate reader (Molecular Devices,
LLC, Sunnyvale, CA, USA) was set at 485 and 528 nm for excitation and emission readings,
respectively. The results were expressed as pmol trolox equivalents per gram of sample on a

dry weight basis.

2.5. Statistical analysis

A completely randomized design with three replications (n = 3) was used. The results were
expressed as mean values + standard deviation. Data analysis was carried out using ANOVA,

Tukey’s test (p < 0.05) and Statistica 10.0 (StatSoft, Tulsa, OK, USA).

3. Results and discussion

3.1. Effects of ultrasound and hemicellulase treatment on the activity of endogenous [-

glucosidase

The hydrolysis of conjugated isoflavones with a paralle increase in their respective aglycones
may be beneficial due to the higher bioacessibility of the latter ones in the small intestine.
Therefore, consumption of soybean products showing hydrolised isoflavones may render
improved health effects. Control soymilk (devoid of any treatment) showed [3-glucosidase
activity of 0.17 + 0.01 AU-g* (Figure 1). As for the effects of different treatments, soymilk
obtained upon HAE or UAE showed 1.3- (0.22 + 0.01 AU-g?) and 1.5-fold (0.26 + 0.02 AU-g°
1 higher R-glucosidase activity than that of the control. Furthermore, all samples showed
statistically different enzyme activities (p < 0.05). According to the literature (McClements,
1995), due to the intense pressures, temperatures and shear forces, high-intensity ultrasound
and prolonged exposure may denature protein, thus causing inhibition of the enzyme catalytic
activity. However, increased activity following short exposures to ultrasound has also been

found. Furthermore, the same author also mentioned that ultrasound may be able to break down
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molecular aggregates, thus facilitating enzyme approach for the reaction to occur. Lending
support to the statements made by McClements (1995), Ma et al. (2011) demonstrated that the
activity of Alcalase was increased upon ultrasound treatment (up to 400 W). However, such
increasing trend was noted only until 80W. When ultrasonic intensity exceeded 80 W, a
decresing trend was then observed. The same authors also reported that the activity of Alcalase
increased when the treatment (80 W) lasted for 4 min, and longer exposure time decreased the
enzyme activity. After 10 min of exposure the activity was lower than that of the control.
Therefore, the effects of ultrasound treatment appear to be dependent on several parameters
but this matter has not yet been entirely clarified. Formation of certain number of a-helix
structure, loss of S-sheet and decrease of random coil content are examples of conformational
changes of the protein induced by ultrasound (Ma et al., 2011). Due to conformational changes,
ultrasound treatment under optimized conditions (e.g. frequency, intensity, time of exposure)
may be helpful to increase the activity of added enzymes and to improve the extraction and/or
conversion of molecules of interest (Falcdo et al., 2018; Ma et al., 2011; Nadar and Rathod,

2017).

3.2 Isoflavone profile as affected by ultrasound and hemicellulase treatment

Free radical generation from water molecules is among the mechanisms involved during
ultrasound treatment (Delgado-Povedano and de Castro, 2015). Hence, oxidation of bioactive
compounds may be contemplated. Furthermore, different phenolic antioxidants may respond
differently to oxidative stress. Although the effect of soybean treatment with ultrasound prior
to hydration has already been studied (Falcéo et al., 2018), the high content of water present in
the system during soymilk manufacturing may increase ultrasound-induced detrimental effects
on phenolic antioxidants. Furthermore, several pieces of evidence have reported the decrease

and/or degradation of antioxidant compounds such as vitamin C, flavonoids, and tocopherols
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upon ultrasound treatment (Clodoveo et al., 2013; Gamboa-Santos et al., 2013; Jahouach-Rabai
et al., 2008; Moradi et al., 2018; Tiwari et al., 2010). Therefore, before industrial application,
an in-depth chemical investigation is recommended.

Hemicellulase and ultrasound treatment decresed the content of malonyl or S-glucoside
isoflavones. However, while the concentration decrease of s-glucoside isoflavones (40%) was
equal regardless of the treatment employed, but a higher decrease of malonyl isoflavones (18%)
was noted in soymilk obtained upon HAE compared to that of UAE (9.9%). The same trend
was observed for their respective aglycones. Furthermore, the lower decrease, and, potential
conversion of malonyl isoflavones compared to those of -glucoside isoflavones may be related
to their structural characteristics. The malonyl group linked to the carbon six of the glucose
moiety may induce ionic or steric hindrance of the hemicellulase, thus imparing its action
(Ismael and Hayes, 2005).

In contrast, a positive effect was found in the aglycone group. The concentration of
isoflavones in the aglycone form increased to 1.7 and 2.4-fold in the samples subjected to HAE
and UAE, respectively, compared to that of the control. Considering the total isoflavone content
(Figure 2), the percentage of aglycones increased from 11 (control) to 26% (UAE). Therefore,
it is clear that ultrasound treatment is the best option to recover isoflavones in the aglycone
form. In addition, the efficiency of increasing the yield of aglycones upon ultrasound treatment
was in the order of glycitein > genistein > daidzein.

The effect of thermal treatment of soybean flour on the conversion of isoflavones has
already been reported (Andrade et al., 2016). However, conversion may not be the best term for
the present study, especially in the case of HAE. Figure 3 displays the concentration changes
found for each treatment. While the decrease in the concentration of conjugated isoflavones due

to UAE rendered an equimolar increase in the total concentration of aglycones, the same was
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not observed for samples subjected to HAE. The exact reason for that is not clear and warrants
further investigation.

In summary, the results of this contribution indicate that soymilk obtained under HAE
and/or UAE show higher contents of isoflavones in the aglycone form. This may be explained
by the hydrolysis of the $-1,4 linkage present between the glycosyl and malonyl moieties thus
generating aglycones. However, due to the higher yield of isoflavone aglycones in the sample
obtained under UAE as well as due to their equimolar conversion, ultrasound may provide the

best option for the food industry.

3.3. Antiradical activity as affected by ultrasound and hemicellulase treatment

The mechanism of action of phenolic compounds has been explained by single electron transfer
(SET) or hydrogen atom transfer (HAT) (de Camargo et al., 2017; Leopoldini et al., 2004;
Yoshiara et al., 2018b). However, using a single method is insufficient to substantiate the
potential antioxidant activity of the test material as well as to support the changes observed
upon different food processing methods. Therefore, at least two different assays have been
employed for such purposes. The ABTS method relies on SET and it is has been widely
employed due to its application to hydrophilic and lipophilic compounds (de Camargo et al.,
2017; Leopoldini et al., 2004; Yoshiara et al., 2018b). Furthermore, its short reaction time,
usually 6 min, and low amount of sample (e.g. 20-30 uL), even when the reaction is not carried
out in microplates, makes the ABTS one of the most important methods when limited amount
of sample and/or compound is available (Oldoni et al., 2016). In addition, at least one method
of biological relevance must be used. The oxygen radical absorbance capacity (ORAC) method
evaluates the scavening activity of natural compounds, including (poly)phenols, towards
peroxyl radicals. According to Granato et al. (2018), ORAC is based on HAT. It is well accepted

that similar to other reactive oxygen species (ROS), peroxyl radicals are detrimental to lipid
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and protein, which makes them potentially harmful to biological systems. Peroxyl radicals may
cause damage at cellular level as well as in components of biological fluids, and this has been
at least partially explained by their relatively long half-life compared to that of hydroxyl
radicals. Furthermore, a recent study by de Camargo et al. (2019a) demonstrated that the
scavenging activity of phenolic compounds towards peroxyl radical was quite similar to the
inhibition of NF-kB in RAW 264.7 macrophages pre-treated with flavonoid-rich extracts.

In the present study, no difference was found between the samples obtained under HAE
and UAE towards ABTS radical cation and peroxyl radical (Figure 4). However, regardless of
the method employed, both methods showed higher antiradical activity compared to that of the
control. In general, such increase has been explained by the higher concentration of isoflavone
aglycones present in the test sample (Table 1). However, the isoflavone profile of soybean and
its processing products is well established. Therefore, considering this, we have proposed an
index to anticipate the potential antioxidant activity of soybean products (Table 2). According
to this index, a high positive correlation existed between the aglycone isoflavones/conjugated
isoflavones ratio (alSO/cISO) and both radicals. Therefore, our results lend support to the
importance of the structure-activity relationship.

Several studies have demonstrated that ROS can cause DNA strand breakage (Perera et
al., 2018; Pohl et al., 2018; Rahman et al., 2017), which has been used as a biomarker in the
screening of natural compounds that may reduce the risk of cancer development. Oxidative
stess is common to many non-communicable diseases (NCDs) such as cardiovascular ailments,
cancer, diabetes and obesity (Chiu et al., 2018; de Camargo et al., 2018). Furthermore, the
ability of phenolic compounds in reducing inflammation is explained primarily by their
antioxidant properties (Zhang and Tsao, 2016). Therefore, due to their improved antioxidant
potential, soymilk procured under HAE and UAE may render improved health benefits by

counteracting the aforementioned health issues. In addition, soymilk is used to produce many
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food products such as tofu, fermented soymilk, and soy yogurts, to name a few. Thus, soybean
products produced with soymilk obtained under HAE and/or UAE may also render products

with improved antioxidant properties.

4. Conclusion

Both hemicellulase assisted- and ultrasound-assisted-extraction were demonstrated to influence
the activity of endogenous S-glucosidase, the isoflavone profile and the antioxidant potential of
soymilk. Endogenous fS-glucosidase activity and the contents of isoflavone aglycones were in
the decreasing order of ultrasound-assisted extraction > hemicellulase-assisted extraction >
control. The present contribution supports the use of ultrasound-assisted extraction to achieve
an equimolar conversion from conjugated isoflavones into their respective aglycones. However,
further investigations are needed to clarify the reasons behind the efficacy of ultrasound as a
novel technology. No differences were found between the antiradical activity of ultrasound-
assisted extraction and hemicellulase-assisted extraction, both of which showed higher effects
than that of the control. The ratio of aglycone isoflavones to conjugated isoflavones may be

used as an index of antioxidant potential and/or quality for such commodities.
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Table 1. Isoflavone profile (umol g dw) of soymilk obtained by conventional method

(control), hemicellulase-assisted extraction (HAE), and ultrasound-assisted extraction (UAE)

Malonylglucosides

malonyldaidzin
malonylglycitin

malonylgenistin

S-Glucosides
daidzin
glycitin

genistin

Aglycones
daidzein
glycitein

genistein

control
1.72 £ 0.012
0.57 £ 0.00?
0.25 £ 0.00?
0.91 + 0.00?

0.47 £0.01°
0.19 £ 0.00?
0.12 +£0.00?
0.16 = 0.00?

0.26 £ 0.01°
0.10 £ 0.01°
0.05 = 0.00¢
0.11 £ 0.02°

HAE
1.41 £0.02°
0.45 £ 0.01°
0.21 +£0.00¢
0.76 £ 0.01°

0.28 +0.01°
0.12 £0.01°
0.07 +0.00°
0.09 + 0.00°

0.44 +0.00°
0.15 + 0.00°
0.11 + 0.00°
0.17 +0.00°

UAE
1.55 + 0.01°
0.51 +0.01°
0.23 +0.00°
0.82 +0.00°

0.28 +0.00°
0.12 +0.00°
0.07 £ 0.00°
0.09 + 0.00°

0.63 £ 0.04%
0.21 £ 0.00%
0.14 £ 0.00%
0.28 £ 0.04%

Data represent mean values + standard deviation (n = 3). Values followed by the same letters

within a column are not significantly different (p > 0.05). DW is dry weight. The contents (umol

g dw) of isoflavones in the original soybean were 1.84 + 0.27 (malonylglucosides); 0.62 +

0.03 (malonyldaidzin); 0.34 + 0.01 (malonylglycitin); 0.88 + 0.02 (malonylgenistin); 0.71 £

0.02 (B-glucosides); 0.26 + 0.01 (daidzin); 0.22 £ 0.01 (glycitin); 0.23 £ 0.01 (genistin); 0.17

0.00 (aglycones); 0.06 + 0.00 (daidzein); 0.06 + 0.00 (glycitein); 0.06 + 0.00 (genistein).
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475  Table 2. Aglycone to conjugated isoflavone ratio as an index of antioxidant potential

Ratio
alSO/cISO aDAI/cDAI aGLY/cGLY aGEN/cGEN
feedstock 0.068 + 0.003¢ 0.063 + 0.002¢ 0.105 + 0.005¢ 0.053 = 0.001¢
control 0.120 + 0.006° 0.132 + 0.009° 0.146 + 0.005°¢ 0.102 + 0.015°
HAE 0.258 £0.002®  0.268 £0.003°  0.404 +£0.005*  0.204 + 0.000"
UAE 0.345 +0.0212 0.327 £ 0.005% 0.475 £ 0.005% 0.314 £ 0.046%
Correlation
ORAC 0.8846" 0.9273" 0.8899" 0.8332"
ABTS 0.8471" 0.8860" 0.8436" 0.8053"

476  Abbreviations are: alSO, aglycone isoflavones; cISO, conjugated isoflavones; aDAI, daidzein;
477  cDAI, conjugated daidzein; aGLY, glycitein; cGLY, conjugated glycitein; aGEN, genistein;
478  cGEN, conjugated genistein; Data represent mean values * standard deviation (n = 3). Values
479  followed by the same letters within a column are not significantly different (p > 0.05).
480  significant at p < 0.05.

481
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483  Figure 1. Effect of hemicellulase-assisted extraction (HAE) and ultrasound-assisted extraction
484  (UAE) on the activity of endogenous p-glucosidase. Means with different letters show
485  difference among treatments (p < 0.05).
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Figure 2. The contribuition of different forms of isoflavones in soymilk as affected by

hemicellulase-assisted extraction (HAE) and ultrasound-assisted extraction (UAE).
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492  Figure 3. Concentration changes of different forms of isoflavones in soymilk as affected by
493  hemicellulase-assisted extraction (A) and ultrasound-assisted extraction (B). #1, 2, 3, and 4
494  (blank bars) are total conjugated isoflavones, conjugated daidzein, conjugated glycitein, and
495  conjugated genistein, respectively. The same numbers (black bars) are total aglycone
496 isoflavones, daidzein, glycitein, and genistein, respectively.
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(HAE) and ultrasound-assisted extraction (UAE). Data represent the mean + standard deviation
of each sample (n=3). Means with different letters indicate significant differences (p < 0.05)

among treatments, considering each assay.
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Abstract

Bioactive amines are found in soybean and soy products. Hemicellulase addition and
ultrasound application to homogenates can influence the extraction of these compounds
from soymilk. This study aimed to determine the profile and content of bioactive amines
in soybean and soymilk subjected to hemicellulase- and ultrasound-assisted extraction
(HAE and UAE, respectively). Furthermore, the effects of hemicellulase, ultrasound
intensity, and treatment time on the extraction of bioactive amines were investigated
using a central composite rotatable design (CCRD). The bioactive amine content was
determined by ultra-performance liquid chromatography (UPLC). The same profile and
different contents of bioactive amines (putrescine (PU), cadaverine (CA), agmatine
(AGM), spermidine (SPD), and spermine (SPM), with predominance of spermidine) were
observed in soybean BRS257 and in soymilk subjected to HAE and UAE. The
investigated variables showed different linear, quadratic, and interaction effects on the
PU, CA, AGM, and SPD response functions, whereas no significant effects were
observed in the SPM case. Therefore, the CCRD was shown to be an adequate approach
to obtain predictive models; moreover, maximum PU, CA, AGM, and SPD response
functions in soymilk were obtained when 2.34% hemicellulase, 50 W cm ultrasound

intensity, and 6.36 min treatment time were used in the treatment.

Keywords: Polyamines; Biogenic amines; Glycine max; Enzymes; Sonication.



40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

93

1. Introduction

Soybean (Glycine max) is a legume originating from China and one of the most widely
used ingredients in the food industry. Soymilk is widely consumed in East Asian countries
as a traditional protein beverage, because of its potential health benefits and also as an
alternative to cow’s milk for lactose-intolerant individuals, those allergic to milk proteins,
or those avoiding milk for other reasons (Reilly et al. 2006). It can be consumed as such
or used in the preparation of tofu, fermented soymilk, and soy yogurt, among the others.
Soymilk has recently become popular in Western countries because of its high nutritional
value and health benefits, mainly attributed to its contents of proteins, peptides,
isoflavones, saponins, phytic acid, lecithins, protein inhibitors, phytosterols, polyamines,
and tocopherols.

Bioactive amines are organic bases of low molecular weight and aliphatic,
aromatic, or heterocyclic structure, with various biological functions in animals, plants,
and microorganisms. They can be classified into two groups according to their origin.
Biogenic amines, including histamine (HI), serotonin (SE), tyramine (TY), tryptamine
(TR), and p-phenylethylamine (PHE), are mainly formed after amino acid
decarboxylation or by amination and transamination of aldehydes and ketones. On the
other hand, the spermine (SPM) and spermidine (SPD) polyamines are physiologically
present in all animal and plant tissues. However, putrescine and cadaverine can also be
considered as naturally occurring amines in some foods, as they can be synthesized in
low amounts in plant and animal organisms (Toro-Funes et al. 2015). In raw vegetables,
amines are formed via the activity of some enzymes, whereas in processed foods they are
produced by the action of microorganisms, which, depending on the amine and its

concentration, can often be a signal of contamination (Gomez-Gomez et al. 2018).



64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

94

Bioactive amines are found in various types of foods, such as fruits and
vegetables, fish and fish products, meat and meat products, cheese, wine, and beer (Vidal-
Carou et al. 2007 ; Spano et al. 2010). The presence of putrescine (PU), cadaverine (CA),
agmatine (AGM), spermidine, and spermine has been observed in different soybean
cultivars (Gldria et al. 2005) and in non-fermented soybean products (tofu, soymilk, and
sprouts). In addition to these amines, tyramine, histamine, tryptamine, and
phenylethylamine were also reported in fermented soybean products, such as natto,
tempeh, miso, tamari, soy sauce, soybean paste, and sufu (Toro-Funes et al. 2015).

Although low levels of biogenic amines in food are not considered a serious risk
to human health, when consumed in excessive amounts they can cause distinct
pharmacological, physiological, and toxic effects (Gloria 2006). Therefore, there is a
great interest in the investigation of the content of biogenic amines in food, due to their
possible toxicity. This parameter has been used as a quality indicator of the hygienic
conditions of raw materials and /or manufacturing practices, since their accumulation is
associated with the activity of contaminant bacteria (Latorre-Moratalla et al. 2008 ;
Linares et al. 2011).However, legal limits have only been established for HI in fish and
fish products by the Food and Drug Administration (FDA) and European Union (EU),
once histamine was reported as the main cause of outbreaks of food poisoning and
intolerance (Directive 2073/2005/EC ; Directive 1019/2013/EC ; FDA, 2011; Biji et al.
2016).

Polyamines play an important role in the growth, normal function, and cell
proliferation of animals and plants. Moreover, they are involved in the regulation of
inflammatory reactions (Moinard et al., 2005) and exert suppressive effects on pulmonary
and intestinal immunoallergic responses (Hoet and Nemery 2000). They are also known

as antioxidant compounds and have protective effects against cardiovascular diseases,
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diabetes, and in the prevention of food allergies (L&ser 2000 ; Wallace et al. 2003 ; Soda
2010 ; Toro-Funes et al. 2013). On the other hand, the promotion of cell growth can be a
negative factor in cancer development as well as tumor invasion and metastasis (Gerner
and Meyskens 2004).

Polyamine formation in food depends on factors such as availability of free amino
acids, high processing temperature, along with the presence and favorable growth
conditions of positive decarboxylase microorganisms. This is because free amino acids
can be naturally present in food or released after proteolytic action/thermal degradation
of proteins (Kala¢ 2014). In plants, polyamines are found in vacuoles and chloroplasts
and are mainly associated with cell walls in free or conjugated phenolic acid forms (Colli
2004). Because these barriers prevent the release of intracellular substances, the
development and application of methods to facilitate or improve the extraction of these
phytochemicals are highly needed. Thus, new technologies such as three-phase partition,
microwave, enzyme- and/or ultrasound-assisted extraction, supercritical fluid extraction,
and high-pressure extraction have been applied to improve the release and extraction of
these compounds (Sasidharan et al. 2011 ; Nadar el al. 2018).

However, to the best of our knowledge, the effects of hemicellulase and
ultrasound-assisted extraction (HAE and UAE, respectively) on the identities and
concentration of bioactive amines in soymilk have not been determined. Therefore, this
work aims to determine the profile and content of bioactive amines in soybean and
soymilk subjected to hemicellulase- and ultrasound-assisted extraction, and to investigate
the effects of hemicellulase, ultrasound intensity, and treatment time using a central
composite rotatable design (CCRD) for the extraction of bioactive amines from soymilk.
Soybean (Glycine max) is a legume originating from China and one of the most widely

used ingredients in the food industry. Soymilk is widely consumed in East Asian countries
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as a traditional protein beverage, because of its potential health benefits and also as an
alternative to cow’s milk for lactose-intolerant individuals, those allergic to milk proteins,
or those avoiding milk for other reasons (Reilly et al. 2006). It can be consumed as such
or used in the preparation of tofu, fermented soymilk, and soy yogurt, among the others.
Soymilk has recently become popular in Western countries because of its high nutritional
value and health benefits, mainly attributed to its contents of proteins, peptides,
isoflavones, saponins, phytic acid, lecithins, protein inhibitors, phytosterols, polyamines,
and tocopherols.

Bioactive amines are organic bases of low molecular weight and aliphatic,
aromatic, or heterocyclic structure, with various biological functions in animals, plants,
and microorganisms. They can be classified into two groups according to their origin.
Biogenic amines, including histamine (HI), serotonin (SE), tyramine (TY), tryptamine
(TR), and p-phenylethylamine (PHE), are mainly formed after amino acid
decarboxylation or by amination and transamination of aldehydes and ketones. On the
other hand, the spermine (SPM) and spermidine (SPD) polyamines are physiologically
present in all animal and plant tissues. However, putrescine and cadaverine can also be
considered as naturally occurring amines in some foods, as they can be synthesized in
low amounts in plant and animal organisms (Toro-Funes et al. 2015). In raw vegetables,
amines are formed via the activity of some enzymes, whereas in processed foods they are
produced by the action of microorganisms, which, depending on the amine and its
concentration, can often be a signal of contamination (Gomez-Gomez et al. 2018).

Bioactive amines are found in various types of foods, such as fruits and
vegetables, fish and fish products, meat and meat products, cheese, wine, and beer (Vidal-
Carou et al. 2007 ; Spano et al. 2010). The presence of putrescine (PU), cadaverine (CA),

agmatine (AGM), spermidine, and spermine has been observed in different soybean
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cultivars (Gldria et al. 2005) and in non-fermented soybean products (tofu, soymilk, and
sprouts). In addition to these amines, tyramine, histamine, tryptamine, and
phenylethylamine were also reported in fermented soybean products, such as natto,
tempeh, miso, tamari, soy sauce, soybean paste, and sufu (Toro-Funes et al. 2015).

Although low levels of biogenic amines in food are not considered a serious risk
to human health, when consumed in excessive amounts they can cause distinct
pharmacological, physiological, and toxic effects (Gléria 2006). Therefore, there is a
great interest in the investigation of the content of biogenic amines in food, due to their
possible toxicity. This parameter has been used as a quality indicator of the hygienic
conditions of raw materials and /or manufacturing practices, since their accumulation is
associated with the activity of contaminant bacteria (Latorre-Moratalla et al. 2008 ;
Linares et al. 2011).However, legal limits have only been established for HI in fish and
fish products by the Food and Drug Administration (FDA) and European Union (EU),
once histamine was reported as the main cause of outbreaks of food poisoning and
intolerance (Directive 2073/2005/EC ; Directive 1019/2013/EC ; FDA, 2011; Biji et al.
2016).

Polyamines play an important role in the growth, normal function, and cell
proliferation of animals and plants. Moreover, they are involved in the regulation of
inflammatory reactions (Moinard et al., 2005) and exert suppressive effects on pulmonary
and intestinal immunoallergic responses (Hoet and Nemery 2000). They are also known
as antioxidant compounds and have protective effects against cardiovascular diseases,
diabetes, and in the prevention of food allergies (L6ser 2000 ; Wallace et al. 2003 ; Soda
2010 ; Toro-Funes et al. 2013). On the other hand, the promotion of cell growth can be a
negative factor in cancer development as well as tumor invasion and metastasis (Gerner

and Meyskens 2004).
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Polyamine formation in food depends on factors such as availability of free amino
acids, high processing temperature, along with the presence and favorable growth
conditions of positive decarboxylase microorganisms. This is because free amino acids
can be naturally present in food or released after proteolytic action/thermal degradation
of proteins (Kala¢ 2014). In plants, polyamines are found in vacuoles and chloroplasts
and are mainly associated with cell walls in free or conjugated phenolic acid forms (Colli
2004). Because these barriers prevent the release of intracellular substances, the
development and application of methods to facilitate or improve the extraction of these
phytochemicals are highly needed. Thus, new technologies such as three-phase partition,
microwave, enzyme- and/or ultrasound-assisted extraction, supercritical fluid extraction,
and high-pressure extraction have been applied to improve the release and extraction of
these compounds (Sasidharan et al. 2011 ; Nadar el al. 2018).

However, to the best of our knowledge, the effects of hemicellulase and
ultrasound-assisted extraction (HAE and UAE, respectively) on the identities and
concentration of bioactive amines in soymilk have not been determined. Therefore, this
work aims to determine the profile and content of bioactive amines in soybean and
soymilk subjected to hemicellulase- and ultrasound-assisted extraction, and to investigate
the effects of hemicellulase, ultrasound intensity, and treatment time using a central

composite rotatable design (CCRD) for the extraction of bioactive amines from soymilk.

2. Materials and methods

2.1. Samples, chemicals, and solvents

Lipoxygenase-free BRS257 soybean samples [Glycine Max. (L.) Merr, crop year 2016]
were kindly donated by SL Alimentos (Londrina, Parana, Brazil). Hemicellulase from

Aspergillus niger (0.3-3.0 units mg™? solid), biogenic amines and polyamine standards
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[HI dihydrochloride, TY free base, PHE hydrochloride, SE creatinine sulphate, TR
hydrochloride, octopamine (OC) free base, dopamine (DO) free base, CA
dihydrochloride, PU hydrochloride, AGM sulphate, SPM tetrahydrochloride, and SPD
trihydrochloride], as well as o-phthalaldehyde (OPA) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). High-performance liquid chromatography (HPLC)-grade
acetonitrile and methanol were obtained from SDS (Peppin, France). The other reagent-
grade chemicals used in this work were: sodium acetate anhydrous, Brij 35, 2-
mercaptoethanol, and acetic acid (Merck, Darmstadt, Germany); sodium octanesulfonate
(Romil Chemicals, Cambridge, UK); boric acid, potassium hydroxide, hydrochloric acid
(35%), and perchloric acid (70%) (Panreac, Montplet & Esteban, Barcelona, Spain). The
remaining chemicals and solvents were of analytical or chromatographic grade and used

as received.

2.2. Soymilk preparation

Soybean samples were mixed with water in 1:3 (w/v) ratio and macerated at 5 °C for 14
h according to the procedure reported by Bau and Ida (2015). After draining water, the
grains were homogenized for 2 min using a M07 power mixer (Mondial, Barueri, SP,
Brazil) with water in 1:8 (w/v) ratio at 25 °C, as described by Silva et al. (2019). Two
experiments (denoted as experiment | and IlI) were performed on the obtained
homogenates. After the experiments, the homogenates were filtered using a 150-mesh
cloth. The soymilk obtained in this way was frozen in a Sanyo MDF-U32V ultra-low
temperature freezer (Wood Dale, IL, USA), lyophilized using an Alpha 1-2 LD Plus

freeze dryer (Martin Christ, Germany), and stored at -18 °C until further analysis.
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2.3. Experiment I: hemicellulase- and ultrasound-assisted extraction of bioactive amines

from soymilk

The first experiment was performed to investigate the hemicellulase- and ultrasound-
assisted extraction of bioactive amine from soymilk. As described by Silva et al. (2019)
a completely randomized design with three replicates (n = 3) was used. Then, 1.5% of
hemicellulase was added to the homogenate, while stirring for 3 min at 37 °C using a
Dubnoff TE-053 water bath (Tecnal, Piracicaba, Brasil). The ultrasound-assisted
extraction was investigated with a Q700 QSonica equipment (Newtown, CT, USA)
operated at 20 kHz and 50 W cm. The treatment was carried out for 3 min, using a 1/2"
(13 mm)-diameter titanium probe. A sample not subjected to enzyme or ultrasound
treatments was kept as control. The contents of bioactive amines were expressed as mean
values + standard deviation. Data analysis was carried out by analysis of variance
(ANOVA) and Tukey’s test (p <0.05), using the Statistica 10.0 software (StatSoft, Tulsa,

OK, USA).

2.4. Experiment I1: effects of hemicellulase, ultrasound intensity, and treatment time on

bioactive amine extraction from soymilk

The second experiment was carried out using the CCRD approach to investigate the
effects of hemicellulase, ultrasound intensity, and time on the extraction of bioactive
amines from soymilk. The independent variables (X1 = %hemicellulase, X2 = ultrasound
intensity, and X3 = treatment time), as well as their ranges, are shown in Table 1. A total
of 20 experiments (8 factorial points, 6 axial points, and 6 replicates of the central point)
were conducted in a random manner. The response functions (mg kg? of sample) of PU,

CA, AGM, SPD, and SPM were then evaluated.
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The response functions were subjected to regression analysis and ANOVA to
evaluate linear and quadratic effects, as well as their interaction. The estimated models
were evaluated by analyzing the coefficient of determination (R?) and its adjusted value
(R?a4j), as well as the lack-of-fit significance (Piack-of-fit). SOme non-significant terms were
removed from the models, followed by a new statistical evaluation for validation
purposes. The obtained model was used to estimate the response functions (highest
adjusted coefficient) (Granato, de Aradjo Calado, & Jarvis, 2014). The experimental
CCRD results were fitted using the response surface regression procedure, with the
following second-order polynomial equation: Y= ﬁ0+ﬁj+ﬂ;lﬁi X+ ZL,,BH Xo+
Zf.;j: / ﬁij X;X;+e where Y represents the predicted response function, x;, and x; are the

coded independent variables (i and j vary from 1 to k), Bo is the model intercept, B; is the
block coefficient, and i, Bii, and [ij are the regression coefficients for the linear, quadratic,
and interactive effects of the model, respectively, € is the error and k is the number of
factors (in case of this study, k = 3).The adjusted models were used to evaluate all
response functions (p < 0.05). Desirability parameters and three-dimensional response
surfaces were used to describe the effects of the independent variables on the response
functions and thus determine the region of maximum response for each evaluated
function. Response surface graphs and multi-response desirability parameters, used to
verify the maximum response for each function (PU, CA, AGM, SPD, and SPM), were
generated using the Statistica 10.0 software (StatSoft, Tulsa, OK, USA). According to
Yolmeh and Jafari (2017), the overall desirability function, di (i), assigns values between
0 and 1 to the possible values of Y; (response function): di (i) = 0 represents a completely
undesirable value of Yi, while di (Yi) = 1 represents a fully desirable or ideal response
value. The individual desirability values were combined using their geometric mean,

which yielded the overall desirability.
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2.5. ldentification and quantification of bioactive amines

The identification and quantification of bioactive amines in ground soybean, as well as in
HAE-treated, UAE-treated, and control soymilk samples from experiment | and in
soymilk from experiment Il were performed as described by Latorre-Moratalla et al.
(2009). In this procedure, a 0.3-0.7 g aliquot of homogenized sample was extracted twice
with 2-5 mL of 0.6 M perchloric acid in a magnetic stirring plate for 20 min. Thereafter,
the two phases were separated by centrifugation at 5600 g and 4 °C for 20 min. The
collected supernatants were combined and passed through a 0.22 um filter before
chromatographic analysis. The analysis of biogenic amines and polyamines, namely
octopamine, dopamine, tyramine, putrescine, cadaverine, histamine, agmatine, serotonin,
phenylethylamine, spermidine, tryptamine, and spermine, was performed using an
Acquity UPLC BEH C-18 reverse-phase column (Waters Corp., Milford, MA, USA),
followed by post-column derivatization with o-phthalaldehyde and spectrofluorimetric
detection. The detection and determination limits were different for each amine. The

results were expressed as mg amine kg sample, on a dry basis.

3. Results and discussion

3.1. Profile and bioactive amine content in soybean, HAE- and UAE-treated soymilk

samples (experiment 1)

Among the twelve bioactive amines analyzed in soybean, control soymilk (untreated), as
well as HAE- and UAE-treated soymilk, only five (putrescine, cadaverine, agmatine,
spermidine, and spermine) were detected (Table 2). The other seven bioactive amines
(octopamine, dopamine, tyramine, serotonin, histamine, p-phenylethylamine, and

tryptamine) were not detected in these samples. Similar results for putrescine, agmatine,
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spermidine, and spermine in soybeans were reported by Okamoto et al. (1997) and Kim
et al. (2004). The presence of cadaverine in different soybean cultivars was first reported
by Gléria et al. (2005). Cadaverine is a diamine that can be formed by decarboxylation of
lysine and has restricted occurrence, being found mainly in species of the Leguminosae
family, as in the case of soybean. Similar results for the putrescine, spermidine, and
spermine in soybean were obtained by Kalac et al. (2005) and Nishibori et al. (2007). The
presence of spermidine and spermine in soybean as well as in soymilk was expected, as
these polyamines are ubiquitous in foods of plant origin, together with their diamine
precursor, putrescine. Polyamines play a critical role in various biological processes,
including cell proliferation and differentiation, and also have antioxidant properties
(Mufioz-Esparza et al. 2019). Spermidine was the predominant (59.20%) among the five
bioactive amines detected in the soybean sample (Table 2), followed by spermine
(25.72%), and then by agmatine, putrescine, and cadaverine in lower concentrations
(5.95, 5.87, and 3.27%, respectively). The relative fractions of these bioactive amines in
soybean agree with those reported by Gléria et al. (2005) in seven cultivars harvested
over two consecutive years. In the same way, the control soymilk and HAE- and UAE-
treated soymilk samples (Table 2) showed higher spermidine and spermine levels.
According to Mufioz-Esparza et al. (2019) the food categories with the highest contents
of spermidine and spermine are cereals, legumes, and soy derivatives.

The UAE-treated soymilk sample showed higher contents of putrescine,
cadaverine, agmatine, spermidine, and spermine than the corresponding control and
HAE-treated samples. The contents of putrescine in the soymilk control and UAE-treated
samples did not show significant differences, and were 1.33 times higher than the PU
content in the HAE-treated sample. The cadaverine and spermidine contents in soymilk

subjected to UAE were 1.48 and 1.35 times higher than those of the soymilk control and
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HAE-treated samples, respectively. The content of agmatine in the UAE-treated sample
was 1.49 times higher than that of the HAE-treated sample and 1.65 times higher than
that of the soymilk control. The spermine content in the UAE-treated sample was 1.27
and 1.42 times higher than that of the soymilk control and HAE-treated samples,
respectively. The content of tyramine, tryptamine, histamine, and spermidine in soymilk
was quantified by Saaid et al. (2009), but putrescine was not detected in their study.
Moreover, Toro-Funes et al. (2015) observed the presence of only cadaverine, putrescine,
spermidine, and spermine in soymilk. According to Minois et al. (2011), the spermidine
and spermine polyamines play an important role in oxidative stress and prevention of
aging. In the soymilk control (Table 2), the bioactive amine content was observed to
decrease after soybean processing, possibly due to the fact that these compounds are
bound to the cell wall and thus were not solubilized and remained in the residue (okara).
However, the hemicellulase and ultrasound treatments affected the content of bioactive
amines, with increased extraction of putrescine, cadaverine, agmatine, spermidine, and
spermine. Thus, considering that the HAE and UAE treatments influenced the extraction
of bioactive amines, the second experiment was performed using the CCRD approach to
evaluate the effects of hemicellulase, ultrasound intensity, and time on the bioactive

amine contents in soymilk.

3.2. Effects of hemicellulase, ultrasound intensity, and tratment time on bioactive amine

content in soymilk (experiment I1)

The regression coefficients and ANOVA results of the PU, CA, AGM, SPD, and SPM
response functions are shown in Table 3. Different significant linear, quadratic, and
interaction effects were observed for PU, CA, AGM, and SPD, whereas no significant

effects were observed for the SPM response function (Table 3). As mentioned above,
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some non-significant terms were kept in the response functions to refine the model (higher
RZ%j). The maximum bioactive amine contents (Table 1) were found in assay 6 (X1 = 1,
X2 = -1, X3 = 1), with 16.21 mg kg™ of putrescine, 7.71 mg kg™ of cadaverine, 15.19 mg
kg of agmatine, and 128.51 mg kg™ of spermidine. Spermine had similar maximum
values in assays 4, 13, 15, 17, and 18.

The PU response function displayed a significant and positive effect only for the
interaction between %hemicellulase and treatment time (x1x3). Due to the contribution to
the model adjustment, both the linear effects of ultrasound intensity (x2) and treatment
time (xs) and the quadratic effects of ultrasound intensity (x2%) and treatment time (xs?)
were positive, while the quadratic effects of %hemicellulase (x12) and the interaction
between %hemicellulase and ultrasound intensity (xix2) were negative and included in
the model. The model equation PU = 12.98 + 0.16 - 0.40x:° + 0.42x2 + 0.34x2% + 0.34x3
+ 0.46x%5° - 1.02x1%2 + 1.34x1x3 exhibited an R? value of 0.57, and the lack of fit was not
significant (p > 0.05). The response surface (Figure 1la) and desirability parameters
(Figure 2) showed an optimal region with maximum PU response (18.61 mg kg™?) when
X1, Xz, and X3 were in the 1.5-2.34%, 13-87 W cm?, and 5-6.36 min ranges,
respectively, corresponding to 0 < x1 < 1.68, -1.68 < x> < 1.68, and 1 < x3 < 1.68.

The CA response function showed significant and positive effects for the linear
coefficient of the treatment time (x3), the quadratic coefficient of the ultrasound intensity
(x22), and the interaction between %hemicellulase and treatment time (x1xs), whereas a
negative effect was observed for the interaction between %hemicellulase and ultrasound
intensity (x1x2). However, the positive effects from the quadratic coefficients of
%hemicellulase (xi2) and treatment time (xs?) were included in the model, due to their
contribution to the model fit. The model equation CA = 5.14 - 0.01 + 0.13x1% + 0.26x2 +

0.31xs + 0.11x3? - 0.44x1x, + 0.66x1x3 (EQ. 3) displayed an R? value of 0.65, and the lack
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of fit was not significant (p > 0.05). The response surface (Figure 1b) and desirability
parameters (Figure 2) indicated an optimal region with maximum CA response (7.90 mg
kg?) for X1, Xz, and X3 values in the 2-2.34%, 30-87 W cm, and 5-6.36 min ranges,
respectively, or 1 <x; < 1.68, -1.68 < x» < 1.68, and 1 < x3 < 1.68.

In the case of the AGM response function, the positive effect of the quadratic
coefficient of the treatment time (xs2) and the negative effect of the interaction between
%hemicellulase and ultrasound intensity (x1x2) were both significant. On the other hand,
the positive effects of the linear coefficient of the treatment time variable (xs3), the
quadratic coefficient of the ultrasound intensity (x»?), and the %hemicellulase-treatment
time (xixs) and ultrasound intensity-treatment time (X2x3) interactions were not
significant; however, they were kept in the model because of their contributions to the R?
and Rag values. Thus, the model equation AGM = 12.65 + 0.58 + 0.16x2? + 0.57x3 +
0.60x5 - 0.95x1x2 + 0.64x1x3 + 0.27x2x3 (Eq. 4) showed a good fit to the experimental
data (R? = 0.80), and the lack of fit was not significant (p > 0.05). The response surface
(Figure 1c) and desirability parameters (Figure 2) presented an optimal region with
maximum AGM response (17.69 mg kg™) when X; was between 1 and 2.34%, X varied
between 13 and 87 W cm™, and X3 ranged between 5 and 6.36 min, corresponding to -1
<X1<1.68;-1.68<x2<1.68and1<x3<1.68.

The SPD response function exhibited a significant and negative effect only for the
interaction between %hemicellulase and ultrasound intensity (x1x2). However, although
not significant, the positive effects of the linear and quadratic coefficients of ultrasound
intensity (x, and x2?) and treatment time (xs and x3?) and the interaction between
%hemicellulase and treatment time (xix3) were included in the model, due to their
contribution to the model adjustment. The model equation SPD = 103.33 + 2.56 + 2.13x

+ 2.17x2% + 0.82x3 + 3.02x3% - 9.78x1x2 + 8.15x1x3 (Eq. 5) provided a good fit to the
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experimental data (R? = 0.70) and the lack of fit was not significant (p > 0.05). The
response surface (Figure 1d) and desirability parameters (Figure 2) showed an optimal
region with maximum SPD response (138.79 mg kg™) for X1, X2, and X3 ranges of 1-
2.34%, 13-87 W cm?, and 3-6.36 min, respectively, corresponding to -1 < x; < 1.68, -
1.68 < x2<1.68,and 0 < x3 < 1.68.

The adjusted models were used to obtain desirability functions. Thus, the
generated ranges of X1, Xz, and X3 enabled the determination of the optimal conditions
maximizing the response functions estimated for PU, CA, AGM, and SPD. The optimal
conditions for simultaneously achieving the maximum values of all response functions
were X1 = 1.68, x2 = 0, and xs = 1.68, corresponding to 2.34% hemicellulase, 50 W cm?,
and 6.36 min (Figure 2). Thus, based on the estimated models, it was possible to predict
the conditions for the maximum extraction of bioactive amines from soymilk. Moreover,
Figure 3 reveals that the highest response functions (PU, CA, AGM, and SPD) estimated
by the models showed increased contents of these compounds with respect to the soymilk
control as well as the HAE- and UAE-treated soymilk samples (Table 2). Thus, the CCRD
approach, combining the hemicellulase (x1), ultrasound intensity (x2), and treatment time
(x3) parameters describing the treatments applied to the homogenates, was shown to be
advantageous to estimate the optimal conditions for the maximum extraction of bioactive

amines from soymilk.

4. Conclusions

BRS257 soybean along with hemicellulase- and ultrasound-treated soymilk samples
exhibited the same profile and different contents of bioactive amines (putrescine,
cadaverine, agmatine, spermidine, and spermine), with a predominant fraction of

spermidine. The content of bioactive amines in the samples decreased in the order
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ultrasound-assisted extraction > hemicellulase-assisted extraction > control. The
%hemicellulase, ultrasound intensity, and treatment time variables, describing the
treatments applied to the homogenates for bioactive amine extraction, showed different
linear, quadratic, and interaction effects on the PU, CA, AGM, and SPD response
functions from soymilk, while no significant effects were observed on the SPM function.
The CCRD approach was thus adequate, and the models could be used for predictive
purposes. In this way, the best conditions to achieve higher contents of PU, CA, AGM,
and SPD in soymilk were estimated as: hemicellulase concentration = 2.34%, ultrasound

intensity = 50 W cm, and treatment time = 6.36 min.
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1 Table 1 Central composite rotatable design with coded (x) and uncoded (X) independent variables used in soymilk treatment and corresponding

2 response functions

Assay Independent variables Response functions

X1(X1) X2(X2) X3(X3) PU CA AGM SPD SPM
1 -1(2) -1 (30) -1(2) 14.54 6.11 12.27 110.83 39.26
2 -1(2) -1 (30) 1(5) 11.09 511 11.92 86.93 28.82
3 -1(2) 1(70) -1(2) 15.67 6.12 13.29 120.51 43.52
4 -1(2) 1(70) 1(5) 15.68 6.23 14.05 117.76 46.49
5 1(2) -1 (30) -1(2) 11.03 4.91 12.95 100.58 38.97
6 1(2) -1 (30) 1(5) 16.21 7.71 15.19 128.51 45.27
7 1(2) 1(70) -1(2) 11.32 4.29 10.18 90.39 38.07
8 1(2) 1(70) 1(5) 13.45 5.91 13.49 100.99 39.56
9 0(15) 0 (50) 03 13.01 5.15 12.74 104.04 40.62
10 0(15) 0 (50) 03 12.52 4.63 11.23 104.89 39.54
11 0(15) 0 (50) 03 9.77 4.38 11.43 84.53 31.36
12 -1.68 (0.66) 0 (50) 03 11.03 491 12.95 100.58 38.97
13 1.68 (2.34) 0 (50) 03 11.87 5.61 12.70 104.33 45.65
14 0(15) -1.68 (13) 03 12.79 5.15 12.58 102.67 36.69
15 0(15) 1.68 (87) 03 14.28 6.12 14.49 118.26 46.63
16 0(15) 0 (50) -1.68 (0.36) 13.65 5.02 14.25 113.09 43.79
17 0(15) 0 (50) 1.68 (6.36) 14.11 5.44 15.33 112.67 46.94
18 0(15) 0 (50) 03 15.01 5.91 14.00 113.90 48.57
19 0(15) 0 (50) 03 13.99 5.43 12.80 106.15 39.98

3 Note: X1, X2, and x3 are coded independent variables for X; (%ohemicellulase), X (ultrasound intensity, W cm), and X5 (treatment time, min), respectively. Data represent mean
4 values (n = 2). PU: putrescine; CA: cadaverine; AGM: agmatine; SPD: spermidine and SPM: spermine. Bioactive amine contents are expressed as mg amine kg ** sample, on a

5  drybasis.



10
11

115

Table 2 Bioactive amine profiles of soybean and soymilk obtained by conventional method

(control), HAE and UAE

Putrescine Cadaverine Agmatine Spermidine Spermine
BRS 257 13.74 £ 0.34 7.65+0.01 13.94 +1.04 138.63+2.31 60.22 +1.25
Control 11.52 +0.432 3.32+0.11° 7.50+0.37° 68.85 + 0.64° 29.73 £ 0.57°
HAE 8.51+0.80° 2.91+0.42° 8.29+0.38° 67.65+0.72° 26.66 £ 0.85°
UAE 11.05+0.722 4.60 £ 0.072 12.34 +0.202 92.41+£2.307 37.89 £ 1.52°

Data represent mean values + standard deviation (n = 2). Values are expressed as mg amine kg* sample, on a dry

basis. Different superscript letters indicate significant differences (p < 0.05) among treatments, control, HAE, and

UAE.
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Table 3 Regression coefficients and analysis of variance of mathematical models
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Regression coefficients (5)?

Parameter

PU CA AGM SPD SPM
Intercept
Po 12.98 5.14 12.65 103.33 40.58
Block
Bi 0.16 -0.01 0.58° 2.56 2.15
Linear
i - 0.31° 0.57 - 1.10
B 0.42 - - 2.13 2.35
Bs 0.34 - S 0.82 0.41
Quadratic
P2 -0.40 0.13 S S 0.08
B2 0.34 0.26" 0.16 2.17 -0.14
B 0.46 0.11 0.60° 3.02 1.16
Interaction
Pz -1.02 -0.44P -0.95 -9.78 -3.57
Prs 1.34° 0.66° 0.64 8.15 1.91
Jire _— — 0.27 S 1.08
R2e 0.57 0.65 0.80 0.70 0.68
Lack of fit (p)° 0.34 0.10 0.64 0.68 0.69

astimated coefficients for: PU: putrescine; CA: cadaverine; AGM: agmatine; SPD: spermidine and SPM:

spermine. Bioactive amine contents are expressed as mg amine kg " sample, on a dry basis.

bSignificant parameters (p < 0.05).

°Determination coefficients (R?) and lack of fit (p) of the adjusted models. P1, P2, and Bs (subscript numbers) stand

for hemicellulase (%), ultrasound intensity (W cm?), and treatment time (min), respectively.

(—) nonsignificant terms removed from the models.
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Fig. 1 Response surface plots as a function of %hemicellulase (X1) and treatment time (Xz)
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24  Fig. 2 Estimated desirability parameters for maximizing the response function values of PU,

25 CA, AGM, and SPD
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Fig. 3 Content of bioactive amines in soymilk obtained by conventional method (control),
hemicellulase-assisted extraction (HAE), ultrasound-assisted extraction (UAE), and estimated
by the models (CCRD). Data represent mean values + standard deviation (n = 2). Values are
expressed as mg amine kg sample, on a dry basis. Different letters indicate significant

differences (p < 0.05) among treatments.
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Abstract

The objective of this work was to evaluate the biogenic amines and polyamines profile and
contents in ready-to-eat meals available in Barcelona and the content of these amines in tuna
sashimi stored at 5 °C and 20 °C for 1 and 2 days. Prawn nigiri, salmon hosomaki, prawn gyoza,
tuna sashimi, and salmon sashimi were analysed in terms of biogenic amines and polyamines
by reverse phase ultra-high-performance chromatography (UPLC) with a spectrofluorimetric
detector. Tuna sashimi stored at refrigeration and at room temperature for 1 and 2 days showed
different concentrations of the biogenic amines, tyramine, putrescine, cadaverine, histamine,
phenylethylamine, and the polyamines, spermidine and spermine. Biogenic amines and
polyamines contents did not change in tuna sashimi stored at 5 °C, whereas histamine,
cadaverine, tyramine, and putrescine contents increased when tuna sashimi was stored at 20 °C
for 1 and 2 days. Therefore, it is recommended to control the storage temperature of tuna

sashimi to avoid the biogenic amines formation.

Keywords: Histamine; Fish; Bioactive amines; Ready-to-eat; Temperature.
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1. Introduction

Bioactive amines are low molecular weight substances with biological functions in animals,
plants, and microorganisms. They can be classified in two groups according to their
biosynthetic pathway and chemical structure. Biogenic amines, mainly including tyramine,
histamine, tryptamine, p-phenylethylamine, putrescine and cadaverine, are present in food as a
consequence of bacterial enzymatic decarboxylation of their precursor amino acids. While
polyamines, spermidine and spermine, are physiologically present in all animal and plant tissues
and their origin is not related to microbial activity (Biji et al., 2016).

The microorganisms that produce decarboxylase enzymes can be part of food
microbiota, be used to obtain fermented products, or be a contaminant before, during or after
processing. Therefore, biogenic amines have been proposed as a chemical indicator of the
hygienic conditions of raw material and deterioration or spoilage of food products (Bover-Cid
et al., 2014). High biogenic amines concentrations can occur in various different food groups,
such as fish and fish products, meat and meat products and fermented products (cheese and
sausage), and beverages (beer and wine) (Linares et al., 2012).

The presence of high amounts of biogenic amines in food constitutes a potential public
health concern. Histamine, which is the most common cause of biogenic amines-related
intoxication, can cause scombroid fish poisoning. The poisoning is usually associated with the
Scombridae and Scomberesocidae fish families, including tuna, which is often used in Japanese
foods. Moreover, non-scombroid fish species have also been related to histamine poisoning,
including sardines, anchovy, herring, marlin, western Australian salmon and others (EFSA,
2011; Visciano et al., 2014). Although, other biogenic amines with possible toxicity include
tyramine, the excessive consumption of which might be related to headaches, as well as
putrescine and cadaverine, which are known to enhance the adverse effects of histamine and

produce carcinogenic nitrosamines (Karovi¢ova & Kohajdova, 2005; Hungerford, 2010).
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Due to globalization, a change in the behavior of the non-Western population regarding
food consumption was observed, since ready-to-eat Japanese meals gained popularity among
consumers for being considered "healthier”. The most common Japanese products includes
sashimi, which is a thin slice of raw fish, and sushi, that is made up from rice dressed with
vinegar and other ingredients and can be presented in different ways. The most popular forms
of sushi are nigiri-zushi and maki-zushi. Nigiri-zushi is usually an elongated rice ball topped
with some ingredient, usually a piece of fish or seafood. The hosomaki is a maki-zushi produced
from half of a nori sheet and usually contain only one ingredient inside the roll (Mouritsen,
2009). Sashimi and sushi are often considered potentially hazardous food products because of
the occurrence of raw fish and seafood. In addition, due to an increase in the consumption of
these products in the last years, there is a growing concern in terms of food safety and the impact
on consumer’s health (Bover-Cid et al., 2014).

Among the numerous studies on biogenic amines in fish, few have focused specifically
on the ready-to-eat Japanese meals and there is no data in terms of biogenic amines and
polyamines in tuna sashimi stored under different conditions. Therefore, the present study
aimed to evaluate the profile and contents of biogenic amines and polyamines in ready-to-eat
Japanese meals available on the Barcelona market and to determine the content and possible
accumulation of these amines in tuna sashimi sold in supermarkets and restaurants in Barcelona

stored at 5 °C and 20 °C by 1 and 2 days.

2. Materials and methods

2.1. Chemicals

The following biogenic amines and polyamines standards were obtained from Sigma (St. Louis,
MO, USA): histamine (HI) dihydrocloride, tyramine (TY) free base, p-phenylethylamine (PHE)

hydrochloride, serotonin (SE) creatinine sulphate, tryptamine (TR) hydrochloride, octopamine
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(OC) free base, dopamine (DO) free base, cadaverine (CA) dihydrocloride, putrescine (PU)
hydrochloride, agamatine (AG) sulphate, spermine (SPM) tetrahydrochloride, and spermidine
(SPD) trihydrochloride. HPLC grade acetonitrile and methanol were obtained from SDS
(Peppin, France). The other reagent-grade chemicals used were: sodium acetate anhydrous, Brij
35, 2-mercaptoethanol, OPA, and acetic acid from Merck (Darmstadt, Germany); sodium
octanesulphonate from Romil Chemicals (Cambridge, UK) and boric acid, potassium
hydroxide, hydrochloric acid 35% (HCI), and perchloric acid 70% from Panreac (Montplet &

Esteban, Barcelona, Spain).

2.2. Samples and sampling

Ready-to-eat Japanese meals (prawn nigiri, salmon hosomaki, prawn gyoza, tuna sashimi, and
salmon sashimi) were purchased from a supermarket chain located in Barcelona, Spain. Tuna
sashimi were purchased from the same supermarket chain (eight samples) and from different
restaurants (eight samples). All of the analyses conducted were performed in duplicate using
independent replicates. All of the restaurants from which the samples were collected were
located in Barcelona, Spain. Tuna sashimi as the only product that showed histamine content
was chosen to evaluate the biogenic amine and polyamine contents during storage at
refrigeration and at room temperature for 1 and 2 days.

Separately, each sample of prawn nigiri, salmon hosomaki, prawn gyoza, tuna sashimi,
and salmon sashimi was homogenized by blender (Moulinex, DPA5) and immediately
subjected to analysis. Moreover, tuna sashimi samples were also homogenized as previously

described, and then stored at 5 °C and at 20 °C for 1 and 2 days, being zero time the control.
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2.3. Biogenic amines and polyamines determination

An aliquot of 5-10 g of homogenized sample were extracted two times with 10 mL of perchloric
acid 0.6 M in a magnetic stirring plate for 20 min. Thereafter, the two phases were separated
by centrifugation at 5600 g at 4 °C for 20 min. The supernatants collected were combined and
the final volume was adjusted to 25 mL with 0.6 M perchloric acid. Before chromatographic
analysis, perchloric extracts were passed through a 0.22 um filter (GHP, Waters Corp, Milford,
MA). The biogenic amines and polyamines, namely octopamine, dopamine, tyramine,
putrescine, cadaverine, histamine, agmatina, serotonin, phenylethylamine, spermidine,
triptamine and spermine, analysis was performed using an Acquity UPLC BEH C-18 reverse
phase column (Waters corp., Milford, MA, USA), followed by post-column derivatization with
o-phthalaldehyde and spectrofluorimetric detection in accordance with the method described
by Latorre-Moratalla et al. (2009). The detection and determination limits were different for

each amine.

2.4. Biogenic amines index (BAI)

Biogenic amines index was calculated according to the method described by Veciana-Nogués
et al. (1997). The formula used are as follows: BAI = (histamine + putrescine + cadaverine +

tyramine).

2.5. Statistical analysis

The content of biogenic amines and polyamines were compared among samples by using the
Kruskal-Wallis test (p < 0.05). Statistical analysis was performed using Statistica 10.0 (StatSoft,

Tulsa, OK, USA).
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3. Results and discussion

3.1. Biogenic amines and polyamines content in ready-to-eat Japanese meals

Biogenic amines and polyamines contents in the ready-to-eat Japanese meals from the
Barcelona market is showed in Table 1. These contents varied according to the product and of
the five ready-to-eat Japanese meals analysed, prawn nigiri was the only product that no
biogenic amines and polyamines were detected. However, putrescine content of 0.06 - 0.52 mg
kg™ was observed in salmon hosomaki, prawn gyoza, and salmon sashimi, whereas not detected
in tuna sashimi. Salmon sashimi presented the highest content of putrescine and was 8.6 and
2.7 times higher than that of salmon hosomaki and prawn gyoza, respectively. Cadaverine and
histamine were detected only in tuna sashimi, while putrescine, spermidine and spermine were
detected in prawn gyoza, salmon sashimi and tuna sashimi. It was observed that spermidine
was not detected in salmon hosomaki and both spermidine and spermine were not detected in
prawn nigiri. The variability of biogenic amines and polyamines contents among these products
could be explained by the different ingredients used during their manufacturing. The same
biogenic amines (putrescine, histamine, cadaverine and tyramine) and polyamines (spermidine
and spermine) were also detected in ready-to-eat sushis available in the Polish market, including
nigiri and maki sushi made with different species of fish (salmon, tilapia and tuna) and shrimp
(Kulawik et al., 2017). The biogenic amines index (BAI) has been effectively used as an
indicator of the spoilage of products, some types of fish, such as tuna and sardines (Veciana-
Nogués et al., 1997). In the case of the products under investigation, BAI ranged from 0.06 to
0.98 (Table 1), indicating that content of all biogenic amines in these products was relatively
low and should not be hazardous to the consumer. Considering that histamine is the most
commonly biogenic amine associated with cases of intoxication and intolerance due to fish

consumption, specifically tuna, according to the Rapid Alert System for Food and Feed
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(RASFF) of EFSA (EFSA, 2011), tuna sashimi was chosen to evaluate the biogenic amine and

polyamine contents when stored at 5 °C and 20 °C for 1 and 2 days.

3.2. Biogenic amines and polyamines content in tuna sashimi

The content of biogenic amines (tyramine, putrescine, histamine, and phenylethylamine) and
polyamines (spermidine and spermine) in tuna sashimi evaluated on the day of purchase (time
0) varied according to their origin (Figure 1). The samples purchased in the supermarket
presented higher contents of tyramine and putrescine than to the samples of restaurants.
Histamine and phenylethylamine were detected only in samples purchased on the supermarket,
whereas cadaverine was not detected in any of the samples. The presence of spermidine and
spermine were expected since both occur universally in animals and plants tissues, and the
content of these amines did not differ between the samples purchased in the supermarket and
in restaurants. It can be also remarked that the content of spermine is greater than spermidine

as usually happens in foods of animal origin (Kala¢ & Krausova, 2005).

3.3. Biogenic amines and polyamines content in tuna sashimi stored at 5 °C

Biogenic amines and polyamines contents in tuna sashimi stored under refrigeration for 1 and
2 days are shown in Table 2. As it can be seen, tyramine, putrescine, histamine,
phenylethylamine, spermidine and spermine contents of tuna sashimi purchased on the
supermarket did not present significant differences between 1 and 2 days of storage. Likewise,
tuna sashimi purchased at restaurants did not differ among the storage, but in these samples,
only tyramine, putrescine, spermidine and spermine were detected. Cadaverine was not detected
in both samples when tuna sashimi was purchased from the supermarket and from the
restaurants. The biogenic amines and polyamines contents of tuna sashimi stored under

refrigeration at 5 °C for 0, 1 and 2 days purchased from the restaurants are in consistency with
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the results reported by Park et al. (2010), who found similar concentrations of tyramine (nd-5.1
mg kg?), putrescine (nd-1.9 mg kg?), histamine (nd-0.8 mg kg™), phenylethylamine (nd-1.2
mg kg™), spermidine (nd-4.4 mg kg?) and spermine (nd-4.7 mg kg?) in tuna from Korea
market. It should be noted that tyramine and putrescine levels in tuna sashimi purchased from
the supermarket were 17 and 50 times higher than the samples purchased from the restaurants,
respectively, whereas histamine and phenylethylamine were not detected in tuna sashimi
purchased from the restaurants (Table 2). Although the levels of these biogenic amines in tuna
sashimi purchased from the supermarket is high compared to that from restaurants, these results
are in agreement with the ones reported by Zhai et al. (2012) who observed similar
concentrations of tyramine (31.33 mg kg?) and putrescine (45.16 mg kg?) in different species
of fish commonly consumed in China. Tyramine content, a second biogenic amines frequently
associated with food poisoning, was present in the studied tuna sashimi with a concentration of
2.35 and 38.88 mg kg? for those purchased from a restaurant and from the supermarket,
respectively. This content is considered low since the toxic dose established by Ladero et al.
(2010) is 125 mg of orally administered tyramine. The BAI of both samples, tuna sashimi
purchased from the supermarket and from the restaurants, did not show significant differences
between 0, 1 and 2 days of storage at 5 °C and in average they were 83.25 mg kg™ and 2.71 mg
kg?, respectively. Although when comparing then, the tuna sashimi purchased from the
restaurants can be considered safer to consume than tuna sashimi purchased from the

supermarket.

3.4. Biogenic amines and polyamines content in tuna sashimi stored at 20 °C

Tyramine levels of tuna sashimi purchased from the supermarket and stored at 20 °C (Table 3)
increased 2.10 times on the first day of storage in comparison to the control. On the second day

of storage, tyramine levels increased by 20% from the first day. Although tyramine content of
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tuna sashimi purchased from the restaurants did not present significant difference on the first
day of storage and the control, however, differed from the second day of storage with an
increase of 3.48 times. Putrescine and histamine contents of tuna sashimi purchased from the
supermarket and stored at 20 °C did not show significant differences between the control and
the first day of storage but differed from the second day of storage with an increase of 1.88 and
2.35 times for putrescine and histamine, respectively. Likewise, putrescine content of tuna
sashimi purchased at restaurants and stored at 20 °C did not show significant differences
between the control and the first of storage but differed from the second day of storage with a
10.5 fold increase. Histamine was not detected in tuna sashimi purchased from the restaurant,
however, at the first day of storage at 20 °C the content of 0.27 mg kg™ was observed and at
the second day of storage, these content increased significantly and by 99.4 times. Currently,
the only biogenic amine for which the maximum limits have been set is histamine because of
its toxicological effects. According to Food and Drug Admnistration (FDA) the food is
considered as spoiled if the histamine level reaches to 50 mg kg™ while the maximum average
content of 100 mg kg has been established by the European Union for acceptance of tuna and
other fish belonging to the Scombridae and Scomberesocidae families (FDA, 2011; EC, 2005;
2013). Therefore, tuna sashimi purchased from the supermarket (24.72 mg kg of histamine)
stored for 1 day and from the restaurants (26.84 mg kg™ of histamine) stored for 2 days at 20
°C would be acceptable for consumption because they are below of the limit. However, tuna
sashimi purchased from the supermarket and stored for 2 days at 20 °C would not be acceptable
because it exceeded the limit of consumption of 50 mg histamine kg recommended by the
FDA. Cadaverine was not detected in tuna sashimi control samples, and in both purchased from
the supermarket and from the restaurant. However, at first day of storage at 20 °C the cadaverine
content was 6.76 and 4.22 mg kg™ and at the second day of storage at 20 °C the cadaverine

content increased by 12.32 and 9.94 times, respectively. It is important to note that cadaverine
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and putrescine are the most common biogenic amines found in seafood and do not present direct
toxicological effects on human health. However, the occurrence of these amines may play an
important role in food poisoning, as they can potentiate the toxicity of tyramine and histamine.
In addition, cadaverine and putrescine may react with nitrite to form heterocyclic nitrosamines,
which are some of the most important human carcinogens (Park et al., 2010). Phenylethylamine,
spermidine and spermine contents in tuna sashimi purchased from the supermarket stored at 20
°C did not show differences (p < 0.05) between the 0, 1 and 2 days of storage. In the same way,
spermidine and spermine contents did not differ during the storage in tuna sashimi purchased
from the restaurants and phenylethylamine was not detected in these samples. The biogenic
amines formation in fish and seafood is influenced by free amino acid content, the presence of
bacteria synthesizing amino acid decarboxylases, and favorable conditions (EFSA, 2011).
Normally, free amino acid levels in fish would gradually increase with storage time due to
proteolysis by endogenous and exogenous proteases (Biji et al., 2016). Thus, biogenic amines
can be formed by the microbial decarboxylation of free amino acids during storage and are
strongly influenced by the conditions under which storage is carried out. In the present study,
biogenic amines in tuna sashimi remained unchanged during storage at 5 °C for 1 and 2 days,
however, during storage at 20 °C significant changes in tyramine, putrescine, cadaverine and
histamine contents was observed. Therefore, these amines can be used as freshness parameters
of the ready-to-eat tuna sashimi. The most effective way to prevent the risk of intoxication is to
use adequate refrigeration from the point of production to the final consumer. Since the enzyme
histidine decarboxylase is present in fish, even without the presence of active bacteria, it can
produce histamine. The enzyme can be activated at the refrigeration temperature and once the
histamine is produced, it cannot be removed by freezing or cooking (Lehane & Olley, 2000).
Tuna sashimi purchased from the restaurants (2.68) can be considered safer than the one

purchased from the supermarket due to the low BAI of its control (85). However, it was noted



248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

131

that the BAI of tuna sashimi purchased from the supermarket and from the restaurants presented
the same trend, both had an increase after storage at 20 °C for 1 and 2 days. Therefore, it is
recommended to check the storage temperature of ready-to-eat meals since the
time/temperature binomial is the most critical and determinant risk factor in biogenic amines

formation in fresh and lightly preserved fish and seafood products (Bover-Cid et al., 2014).

4. Conclusion

Different profile and content of bioactive amines (putrescine, cadaverine and histamine) and
polyamines (spermidine and spermine) were detected and quantified in the ready-to-eat
Japanese meals (prawn nigiri, salmon hosomaki, prawn gyoza, tuna sashimi, and salmon
sashimi) from the Barcelona market. Only tuna sashimi showed histamine. No significant
changes in tyramine, putrescine, histamine, phenylethylamine, spermidine and spermine in tuna
sashimi purchased from the supermarket and from the restaurants occurred during storage at 5
°C for 0, 1 and 2 days, whereas when stored at 20 °C, tyramine, putrescine, cadaverine and
histamine levels increased while spermidine and spermine levels remained unchanged. The
storage temperature of ready-to-eat Japanese meals should be carefully monitored to avoid the

formation of biogenic amines.
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Table 1. Biogenic amines and polyamines contents in ready-to-eat Japanese meals from the
Barcelona market
Biogenic
PU CA HI PHE SPD SPM Amine Index
(BAI)
Prawn nigiri nd nd nd nd nd nd -
Salmon hosomaki 0,06 + 0,02 nd nd nd nd 0,39 £0,05 0.06
Prawn gyoza 0,19 £ 0,00 nd nd nd 041+0,08 0,56=0,01 0.19
Tuna sashimi nd 0,25+0,04 0,73+0,05 nd 1,3+0,14 5,73+0,33 0.98
Salmon sashimi 0,52 + 0,06 nd nd nd 1,89+0,00 3,56+0,60 0.52

Abbreviations: PU, putrescine; CA, cadaverine; HI, histamine; PHE, phenylethylamine; SPD, spermidine; SPM,

spermine. Biogenic amine and polyamine contents in mg kg? of fresh weight. Data represent mean values +

standard deviation. nd = not detected.
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326  Table 2. Biogenic amines and polyamines contents in tuna sashimi stored at 5°C

Biogenic amines Polyamines Bl_ogenlc
Days Amine Index
TY PU CA HI PHE SPD SPM BAI
Supermarket
control  39.36+5.03 20.55+13.89 nd 25.09+2.80 3.48+0.44 2.69+097 9.82+0.94 85

1 37.93+7.63 19.77+1349 nd 23.82+3.04 3.11+057 296+0.65 9.53+0.68 81.52
2 39.35+5.76 19.71+1359 nd 24.19+285 3.15+0.54 295+0.53 9.68+0.98 83.25

Restaurant
control 2.28+2.08 0.40+0.39 nd nd nd 2.03+0.72 11.84+1.48 2.68
1 230+2.29 0.31+0.33 nd nd nd 2.11+0.85 1254+1.24 2.61
2 249+2.23 0.40+0.39 nd nd nd 2.03+0.73 12.14+1.41 2.84

327 Abbreviations: TY, tyramine; PU, putrescine; CA, cadaverine; HI, histamine; PHE, phenylethylamine; SPD,
328  spermidine; SPM, spermine. Biogenic amine and polyamine contents in mg kg™ of fresh weight. Data represent
329 mean values + standard deviation. nd = not detected. Values in the same column with different letters were

330 significant different (p < 0.05).

331
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332  Table 3. Biogenic amines and polyamines contents in tuna sashimi stored at 20°C

. . . . Biogenic
Days Biogenic amines Polyamines Amine Index
TY PU CA HI PHE SPD SPM BAI
Supermarket
control  39.36+5.03° 20.55+13.89° nd 25.09+2.80° 3.48+0.44 2.69+0.97 9.82+0.94 85
1 82.72 £15.51* 20.28 +13.84" 6.76 £4.03" 24.72+453° 291+059 2.78+0.53 9.36 +1.11  134.48
2 99.24 £8.30% 38.35+23.67° 83.35+44.46° 58.76+21.70° 3.42+1.05 258+0.92 9.05+2.72  279.70
Restaurant
control 2.28+2.08° 0.40+0.39° nd nd nd 2.03+0.7211.84+1.48 2.68
1 215+2.15° 0.87+0.99° 4.22+6.46° 0.27+0.75" nd 1.94+0.7812.20 £ 1.19 7.51
2 7.70+£6.52% 6.61+£6.62% 41.98+27.62?% 26.84 +£46.15° nd 1.88+0.8711.44+154  83.13

333 Abbreviations: TY, tyramine; PU, putrescine; CA, cadaverine; HI, histamine; PHE, phenylethylamine; SPD,
334 spermidine; SPM, spermine. Biogenic amine and polyamine contents in mg kg™ of fresh weight. Data represent
335  mean values + standard deviation. nd = not detected. *® Values in the same column with different letters were

336  significant different (p < 0.05).

337
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338  Figure 1. Biogenic amines and polyamines contents in control samples (time 0) of tuna sashimi

339  from supermarket and restaurant
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341  Abbreviations: TY, tyramine; PU, putrescine; HI, histamine; PHE, phenylethylamine; SPD, spermidine; SPM,
342  spermine. Biogenic amine and polyamine contents in mg kg of fresh weight. Data represent mean values +

343  standard deviation (n=8). *® Means with different letters indicate significant differences (p < 0.05).
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6 CONCLUSOES

A extragdo assistida por hemicelulase e ultrassom influenciou a atividade de
p-glicosidases, perfil de isoflavonas e potencial antioxidante de extratos de soja. A maior
atividade de p-glicosidases e contetido de isoflavonas agliconas foram observadas nos extratos
assistidos por ultrassom, seguido de hemicelulase e controle. O potencial antioxidante dos
extratos assistidos por ultrassom e hemicelulase ndo apresentaram diferencas e foi maior do que
0 controle.

A soja BRS257 e os extratos assistidos por hemicelulase e ultrassom
apresentaram o mesmo perfil e diferente conteldo de aminas bioativas (putrescina, cadaverina,
agmatina, espermidina e espermina) com predominancia de espermidina. O teor de aminas
bioativas destes extratos foi maior do que o controle.

A adicdo de hemicelulase, intensidade de ultrassom e o tempo de tratamento
para obtencdo de extratos de soja apresentaram diferentes efeitos lineares, quadraticos e de
interacdes sobre as funcdes respostas PU, CA, AGM e SPD, enquanto que nenhum efeito
significativo foi apresentado para a fungéo resposta SPM.

A aplicacdo do DCCR foi adequada e os modelos foram utilizados para fins
preditivos, cujas funcdes respostas maximas de PU, CA, AGM e SPD dos extratos de soja foram
quando se utilizou hemicelulase a 2,34%, intensidade de ultrassom de 50 W cm e tempo de
tratamento de 6,36 min.

Diferentes perfis e conteddo de aminas bioativas (putrescina, cadaverina,
histamina, espermidina e espermina) foram detectados e quantificados nos produtos prontos
para consumo (nigiri de camardo, hosomaki de salméo, gyoza de camardo, sashimi de atum e
sashimi de salmao) disponiveis no mercado de Barcelona.

Néo foram observadas alteragdes no contetdo de tiramina, putrescina,
histamina, espermidina e espermina em sashimis de atum adquiridos em supermercado e
restaurantes especializados de Barcelona quando armazenados a 5 °C por 0, 1 e 2 dias.
Entretanto, quando armazenados a 20 °C, o conteldo de tiramina, putrescina, cadaverina e
histamina aumentou e de espermidina e espermina permaneceu inalterado. Assim sendo,
recomenda-se que a temperatura de armazenamento destes produtos deve ser adequadamente

controlada para evitar a formacdo de aminas biogénicas.
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ANEXO A - Autorizagdo da editora International Society for Nutraceuticals and Functional
Foods (ISNFF) para incluir na tese a versdo impressa do artigo intitulado “Ultrasound- and
hemicellulase-assisted extraction increase f-glucosidase activity, the content of isoflavone

aglycones and antioxidant potential of soymilk™.

Re: PhD thesis - authorization for use

Adriano Costa de Camargo <adrianoesalg@gmail.com> 5 © 5
Qua. 10/07/2019 11:08 S
Viocé; Fereidoon Shahidi; Elza lda

Em ter, 9 de jul de 2019 as 18:05, Fereidoon Shahidi <fshahidi@gmail.com> escreveu:
Greetings:

If this is a requirement of the university, then that should be obtained. JFB considers the material in the thesis is owned by the student unless the associated university has its own
internal regulations.

Best,
FS

On Tue, Jul 9, 2019 at 5:51 PM Adriano Costa de Camargo <adrianoesalq@gmail.com> wrote:
Dear Dr. Shahidi:

The first author of the paper JFB-19-0128, Mariah Benine Ramos Silva, has asked me if she need any type of authorization to use her paper as a chapter of her PhD thesis in Brazil.
If so, please let me know how she needs to proceed.

Best regards

Adriano



141

ANEXO B - Comprovante de submissdo do artigo intitulado “Effect of ultrasound- and

hemicellulase-assisted extraction on the bioactive amine content of soymilk”.

FABT-D-19-01285 Acknowledgement of Receipt

Food and Bioprocess Technology <em@editerialmanager.com: “
Ter, 24/09/2019 17:19 © ©

Vocé

Dear Mrs Silva:
Thank you for submitting your manuscript, "Effect of ultrasound- and hemicellulase-assisted extraction on the bioactive amine content of soymilk”, to Food and Biopracess Technolagy.

The submission id is: FABT-D-19-01285
Please refer to this number in any future correspondence.

During the review process, you can keep track of the status of your manuscript by accessing the following web site:

https://www.editorialmanager.com/fabt/

Your username is: mariah_benine@hotmail.com
If you forgot your password, you can click the 'Send Login Details’ link on the EM Login page.

Should you require any further assistance please feel free to contact the Editorial Office by clicking on the "contact us™ in the menu bar to send an email to us.

With kind regards,

The Editorial Office
Food and Bioprocess Technology

Recipients of this email are registered users within the Editorial Manager database for this journal. We will keep your information on file to use in the process of submitting, evaluating and publishing
a manuscript. For more information on how we use your personal details please see our privacy policy at https://www.springernature.com/production-privacy-policy. If you no longer wish to receive

messages from this journal or you have questions regarding database management, please contact the Publication Office at the link below.

In compliance with data protection regulations, you may request that we remove your personal registration details at any time. (Use the following URL:
https://www.editorialmanager.com/fabt/login.asp?a=r). Please contact the publication office if you have any guestions.




