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RESUMO

ALVES, Natalia Elizabeth Galdino, D.Sc., Universidade FdddeaVicosa, fevereiro de
2017. Efeito do armazenamento sobre a composi¢cado nutricional de feijdes consun
(Phaseolus wulgaris L.) e acdo anti-inflamatéria e anti-aterosclerdtica de seus
hidrolisados protéicos em células de macrofagos humand3rientadora: Hércia Stampini
Duarte Martino. Coorientadores: So6nia Machado Rocha Ribeileandro Licursi &l
Oliveira.

O presente trabalho teve como objetivo avaliar o etlatarmazenamento comercial sobre
a composicao nutricional e fitoquimica de feijdes condmsariedade cariocdhaseolus
vulgaris L.) (Artigo 1) e determinar o efeito do armazenamentaes@bpotencial anti-
inflamatorio (Artigo 2) e anti-ateroscleroético (Artig) de seus hidrolisados proteicos em
macréfagos humanos THP-1. Foram utilizados dois genotipiesjdle comum da variedade
carioca, contrastantes para endurecimento e escuregcim@iingo do armazenamento. Os
feijdbes BRSMG Madrepérola (MP) (mais estavel ao armamentn) e BRS Pontal (PO)
foram estocados em temperatura ambiente, (22 °;3< 65% de umidade relativa),
acondicionados em embalagens lacradas de polipropilenotépt8@ dias, e coccionados
nos tempos zero, e apos trés e seis meses de estoqagady foram realizadas as analises
(Artigo 1 e 2: 0, 3 e 6 meses; Artigo 3: 0 e 6 meses). Os grém® fanalisados quanto a
composicao centesimal, fibora alimentar total e frac@esiteddo de minerais, fitato,
compostos fendlicos (Artigo 18 hidrolisados proteicos (Artigos 2 e 3). O potencial anti-
inflamataério e anti-aterosclerético dos hidrolisadosegicots foi avaliadan vitro, utilizando
células de macrofagos THP-1, com inflamacéo induzidagmpdilissacarideo (LPS) (Artigo
2) ou lipoproteina de baixa densidade oxidada (LDL-ox) (Artigo]@)armazenamento
comercial por até 180 dias, em temperatura ambiente,fefiu @ qualidade nutricional e
fitoquimica dos graos, visto que somente foi observada redlgzdontetdo de lipidio total
(p = 0.007). Os hidrolisados dos feijdes carioca reduziramnmiwsis de marcadores
inflamatérios mesmo quando utilizados em baixas conagrtsa de forma independe ke
tempo de armazenamento, embora tenham sido observiatasghs entre os cultivares (0.1
mg/mL: reducdo de TNF-alfa pelos hidrolisados PO 0, 3 e 6, ®lipd; reducéo déL-1
por MP 0 e PGE-2 por MP 0 e 6). Com relacdo ao potenciahtemntisclerético, observou-
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se que os hidrolisados dos feijdes armazenados reduzirgoness®o do receptor de LDL-
ox (LOX-1), de metaloproteina-8(MP-9), de molécula de adeséo intracelular-1 (ICAM-1),
e a expressao de 10 citocinas relacionadas ao protesssckeroético. Conclui-se, portanto,
gue as condi¢cdes de armazenamento utilizadas no prestude fsam adequadas para
preservacdo da qualidade nutricional e fitoquimica doseteijalém disso, a inibicdo de
marcadores inflamatérios e ateroscleroticos indica quenaze&namento dos feijées por seis
meses, independentemente de suas caracteristicas sléngiao armazenamento, nao
alterou as propriedades fisicoquimicas e biologicas dehgidnadisados proteicos.



ABSTRACT

ALVES, Natdlia Elizabeth Galdino, D.SdJniversity Federal of Vicosa, February, 2017.
Effect of storagem on nutritional composititon of common beanRhaseolusvulgarisL.)

and anti-inflammatory and anti-atherosclerotic potential of its protein hydrolysates on
human macrophages Adviser: Hércia Stampini Duarte Martino. Co-adivsers: Soénia
Machado Rocha Ribeiro and Leandro Licursi de Oliveira

The aim of this study was to evaluate the effect comktiecne of storage (six monhts) on
nutritional and phytochemical composition of common beanioca cultivar Phaseolus
vulgaris L.) (Manuscript 1) and to determinate thestorage effectaoti-inflammatory
(Manuscript 2) and anti-atherosclerotic effect (Manys@) of their protein hydrolysates on
human macrophages. Two common bean carioca genotypesiseekelThe common beans
BRSMG Madreperola (MP) (more stable to storage) and BR&Ruoere stored under room
temperature (22 + %C; < 65% relative umidity), in propilen package, up to 18Gdapd
cooked at zero, three and six months of storage, whapsasof moisture contente, dietary
fiber, minerals, phytate, phenolic compounds (Manuscript nt) protein hydrolysates
(Manuscripts 2 e 3) were performed. Anti-inflammatory and athterosclerotic potential of
protein hydrolysates was evaluatedvitro, using THP-1 human macrophages, wherein
inflammation was induced by lipopolysacarides (Manuscript r2pxydized low density
lipoprotein (ox-LDL) (Manuscript 3)According to results, we can affirm that comercial
storage up to 180 days, at room temperature, did not affected mairaiod phytochemical
guality of the carioca beans, since it was observed oglytsiduction on total lipid contente
(p = 0.007). Carioca protein hydrolysates reduced the lef@iflammatory markers even
under lowest concentrations, independently of storage ittegugh few diferences were
observed beteween cultivars (0.1 mg/mL: TNF-alfa reductgrsydrolysates from PO 0, 3
and 6, and by MP;8L-1 B reductions by MP 0 and PGE-2 by MP 0 and 6). Regarding to
anti-atherosclerotic potential it was observed that Hydabes from stored beans decreased
teh expressio of ox-LDL receptor 1 (LOX-1), metaloprot@ifMMP-9), intercellular
adhesion molecule-1 (ICAM-1), and reduced the expressiohOotitokines related to
atherosclerotic process. In conclusion, the storageittmmslused in the presente study was

suitable to preserve nutritional and phytochemical qualitgarioca beans. In adition, the
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inhibition of inflammatory and atherosclerotic markenslicate that the storage by six
months did not change physicochemical and biological ptiepeof carioca bean
hydrolysates, , independently fo their characteristagsit to storage.
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1. INTRODUCAO GERAL

O consumo de leguminosas tem sido associado a reducédoodeaiia doencgas cronicas
ndo transmissiveis (DCNTSs), incluindo doencas cardioNass (DCV), que séo a principal
causa de morte em muitos paises. A aterosclerosecistd os fatores de risco mais
significantes para o desenvolvimento de DCV. O processo atedimdeenvolve a
diferenciacdo de macrofagos e proliferacao na intiteaial, com subsequente formacéo de
células espumosas carregadas de lipidios, as quais indlibenagdo de citocinasfatores
de crescimentpro-inflamatoros (CAM; DE MEJIA, 2012).

Nesse sentido, estratégias eficazes de prevencao s&saréxs. Existem evidéncias, de
gue compostos bioativos de leguminosas podem atuar na reduggmdantes mediadores
inflamataérios (DE MEJIA, DIA, 2010), principalmente devido aser;a de polifendis (LIU,
2013) e peptideos bioativos (CAM; DE MEJIA, 2012). Embora grande pas estudos
avalie o efeito da soja sobre esses marcadores, tegrarinosas, como o feijdo comum
(Phaseolus vulgarit.), podem atuar na reducéo de fatores de risco para DCVABK®
et al., 2011).

O feijdo comum Rhaseolus vulgarid..) se destaca entre as leguminosas por ser
culturalmente importante na nutricdo humana e amplareamtsumido, principalmente na
América Latina (MARTINO et al., 2012). E fonte apreciadel proteinas, carboidratos
complexos, fibra alimentar, vitaminas e minerais, além odéros compostos com
propriedades funcionais ja reconhecidas (CARDENAS; ROSA; CQ3010).

Ressalta-se a importancia dessa leguminosa como fattscpr ndo somente por seu
papel construtivo e energético, mas também porque suasnpsot&o precursoras de
peptidios ativos biologicamente, os quais possuem varidg®es fisioldgicas Os
peptideos bioativos de feijdes podem ser obtidos durantesdadiggastrointestinal, por meio
de fermentacdo ou hidrolise enzimatica (WANG; DE MEJIA, 200%rolisados ou
peptideos de feijdes tém demonstrado atividades antioxidamtieinfeamatoéria, anti-
hipertensiva e anticancerigena (LUNA-VITA&t al, 2015) A presenca de compostos
fendlicos também merece destaque por suas propriedademflantatérias e anti-

ateroscleroticas, as quais sdo explicadas pela capacidasds dieoquimicos em sequestrar
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radicais livres e modular a sinalizacdo celular durarnpeooesso inflamatorio (GARCIA-
LAFUENTE et al., 2009).

O Brasil é o maior produtor mundial de feijdo com producdolated,5 milhdes de
toneladas (MAPA, 2016)com liberacdo aprovada do cultivo comercial de variedades
geneticamente modificadas que possuem vantagens econdamdasntais e nutricionais
diferenciadas (EMBRAPA, 2012). No Pais, existem cerca dad@dades de feijdes, cuja
producdo e consumo variam conforme os habitos regiena@di¢cdes climéticas locais
(MAPA, 2016) O feijdo Carioca lidera as preferéncias dos consumidoasgdiros e novos
cultivares tém sido desenvolvidos para resistir as afiesmatecnolégicas, principalmente
aspectos do grao (coloracdo e dureza) durante o armazeodTEIXEIRA; SIQUEIRA;
BASSINELLO, 2011). As principais alteracdes em feijoes dCariestdo relacionadas ao
rapido escurecimento e endurecimento dos gréos, o que afgialidade sensorial e
nutricional, e prejudica a comercializacdo (SIQUEIRA al, 2016) O tempo de
armazenamento por seis meses em condigbes ambientaisdem o fendbmeno HTGard-
to-cook(duro de cozinhar), aumentando o tempo de coccao e reduzitigiestibilidade de
proteinas (Nyakuni et al., 2008). Outras alteracdes nutrisi@ssociadas ao periodo de
armazenamento séo: perda de fitato, taninos, compostdsds® lipidios (CHIARADIA;
GOMES, 1987)

Contudo, apesar do numero consideravel de variedadesidisigp ha escassez de
estudos acerca do efeito do tempo de armazenamentcasodgieacteristicas nutricionais e
funcionais. Tampouco € desconhecido o efeito do temporrdazeanamento sobre as
caracteristicas fisico-quimicas e propriedades bioativasidrolisados proteicos de feijao
Carioca, justificando a realizacdo do presente estudo. Duraant®azenamento proteinas
maiores podem sofrer hidrolise enzimatica natural, formapdquenos poliptideos
(HOHLBERG; STANLEY, 1987), o que pode alterar as propriedddasionais dos
hidrolisados proteicos. Assim, espera-se observar diferefec@omposicdo nutricional e
fitoquimica entre gendtipos de feijdao Carioca armazenado mmases, especialmente
pelas caracteristicas distintas de estabilidade ao anarae@to, o que podera determinar
diferentes efeitos de seus hidrolisados proteicos sobmeadmes inflamatérios e

ateroscleroticos em células de macrofagos humanos.



1. OBJETIVOS

1.1.0Objetivo geral

Investigar o efeito do armazenamento de feijdes cariBcavulgaris L.) sobre sua
composicao nutricional e fitoquimicag propriedades anti-inflamatés e anti-
aterosclerotiasde seus hidrolisados proteicos em células de macrofag@nbam

1.2.0bjetivos especificos

= Comparar o efeito do armazenamento pelo periodo de seissobses composicao
centesimal, conteudo mineral e fitoquioscde feijbes comunstipo carioc®.(
vulgarisL.);

= Caracterizar as propriedades fisico-quimicas e perfil gieptidos hidrolisados
proteicos dos feijdes Cariocaobtidos por digestdo gastsbimal simuladan vitro;

= Avaliar as propriedades anti-inflamatorias dos hidrolisgol@éeicos dos feijdes
Carioca, armazenados por seis meses, sobre em macrafegasos (THPLE), com
inflamacao induzida por lipopolissacarideo (LPS);

= Avaliar as propriedades anti-ateroscleréticas dos hidrokspdateicos dos feijoes
Carioca, armazenados por seis meses, em macréfagendsiniTHP-1), com

aterosclerose induzida por LDL-oxidada



2. REFERENCIAL TEORICO

2.1.Feijao e alimentagdo humana

O feijao comum Phaseolus vulgaris.) € uma importante leguminosa para a nutricdo
humana. Trata-se de um dos mais antigos alimentos dgichish existéncia de feijdes
domeésticos data de 10000 anos antes de Cristo. Muitos hist@saatribuem a difuséo da
semente pelo mundo as guerras, uma vez que foi componewtanfental em muitas
batalhas. Atualmente, essa leguminosa é consumida edegracala no México, América
Central e do Sul e paises da Africa e Asia (CONAB, 2C¥8STRO GUERRERGet al,
2016) A composicéo quimica de feijbes é amplamente variavefuagdo do cultivar, da
estacdo de crescimento, da localizagdo geografica erdesesambiental. Alguns cultivares
podem apresentar de 15 a 30 % de proteina, 60 a 70 % de eadtntal, e 0,7 a 2% de
lipidios, em base seca (MARTIN& al, 2012 CASTRO GUERRERGCet al, 2016). Essa
leguminosa € a fonte importante de proteina, mineraisniviees e fibra alimentar para
muitas populacdes devidao baixo custo, podendo prover de 420 % da quantidade
recomendada dessesnutrientes para um individuo adulto (MNR@&t al, 2012).

O Brasil € o maior produtor e consumidor de feijdes do muNdcsafra de 2014/2015
estimou-se producao de 3,3 toneladas (CONAB, 2016), apenas 5,866 enfeafra anterior
(2011/2012) (CONAB, 2013). Respondemos por 20,4 % do consumo totaliamnun
(CONAB, 2013 2016), o que demonstra a preferéncia do brasileiro, sendo quswmmon
de lentilha e soja, por exemplo, responde por menos deld &nsumo de leguminosas
(POF, 2010). O consumo de feijao cozido no Brasil é de 183 g/dédia da populacdo
urbana é de 119 g/dia e da populacao rural de 208,1 g/dia (MAPA, 2013). Contudcsdém-
observado reducao no consumo de feijdo ao longo dosdaodo a melhora da situacéo
sécio-econdmica da populacdo que resultou em mudancas ré Einentar e maior
procura por alimentos que demandam menor tempo de prep&i, (2010 VELASQUEZ-
MELENDEZ et al, 2012).



O género Phaseolus inclui todas as espécies conhecidagade $endo &haseolus
vulgaris L., a variedade mais encontrada. Aproximadamente 40 angiivsdo consumidos
no Brasil, entre os quais os feijdes Carioca, Pretop RdWulatinho sdo os mais difundidos
(MESQUITA et al, 2006). A cultivar Carioca € a mais aceita pela populétasileira,
correspondendo a 52% da area cultivada de feijao (BRASIL, 2010)

O desenvolvimento de cultivares geneticamente melhorados (mé&dificados
geneticamente) tem sido realizado no Brasil pela EMBRAI®BmM aprovacdo da Comisséo
Técnica Nacional de Biosseguranca. Esses cultivareamasde mais de 10 anos de
pesquisas realizadas pela EMBRAPA Arroz e feijdo (Gojd»ia) e EMBRAPA Recursos
genéticos e biotecnologia (Brasilia, DF). Sdo econdm@mbientalmente vantajosos, pois
apresentam maior rendimento, maior produtividade, e meaocessidade de quimicos
prejudiciais ao ambiente (BRASIL, 2010). Tais modificagdedem melhorar a qualidade
nutricional das sementes,, possibilitando o desenvolvintentoiltivares ricos em vitaminas
e minerais essenciais ao metabolismo humano (BRASBIL0).

O desenvolvimento desses novos cultivares é favoravehusmentar a producdo e
gualidade dos gréos, que é aspecto importante para comecéializa satisfacdo do
consumidor. Para os produtores e consumidores o melha@genético € favoravel, pois
pode aumentar a qualidade das sementes ao longo do armemenanmeduzindo o

escurecimento e endurecimento.

2.2. Fitoquimicos presentes em feijoes

O feijdo contém substancias anteriormente denominattaggaantinutricionais, como:
acido fitico, lectinas, compostos fendlicos e tanirgaponinas, inibidores enzimaticos,
glicosideos cianogénicos e glucosinolatos. Esses fdtoaa assim denominados por sua
capacidade de reduzir a biodisponibilidade de certos nutrientgs]ipaado o crescimento
(SHAHIDI, 1997 MESSINA, 2014). No entanto, os efeitos a saude humana e ss@mal
dependentes da concentracdo e interacdo com outrosntegrie em algumas situagcoes

podem atuar favoravelmente na reducéo de risco de doetgass.
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Do ponto de vista antinutricional, a baixa digestibilidade pratéi um dos grandes
problemas nutricionais observados em feijdes comuns, é,@ume sua maior parte, atribuido
aos inibidores de tripsina, taninos, lectinas e aciitm f(REYES-MORENO; PAREDEZ-
LOPEZ, 1993)

Os inibidores de tripsina, além de reduzirem a razdo de nefigiéproteica
(HERNANDEZ-INFANTE et al, 1998), prejudicam o crescimento (HYMOWITZ, 1986
ANAYA et al, 2015). Os taninos podem contribuir também para a reduc@mekstdo
alimentar, da taxa de crescimento e da biodisponibilidade de UZMAN-
MALDONADO; ACOSTA-GALLEGOS; PAREDES-LOPEZ, 2000ARAMILLO et al,
2015 DELIMONT; HAUB; LINDSHIELD, 2017). Lectinas puras podem produzir
ulceracao e necrose intestinal em ratos (OLIVEIRA; VIDBGARBIERI, 1989) e vegetais
contendo lectinas estéo associadas a patogénese daleérnaas intestinais, como: doenca
inflamatoria intestinal, diabetes, artrite reumato@ doenca celiac&QONG et al, 2017).
Contudo, os procedimentos de coccdo podem inativar paecisgnmibidores de tripsina,
lectinas e taninos em feijpes comuns (HERNANDEZ-INFANT&E al, 1998
HAILESLASSIE; HENRY; TYLER, 2016) e aumentar a biodisponibilidaéenutrientes e
compostos bioativos (LOPEZ-MARTINE al, 2017)

Grande parte dos beneficios desses fitoquimicos saotdegaia a soja, principalmente
guanto a atividade inibitéria da carcinogénese atribuida i@lanés de tripsina, taninos e a
lectina (DE MEJiA et al, 2003 SAHIN, 2014). Os beneficios potenciais dos feijes a salde,
embora tenham sido ignal@s, sdo atualmente investigados. A seguir sdo detalhadas as

propriedades antinutricionais e funcionais de fitoquimpresentes em feijdes comuns.

2.2.1. Fitato

Os fitatos sdo compostos complexos naturalmente formdd@mte a maturacdo de
sementes e graos. O fitato € denominado como acido hexafosimio-inositol ou
1,2,3,4,5,6 hexaquis (diidrogénio fosfato) mio-inositol. Dtganestocagem, fermentacao,
germinacdo e digestdo de grédos e sementes, o acido pitide ser parcialmente
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desfosforilado para produzir compostos pentafosfato (I€tBfosfato (IP4), trifosfato (IP3)

e possivelmente inositol difosfato (IP2) e monofos{#®d), por acdo de fitases enddgenas
(BURBANO et al, 1995 SILVA; BRACARENSE, 2016). Contudo, somente as formas IP5
e IP6 apresentam efeito prejudicial na biodisponibilidade de asneomo: ferro, zinco e
calcio (HARLAND; NARULA, 1999 SILVA; BRACARENSE, 2016).

Em feijées comuns a concentracao de acido fitico podsr @& 0,1 a 2,7% (HARLAND;
NARULA, 1999 MESSINA, 2014), em funcdo do cultivar ou métodos de deteg@ina
(REYES-MORENO; PAREDEZ-LOPEZ, 1993). A presenca de fitato padear
relacionada, além da menor biodisponilidade de minera&xa fualidade de proteinas de
feijdes, devido a capacidade de ligacdo a esse macrorejtidéminuindo a protedlise, ou
por ligacdo direta a enzimas digestivas (proteoliticas ouoktiohs) (SATHE, 2002
PARMAR et al, 2017)

Dentre os efeitos benéficos, o fitato pode contribuia parmalizacdo dos niveis de
glicemia e lipidios séricos, aumento da capacidade antiieideeducdo de calculos renais
ereducao do risco de alguns tipos de cam@fONEKURA; SUZUKI, 2003 MESSINA,
2014) O inositol hexafosfato (IP6) esta presente em quase &xdeslulas de mamiferos,
ainda que em pequena quantidade, onde atua como regulador de futagdeelulares,
como transducao de sinal, proliferacéo e diferenciagifitac (VUCENIK; SHAMSUDDIN,
2006)

A reducado do risco de cancer é determinada pela atuacéotde fita controle do
crescimento e progressdo de tumores e metastases, tea@ a0 sistema imune e suas
propriedades antioxidantes, também contribuem para @@éstride células tumorais
(VUCENIK; SHAMSUDDIN, 2006 MESSINA, 2014). A reducéo da progressao de tumores
pode estar relacionada a supressado de vias de sinalizggatifexacdo celular, além da
supressao da ciclooxigenase-2 (COX-2) associada a inflantagéo,observado para acido
fitico de farelo de arroz (SAAD; ESA; ITHNIN, 2013Em sua revisdo Silva e Bracarense
(2016) destacam varios estudosvitro e in vivo (ratos, camundongos e humanos) que
explicitam os mecanismos anti-neoplasicos do IP6, bem saeacao protetora em diversas
condicdes patologicas, como doenga de Alzheimer’s, dislipidemia, doengas cardiovasculares,
diabetes, Ulceras, inflamacdo intestinal, dentre sutEspecificamente em humanos, a

ingestao de IP6 (6 g/dia, divididas em duas doses) preveniu citopeada de leucdcitos e
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plaquetas, além de melhorar a qualidade de vida e capacidadm&le pacientes em
tratamento quimioterapico para cancer de mama (n= 7) (@AC€lal, 2010). Curhare
colaboradores (2004) em estudo cohort com mulheres joven8gi245) observaram que a
ingestédo de fitato dietético pode ser uma nova e segura gborgara prevencao de célculos
renais, uma vez que houve forte associacdo inversa iagestdo de fitato e risco de
formacdo de calculos, possivelmente pelo efeito imibitdo fitato sobre a formagéo de
cristais de oxalato de calcio na urina.

2.2.2. Polifendis

A acdo adversa dos compostos fenodlicos se da pela fiones; complexos entre
polifendis e proteinas, 0 que contribui para a baixa dmjigide de leguminosas em
animais e humanos, por formar complexos insollveis, ndma proteina parcialmente
indisponivel, ou por meio da inibicdo de enzimas digestSBAIKIE, 2002). Os compostos
fendlicos podem também inibir a biodisponibilidade de certasemais como 0 zinco
(SHAHIDI, 1997) e ferro (TAKCet al, 2014 HART et al, 2015)

Esses compostos séo classificados como &cidos fesdlderivados taninos e
flavondides. Os feijdes comunBHaseolus vulgari.) apresentam importante composicao
de polifendis, cujos teores podem variar conforme o estadmatéria-primairf naturae
processado) e variedadieapela 1). A variedade Carioca pode ainda apresentar os seguintes
acidos fendlicos: caféico, p-cumarico, sinapico elif@(GARCIA et al, 1998 MOJICA
et al, 2015).



Tabela 1 -Concentracdes de compostos fendlicos em feijdes co(fmaseolus vulgaris
L.)

Classe Composto Conteudo*
(+)-Catequina 5,07
(-)-Epicatequina 0,14
(-)-Epigalocatequina 0,05
Procianidina dimer&1 1,22

Flavonois Procianidina dimer&2 0,12
Procianidina dimer&3 0,82
Campferol 3-O-glicosideo 30 (30,0; 54,5)
Campferol 3-O-xilosil-glicosideo 11,5 (0; 17,0)
Campferol 3-Oacetl- glicosideo 16,40

Isoflavonois Genistein 0,20

*Concentracdes expressas por média ou meédia (min; max)d@uksponivel) (mg/100 g
de feijoes crus).

Fonte:Phenol Explorer: Data base on poliphenol content in fo@@4.3)

Os taninos sao classificados em taninos hidrolisavemdensados. Os primeiros
séo facilmente hidrolisados em acucares, acidos carb@d@icompostos fendlicos simples.
Os taninos condensados sSd80 0S mais comuns e consisternatdguinas ou
leucoantocianidinas e residuos flavonodides que produzemntipinta antocianidinas na
degradacédo acida (CARMONe al, 1996). As antocianinas @R vulgais sao delfinidinas
3-glicosideo e 3,5-diglicosideo ou uma mistura de pelargon@gianidina 3-glicosideo e
3,5-diglicosideo (CHIARADIA; GOMES, 1997). Em feijdes os tasiséo fortes inibidores
da atividade de tripsina, quimotripsina e alfa-amilase (CARMOBA al, 1996
HAILESLASSIE; HENRY; TYLER, 2016) e pode afetar a biodisponilaitld de ferro
(DELIMONT; HAUB; LINDSHIELD, 2017)

O efeito sobre a biodisponibilidade de ferro de feijdes padepender do tipo de
composto fendlico. Por exemplo, em estudo com feijdes pRitaseolus vulgaris.), os

fendlicos catequina, &cido 3,4-diidroxibezoéico, campfeeolcampferol 3-glicosideo


http://www.phenol-explorer.eu/compounds/127
http://www.phenol-explorer.eu/compounds/150
http://www.phenol-explorer.eu/compounds/151
http://www.phenol-explorer.eu/compounds/152
http://www.phenol-explorer.eu/compounds/367
http://www.phenol-explorer.eu/compounds/368
http://www.phenol-explorer.eu/compounds/396

promoveram maior absorgéo de ferro em células CACO-2, etojaamicertina, micertina
3-glicosideo, quercetina e quercetina 3-glicosideo inibramsorcdo (HAREt al, 2015).

Osefeitos benéficos a salde tém superado as propriedadesraiinais de polifendis,
uma vez que taninos e outros polifendis (antocianiflags@noides) sdo considerados fatores
de protecdo contra radicais livres em doengas cameéncer ea aterosclerose
(CARBONARO, 2006). Foi observado também efeito anti-infltdrio de casca de feijao
comum, ao inibir as enzimas COX-1 e COX-2, de maneira depéndio conteido de
fenolicos e da atividade antioxidante, a qual pode ser afpildacultivar e solvente de
extracdo utilizadolAVE; AMELIE; PARTHIBA, 2010).

2.2.3. Peptideos bioativos

2.2.3.1.0btencéao de hidrolisados e peptideos bioativos dietéticos

Os peptideos bioativos de fontes alimentares séo peptidedgeata vegetal ou animal
gue apresentam efeitos regulatorios fisiologicos, alémontribuir para uma alimentagéo
adequada e equilibrada (HARTMANN; MEISEL, 2007). Os peptideos s@tuzidos a
partir de proteinas durante a digestdo gastrointestinaleféacdo de material alimentar ou
por hidrélise enzimatica (WANG; DE MEJIA, 2005)

Esses peptideos estdo encriptados na estrutura primgmatdamas animais e vegetais,
e podem ser liberados por protediseitro, in vivg ou combinacdo de ambos. A liberacao
in vivo envolve a digestdo gastrointestinal com enzimas como pepsipaina,
guimiotripsina e peptidases da borda em escova intestiteh@m enzimas derivadas da
microbiota intestinal. A producdo de peptidgnsvitro inclui hidrolise enzimatica de
proteinas alimentares por enzimas enddgenas presentedrizaatiraentar, e protedlise
durante o processamento ou amadurecimento do alimento, podanag@o de enzimas de

culturas iniciadoras ou por enzimas isoladas de microorgasigroteoliticos (por exemplo:

10



Lactobacillus helveticysLactobacillus delbrueckii subsp. bulgaricasd L. delbrueckii
subsp. Lactis(ESPECHE TURBAYet al, 2012)

Para avaliar peptideos naturalmente produzidos durante a&diggastrointestinal
empregam-se digestdiasvitro, utilizando proteinases como pepsina, tripsina, quimiot@psi
e pancreatina. Utiliza-se também hidrélise enzimatiabzedla com enzimas microbiais ou
de plantas, como alcalase, flavorenzima, papaina e bnamdéligerminacdo de sementes
também pode ser utilizada eficientemente como um protédolitico natural, por meio da
geracdo de enzimas intrinsecas (BAMDADal, 2009).

Geralmente a obtencdo de hidrolisados ou peptideos biogtivomeio de hidrélise
enzimatica ou digestdo gastrointestinal simulada compreergisegaintes etapas: extracao
de proteinas, determinacdo do grau de hidrolise, filtragpmracao e identificacdo dos
peptideos. A extracdo ou isolamento de proteinas é opommaldepender do objetivo da
geracdo de peptideos. Nos casos em que a digestdo ¢estirahsimulada for realizada
para simular o processo digestivo humano, a realizacdmddaise enzimatica da matriz
alimentar completa sera mais realista, e a extragids@eamento) de proteinas ndo sera
necessaria.

O isolamento de proteinas sera aplicavel nos casos erseqpeetende aumentar a
concentracao de peptideos ou outras situacdes a dependestto alg estudo ou aplicacao
dos hidrolisados ou peptideos obtidos. A determinacdo do grehidddise, embora
opcional, € uma importante ferramenta para predizer o@atéioativo dos hidrolisados ou
peptideos, uma vez que peptideos menores possuem maior gldieiégico, devido a
maior biodisponibilidade e capacidade de interacdo com meatbcefulares.

Posteriormente a producado do hidrolisado proteico realizafifeacdo e separacdo de
peptideos que pode ser realizada por diafiltracdo, cromf#opoa exclusdo de tamanho,
eletroforese bidimensional, cromatografia de altaiéfaa e eletroforese de capilaridade.
Prossegue-se, entdo, com a identificacao estruturgdegit&leos por meio de ESI/MS/MS,
MALDI-TOF-MS ou TANDEM MS (SAAVEDRA et al, 2013)

Em posse da sequéncia peptidica pode-se utilizar ferranvinitiass para caracterizar
0s peptideos quanto as suas propriedades fisico-quimicas (tamafdwular, estrutura
guimica, carga liquida e ponto isoelétrico; PepDraw®), bemocseu potencial bioativo
(BIOPEP®) e proteinas parentais (BLAST®). Na base de dados@BEHP® pode-se
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investigar a bioatividade da sequencia peptidica desde que essegetpnda sido validada
previamente em estudos celulares, experimentais ouodinitssa ferramenta fornece o
potencial bioativo (antioxidante, anti-hipertensivo, amtimbdtico, anti-diabético), a dupla
ou tripla sequencia responsavel pela bioatividade refegidaferéncia literaria em que o
potencial foi comprovado. A validacdo do potencial bioldgequer a sintese de estruturas
anadlogas a sequéncia identificada (de interesse), @agi@in vitro ou in vivo da
bioatividade. A sintese de peptideos é realizada por erspespacificas, e muitas vezes
pode ser de alto custo.

A avaliacédo da hidropaticidade permite predizer o potenciatei@cdo com membranas
celulares e pode ser mensurada diretamente (cromatadgadfiteracdo hidrofébica) (DIA,
BRINGE; GONZALEZ DE MEJIA, 2014) ou estimada virtualmenteof{Param Expansy®)
(PROTPARAM, 2015).

O estudan silico, € uma abordagem interessante a ser utilizada previaa@nestudos
de potencial biolégico em modelos celulares e hum&sse tipo de estudo consiste em uma
técnica ou simulacdo computacional que coloca uma pequdaautac(ligante) no sitio de
ligacdo de seu alvo macromolecular (receptor) e cal@ua afinidade de ligacdo (YURIEV;
AGOSTINO; RAMSLAND, 2011), permitindo avaliar a forca de iatgo de sequencias
peptidica com alvos moleculares, diminuindo o nimero destelt bioatividade. O estudo
in silicoé também chamado de engenharia reversa do gereraess€ genome engineerjng
considerado uma rapida, econémica e efetiva estratégia jpiscoberta de novos peptideos
bioativos (SAAVEDRAet al, 2013)

Pode-se, ainda, avaliar diretamente a atividade antioxidiantedrolisado ou fracdes
peptidicas por meio de testes como ABTS (2,2-azin@b&thyl-benzothiazoline-6-sulfonic
acid), DPPH @,2-diphenyl-1-picrylhnydrazyle ORAC bxygen radical absorption capacjty
(LUNA-VITAL et al, 2015)

Os resultados de geracdo de peptideos e bioatividade vars@nemte conforme as
condicbes de extracdo de proteinas, pré-tratamento e esgaddi das enzimas, dentre
outros fatores. A enzima alcalase € uma endoproteaspmgeenta alta probabilidade para
gerar peptideos, a qual resulta em elevado grau de hidib@seRUCO-UCCQet al, 2009).

A digestdo gastrointestinal simulada € um modelo de digésistante utilizado para

obtencdo de peptideos bioativos a partir de feijdes corlesse processo utiliza-se as
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enzimas pepsina e pancreatina, as quais representam an@géobde varias enzimas
gastricas, resultando em uma ampla especificidade pardnpsotg UNA-VITAL et al,
2015)

Similarmente a digestao gastrointestinal, a combinacaoatdeages tem sido utilizada
para proteinas derivadas de feijdo comum, resultando em gnaiorde hidrélise quando
comparado ao uso de uma unica enzima (BETANCUR-ANCONA et al.,2014%0 de
proteases com ampla especificidade enzimatica resultaraador liberacdo de peptideos
pequenos, aumentando o namero de residuos aminoacidos iemaisdidrolisados que
podem ser clivadas por exoproteases.

O uso de diferentes variedades de feijdo comum influencia pgl@es gerados. A
faseolina, principal proteina de reserva de feijao comwitagente variavel a protedlise d
diferentes cultivares (MONTOYAt al, 2008) Por exemplo, sobas mesmas condicdes de
hidrélise usando subsequentemente pepsina/tripsina/alfa-quimiwdripsve variedades de
feijdo comum apresentaram diferencas no grau de hid(&lldeet al, 2012)

Outra condicdo que pode resultar em diferencas nos peptidemos € o tratamento
térmico, uma vez que o0 aquecimento causa desnaturacao pantiahtando a exposicao de
residuos hidrofobicos de proteinas globulares, como a ilEEdMONTOYA et al, 2008)

e aumenta a sucetibilidade a hidrolise.

Segundo Luna-Vital e colaboradores (2015), a combinacdo de asnziempo de
hidrélise e pré-tratamento térmico, dentre outras ¢dedi devem ser consideradas para
melhorar o processo de hidrdlise, reduzindo os custos op&&c® otimizando o tempo
para obtencdo de elevado grau de hidrolise, que ira resuftaglevada quantidade de

peptideos biologicamente eficientes.

2.2.3.2.Bioatividade de hidrolisados proteicos e peptideos dietéticos

Os peptideos bioativos apresentam, dentre outras, as tesguymmopriedades:
antimicrobianas, anti-hipertensivas, hipocolesterolémmatstrombaéticas e antioxidantes,

aumento da absorcao/biodisponibilidade de minerais, efeithswc imunomoduladores e
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atividades opiédes. Determinados peptideos sdo multifunsienaddem exercer mais de
um desses efeitos (HARTMANN; MEISEL, 2007)

Dentre as leguminosas, observa-se na literatura @antifn grande niamero de estudos
sobre peptideos bioativos da soja, os quais podem contpidwara reducdo do risco de
doencas cronicas (WANG; DE MEJIA, 2005). Para feijoes cor(Rimsseolus vulgaris.),
os estudos disponiveis sugerem atuacdo de peptideos no adatsaleiedade (SUFIAKt
al., 2007), acdo antifungica (YE; NG, 2Q0YONG; NG, 2005), anti-HIV (YE; NG, 2001
WONG; NG, 2005), anticancerigena (WONG; NG, 2005), anti-hipgisten(RUI et al,
2013) e anti-inflamatéria (OSEGUERA-TOLED#D al, 2011)

Foi demonstrado efeito de peptideos de feijao (cultivar ®pBeans- Dolichos lablab)
sobre a maior liberacdo de colecistoquinina por célulasceenddocrinas (SUFIANL al,
2007), o que sugere influéncia no controle da saciedade. Pepl@easiedade Pintd>(
vulgaris) resultaram em potente atividade antifingica e inibdg@transcriptase reversa do
HIV (YE; NG, 2001). Peptideos de feijdes branddsvilgaris), além do efeito anti-HIV e
antifingico, promoveram inibicdo da proliferacdo delaé de leucemia e cancer de mama
(WONG; NG, 2005). Proteinas de feijao vermelRovilgaris sado sugeridas como boa fonte
de peptideos inibidores da enzima conversora de angioten€ig & portanto, poda
apresentar acao anti-hipertensiva (Rtal, 2013)

Com relacdo ao efeito anti-inflamatoério, Oseguera-Toledocolaboradores (2011)
sugeriram que feijées parcialmente hidrolisados podem foroesgrostos Uteis no combate
a oxidacdo e inflamacdo associadas a doencas croniva de elevada capacidade
antioxidante dos hidrolisados, os quais inibiram a expreded@OX-2 e producédo de
prostanglandina E2 em macrofagos previamente estimuladobpopolissacarideos (LP.S)
Nesse estudo foram utilizados feijdes da espgéleaseolus vulgarik., das variedades Pinto
Durango e Negro. De acordo com os autores pelas caracasristiamanho dos peptideos
eles poderiam ser facilmente absorvidos

Os estudos anteriormente citados sdo provenientes desansétoo e poucos estudos
avaliam o efeito de hidrolisados proteicos de feijao colinwivo. A maioria avalia fracdes
peptidicas ou peptideos bioativos especificos, e ndo o kattolicompleto. Para
hidrolisados proteicos da variedade Carioca ndo ha estudee publicados até o momento.

Em ratos espontaneamente hipertensos foi comprovado ito ef&i-hipertensivo de
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hidrolisados proteicos de feijdo da Chivégfa radiate 600 mg/kg de peso corporal por via
oral) (LI et al, 2005) e de fracdes peptidicas de feijao Azufrado Higirkraseolus vulgaris
L.; 4 mg/kg de peso corporal, via intraperitoneARIZA-ORTEGA et al, 2014). O uso de
derivados isolados de feij@haseolus vulgarisontendo o inibidor de alfa-amilase 1 e/ou
fitohemaglutinina tém demonstrado efeitos positivos salimducéo da perda de peso, maior
controle glicémico, reducédo do apetite geral e para aloagraiataveis (CARAét al, 2009)

O BeanBlock® (Indena SpA, Milan, Italy), patenteado comasupressor natural do apetite,
derivado de feijao vermelhokifiney bean Phaseolus vulgar)s promoveu reducéo da
ingestéo alimentar e maior controle glicEmicos em ani(@ARAI et al, 2011 LOI et al,
2013). Em homens com sobrepeso (1 capsula de 50 mg, duas vdigepao 12 semanas)

o produto promoveu significativa perda de peso, reducéo do perimetnbuta e do estresse
oxidativo, e maior controle da saciedade (LUZAlal, 2014) Resultados semelhantes
guanto a perda de peso eontrole glicémico foram observados para outro produto derivado
de feijjado comum brancokifiney bean Phaseolus vulgar)s denominadoPhase 2
(BARRETT; UDANI, 2011)

A atividade antioxidante de peptideos € favorecida pela pasg® aminoacidos
hidrofébicos (GUO; YONEKURA, 2009), tamanho molecular (infeaot kDa) (LUNA-
VITAL et al, 2015), maior grau de hidrolise e sinergismo entre peptideos
(VANDENBORRE; SMAGGHE; VAN DAMME, 2011) A atividade antioxidante para
hidrolisados completos € maior que para fracoes prot€&idsRRASCO-CASTILLAet al,
2012), provavelmente devido ao sinergismo entre peptideos es@npa de compostos
fendlicos associados principalmentesaminoacidos aromaticos e basicos (SARMADI;
ISMAIL, 2010), os quais também contribuem para as propriedaueinflamatoérias e anti-
ateroscleroticas (GARCIA-LAFUENTEt al, 2009)
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2.3.Efeito do armazenamento sobre a qualidade de feijoes

Considerando que a variedade de feijao mais utilizada pela papuleasileira é o feijao
carioca, responsavel por 70 % do consumo total de fad@staca-se a importancia de
modificacdes genéticas destinadas a melhora de sua qualidade

Um dos principais problemas relacionados a producao do fégéioca € o seu rapido
escurecimento. Isso é economicamente desfavoravel paagriosltores, pois impede o
armazenamento por longos periodos, uma vez que reduz dagealios grdos. Nesse
sentido, novos cultivares de feijdes carioca foram&@esendo desenvolvidos para adiar o
escurecimento (FARIA&t al, 2004) eou para reduzir o endurecimento ao longo do tempo,
gque € outra caracteristica economicamente importantelXEIRA; SIQUEIRA;
BASSINELLO, 2011).

A aceitacdo e a comercializacdo de um novo cultiveemtgem das exigéncias dos
consumidores, para 0s quais interessam aspectos comohtanforma, tempo de coccéo e
coloracdo (BASSINELLGCet al, 2003). O escurecimento é considerado pelos consumidores
como uma caracteristica de envelhecimento e endurecin@mitudo, nem todos os feijoes
velhos sédo endurecidos @i escuros, principalmente porque as qualidades tecnologicas e
nutricionais sdo determinadas pelo gendétipo e influéncias mazanamento durante o
crescimento da planta e desenvolvimento dos grdos (TEIXEIRBKQUEIRA,
BASSINELLO, 2011)

Elevadas temperaturas e umidade relativa em presencaelexigénio prejudicam
a absorcdo de agua e modificar o contetdo fendlico (RIOREAB CORREA, 2003)
Temperaturas superiores a 25 °C e umidade relativa maioB5§aepodem favorecer o
escurecimento e contribuir para o fendmeno ‘“hard-to-cook” (HTC) (JUNK-KNIEVEL;
VANDENBERG; BETT, 2007). Esse fendbmeno € caracterizado pleitadextural que
resulta em necessidade de maior tempo de coccdo pamcé@btde textura adequada,
aumentando os gastos de energia para coccéo e as perdamaigr(BRESSANI, 1983).

O tempo de armazenamento € importante para preservar @gadealios graos, uma vez
que o envelhecimento de feijbes pode aumentar o escurecimentiurecamento por
defeitos de hidratacdo (RIOS; ABREU; CORREA, 2003), por perdiaiesf (HINCKS;
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STANLEY, 1986 NASAR-ABBAS et al, 2008), e mudang¢as no metabolismo de compostos
fendlicos que resultam em lignificagdo (HINCKS; STANLEY, 198ASAR-ABBAS et
al., 2008)

A reducdo da capacidade de absorcdo de &gua e digestibilidadmulteees é
intensificada pelo tempo de armazenamento, ao passo queqoock aumento do conteldo
de compostos fendlicos (RIOS; ABREU; CORREA, 2003). Apos lopgdodo de
armazenamento (cinco anos) Martin-Cabrejaal. (1997) observaram reducdo do contetdo
de fendlicos totais, de taninos e de acido fitico, enqugurtoo contetdo de proteinas foi
ligeiramente aumentado, sugerindo alteracdes fisioloégicagqlieitas. Em curto periodo
de armazenamento (seis meses), Rios, Abreu e C&@82)(observaram aumento do
contetdo de fendlicos e escurecimento. Segundo os autoredaapejualidade de feijoes
ao longo do tempo de armazenamento manifesta-se pelo awtoegreu de dureza do grao,
maior tempo de cocgéo, mudanca do sabor e da colorag@s;(RBREU; CORREA, 2002)

A variacdo nas concentracdes de taninos pode serid#&riadatores como tamanho dos
graos, coloracéo natural do gréo, condicbes de manuseiatddahe metodologia utilizada
na determinacdo. A presenca de antocianinas € outro faerferente, pois sdo mais
propensas a oxidagcado que taninos condensados poliméricos, skglerdaaet al. (1989)
citado por Rios, Abreu e Corréa (2002)

Outras alteracdes nutricionais durante armazenamento pro@oingduem reducéo de
lipidios (CHIARADIA; GOMES, 1987) e alteracdes proteicaddo caso de proteinas os
resultados sao controversos, com estudos mostrando taurdenconteudo proteico
(MARTIN-CABREJAS et al, 1997 RIOS; ABREU; CORREA, 2003), reducdo, ou
nenhuma alteracdo (DONADEL; PRUDENCIO-FERREIRA, 1999). Aléssa proteinas
maiores podem sofrer hidrolise enzimatica natural origingmelguenos polipeptideos
durante o armazenamento (HOHLBERG; STANLEY, 1987), o que pddearalsuas
propriedades funcionais.

Com realacédo ao aspecto tecnoldgico, em estudo que avimlgmutipos de feijao
Carioca (BRS Requinte, BRS Pontal, Pérola, CNFC 10467 e BR&epérola), foi
observado variacdo na coloracéo entre os genétipoge softeram escurecimento durante
o0 armazenamento (180 dias). As variacGes de cor foramvaldlas também no inicio do

armazenamento, indicando que a variabilidade de cor € ipiwkEnpelas caracteristicas
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genéticas (TEIXEIRA; SIQUEIRA; BASSINELLO, 2011). Contuddgums cultivares
podem apresentar niveis menores de escurecimento, o qasssti@do a presenca de um
gene responsavel pela producéo de proantocianidina (BASSEY6)

Dentre os genotipos analisados por Teixeira, Siqueira einBHgs(2011) o BRS
Madrepérola se destacou pelo maior valor de luminosidiedegloracéo amarela e de indice
de amarelamento, ou seja, houve menor escurecimento, enQUBRS Pontal apresentou
resultados inferiores. O endurecimento foi avaliado pefpoede cocgéo, que nado diferiu
no tempo inicial de armazenamento.

Os genotipos Pérola, CNFC 10467 e BRS Madrepérola apresentaranestabilidade
até os 180 dias de armazenamento e menores tempos de décg@ogenotipos BRS
Requinte e BRS Pontal mostraram-se estaveis até aa9fedarmazenamento. Porém, apos
esse periodo o tempo de coccdo foi bruscamente elevadaan@o os dados de
escurecimento e endurecimento, 0s genotipos Madrepérola e ONFBZ foram os que
menos escureceram e que mantiveram o menor tempo deceoguanto o BRS Pontal
apresentou maior escurecimento e endurecimento ao lengomdzenamento. Observa-se,
portanto, uma tendéncia de escurecimento e endurecimento daramteazenamento.
Contudo, esses dois eventos ocorrem em intensidadesrdés, dependendo do gendtipo
(TEIXEIRA; SIQUEIRA; BASSINELLO, 2011).

2.4. Processo inflamatério e aterosclerose

A inflamacédo aguda é uma rapida resposta a infec¢cdeshiicas ou injurias teciduais,
gue envolve o recrutament@ativacao de neutrofilos. Se a inflamacao aguda é resodvida,
tecido normal é restaurado ou forma-se uma cicatrigaigat conjuntivo. Se o estimulo nédo
€ adequadamente eliminado, o processo inflamatério persatelle (POBER; SESSA,
2007).

O processo inflamatorio participa em varias doencas crfmioaso diabetes, cancer e
doenca cardiovascular (OBERYSZYN, 2007). Este processo poaeesnisurado por meio

da avaliacao de diversos marcadores como interleuéaasnuclear kapa B\[F-«xB), fator
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de necrose tumoral-alfa (TNF-alfa), cicloxigenases (GOXxido nitrico (NO),
prostaglandinas (PG), dentre outros.NB-kB induz a transcricdo de mediadores pré-
inflamatorios, como a 6xido nitrico-sintase induzivedi(icible nitric oxide synthaséNOS),
cicloxigenase 2 (COX-2), TNF-alfa e interleucinas (IL) (OSERA-TOLEDO et al,
2011).

Os macrofagos tém papel chave no processo inflamatorioegposta a um estimulo
infeccioso os mondcitos circulantes migram para o cdimpento extra-vascular e se
diferenciam em macréfagos nos tecidos. Mediante difergic essas células perdem a
capacidade de replicacéo e suas propriedades antibacteéiamaarcadamente aumentadas,
permitindo que participem ativamente da resposta inflaraat©rprocesso de diferenciacéo
€ complexo e controlado pela expressdo ou ativacdo des Viatores de transcricéo
(TAKASHIBA et al, 1999)

Os lipopolissacarideos (LPS), derivados de bactérias grgativees sdo considerados
um dos mais potentes ativadores da resposta secretdniaaiéfagos. O fator de necrose
tumoral alfa (TNFe) é o principal mediador inflamatorio secretado por macréfagos quando
estimulados por LP# vitro ein vivo. Esse fator ndo € secretado de reservas intraeslular
mas sintetizado de novo em resposta a um estimulocefgtie age via fatores nucleares,
sendo oNF-kB um regulador potencial da transcricdo do gene de TINB-NF-xB, um
heterodimero de proteinas p65 e p 50 da familia Rel, é umditvanscricdo induzivel,
presente no citoplasma de muitas células eucariotas. Meagtimulos, incluindo LPS,
induzem a fosforilacdo do IkB (proteina regulatoria que inilbd#aB), com subsequente
liberacao e ativacdo desse fator nuclear. Apos a atiede@dranslocado do citoplasma para
0 nucleo, onde se liga a sitios especificos na regidamgbooa do TNF-a ativando a
transcricdo de seu gene (TAKASHIBA al, 1999)

A proliferacdo de macréfagos na intima arterial e sagrpssao para células espumosas
carregadas de lipidios induz a liberacdo crbnica de mgltgilacinas pro-inflamatoérias e
fatores de crescimento como MCP-1, IL-1, IL-3, IL-6,8L1L-18 e TNF-a (CAM; DE
MEJIA, 2012). Durante o processo, grande quantidade de éxidm rtpmstaglandina E2
(PGE2) sao gerados pelas enzimas iINOS e COX-2, respectivaldi{@S € expressa em

resposta ao interferon-(IFN-y), LPS e varias citocinas pro-inflamatérias (CHAVEZ;
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APAN; MARTINEZ-VAZQUEZ, 2005). A COX-2 converte &cido araquidémi a
prostaglandina (WILLIAMS; MANN; DUBOIS, 1999)

Esse processo inflamatorio crénico € a base fisiologicGatasclerose. A inflamacgéo
cronica induz a agregacdo de macréfagos queesspr integrinas aVP3 nas lesdes
ateroscleroticas, e esse receptor induz a liberacdo ttasnas inflamatérias citadas
anteriormente. Existem evidéncias de que peptideos dadsojsapazes de interagir com
integrinas aVP3, inibindo a inflamagdo mediada pelo receptor aVP3 e as vias NFkB
mediadas por Akt (ou proteina quinase B) (CAM; SIVAGURU; GONEZALDE MEJIA,
2013)

A LDL-oxidada (LDL-0x) apresenta um importante papel no procatssosclerético. A
interagdo entre LDL-ox e seu principal receptor (LOX{&ctin-like oxidized low-density
lipoprotein receptor ), conduz a expressao de moléculas de adesdo, como groplex
ICAM (intracellular adhesion moleculeresponsavel pela adeséo de mondcitos no endotélio
(LIBBY; DICARLI; WEISSLEDER, 2010). Em seguida, a MCP-fingnocyte chemo-
attractant protein-] promove a migracao dos mondcitos do endotélio para@inOUNN
et al, 2008). A interacdo entre LDL-ox e LOX-1 também reseitaaumento de espécies
reativas de oxigénio (EROS) e da atividade de metaloproteidaseatriz (MMPs matrix
metalloproteinasgs(SZMITKO et al, 2003) O aumento de EROS inativa a 6xido nitrico
sintetase endotelial (eNOSndothelium nitric oxide syntethdse a expressao aumentada
de MMPs esta relacionada a algumas doencas cronidasmadacinflamacao e aterosclerose
(VERMA; HANSCH, 2007)

Essas alteracdes podem contribuir para a desestahllizac@uptura de placas
ateroscleroticas, levando a formacdo de trombos (SKRITet al, 2003) Peptideos
dietéticos com sequencias bioativas podem apresentarcipbtanti-inflamatorio, anti-
ateroscleroético e anti-trombdético, atuando na reducdoptasgséo de proteinas relacionadas
a processos inflamatérios, como interleucinas (IL), MCHRNF-alfa, e do recepetor LOX-
1 (MONTOYA-RODRIGUEZet al, 2014)

Considerando o papel de compostos bioativos alimentareslngéio de fatores de risco
associados a DCVs, torna-se relevante elucidar ae®fbre o estado inflamatorio @ d

aterosclerose, caracterizando os efetores envohd@dosianeira a esclarecer sobre os alvos
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moleculares e 0s mecanismos pelos quais peptideos b#oatvdeijdo podem atuar na

reducao do risco de DCVs.

3. METODOLOGIA GERAL

O estudo foi realizado nos laboratérios de NutricAo Expatiah e de Analise de
Alimentos do Departamento de Nutricdo e Saude (DNS), e tambdabooatorio de
Espectrofotometria de Absorcdo Atdmica do Departamento de, Sodogencentes a
Universidade Federal de Vigcosa (UFVVigcosa, Minas Gerais). Parte das analises foi
concluida no doutorado Sanduiche (CAPES-PDSE) na Universidaténadis Urbana-
Champaing (UIUC), EUA, em laboratorios coordenados pela Rare$esquisadora Dra.

Elvira Gonzalez de Mejia.

3.1.Delineamento experimental

O efeito do tempo de armazenamento sobre a compaaigé@conal, propriedades anti-
inflamatérias e anti-ateroscleréticas de dois genétgmfeijdo comumRhaseolus vulgaris
L.) da variedade Carioca, denominados BRS Pontal (PO)S¥BRViadrepérola (MP)foi
avaliado por meio de delineamento inteiramente casualizad?),(B¢m repeticdcApos a
colheita, os feijdes PO e MP foram armazenados pae@&dneses, a temperatura ambiente
(aproximadamente 25 °C). No tempo zero e apos trés eneses de armazenamento 0S
feijdes foram cozidos em calor umido sob presséo e mp@a obtencdo da farinha integral,
a qual foi armazenada a -18°C até posteriores analiserdposicdo centesimal e
fitoquimica, obtencdo e caracterizacdo dos hidrolisadosiqoste avaliacdo do potencial

anti-inflamatério e anti-aterosclerético dos hidralisa proteicos em macréfagos humanos.
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3.2.Matéria-prima

3.2.1. Amostras

Os gendtipos de feijdo comuihaseolus vulgarid.) da variedade Carioca cedidos pela
EMBRAPA, BRS Pontal e BRS Madrepérola, sdo contréestapara escurecimento e
endurecimento. Os dois cultivares foram seletivamentearsdos pela EMBRAPA arroz e
feijdo. Programa de melhoramento genético (Santo Antin@®oias, Brasil) por cruzamento
entre 2 linhagens (BRSMG Madreperdla: AN 512666-0 e AN 730031; BRS [:Ponta
BZ3836//FEB 166/NA910523) (DEL PELOSE@ al, 2004 CARNEIRO et al, 2012). As
melhores linhagens foram selecionadas apds seis geragdedase no potencial de
produtividade e resisténcas doencas. Além disso, os aspectos grdos também foram
considerados para o BRSMG Madreperola, resultando em uinacelbm escureciment®
endurecimento tardios ao longo do armazenamento. As semerdes multiplicadas no
mesmo campa@ sob a mesma administracdo de colheita adotando deseefanm@nte
casualizado com trés repeticoes.

Apoés a colheita, os feijdes foram enviados ao DepartanwmtNutricdo e Saude da
Universidade Federal de Vicosa, onde foram armazenadosemperatura ambiente
(aproximadamente 25 °C), sem controle de umidade, por wé e seis meses, em
embalagens de polipropilenacradas a vacuo. Os procedimentos de armazenamento foram

assim determinados de maneira a reproduzir o método de aan@ago comercial

3.2.2. Coccao e Processamento

Os feijdes foram processados para obtencao da fariniggaihttds mesmos de acordo
com procedimentos propostos por Dias e colaboradores (20Ihial foi utilizada para

andlise da composigcéo quimica e fitoquimica, e engaiigo. Resumidamente, os feijdes
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foram pesados ap0s catacédo, lavados e submetidos a coccadop imido sob presséo na
proporcédo de 1:2 (p/v) até atingir consisténcia macia, prppreaconsumo, € com minimo
teor de agua de coccao residual. Foram pesados juntamente &gua de coccao e secos
em estufa com circulacdo de ar (modelo MA 035, Marconifaciaba, S&o Paulo, Brasil)
por 8 horas a 60°C. Os feijdes secos foram processadosiahor{idA 090 CFT) a 2000
rpm, provido de peneira (600 pm, 30 mesh). A farinha intedptéda foi acondicionada em
embalagens a vacuo, rotulada, e armazenada a -18 °@nhatéento das analises.

3.3.Analise da composicao quimica e fitoquimica

3.3.1. Composicao quimica centesimal

A composicdo centesimal foi avaliada utilizando os procedios analiticos
preconizados pela Association of Official Analytical Chdmis AOAC (2002), nos
laboratorios de Analise de Alimentos e Nutricdo Experimenta§DIRV). Resumidamente,
a umidade foi determinada por secagem em estufa a 105 °@raponetria utilizando 10
gramas de farinha integral de feijao. Para a determirdgéonteudo de cinzas, 2,5 g foram
submetidas a calcinacdo em mufla. O método micro Kjeldahlufilizado para a
determinacdo do conteudo protéico por meio da quantificdgadtrogénio total (fator de
conversao igual a 5,75) (BRASIL, 2001). Para essa anatamfpesados em papel manteiga
50 mg de cada amostra. Dez gramas de cada amostra foraadosilara determinacéo do
contetdo de lipidios por extracdo em aparelho SoxHhiétando-se éter de etilico como
extrator, por 8 horas sob-refluxo. O conteldo de carboidfatasalculado por meio da
diferenca entre o total da amostra e os conteudos de pmtdipidios, fibra alimentar,
umidade e cinzas. O valor energético foi determinado utdizas fatores de conversao 4, 4
e 9 kcal/lg de alimento para carboidratos, proteinas e lipidispectivamente (FRARY;
JOHNSON, 2005).
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3.3.1.1.Fibra alimentar

O conteudo de fibra alimentar total, fracdo soltvel elirngd foram determinados por
meio do método enzimatico gravimétrico (AOAC. 2011), no ltdoio de Nutricdo
Experimental (DNS/UFV). Para hidrolise enzimética foramilizadas a-amilase
termoresistente, protease e amiloglicosidasea( dietary fiber assay kiSigma®). Para a
filtracdo foram utilizados cadinhos de vidro com placa deowihtetizado com porosidade
nimero 2 (ASTM 40-60mesh) e celite como auxiliar de fillwa@ teor de fibra alimentar

total foi obtido por meio da soma entre as fragOes sodiwvesolavel.

3.3.1.2. Amido resistente

O conteudo de amido resistente foi determinado por kit ehizonda Megazyme®,
segundo os procedimentos analiticos 32-40.01 da AOAC (2002méstras (0,1 g) foram
inculadas com a-amilase pancreatica e amiloglicosidase no banho metal{®arconi®,
modelo MA 093, Piracicaba, Brasil) a 37°C, durante 16 hemsagitacdo (200 rpm/min)
para a digestdo do amido ndo resistente. A inativacdoedzisnas e extracdo dos
componentes diferentes do amido resistente (exempldoaifoii realizada com etanol 50%
e 99%. O amido resistente das amostras foi dissolvidokKiOkh 2 M, neutralizado com
acetato de sédio (pH 3,8) e hidrolisado com amiloglicosidas®-@laose resultante foi
mensurada com o reagente de Glucose Determination (GOPOD) pama l&m
espectrofotdmetro (Thermo Scientific®, Evolution 60S, EUBL& nm. O branco e o padréao
foram preparados utilizando-se agua e glicose, respectivan@malculo do contetdo de

amido resistente foi realizado na planilha disponiveheyw.megazyme.com

3.3.2. Conteudo mineral
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Para andlise do contetado de minerais (ferro, célcio, zimtwe, manganés, magnésio,
sédio, potassio e fésforo), foram utilizados os procediiosedescritos por Gomes e Oliveira
(2011). Foi pesado 1 g de amostra em triplicada em tubo de digestiicionados 10 mL de
acido nitrico concentrado. Posteriormente, as anm&iram aquecidas em bloco digestor
com exaustdo, com temperatura inicial de 80 °C e aumengrepsivo até 160 °C,
temperatura a qual as amostras foram submetidas durardeas@teé a formacao de solucao
limpida. Os tubos foram resfriados em temperatura amb@rentetdo foi transferido para
baldo volumétrico de 50 mL, o tubo lavado com agua deionizadéaslo em vortex, para
evitar perdas, e seu contetdo vertido no baldo volumétidcque completar o volume. Essa
solucdo foi utilizada para leitura do conteddo dos mineeais equipamento de
espectrofotometria de emissao de plasma (Perkin Ell@gtima 3300 DV, Norwalk, USA),
no laboratério de Espectrofotometria de Absorcao Atdmica (Depanto de Solos/UFV).
Todas as vidrarias utilizadas foram previamente desminatatizam solucdo de acido

nitrico 10 % durante 12 h e secas em estufa de circul&can

3.3.3. Acido fitico

O teor de fitato foi determinado por cromatografia de tra@mica e
espectrofotometria, segundo método de Latta e Eskin (1980)meaiificacbes propostas
por Ellis e Morris (1986). Para a extracéo dos fitgtespu-se 0,1 g de RH e adicionou-se 5
mL de HCI 2,4%. Prosseguiu-se com agitacdo horizomtegggtador rotativo, por 12 horas
a 250 rpm. Centrifugou-se o extrato a 3000 rpm por 15 minutos.rénsalante foi filtrado
a vacuo em funil de bichnner e purificado utilizando coluna @t tibnica, com fase
estaciondria constituida por resina Dowex- AGX-4. A caltmi pré-condicionada com
NaCl 2 M e o extrato obtido das etapas anteriores fmaul cuidadosamente a mesma. Os
fosforos inorgéanicos foram eluidos com NaCl 0,05 M, segtddeluicdo dos fitatos retidos
com NaCl 2 M. O fitato foi determinado colorimetricamermtan base na coloracao rosea
do reagente de Wade, formada a partir da reacao entréorioo e o acido sulfossalicilico,
gue apresenta absorbancia maxima a 500 nm. Na presencaode fiesro é sequestrado e
indisponivel para reagir com o acido sulfossalicilico, tasdb em uma reducdo da

intensidade da cor. Uma curva analitica utilizando padréo ide fitico (CsH18024Ps X
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Na.yH20, Sigma®), nas concentragdes de 10 a 100 pd.folelaborada, por meio da
equacao de regressao linear (y = -0.0038x + 0.4963; R? = 0.994)xpaeasar o teor de

fitatos em miligramas de acido fitico por 100 gramas de RH.

3.3.5. Compostos fendlicos

3.3.5.1.Taninos condensados

O conteudo de taninos totais foi avaliado por meio do métoasadaao vanilina, segundo
Burns (1971), com modificagdes de Maxson e Rooney (MAXSUMNOREY, 1972) e Price,
Van Scoyoc e Butlg(1978) Foram utilizadas aliquotas de 200 mg de farinha das variedades
de feijoes, em 10 mL de solucdo a 1 % de HCI em metanaul®s foram colocados em
agitador automatico a 80 rpm durante 20 minutos para a extdagataninos mantendo
temperatura a 30 °C. Em seguida, foram centrifugados a 3.0Q0pgen20 minutos.
Aliquotas de 1 mL do sobrenadante foram adicionadas a 2,5 sadludéio a 1 % de vanilina
em metanol e 2,5 mL de solucdo a 8 % de HCIl em metandul®s foram mantidos em
repouso por 20 minutos e as absorbancias foram medidasram5@t espectrofotdémetro
(UV-1601, Shimadzu®) contra o branco. Uma curva-padrdo de catefguinaada para
expressar os resultados erg equivalente de catequina por 186 de amostra (y = 0,5002x
+ 0,0052; R2 = 0,9995)

3.3.5.2. Fendlicos totais e identificacdo de compostos fendlicos

O teor de fendlicos totais foi determinado por meio do métedeolin-Ciocalteu
(SINGLETON; ORTHOFER; LAMUELA-RAVENTOS, 1999). Brevemente, osnpostos

fenolicos foram extraidos por agitacdo horizontal (100 gfmin) em solugdo metandlica
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60%, seguido por filtracdo a vacuo (3 pm de porosidade). Aliqdetd®0 pL do extrato
foram vortexadas com 1 mL de Feliocalteu (0,25 N) por 10 segundos. Apds 3 minutos
foi adicionado 1 mL de carbonato de sédio a 7,5%. Apdidtos, adicionou-se 5 mL de
agua destilada, e manteve-se a solucdo sobre agitac®0 poinutos, em temperatura
ambiente. A absorvancia foi lida em espectofotometrerffib scientific, Evolution 60S,
USA) a 765 nm. Os resultados foram expressos em mg equigatintécido galico por
grama de amostra (mgEAg), utilizando uma curva padréo obtida por diferentes
concentragdes de &cido galico (y = 30.763x + 0.0818; Rz = 0.996).

Para a identificacdo dos compostos fendlicos, cada emdstfarinha integral de
feijao (400 mg) (tempos O, 3 e 6) foi colocada em tubo R@lce 10 mL da solucéo
metanol/agua/acido cloridrico (50:48:2) foi adicionada. O nadtferi sonicado por 1 hora.
O extrato foi centrifugado a 8000 rpm e uma aliquota (1,5 mL)etorada, filtrada em
membranas de politetrafluoretileno (PTFE) de 0,22 projazada envials para analise por
cromatografia liquida de alta eficiéncia acoplado a espeetria Cromatografia Liquida de
Alta Eficiéncia acoplado a espectrometria de massasar@aiisador hibrido quadrupolo-
tempo de voo (HPLC-QTOMS), utilizando o sistema Acquity (Waters®), acoplado a um
sistema de quadrupolo/Tempo de Voo (QtoF, Waters) pertencé&mprasa Brasileira de
Pesquisa AgropecuariaEMBRAPA Agroindustria Tropical. As corridas cromatograsic
foram realizadas em uma coluna Waters Acquity UPLC BE39 x 2,1 milimetros, 1,7 um),
temperatura fixa de 40 °C, fases moveis agua com 0,1 % de acido formico (A) e acetonitrila
com 0,1 % de acido férmico (B), gradiente variando 0-Ib(2495 %) de B; (15,1-17) min
(100 %) de B; (17,1-19,1) min (2 %) de B, fluxo de 0,4 mL / mioleme de injecdo de 5
puL. O modo ionizacdo por eletrosprajegctrospray ionizatiori:Sl foi adquirido na faixa de
110-1180 Da, temperatura da fonte fixa a 92Gemperatura de dessolvatacédo S5(luxo
do gas dessolvatacao de 350 L/h, cone de extracéo de 0,5 Yewolapilar de 2,6 kV. Em
baixo scan, a tensdo de cone foi 35 V, energia de adlisd® eV (trap). Em alto scan, a
tensdo do cone foi de 35V, com uma rampa de energidisiocde 20-40 rampa eV (trap).
Leucina encefalina foi utilizada comock mass O modo de aquisicdo foi MSE. O
instrumento foi controlado pelo software Masslynx 4.1 (Wa@osgporation). Os dados
cromatograficos foram analisados por meio do softwarekédaynx (Waters) para

discriminacéo de potenciais marcadores quimicos. Os segpar&metros foram utilizados:
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tempo de retencéo 1,2 a 7,0 minutos; alcance de massa20&el 200 Da; e eliminagdo do
ruido no nivel 5. Os marcadores foram identificados poo m&icorrelacdo entre o tempo
de retencdo §) e razdo massa/cargen/Q) resultante da ordem de eluicdo descrita no
cromatograma e normalizados baseado na intensidade deonadedscala utilizada foi
centrado na média para a formacgéo da anélise de compgmimtipal (PCA)Por meio da
compargdo entre cada amostra foi gerado Analise discriminante com calibracdo
multivariada por minimos quadrados parciais ortogo@ahpgonal Parcial Least Square
Discriminant Analysis OPLSDA) e distincdo de potenciais marcadoigse apresenta 0s
ions de variacdo em cada genotipo e por tempo de armazetoa

3.4. Peptideos bioativos

3.4.5. Obtencao do Hidrolisado proteico

Para avaliacdo do potencial anti-inflamatério utiliz@uo hidrolisado completo, ou seja,
nenhuma etapa de extracéo foi realizada anteriormdmdedise enzimatica. Para o estudo
de potencial anti-aterosclerotico o isolado proteiceXtiaido por 1 hora a 35 °C apos ajuste
de pH para 8.0 com NaOH (0,1 M). A mistura foi centrifuga88G0g por 15 min a 4 °C.

O precipitado foi extraido novamente sob as mesmasg@@asctanteriores e 0s extratos foram
combinados. O pH foi ajustado para 4,3 com HCI diluido, e opiad proteico foi
coletado por centrifugacdo (10@PPor 20 min, 4 °C). O sobrenadante foi descartado e o
sedimentado foi liofilizado (Lab Conco Freeze Dryer K&nsas, Mo., U.S.A.) e utilizado
na hidrolise enzimatica. Os hidrolisados foram obtidosmmio de digestdo gastrointestinal
simulada com pepsina e pancreatina em pH e temperatol@gfisos, conforme descrito por
Megiaset al.(2004), com modificacdes. Brevemente, a farinha intetgdéijao foi diluida

em agua destilada (1: 20, p:v) e o pH ajustado para 2 com soluéamlaeloridrico (1 N).

Em seguida, adicionou-se pepsina (1:20, enzima: substrato, p/msegum-se a digestao
por 2 horas. O pH foi ajustado para 7,5 com hidréxido de s@dibl), adicionou-se
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pancreatina (1:20, enzima: substrato, p/p) e prosseguiu-sesgadiger mais 2 horas. Para
as duas enzimas a digestédo foi realizada sob agita8ad®Ge o pH foi aferido e ajustado
para pH 6timo de cada enzima, se necessario, a cada 30 minhighrglise foi interrompida
com aquecimento a 75 °C por 20 minutos em banho-maria. OisadimIresultante foi
centrifugado (20.000 g, 15 min, 4 °C), dialisado para remoc&aisiémembrana de acetato
de celulose, tamanho do po®00 Da) e liofilizados (Lab Conco FreeZone Freeze dry
system Kansas City, MO, USA). As amostras foram armazenadad®°& até posteriose

amlises.

3.4.6. Determinagao do grau de hidrolise

O grau de hidrolise foi determinado conforme metodologiaritieguor Cabraet al.
(2007) A porcentagem de proteina dissolvida apos precipitacdo conN @2 acido
tricloroacético (TCA) foi comparada com o total de praseida farinha de feijdo comum
(100 %), obtido apds hidrolise completa com 2 N de acidargud a 100 °C por 4 horas. O
conteudo proteico foi determinado pelo mét@io protein assaydetergente compativel;
#500-0112; Bio-Rad ®, Hércules, CA, EUA), segundo instrucfes do dabgiatilizando

uma curva padréao de albumina do soro bovino, e a leituraagala 630 nm.

3.4.7. Avaliacdo da capacidade antioxidante

A capacidade antioxidante dos hidrolisados foi avaliada mpeio do método de
capacidade de absorcao dos radicais oxigenddogyén Radical Absorbance Capacity
ORAC), proposto por Pricet al. (2003) O ensaio ORAC foi determinado pela mensuracao
da fluorescéncia dos hidrolisados na presenca de rag@aidos pelo dicloridrato de 2',2'-

Azobis (2-amidinopropano) (AAPH). O ensaio foi carreado &ogs escuras de 96 pogos
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de fundo claro. Os reagentes foram adicionados na seguoieém: tampao fosfato 75 mM
pH 7,4; 20 pL de padréo trolox ou amostra, 120 pL de solugéo themtes(concentracao
final de 70 nM) e 60 pL de AAPH (concentracao final de 12 mM)placas foram colocadas
em um leitor de placas de fluorescéncia (FL 800x), comjooin filtro de excitacdo de 485
nm e 520 nm de emissdo, e automaticamente incubadas pon &453hPC antes da adicdo
do AAPH. A leitura foi realizada a cada 2 min por 3 h. Aslidas de fluorescéncia foram
expressas em relacdo ao valor inicial e os resultealoslados com base na diferenga d
area abaixo da curva de decaimento de fluorescénciacehtamco e a amostra, e expresso
como equivalentes de trolox (mM). O analogo da vitaminpdgar@o trolox), foi utilizado
como padrao.

A capacidade de eliminacdo de radicais de oxido nitrico (s hidrolisados foi
determinada utilizando o nitroprussiato de sodio (SNP) como dodole NO (GREENet
al., 1982) Brevemente, a solucdo SNP (10 mM) foi incubada com hsdadis (1 mg de
hidrolisado/mL em PBS) a 25 °C. Apos 150 min, 0,5 mL de solingfidvada foi misturado
com 0,5 mL de reagente de Griess (1 % sulfanilamida, dicldes&ilenodiamina 0,1% e 3
% de acido ortofosférico). A absorbancia foi imediataimenensurada em 546 nm. Os

resultados foram expressos em % de inibicdo em rete 8BS utilizado como controle.

3.4.8. Separacao de proteinas SDS-PAGE

Para analisar e visualizar o padrdo de proteinas das anfostridlizada a técnica SDS-
PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel Electrmgdi®) (Mojicaet al,
2015). Amostras da farinha integral dos feijdes e dos hiddal&nos tempos 0, 3 e 6 meses
de armazenamento foram diluidas com tampéo de tricin&é&Bjem p-mercaptoetanol e
aguecidos por 5 min antes do carreamento. Foi utilizado getqiris-HCL 4-20%
(BioRad) e um padrdo de proteinas pré-coralec(sion Plus Protein™ prestained

standard}. O gel foicorrido & 200 V por 35 minutos e corado c8mply Blue Safe Stgin
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por 12 horas (overnight). Posteriormente foram lavadaz8sv(5 minutos cada) com agua
destilada Os géis foram visualizados &L 4000 Pro Imaging Syste(@arestream Health
Inc., Rochester, USA).

3.4.9. Separacdao e Identificacdo de peptideos

Os hidrolisados foram submetidos a cromatografia de exc{®&#0) e os peptideos
foram separados com base na massa molecular, usandm lume de filtracdo em gel (30
cm x 10 mm, 13um granulometria média) carregado com resina Superdex 80djmig de
excluséo de tamanho é de 10 kDa (GE Healthcare Life Scjdtitieburgh, PA, EUA) (DIA,
BRINGE e DE MEJIA, 2014). Os hidrolisados (20 mg/mL) foramdels usando o tampéao
Tris-HCI (pH 7,5; 20 mM). A taxa de fluxo foi definida enb0nL/min. Os picos fora
detectados usando o sistema Prime AKTA GE plus (GE Headdthfa Sciences, Pittsburgh,
PA, EUA) a 280 nm. As fracdes foram coletadas a cada 3 min por meimdmietor de
fracdo automatizado ligado ao sistema.

As fracdes peptidicas dos hidrolisados de pepsina-pancrehtidas apos a filtracdo de
gel foram analisados por cromatografia liquida de aitéatia associada a espectrometria
de massa com ionizacao pelectrospray(CLAE-EM/EM ou HPLC-ESI-MS- liquid
chromatographyelectrospray-ionization-mass spectromgtrysando um Ultima Q-tof
espectrometro de massa (Waters, Milford, U.S.A.), equipadoumn sistemaliance 2795
HPLC, de acordo com Mojicat al.(2015) Somente picos com intensidade superior &60
e as sequéncias com mais de 70 % de probabilidade de identidad@halisados utilizando
o software MassLynx 4.1V (Waters, Milford, Mass., U.S.A.)presenca de sequencias
bioativas presentes nas principais proteinas de feijaorndoram confirmadas por meio da
base de dados eletronitaiProt database BLAST® tadD termo“Phaseolus vulgarig.”
foi utilizado para filtrar 0S dados por espécie de ingeres

(http://www.blast.ncbi.nim.nih.gov/Blast.cgacessado em 12 de marco de 2015). Dados

com cobertura inferior a 60% néo foram considerado:ténpial biolégico das sequencias

peptidicas foi investigado na base de dados BIOREPR:/(www.uwm.edu.pl/biochemja
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acessado em 12 de marc¢o de 20A®strutura quimica e propriedades fisico-quimicas foram

obtidas na base de dad@spDraw tool(http://www.tulane.edu/~biochem/WW/PepDraw/

acessado em 20edmarco de 2015). Os aminoacidos foram apresentados segundo a
nomenclatura de uma letra.

A hidropaticidade (H) dos hidrolisados (50 mg/ml) foi determirdelacordo com Dia,
Bringe, e de Mejia (2014usando uma coluna de alto desempenho de 1 mL fenil Sepharose
(0,7 x 2,5 cm; tamanho de particula médio dar@ e coluna de cromatografia de interacao
hidrofébica (GE Healthcare Life Sciences, Pittsburgh, RA)E Os peptideos angiotensina
(H = 0,36, RT = 3,82 min), Bowman Birk inhibitor (derivadostga) (H = - 0,159; RT =
3,41 min) e um peptideo sintético de feijdo comum (KKSSG;HL.96; RT = 2,95 min)
foram usados para construir uma curva padréo de hidropatioigade,6919 x - 9,72;
LINEAR = 0,926). A  ferramenta  virtual ProtParam Expasy ®
(http://web.expasy.org/protpargnacessado em 13 de fevereiro de 2015) foi utilizada para

calcular a grande hidropaticidade meédia (Grand Average of Hathigity— GRAVY), que
indica a solubilidade das proteinas de acordo com a somaldossvde hidropaticidade de
todos os aminoacidos na séquia dividido pelo comprimento da proteina. Resultados
positivos indicam mais aminoacidos hidrofébicos e valamegativos sugerem mais
aminoacidos hidrofilicos (KYTE; DOOLITTLE, 1982).

3.4.10.Analisein silico da inibicdo do receptor LOX-1

Para a avaliacdm silico, ou docking computacional, da inibicdo do receptor de LDL
(receptor LOX-1), foram utilizados os peptideos identificadws mdrolisados obtidos a
partir do isolado proteico, os quais foram utizados nos endaiavaliacao do potencial anti-
aterosclerotico. A analise silico foi realizada para explorar 0s mecanismos estrufuetis
guais os peptideos poderiam inibir o receptor LOX-1. Os caldeldscking ou calculos de

ancoragem, foram realizados no programa DockingServerréviaRente, os peptideos
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foram desenhados no programatant MarvinSketcliChemAxon Ltd). O campo de forgca
MMFF94 foi considerado como energia de minimizagéo de ligded&ooléculas, peptideos
e sinvastatina usando DockingServer. Cargas foram adic®@adaatomos do ligante. A
estrutura cristalizada do receptor LOX-1 foi obtida nocbade dado®rotein Data Bank
(PDB: 1YXK). Encaixe de simulacdes foram realizadas utiipao algoritmo genético
lamarckista(LGA). Cada experimento de encaixe foi derivado de 10@esrdiferentes que
foram definidas para encerrar apés um maximo de 2.500.000 aval@z@eergia.

3.5. Potencial anti-inflamatério e anti-aterosclerético dos hidrolisados

O efeito anti-inflamatério e anti-aterosclerotico dodrdlisados dos feijoes Pontal e
Madrepérola foram avaliados em linhagens de macréfagos THRRAagem de células
derivadas de mondcitos humanos), que se diferenciam amndfagos aderentes apos

estimulo com PMAghorbol 12-myristate 13-acetgtem macrofagos THER-

3.5.5. Viabilidade celular

A eficiéncia de crescimento das células THP-1 na presdosahidrolisados em
diferentes concentracdes foi avaliada por kit especéiavaliacdo da proliferacdo celular
(CellTiter 96 Aqueous One Solution Proliferation Assay).Klrata-se de um método
colorimétrico para determinacdo do numero de célulagigidam ensaios de proliferacédo
celular ou de citotoxicidade. O kit contém o compdstcazolium [3-(4,5-dimethylthiazol-
2-yl)-5+3-carboxymethoxyphenyl){2-sulfophenyl)-2H-tetrazolium, inner saMTS] e um
reagente de acoplamento de elétropkefazine ethosulfgtePES). O PES tem uma
estabilidade quimica consideravel, o que permite que ele@®jainado com o MTS para
formar uma solucdo estavel. O MTS é bioreduzido pelataséém um produto formazan,

cromoféro que é soluvel em meio de cultura de tecidosa Esnversédo € permitida pela
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producdo de NADPH ou NADH por enzimas desidrogenases de célefabalicamente
ativas. A quantidade de formazan mensurado pela absorvaf@taran € proporcional ao
nimero de células vivas na cultura. Resumidamentel® gélulas foram semeadas em
placa de 96 pocos e o0 volume ajustado para 200 uL com metiesdémento por 24 h (a 37
°C; 5 % CQ/95 % ar). ApOs adesdo completa, o meio foi removidolaedoslisados foram
administrados dissolvidos em PBS na concentracéo de @5 ;5 mg/mL para avaliacao
do potencial anti-inflamatério, e 0,01 mg/mL; 0,05 mg/mL e Oglnmh para avaliacdo do
potencial anti-aterosclerético. Essas concentragiiesnfestabelecidas conforme os testes
de viabilidade celular. Células tratadas com PBS foram sisaatao controle. ApGs 24 horas
de tratamento, o meio foi substituido por 100 uL de meiedres20 uL de MTS/PES. A
placa foi incubada por 2 horas a 37 °C e a leitura dengbxia realizada a 515 nm. A
porcentagem de células viaveis foi calculada em relagécelulas controle tratadas com
PBS.

3.5.6. Cultivo de células e tratamentos

3.5.6.1.Potencial anti-inflamatoério

As células foram cultivadas em meio de cultivolbecco’s Modified Eagle’s (DMEM)
suplementado com penincilina (1%) e estreptomicina (1%), efetaldoovino (10%) a 37
°Cem5 % CQ@95 % de ar em incubadora €facketed (NuAIRE DH Autoflow, Plymouth,

MN, USA). Acetato miristato de forbol (Phorbol-12-miristdt®-acetato— PMA) foi
utilizado para promover a diferenciacdo das células THR1ln®acrofagos maduros
(TAKASHIBA et al, 1999). A diferenciacéo foi permitida por 24 horas e cowfita em
microscopio Optico pela morfologia celular e compladasdo a placa. As células foram
cultivadas em densidade de 1 ¥ t6lulas por 2 mL em placa de 6 pogos. As células foram
tratadas com lipopolissacarideo (LP$)ug/mL), para inducdo de inflamagéo, e com o0s
hidrolisados (0,1; 1; 2,5 e 5 mg/mL) por 24 h. Células trateaiaslipopolissacarideo (LPS)
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e tampéo fosfato salino (PBSphosphate buffered salipdoram usadas como controle
positivo e células tratadas somente com PBS forarsidenadas como controle negativo.
ApOs 24 horas de tratamento o meio de cultivo foi coleteatonazenado a -8C até andlise
de marcadores inflamatorios.

Resumidamente, para prostaglandina-E2 (PGEZ2) foi utilizadb mikiero 514010 da
Cayman Chemical (Ann Arbor, MIl, USA) o meio coletado fiwido com o tampédo de
diluicdo na concentracdo de 1: 500 (amostra: tampéao)ud 50ram plaqueados em placa
de 96 pocos revestida com anticorpo policlonal anti-mégGe Foi adicionado 5QL de
PGE2-acetilcolinesterase conjugada gi@o anticorpo monoclonal PGE2, sendo a placa
includa por 18 horas &°€.Ap6s a incubacao, a placa foi lavada usando o tampéavatgeta
fornecido pelo kit. A coloracdo foi formada pela adid@&200 pL de reagente de Ellman e
por agitacdo da placa por 60-90 minutos no escuro. A quantida@&E2 foi calculada
usando uma curva padrdo de PGE2 (PGE-2: y = -1X) 14,2078, R=0,998).

Os niveis de IL-1 beta foram avaliados por meio do kit nurB8B8811 da Cayman
Chemical (Ann Arbor, MI, USA), apos diluicdo de 1: 50 (anadi@mpao) e 100 pL foram
pipetados em placa de 96 pocos revestida com anticorpseginda foram pipetados 100
puL do anticorpo conjugado com acetilcolinesterasel flithuman) AChE Fab’ Conjugate)

e a incubacéo ocorreu por 12 horas a 4 °C. Os pogos favados 5 vezes com o tampao de
lavagem e o reagente de Ellman foi adicionado (200 pblaga foi coberta e absorvancia
lida a 405-420 nm apo6s 90 minutos de incubacao. A concentragacidada por meio de
uma curva padrédo de ILB1(y=0,006& + 0,0249, R=0,999.

O TNF-a foi avaliado usando o kit nimero ab46087 da Abcam (Cambridge, MA, USA),
usando a diluicdo de 1:100 (amostra: tampéao) e 100 uL foramagiseem placa de 96
pocos pré-revestida. Foi adicionadojd@e TNF- oo mAb conjugado com biotina € 100yl
da solucéao streptavidin-HRP foi adicionado e a placa imzupar 3 horas a 25 °C. A placa
foi lavada por trés vezes e 100 pL do substrato TMB adid@eancubado por 10-15 min a
25°C ao abrigo da luz. A reacam interrompida com 100 pL da solucéo de paragem e lida
a 450 nm usando leitor Ultra Microplate Reader. A concedtrale TNF-o foi calculada
usando uma curva padrdo de TNRy=0,799k — 2,0792, R=0,998).
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3.5.6.2.Potencial anti-aterosclerético

Para avaliacdo do potencial anti-aterosclerotico hdaséTHP-1 foram cultivadas e
diferenciadas conforme metodologia descrita no iteterim. Apds a diferenciacdo, as
células foram tratadas com os hidrolisados (0,01; 0,05 e @rhup duas horas antes da
incubag@o com LDL-ox (1Qig/mL). A incubagé&o ocorreu por 48 horas. As célulasdesta
somente com PBS foram consideradas como controle negasieélulas tratadas com LDL-
ox e PBS foram utilizadas como controle positivo. A sitatasa (10uM) foi utilizada como
controle farmacoldgico. Apos o tratamento por 48 horaio de cultivo e os lisados de
células foram coletados e armazenados a -80 °C até poesteanalises.

No meio celular foram avaliados os niveis de PGehiRiicdo de 1:250; amostra
tampéo) e TNF-alfa (sem diulicdo), usando os kits d&SEldescritos no item anterior. As
concentragdes foram obtidas por meio das curvas padieddsF-alfa (y = 0,9776x 2,532;
R2=0,997) e PGE-2 (y = -1,067In(x) + 3,6711; R2 = 0,997).

Foi realizado um tratamento independente em placa de 96 geasaio de inibicdo de
EROS, usando o kiCellular Reactive Oxygen Species Detection Assay(Abtam®,
ab113851). As células de THP-1 (2,5 % &6lulas/pocgo) foram diferenciadas (48 horas com
a PMA; 162 nM), seguido por 48 horas de tratamento, conforswitdea secao anterior.
Uma hora antes da concluséo do tratamento, foi adid@m 2’,7’- dichlorofluorescin
diacetate 2(DCFDA) (volume de 50 pM/total). Apds este periodo a plac&rdoasferida
para o leitor de microplacas sem etapa de lavagemtera lefalizada a 485 nm de excitacao
e emissdo a 535 nm. Os resultados foram expressos esidatie de fluorescéncia.

A expressdo de LOX-1, MMP-9 e ICAM foi avaliada péfestern blat Apés os
tratamentos as células foram lavadas uma vez com Digi&ddlo (1 mL) e duas vezes com
PBS gelado (1 mL) e lisados com 200 pL de tampéo de LadBioiad) contendo 5 % b-
Mercaptoetanol. Os lisados celulares foram sonicado3(osegundos e ebudidpor 5 min.

O conteudo de proteinas foi quantificado usando ensaio RCio84B ®) e 20 ug proteina
foi carregada em géis Tris-HCL 4-20(BioRad) para separacédo de proteinas. A proteina foi
transferida para uma membrana PVDF (Millipore, Billerid#) e o bloqueio foi realizado

com 3 % leite desnatado em TBST (0,1 %) durante 1 IlCaAs’membranas foram lavadas
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com 0,1 % TBST (5 vezes 5 min cada) e incubadas comamgodiprimario respectivo para
LOX-1 (ab60178, Abcam ®), MMP-9 (ab76003, Abcam ®) ou ICAM (710278,
Lifetechnologies ®) em 1 % de leite desnatado em 0,1% TBS300) a 4 € por 12 hroas

As membranas foram lavadas novamente e incubadas cmorpmtsecundario conjugado
(anti-rabbit horseradish peroxidase conjugate secondary antjoeryl % de leite desnatado
em 0,1 % TBST (1:2500) por 3 h em temperatura ambiente. Ajppésilzacao e lavagens, a
expressdo das proteinas foi visualizada usando um reagentelgoimescente (GE
Healthcare), seguindo as instru¢des do fabricante. Ageinsaforam geradas com um sistema
GL 4000 Pro ImagingCarestream Health Inc. ®, Rochester NY). A intensidkdebandas
foi normalizada usando GAPDH, e seu anticorpo primariddtilem 1% de leite desnatado
em 0,1% TBST (1: 500).

O kit human cytokine antibody arrg§#ab133996, Abcam) foi utilizado, em duplicate
para analisar a expressao de 23 proteinas no lisadosregldb controle negativo (PBS),
controle positivo (PBS+LDL-0x), controle farmacoldgigsinvastatina), e hidrolisados
obtidos dos feijdes PO e MP armazenados por seis masgs)centracdo de 0,1 mg/mL, de

acordo com instrucdes do fabricante.

3.6. Andlise estatistica

Os resultados da composicdo nutricional, potencial armdirnattorio e anti-
aterosclerotico foram analisados por meio da ANOVA com doates de variacédo
(cultivares de feijbes e tempo de armazenamento) e agéte Cultivar*Tempo. Para
resultados que apresentaram interacdo significativa ad® frobabilidade, a mesma foi
desmembrada e nos efeitos que demonstraram variagéicatiya (p<0,05) com o tempo
e equacles de regressdo foram ajustalaSNOVA foi considerada conclusiva para a
variavel qualitativa- Cultivar— (p < 0,05), uma vez que foram avaliados dois cultivares. A
analise dos resultados foi realizada utilizado o softwaratigtgco Statistical Analysis
System (SAS- Institute Inc., North Carolina, USA, 1989), versdo 9.Znwado pela

Universidade Federal de Vicosa.
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Abstract

Most ‘carioca’ beans (Phaseolus vulgaris )..have accelerated fast darkening during post-
harvest storage, but little is known about the effeatahmercial storage time on its
nutritional composition. The aim of this study was to evaluhe effect of storage time
(0, 3 and 6 months) on proximal and phytochemical compositidwo carioca bean
genotypes, fast darkening (BRS Ponrt&O) and slow darkening (BRSMG Madreperola
— MP). The beans were stored in sealed polypropylene packagiogma temperature
(22 + 3°C), without humidity control (< 65% of relative humidityAfter six months,
only lipids content was affected by storage for both cukiy®O: 1.4+0.03 to 1.2+0.4;
MP: 1.3+0.1 to 1.2+0.2 g/100 g) (p = 0.007). Glycosylated kaempferoideatfied as

a chemical marker for differentiation along time afrage for PO and MP beans. Thus,
commercial time of storage (six months) was suitabjgéserve macronutrients, dietary

fiber, minerals, total phenolics and antioxidant capatfitiyye evaluated carioca beans.

Keywords: post-harvest storage, common bean, proximal composition, syyated

kaempferol.
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1. Introduction

Common beans are widely appreciated in developing countoestheir
affordability, long shelf life, and protein content, whicttaanparable to animal protein
(CASTRO GUERRERCet al, 2016). Brazil is the largest common be&ngseolus
vulgaris L.) producer and consumer of the world (MAPA, 2016). ApproxaiyatiO
cultivars of beans are cultivated in Brazil, inclugli@arioca, Preto, Roxo and Mulatinho
(MESQUITA et al, 2006). Among these cultivars, the Carioca variety dette
consumer’s preference, and accounts for 52% of the total cultivated area (MAPA, 2016).
This type of bean has a cream background with tan saridepresents fast darkening,
which prevents storage for long periods, since the beartyquay be affected. In this
sense, new Carioca cultivars has been developed toopestipe darkening (FARIA&t
al., 2004) and hardening over time (TEIXEIRA; SIQUEIRA; BASSINELL2011)

The new cultivars are environmentally advantageous due toerhigield,
productivity and less use of harmful chemicals (BRASIL, 20T acceptance and
commercialization of a new cultivar depends on consumer’s demands, such as size, shape,
cooking time and color of grains (BASSINELL&gD al, 2003). Although not all old beans
are dark or hard to cook, consumers consider the darkeninghasagteristic of aging
and hardening. The agronomical and nutritional quality arerakéned by the genotype
and by storage conditions during the growing and developmedmgasfs (TEIXEIRA;
SIQUEIRA; BASSINELLO, 2011)

The loss of quality during storage is characterized by isered degree of
hardness, higher cooking time, and changes on flavor almt ¢RIOS; ABREU,;
CORREA, 2002)High temperature and relative humidity, in the preseridiglat and
oxygen, impair the water absorption and modify the phewrontent (RIOS; ABREU,;
CORREA, 2003). Temperatures higher than 25 °C and relativedity above 65%
contribute to harde-cook phenomenon (HTC) (JUNK-KNIEVEL; VANDENBERG;
BETT, 2007), which is characterized by textural defect, regulin longer time of
cooking to obtain suitable texture, thus increasing costnefgy to cook as well as
nutritional lossesERESSANI, 1983)
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The time of storage can impair the water absorptiondagestibility of cultivars
and increase the phenolic content, which is followed by dargeover time (RIOS;
ABREU; CORREA, 2003). Therefore, time of storage is imguutrto preserve the grain
quality, since aging of beans can increase the darkening adeniy by hydration
defects (RIOS; ABREU; CORREA, 2003), loss of phytate (HINCKBANLEY, 1986
NASAR-ABBAS et al, 2008), and changes in phenolic compound metabolism, resulti
in lignification (HINCKS; STANLEY, 1986NASAR-ABBAS et al, 2008)

Nutritionally, storage time is related to loss of phytatenitas, phenolics and lipids
(CHIARADIA; GOMES, 1987). Large protein molecules can suffetural enzymatic
hydrolysis, forming small polypeptides during storage, which meer éhe peptides
functional properties (HOHLBERG; STANLEY, 1987). It has mekmonstrated that
after six months of storage under environmental comdifioommon beans may present
HTC defects, increased cooking time, and reduaedvitro protein digestibility
(NYAKUNI et al, 2008). For most carioca beans, only 2 months of storagé&lvbe
enough to observe hardness, even under controlled condBid® (COELHOet al,
2013)

There are studies that have evaluated the effectspetature and relative humidity
during storage on the physicochemical and technological piepeft common beans.
However, there is little information about the effectsbdérage period on nutritional
guality of carioca beans. In this sense, the aim o$tihgy was to evaluate the effect of
commercial time of storage (up to six months) at nattwaditions (room temperature
without humidity control) on nutritional and phytochealicomposition of two carioca

beans with contrasting darkening and hardening resistance dumagest

2. Methods

2.1. Carioca bean processing

BRS Pontal (PO) and BRSMG Madreperola (MP) are Comman f#ghaseolus

vulgarisL.) genotypes of carioca commercial type. Beans wetevatdd and harvested

52



in Brazil in the Fall of 2013, and provided by EMBRAPA Ricd &@ans (Santo Antonio

de Goias, GO, Brazil). These beans were selectively brerbbging 2 lineages (MP: AN
512666-0 and AN 730031, and for PO: BZ3836/FEB 166/NA 910523) (DEL PELOSO
et al, 2004 CARNEIRO et al, 2012). The best lineages were selected after six
generations based on productivity potential and resistanaiséases. For BRSMG
Madreperola (MP) the grain aspects were also considezsdlting in a cultivar with
slow darkening and late hardening during storage. After harvestyiggdmd cleaning
procedures, beans grains were stored for three and sihsnamtsealed polypropylene
packaging at room temperature (22 + 3 °C) and < 65% oiveelatimidity, simulating
conventional conditions of storage. The storage procedumged to reproduce
commercial storage period usually found or indicated byiBxazanarket. After storage,
the beans were cooked in a pressure cooker (1:2 bean: watég, BIDmin), dried (air-
circulating oven for 8 h/60 °C) and ground (sieve of 600 umg 3D mesh; Grinder
Vertical Rotor MA 090 CFT, Marconi Equipment, PiracicaB®&, BR) to obtain the

whole flour, which was packed under vacuum and stored at - 20 it@naiysis

2.2. Proximal composition

The proximal composition was evaluated using the analytigedcedures
recommended by the Association of Official Analytical @iets— AOAC (2011)

2.2.1. Moisture content, ash and macronutrients

All analyses were performed in triplicate using the wholenlfleair. Moisture content
was determined at 105° C, by gravimetry using 10 g of sample ofasbnt was measured
using 2.5 g of sample by calcination in muffle furnace. Mi§feldahl method was used
to determine protein content through total nitrogen quantificggonversion factor for
vegetable proteins: 5.75 (BRASIL, 2001), using 50 mg of samplegians were used

to determine lipid in Soxhlet, using ethyl ether as a stlviey 8 h under reflux.
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Carbohydrate content was calculated by the differenceeleet total of the sample and
the sum of content of protein, lipid, dietary fiber, wadaed ash. For energy value the
conversion factors of 4, 4 and 9 kcal/g for carbohydraed¢eins and lipids, respectively
were considered (FRARY; JOHNSON, 2007)

2.2.2. Resistant starch

The resistant starch (RS) content was determined acgdalihe AACC (2001)
and AOAC (2000) using the RS assay kit supplied by Megazymenatienal Ireland
Ltd., Wicklow, Ireland. Briefly, enzymatic hydrolysis obm-resistant starch (NRS) was
performed through the simultaneous action of pancreatimylase (10 mg/mL) and
amyloglucosidase (3 U/mL) by incubating the sample for &6 37 °C. Subsequently,
the NRS was separated by centrifugation, and the pell¢éaioorg the RS was purified
with ethanol and solubilized with 2 mol/L KOH. The conication of RS was measured
at 510 nm, and the content was expressed as g/100 g commorobeam fa dry weight
basis. The results were obtained in duplicate and weremness as the mean * the

standard deviation.

2.2.3. Dietary fiber

The levels of total dietary fiber, soluble and insolublection were determined
through the enzymatic gravimetric method (method 900.02) (AQAC1), in duplicate.
For enzymatic hydrolysis-amylase, protease and thermoresistant amyloglucosidase
were used (Total dietary fiber assay kit, Sigma®). Thal thietary fiber content was

obtained through the sum between the soluble and insdtabt@®ns.

2.2.4. Mineral content
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The contents of iron, calcium, zinc, copper, mangan@sagnesium, sodium,
potassium and phosphorus were determined according to Gomé&divagich (2011), in
triplicate. All glassware used was previously demineralized in @6 acid solution
for 12 h and dried in air circulation oven. Samples (vgde weighed in triplicate in
digestion tubes and 10 mL of concentrated nitric acid Wded Subsequently, samples
were heated in digester block with exhaustion at initiaptmature of 80 °C. Temperature
was increased progressively up to 160° C, and exposed to this tampdoa 16 h, until
a clear solution formed. Tubes were cooled at room tetyyerand the content
transferred to a 50 mL volumetric flask tube, washed witbroised water and agitated
in vortex to avoid losses. This solution was used for ngadi mineral content using
plasma emission spectrophotometry (Perkin EImer-Optim&800, Norwalk, USA).

2.2.5. Phytate

Phytate content was determined in triplicate by ion exchandgespectrophotometry
according to Latta and Eskin (1980), with modifications His Bind Morris (1986). The
results were expressed in mg /100 g of flour (mg/100g), usingidasthcurve obtained
by different concentrations of phytic acid (y = -0.0038x + 0.4883; 0.994).

2.2.5. Phenolic compounds

Total Phenolics

The total phenolics were determined using Fdliiocalteu reagent (SINGLETON;
ORTHOFER; LAMUELA-RAVENTOS, 1999)Phenolic compounds were extracted by
horizontal agitation (100 rpm, 20 min) in 60% methanol sofu¢ll g of sample in 20 mL

of solution) and filtered in vacuum pump (3 um of porosi#yiquots of 100 pL of extract
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were mixed with 1 mL FolinCiocalteu (0.25 N) with vortex for 10 seconds. After 3 min,
1 mL of sodium carbonate 7.5% was added. After 7 min, 5 ndistifled water were
added and the mixture was kept under agitation for 30 mimoa temperature. The
absorbance was read in a spectrophotometer (Thermo scjdewiblution 60S, USA) at
765 nm. The results were expressed in mg of gallic acid @guig per gram of flour
(mgGAE/qg), using a standard curve obtained by different coratens of gallic acid (y

= 30.763x + 0.0818; R2 = 0.996).

Condensed tannins

The content of total tannins was evaluated by Vanillin reacB&RNS, 1971), with
modifications of Maxson and Rooney (1972) and Price, Vaiydcand Butler (1978)
Tannins were extracted from samples (200 mg) in 1% HCI inanethunder agitation
(80 rpm, 20 min, 30°C). After extraction, solutions were deigied (3,000 rpm, 20 min).
Supernatant (1 mL) was mixed with 2.5 mL of 1% solution ofliranh methanol and
2.5 mL of 8% HCI in methanol. After 20 min under rest, absock was measured at 500
nm using a spectrophotometer (Multiskan 60 Themo Scientifio®)pared to the blank.
A standard curve of catechin was used (y = 0.5002x + 0.0052; RO9)(and results
were expressed as mg equivalent of catechin per 100 graamsple. The standard curve
was prepared using a stock solution of catechin in methanag(mL) and aliquots of
2.5, 5, 10, 20, 25 and 50 mL were removed from the concahisatetion and volume
adjusted to 100 mL with methanol in a volumetric flaske Teaction was performed

under the same conditions described for the sample.

Phenolic compounds identification

The determination of the concentration of phenolic campgs in foods was

performed using the Folin Ciocalteu reagent as describethbletn et al. (1999)For
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this analysis, samples (400 mg) were extracted with 10 mLmethanolic
solution:water:cloridic acid (50:48;2). The material was saa@téor 1 h and the extract
was centrifuged (8000 rpm). An aliquot (1.5 mL) was filtered iFP10.22 pm and
placed in vials to UPLC-QTOF analysis, using a Acquity UPLC (Wpsgstem, coupled
to a quadrupole-timef-flight (QTOF, Waters). Chromatography was performed in a
Waters Acquity UPLC BEH column (150 x 2,1 mm, 1,7um), fixedperature of 40C,
mobile phases were water with 0,1% formic acid (A) and acetenttith 0,1% formic
acid (B), gradient of 0-15 min (2-95%) of B; 15.1-17 min (100%PBpi7.1-19.1 min
(2%) of B, flow of 0.4 mL/min and injection volume of 5 ph& ESI mode was acquired
at 110-1180 Da, temperature stationary source at@2f@esolvation temperature at 350
"C, gas desolvation flow of 350 L/h, extraction cone of 0.6apjllary voltage of 2.6 kV.
The cone tension of 35 V, collision energy of 5eV was @selbw scan. For high scan
cone tension was 35 V with power ramp of collision of 20-40E\¢ephalin leucine was
used as lock mass. Acquisiton mode wasEM®Bhe instrument was controlled by
Masslynx 4.1 software (Waters corportation). Chromatogramere analyzed by
MarkerLynx software for discrimination of potential chemicalarkers. Method
conditions were: retention time of 1.2 to 7.0 min, 120 to 1200abd,level 5 of noise
elimination. Markers were identified by correlation betweetention time (rT) and
mass/charge ratior(/2 resultant from the elution order and normalized basezhoh ion
intensity. Centered on the average was the scale usediahe principal component
analysis (PCA). Through the comparison between each Ilsawgs generated the
orthogonal projections to latent structures-discriminamialysis OPLS-DA for
construction of S-plot and distinction of potential mask&-plot graphic shows the ions

of variation in each sample or time of storage officau.

2.2.4. Antioxidant capacity

Antioxidant activity was evaluated by oxygen radical absar®acapacity
(ORAC) according to Prior et al. (2003), using 2@ 6-hydroxy-2,5,7,8-

tetramethylchroman 2-carboxylic acid;8uM final concentration (Trolox standard; y =
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0.9905x - 8.172 R2 = 0.989) and whole bean flour (1 mg). ORAC resuksexpressed
in mmol TE/g of dry flour.

2.3. Statistical Analysis

Results were presented as the mean + SD. Samples troiguee source of beans,
at time zero and six months of storage, were suitably homagkrand each experiment
was performed in triplicate. Data were subjected to one-waysasabf variance
(ANOVA) with two sources of variation (bean and ting)d bean*time interaction.
Significant interactionsK < 0.05) were fragmented and the effect of time was tested by
models of linear and quadratic equation in function of tohestorage for each bean.
Differences between bean cultivars were tested bydesit test at 5% of probability. The
software Statistical Analysis System (SAS-Institute,Itorth Carolina, USA, 1989),
version 9.3 was used. For characterization of phenofigpooinds principal component
analysis (PCA) was used and orthogonal projections to cordterit structures-
discriminant analysis (OPLS-DA) for S-plot graphics consibacand distinction of

potential markers.

3. Results and discussion

3.1. Macronutrients and dietary fiber

The evaluated carioca beans, BRS Pontal and BRSMG Madlzpsnowed no
statistical differences for time of storage or bedtivar (p>0.05) for moisture, proteins
total dietary fiber, soluble and insoluble fiber and carbofites Figure 1). Regardless
of the Carioca bean cultivar, only lipids decreasedh wibrage time (from zero to six
months) p = 0.007) Figure 1C). However, this reduction was inexpressive nutrition
loss (PO: 1.4+0.03 to 1.2+0.4; MP: 1.3£0.1 to 1.2+0.2 g/100 g), mainlydsrigy that
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common bean present lower lipid content. In agreemétht athers studies, the main
effect of storage seems to be on the lipid contenthich a reduction may be observed,
even in controlled conditions (SAWAZAKet al, 1985 RIBEIRO; PRUDENCIO-
FERREIRA; MIYAGUI, 2005). Lipids are an important paraeraif bean quality during
storage, since they are the most reactive componentsathaase conditions (ANWAR,;
CHATHA; HUSSAIN, 2007). Degradation of lipids results in changéfree fatty acid
content, increasing the sensitivity to fatty acid oxidat@ANWAR; CHATHA,
HUSSAIN, 2007).

The initial moisture contenfgure 1A) was similar to the values observed for
carioca beans stored under normal and modified condi(]dANIER et al, 2014). For
Pinto bean, similar to carioca, the lower moisture eoin¢12 and 14%) was maintained
throughout the storage period (360 days), while samples witterhighiial moisture
content (16-20%) decreased during initial weeks of storage (RA&l] 2013). Moisture
content around 14% may increase the microbial stabilitpoimon beans during storage
(UEBERSAX; SIDDIQ, 2012). In addition, low moisture contentl©%) is important
to reduce the hardness during storage.

As aforementioned, no effect on protein was observed® and MP beans
submitted to short storage (six monthisg(re 1B). The same was verified by Raatial
(2013)for beans stored by four months. However, Coelhal (2013) observed strong
decrease in the percentage of soluble proteins along pdristbrage under natural
environmental conditions (3, 6, 9 and 12 months). Vagtiat (2014) observed decrease
in the protein content after 12 months, but under highiveld@umidity (75 £ 5%). As
suggested by Vaniaat al (2014) the reduction of proteins may be associated with the
decrease in the tissue pH, which is inversely proportianéihte of storage, and may

partially contribute to the development of the HTC defect.
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Figure 1. Macronutrients composition @arioca beans stored up to six months.
PO: BRS Pontal;MP: BRSMG Madreperola; TDF: total dietary fiber; IDF:
insoluble dietary fiber; SDF: soluble dietary fiber. Numb@r8 and 6 indicate
months of storage. Results are present by g/100g of drylearipdicate
significant difference along storage time, by ANOVA with beanét interaction
of variation p < 0.05). No difference was observed between bean culttested
by t-Student test at 5% of probability.
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Even though chemical or structural alteration of stascindependent of the
environmental conditions (HOHLBERG; STANLEY, 19&QUEIRAEet al, 2014), the
carbohydrate conterfigure 1D) of PO and MP remained unchanged, which is a positive
point to prevent hardness. Changes of this macronutrientodsiarch retrogradation
contributes to hardness during storage (SHEHATA, 18&RREIRAet al, 2016) and
loss of capacity to form a thick broth, which is an imanttquality aspect for American
Latin consumers (GARCIA; LAJOLO, 1998ANCHEZ-ARTEAGA et al, 2015).
Regarding the resistant starch, no effect due to storageotirdifferences among beans
were observedp(> 0.05) Figure 1E). The resistant starch content of PO and MP varied
from 4.95 £ 0.14 t0 5.85 £ 0.22 and 4.89 + 0.09 to 5.03 £ 0.06 g/10(pgctaely, fran
0 to 6 months of storage. These results were higher learatues observed by Costia
al. (2006), of 2.33 + 1.23 mg/100g for cooked carioca beans. These niH#srean be
attributed to methods of analysis and cooking process, sostedl al.cooked the beans
after soaking for a period of 16 h (1:2 w/v). Other factory fipa related to these
differences such as genetic, crop management or envirdahaspects.

No change on dietary fiber content was observed in therrasely Figure 1F),
and PO and MP beans presented lower soluble/insoluble dféiarymean rateR <
0.75), indicating low propensity to hardening, since this ratenwtigher than 0.75 can
contribute to hardness during storage (REYES-MORENO; PAREDEZ-LQPEI3)

In addition, storage period and temperature seem touc&@ktto observe alterations on
fiber content, as verified in beans stored for proldngme and higher temperature (36
°C; 24 monthy (REYES-MORENO; PAREDEZ-LOPEZ, 1993).

3.2. Mineral content

The time of storage did not affect the ash contéigiufe 2A), as also observed by
Vanier et al (2014) for beans stored under nitrogen-modified atmosphereronal
atmosphere (oxygen), even for longer storage conditions @@Xalays, at Z5C). The
storage conditions did not affect mineral content, whiehshown inFigures 2B to 21

Some variations are expected for minerals when envirotaneonditions are able to
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promote membranes damage (SHEHATA, 19P2RMAR et al, 2017). Thus, the
storage conditions used in the present study was suitapleserve mineral content of
the carioca beans.

However, some differences between cultivar were obseAtegeriods 0, 3 and 6
months, PO presented higher concentrations of mangane8e 23003 and 31.04%
higher, respectively)Rigure 2D) (p = 0.01) while MP presented higher concentrations
of phosphorus (14.6, 12.2 and 19.1% higher, respectiyely)0(03) Eigure 2G).
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Figure 2. Ash (A) Mineral content (B to Ipf Carioca beans stored up to six months.
PO: BRS PontalMP: BRSMG Madreperola; Fe: iron; Zn: zinc; Mn: manganese; Cu:
cupper; K: potassium; P: phosphorus; Ca: calcium; Na: sodiutmbiits 0, 3 and 6
indicate months of storage. *Indicate significant défeze between beanp € 0.05)
tested by t-Student test at 5% of probability. No effedtroé of storage was observed,
by ANOVA with bean*time interaction of variatiop € 0.05).
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3.3. Phytochemicals and antioxidant capacity

No statistical difference among beans was observed fdrénolic content (P
= 0.18) Figure 3A). MP presented higher tannin content (38.3, 24.12 and 25.&%3at
and 6 months respectively; P = 0.04Big0re 3B), while PO presented higher
antioxidant capacity (9.8, 8.9 and 6.58%; at 0, 3 and 6 montpsctesely; P = 0.01).
For phytate no difference was observed (P > 0.05) betad&aar throughout storage
(Figure 3C). Overall the few differences between beans, the comahstorage did not
affect phytochemicals content, and consequently antiokigpacity (P > 0.05).

PO and MP at time zero presented total phenolic content (1222a0.1.25+0.04,
respectively) similar to that observed for Pontal beaithfwt storage) (1.33+£0.15 mg
EqGA/g) (DIASet al, 2015). Usually a reduction of the total phenolic contestated
beans is observed where oxidation is associated wiltewiag and hardening during
storage (VANIERet al, 2014). According to Vaniegt al (2014), the total phenolic is
probably the same content, but these compounds may fonplexes with proteins and
other macromolecules during cell stress making them leéssceable and, thus, a lower
amount of phenolics by Folin-Ciocalteau method is detlects analyzed in the present
study. In addition, monomeric phenolics, such as tanames;elatively polar and soluble
in water, exhibiting mobility in environments with high wagetivity (AW; SWANSON,
1985), which did not happen in the present study, since relaiimaity was lower than
65%.
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Figure 3. Phytochemical and antioxidant capacity of Carioca bstm®d up to six
months.

PO: BRS Pontal;MP: BRSMG MadreperolaORAC: oxygen radical absorbance
capacity;GAE: gallic acid equivalents; EC: equivalent of catechin. NumBe&and 6
indicate months of storage. *Indicate significant défeze between beanp € 0.05)
tested by t-Student test at 5% of probability. No effect o tohstorage was observed
by ANOVA with bean*time interaction of variatiop € 0.05).

65



According to PCA the separation between MP and PO irelicdiat these
cultivars differ in phytochemical composition, which candoe to intensity or absence
of characteristic ions, including primary metabolitégy(ire 4A and4B). In addition,
phytochemical composition of Pontal bean seems to ketatf by storage time, since
there is a separation at PC2 (12%) related to 0, 3 anchéhsnof storageRigure 4A).
The slight difference among time of storage for MP a2 R@d the almost absence of
variation at PC1 (57%) shows a constant phytochemigaposition during the period
of storage analyzedrigure 2). The OPLS-DA comparison shows through S-plot graphic
that citric acid, catechin and glycosylated kaempferol weeerepresentative chemical
markers for chemical differentiation between the vasefigure 4C).

The concentration of glycosylated kaempferol increalseslighout storage (O to
6 months) for both bean cultivars, constituting a chahmarker for differentiation along
time storageKigures 5Aand5B). Figures 6Aand6B show the extract’s chromatograms

and mass spectrums, respectively.
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In the present study the phytochemical analysis were pextbimthe whole grain
after storage and cooking process, based on consumer’s preparation habits. However,
most of the available studies perform these determmstio the coat or cotyledon.
Ranilla, Genovese and Lajolo (2007), for example, evaluatedr&4liBn cultivars of
raw Phaseolus Vulgarid, including BRS Pontal, stored up to one year at 4 °C and
relative humidity of 85%. Unfortunately kaempferol datanad yet available for BRS
Pontal and phenolic content was analyzed in the seddaodacotyledon, separately.
Mojica et al. (2015) also evaluated coat of raw carioca beans, includiry Béttal,
regarding the phenolic composition. These previous studiesrétrated that carioca
beans present high levels of kaempferol glycosides (RANjIGENOVESE; LAJOLO,
2007), in addition to other flavonol glycosides, such as gtier@-O-glucoside and
myricetin 3-O-glucoside (MOJICAt al, 2015).

In the present study, stored and fresh cooked whole cdréznes presented higher
antioxidant capacity (251.7+11.4 mmol TE/g of dried flour, on ay&r#han seed coats
of raw and fresh BRS Pontal (209.9+28.2 mmol TE/g), evaluatatidogame method
(MOJICA et al, 2015)

Some market class of dry beans, such as pinto, red@dadacpresent postharvest
seed coat darkening, which results in considerable ecotassidue undesirable decline
in the visual quality that consumers associate with prolongeHting time (SIQUEIRA
et al, 2014). It is suggested that the hardening and/or darkening phensneitiated
by complex reactions activated inside the grains, involdifigrent cell components such
as cell wall polymers, phenolics, starch, protein and eagyfBERRIOS; SWANSON;
CHEONGH, 1988). In addition, environmental (climate, crop seasd soil) conditions
and intrinsic characteristics contribute to the degrekespeed at which grains develop
these phenomena (RIBEIRO; PRUDENCIO-FERREIRA; MIYAGUI, 200%he
postharvest darkening includes a combination of environmeaygiagtics and chemical
changes. Darkening is accelerated by exposure to light, égpbetrature and humidity
during postharvest carioca bean storage. Therefore sassasof commercial storage
conditions is important to ensure nutritional and sengaality. As observed from this
study, commercial storage time (six months), even und=rntrolled relative humidity
and ambient temperature (22 = 3 °C) was able to presmpertant nutrients and

phytochemicals, as well as the antioxidant capacity of POMV#hctarioca beans. We
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emphasize that under these conditions, even PO whiebBssésistant to darkening and
hardening during storage than MP, no significant changes werevelserthe evaluated

parameters.

4. Conclusion

This is the first study showing that the commerciatage time did not impair the
nutritional and phytochemical composition of carioca beaitis contrast to darkening
resistance and hardening during storage. Glycosylated kaempfasoibentified as a
potential chemical marker to differentiate throughout stotexge between PO and MP
beans. Storage for up to six month under room temperatureuvitblative humidity
control is suitable to retain nutritional quality of BR6G Madreperola and BRS Pontal

carioca beans.

5. Acknowledgements

Natéalia Elizabeth Galdino Alves was supported by a scholafstip CAPES/Brazil
(Coordenacdo de Aperfeicoamento de Pessoal de Nivel Supgram) number:
200382/2011-0 and PDSE CAPES (Programa de Doutorado Sanduiche niorExter
Authors also acknowledge EMBRAPA RICE AND BEAN/Brazil grantimber
02.11.07.010.00.00 and CNPQ/Brasil (Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico) grant CNPQ 305655/2013-2. In addition, we thank Dr.
Michelle H. Johnson, graduated by Division of NutritionaileBices and the Department

of Food Science and Human Nutrition at the University llirfolis, for his valuable

contribution of English language editing.

6. References

71



AACC. American Association of Cereal Chemists. Inteoval. Approved methods of the
american association of cereal chemists (method 32-40gd$mtant starch (11th ed). St. Paul,
MN, USA. American association of cereal chemist2001.

ANWAR, F., CHATHA, S. A. S. e HUSSAIN, A. I. Assessmieof oxidative deterioration of
soybean oil at ambient and sunlight stordgeasas Y Aceitesv.58, p.390-395. 2007.

AOAC. Association of Official Analytical Chemists, Homaj W. Official methods of analysis
(17th ed). Gaithersburg, MAssociation of Official Analytical Chemists 2000.

International. Official Methods of Analysis of AOAC International Gaithersburg,
MD, USA,: Association of Analytical Communities. 2011

AW, T. L. e SWANSON, B. G. Influence of tannin on Phass vulgaris protein digestibility
and qualityJournal of food sciencev.46, p.1701-1706. 1985.

BASSINELLO, P. Z, et al. Aceitabilidade de trés cultivares de feijoeiro com@omunicado
técnico 66. Embrapa Arroz e Feijdo, Santo Antdnio de Goiap.5-6. 2003.

BERRIOS, J. J., SWANSON, B. G. e CHEONGH, A. Strudtatearacteristics of stored black
beans (Phaseolus vulgaris LSganning v.20, p.410-417. 1988.

BRASIL. Resolugao - RDC n° 40, de 21 de marco de 2001. Aprovagudeeento Técnico para
ROTULAGEM NUTRICIONAL OBRIGATORIA DE ALIMENTOS E BEBIDAS
EMBALADOS. Diario oficial da Unido, v.Sec¢édo 1, p.22. 2001.

. Boletim Técnico: Biotecnologia Agr opecuadviistério da Agricultura, Pecuaria e
Abastecimentq p.73. 2010.

BRESSANI, R. Effect of chemical changes during storage and gmiogeon the nutritional
guality of common bean&ood and Nutrition Bulletin, v.5, p.1-94. 1983.

BURNS, R. E. Method for Estimation of Tannin in Graind@wom 1.Agronomy Journal, v.63,
p.511-512. 1971.

CARNEIRO, J. E. D. Set al. BRSMG Madrepérola: common bean cultivar with late-dargni
Carioca grainCrop Breeding and Applied Biotechnology v.12, p.281-284. 2012.

CASTRO GUERRERO, N. Aet al. Common bean: a legume model on the rise for unraveling
responses and adaptations to iron, zinc and phosphate deéisiémontiers in Plant Science
v.7, p.1-7. 2016.

72



CHIARADIA, A. C. N. e GOMES, J. CFeijao: Quimica, Nutricdo e Tecnologia Vigosa:
Fundacgéo Arthur Bernardes. 1987

COELHO, S. R. M. et al. Physico-chemical properties of common beans under natwlal an
accelerated storage conditio@encia e investigacion agrariav.40, p.629-636. 2013.

COSTA, G. E. D. A.et al.Chemical composition, dietary fibre and resistant stacoctients of
raw and cooked pea, common bean, chickpea and lentthéegiood Chemistry, v.94, p.327-
330. 2006.

DEL PELOSO, M. J.et al. BRS Pontal' : new common bean cultivar with Cariocéngsge.
Annual Report of the Bean Improvement Cooperativev.47, p.323-24. 2004.

DIAS, D. M, et al. Rice and bean target for biofortification combined witghhcarotenoid
content crops regulate transcriptional mechanisms increabiagbibavailability of iron.
Nutrients, v.7, p.1-19. 2015.

ELLIS, R. e MORRIS, R. Appropriate resin selection for rggigitate analysis by ion-exchange
chromatographyCereal Chemistry, v.63, p.58-59. 1986.

FARIA, L. C. D, et al.'BRS Requinte’: new common bean Carioca cultivar with delayed grain
darknessCrop Breeding and Applied Biotechnology v.4, p.366-68. 2004.

FERREIRA, C. D, et al. Characteristics of starch isolated from black beans (Phasadgaris
L.) stored for 12 months at different moisture contents angéeaturesStarch-Stirke. 2016.

FRARY, C. D. e JOHNSON, R. K. Energy. In: MAHAN, L. KESCOTT-STUMP, S. K. (Ed.).
Krause's food, nutrition, & diet therapy. Philadelphia: Saunders Elsevier, v.1, 2007. Energy,
p.20-34

GARCIA, E. e LAJOLO, F. M. Starch Alterations in Hafd-Cook Beans (Phaseolus vulgaris)
Journal of Agricultural and Food Chemistry, v.42, p.612-615. 1994.

GOMES, J. C. e OLIVEIRA, G. F. Fotometria de Chama e Esgietbmetria de Absorcéo
Atbmica. In: GOMES, J. C. e OLIVEIRA, G. F. (EdAnalises fisico-quimicas de alimentos
Vigosa: Editora UFV, 2011. Fotometria de Chama e EspectrofotantketrAbsor¢do Atdmica,
p.244

HINCKS, M. J. e STANLEY, D. W. Multiple mechanisms of beamdeningFood Technology
v.21, p.731-50. 1986.

73



HOHLBERG, A. I. e STANLEY, D. W. Harde-cook defect in black beans. Protein and starch
considerationsJournal of Agricultural and Food Chemistry, v.35, p.571-576. 1987.

JUNK-KNIEVEL, D. C., VANDENBERG, A. e BETT, K. E. An Accetated Postharvest Seed-
Coat Darkening Protocol for Pinto Beans Grown acrosigifft Environment<rop Science
v.47, p.694-700. 2007.

LATTA, M. e ESKIN, M. A simple and rapid colorimetric methéat phytate determination.
Journal of Agricultural and Food Chemistry, v.28, p.1313-1315. 1980.

MAPA. Perfil do feijao no Brasil. Ministério da AgriculturBecuéria e Abastecimento (MAPA).
Disponivel em: http://www.agricultura.gov.br/vegetal/culturas/feijao/saib@raiAcesso em
outubro de 2016. Accessed 02/12/2016 2016.

MAXSON, E. D. e ROONEY, L. M. Evaluation of methods for tananalysis in sorghum grain.
Cereal Chemistryv.49, p.719-729. 1972.

MESQUITA, F. R, et al. Linhagens de feijdo (phaseolus vulgaris I.): Composicaoicaim
digestibilidade protéicaCiéncia e agrotecnologiav.31, p.1114-21. 2006.

MOJICA, L., et al.Bean cultivars (Phaseolus vulgaris L.) have similar higioxddant capacity,
in vitro inhibition of a-amylase and a-glucosidase while diverse phenolic composition and
concentrationFood Research Internationaj v.69, p.38-48. 2015.

NASAR-ABBAS, S. M, et al.Cooking quality of faba bean after storage at high teatper and
the role of lignins and other phenolics in bean hardemiogd Science and Technologw.41,
p.1260-1267. 2008.

NYAKUNI, G. A., et al. Chemical and nutritional changes associated with the aawent of
the hardto-cook defect in common bearsternational journal of food sciences and nutrition,
v.59, p.652-9. 2008.

PARMAR, N, et al.Comparison of color, anti-nutritional factors, minerals, phiemwbfile and
protein digestibility between hatd-cook and easye-cook grains from different kidney bean
(Phaseolus vulgaris) accessiodsurnal of food science and technology.54, p.1023-1034.
2017.

PRICE, M. L., VAN SCOYOC, S. e BUTLER, L. G. A criticalaluation of the vanillin reaction
as an assay for tannin in sorghum grdimurnal of Agricultural and Food Chemistry, v.26,
p.1214-1218. 1978.

RANI, P. R, et al. Storage studies on pinto beans under different moisture teoraead
temperature regimegournal of Stored Products Researchv.52, p.78-85. 2013.

74


http://www.agricultura.gov.br/vegetal/culturas/feijao/saibamais%3e

RANILLA, L. G., GENOVESE, M. I. e LAJOLO, F. M. Polyphenols andtixidant Capacity
of Seed Coat and Cotyledon from Brazilian and Peruviam Begtivars (Phaseolus vulgaris L.).
Journal of Agricultural and Food Chemistry, v.55, p.90-98. 2007.

RIBEIRO, H. J. S. D. S., PRUDENCIO-FERREIRA, S. H. e MEWI, D. T. Physical and
chemical properties of aged dry black common beans, lapar 44acufood Science and
Technology (Campinas) v.25, p.165-169. 2005.

SANCHEZ-ARTEAGA, H, et al.Effect of chemical composition and thermal properties on the
cooking quality of common beans (Phaseolus vulga@ig).A-Journal of Food, v.13, p.385-
391. 2015.

SAWAZAKI, H. E., et al. Modificacoes bioquimicas e fisicas em grdos de feijdo dumnte
armazenament®ragantia, v.44, p.375-390. 1985.

SHEHATA, A. E.-T. Hardto-cook phenomenon in leguméod Reviews Internationa) v.8,
p.191-221. 1992.

SINGLETON, V. L., ORTHOFER, R. e LAMUELA-RAVENTOS, R. MAnalysis of total

phenols and other oxidation substrates and antioxidants by nfdafis-giocalteu reagentx. In:
LESTER, P. (Ed.)Methods in Enzymology: Academic Pressv.299, 1999. Analysis of total
phenols and other oxidation substrates and antioxidants by meéoig-afiocalteu reagentx,
p.152-78

SIQUEIRA, B. S, et al.Influence of Storage on Darkening and Hardening of Sloa-Ragular-
Darkening Carioca Bean (Phaseolus vulgaris L.) Genotypasrnal of Agricultural Studies
v.2. 2014.

TEIXEIRA, J. V., SIQUEIRA, B. D. S. e BASSINELLO, P. ZvaAliacdo do escurecimento e
endurecimento de gendtipos de feijdo carioca durante ameaeato. CONGRESSO
NACIONAL DE PESQUISA DE FEIJAO, v.10. 2011.

UEBERSAX, M. A. e SIDDIQ, M. Postharvest Storage Qualgckaging and Distribution of
Dry Beans. In: (Ed.)Dry Beans and Pulses Production, Processing and NutritioBlackwell
Publishing Ltd., 2012. Postharvest Storage Quality, Packagith@stribution of Dry Beans,
p.75-100

VANIER, N. L., et al.Effects of nitrogen-modified atmosphere storage on physical,ichkamd
technological properties of Carioca be@urrent Agricultural Science and Technology v.20,
p.10-20. 2014.

75



6.2. ARTIGO 2

Tipo de artigo: artigo original.

Situagéa publicado no periédico Journal of Functional Foods

journal homepaga: www.alsaviar.com/locate/|if

[

» . . < journa of
Available online at www.sciencedirect.com functions) foods

e {0

ScienceDirect

Postharvest storage of Carioca bean (Phaseolus
vulgaris L.) did not impair inhibition of

@ CrossMark

inflammation in lipopolysaccharide-induced
human THP-1 macrophage-like cells

Natdlia Elizabeth Galdino Alves **, Elvira Gonzalez de Mejia *7,
Christiane Mileib Vasconcelos °, Priscila Zaczuk Bassinello ¢,
Hércia Stampini Duarte Martino °

* Department of Nutrition and Health of Uriversity Federal of Vigosa, Peter Henry Rolfs Avenue, Campus
Universitdrio, Vigasa, Minas Gerais 36570-50C, Brazil

® Department of Food Science and Human Nutrition, University of Illinois Urbara-Champaign. 228 ERML, MC-
051, 1201 West Gregory Drive, Urbana, IL §1801, USA

¢ Department of Foods of University Federal of Ouro Preto, Morro do Cruzeire, Campus Universitdrio, Ouro

Preto, Minas Gerais 35400-000, Brazil

2 EMBRAPA Rice and Bean, Rodovia G0-462, Km 12, Zona Rural, Santo Anténio de Coids, Colais 75375000,

Brazil

ARTICLE INFO

Article history:

Received 8 December 20135
Received in revised form 11
February 2016

Accepted 12 February 2016
Avazilable online 31 March 2016

Keywords:
Antioxidant capacity
Common bean
Hydrolysates
Peptides
Inflammation
Storage time

ABSTRACT

Storage can affect the nutritional quality of common bean (Fhaseolus vulgaris), but little is
known sbout the postharvest effect of storage on inflammation. The =2im of this work was
to evaluate, in vitro, the effect of postharvest storage-time on inflammation by Carioca beans,
Madreperola (MF) and Pontal (PO), stored (0, 3 and & months), cooked and subjected to pepsin-
pancreatin simulated gastrointestinal digestion. Anti-inflammatory potential was investigated
in human THP-1 macrophage-like cells. Commercial storage time did not affect protein con-
centration, degree of hydrolysis, hydropathicity or antioxidant capacity. All PO hydralysates
reduced tumour necrosis factor-a (TNF- @) (31% on averags). MP hydrolysates decreased
interieukin 1f (IZ-1f) (PO 0: 0.1 mg/mL, 20.7%; PO 0 and &§: S mg/mL, 24.8 and 48.2%, respec-
tively) and prostaglandin E-2 (PGE-2) (PO 0: all concentrations, 18% on average; PO 6: 0.1 mg/mL,
18.6%). Carioca beans inhibited inflammation and commercial storage time did not impair
physicochemical or biclogical properties.
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1, Introduction

Common bean (Phaseolus vulgaris L.) is widely consumed and
culturally important to human nutrition (FAQ, 2015). Globally,
postharvest losses of bean quality are extensive and impact
the bioavailability of nutrients and consumer acceptability
(Uebersax & Siddiq, 2012). Postharvest changes due to pro-
longed and adverse storage conditions, such as high
temperature (=25 °C) and relative humidity (RH) (»65%), can
promote darkening and hardening of common beans affect-
ing their agronomical, sensory and nutritional aspects (Siqueira,
Bassinello, Malgaresi, Pereira, & Fernandes, 2016),

The suitable period of storage depends on environmental
conditions (mainly temperature and humidity) and initial
moisture of beans (Rani, Chelladurai, Jayas, White, &
Kavitha-Abirami, 2013), Long time storage increases hydra-
tion defects (Rios, Abreu, & Corréa, 2003), losses of phytates
and lignification due to changes in phenclic metabolism
(Nasar-Abbas et al., 2008), resulting in hardening and darken-
ing. In addition, large proteins such as phaseolin are vulnerable
to enzymatic and non-enzymatic hydrolysis, which release
small polypeptides and aromatic amino acids that contribute
to hardening of beans due to the formation of insoluble poly-
mers in the middle lamella of the bean cells (Hohlberg & Stanley,
1987).

Carioca bean is a variety cultivated in Brazil that under-
goes fast darkening after harvesting (Faria et al,, 2004). This
phenomenon prevents its storage over long periods, since con-
sumers consider darkening a characteristic of aging and

hardening (Siqueira et al,, 2016). This variety has been modi-
fied by selective breeding to delay darkening (Faria et al., 2004)
and hardening upon storage (Siqueira et al,, 2016). However,
it has been demonstrated that after six months of storage under
ambient conditions, common beans may present hard-to-
cook defects, increase cooking time, and reduce in vitro protein
digestibility (Nyakuni et al., 2008). For Carioca beans, only 2
months of storage is enough to observe hardness, even under
control conditions (5 °C) (Coelho, Prudencio, Christ, Sampaio,
& Schoeninger, 2013),

Carioca beans present high antioxidant capacity (Mojica,
Meyer, Berhow, & Gonzalez de Mejia, 2015) and may reduce the
pro-inflammatory state linked to Non Cornmunicable Chronic
Diseases (NCCD) (Carrasco-Castilla et al,, 2012; Luna-Vital,
Mojica, Gonzdlez de Mejia, Mendoza, & Loarca-Pina, 2014;
Oseguera-Toledo, Gonzalez de Mejia, Dia, & Amaya-Llano, 2011,
Rui, Boye, Simpson, & Prasher, 2012). It has been found that
polyphenolic compounds provide health benefits, and others
bipactive compounds, such as bioactive peptides, may con-
tribute to decreasing the risk of obesity, hypercholesterolemia,
diabetes mellitus, cardiovascular disease and cancer (Hayat,
Ahmad, Masud, Ahmed, & Bashir, 2014; Luna-Vital et al., 2014),
Bean enzymatic hydrolysis produces hydrolysates and pep-
tides with anti-inflammatory (Oseguera-Toledo et al., 2011) and
antioxidant activities (Carrasco-Castilla et al,, 2012;
Oseguera-Toledo et al., 2011) that could inhibit the chronic in-
flammatory process initiated by human macrophages.
Macrophages are the major source of pro-inflammatory
cytokines, and several markers can be used to measure chronic
inflammation, such as tumour necrosis factor-o (TNF-a),

interleukins (IL), prostaglandin E-2 (PGE-2), and others. TNF-«.
has a pivotal role in the progression of inflammation since it
induces the production of IL-1f, among other pro-inflammatory
cytokines (Lefkowitz, Lefkowitz, & Lefkowitz, 2001) and in-
creases PGE-2 (Williams, Mann, & DuBois, 1999),

Although Carioca beans are widely consumed by the Bra-
zilian population, no studies have been reported on the effect
of commercial storage time (up to six months) on their fune-
tional properties. Most of the studies have focused on the hard-
to-cook-beans and beans stored for long periods, aiming to
produce functional ingredients mainly for use by the food in-
dustry, but not for direct human consumption, due to the
physicochemical and nutritional changes. Therefore, we high-
lighted the importance to evaluate the effect of commercial
storage time (up to six meonths) on functional properties of
bioactive peptides, since Carioca beans with extended storage
time are poorly consumed by humans, The aim of this inves-
tigation was to compare the effect of fresh and commercially
stored (up to six months) Carioca bean varieties on the physi-
cochemical and biclogical properties of their peptides produced
after gastrointestinal digestion; also, their potential to inhibit
markers of inflammation in lipopolysaccharide (LPS)-induced
human THP-1 macrophage-like cells. This is a novel scientific
contribution, and it is also important since people consume
Carioca beans stored for up to six months; longer storage times
provide beans not suggested for direct human consumption.

2. Materials and methods

2.1. Materials

Two varieties of “Carioca” beans, BRS Pontal (PO) and BRSMG
Madreperola (MP) (Phaseolus vulgaris L.), were cultivated and har-
vested in Brazil in the Fall of 2013 (kindly provided by EMBRAPA
Rice and Bean, Santo Anténio de Goids, GO, Brazil). PO and MP
were chosen based on their different responses to resist changes
during storage conditions. Both of them were selectively bred
by EMBRAPA Rice and Bean by crossing 2 lineages (MP: AN
512666-0 and AN 730031, and for PO: BZ3836//FEB 166/NA
910523). The best lineages were selected after six generations
based on productivity potential and resistance to diseases. In
addition, the grain aspects were also considered for MP beans
resulting in a cultivar with both late darkening and late hard-
ening during storage. Porcine pepsin (EC 3.4.23.1) and pancreatin
(8xUSP, a mixture of digestive enzymes produced by the exo-
crine cells of the porcine pancreas, EC 232-468-9), were
purchased from Sigma Aldrich (St. Louis, MO, USA). Human
acute monocytic leukaemia cell line (THP-1) (TTB-2002™) from
American Type Culture Collection (ATCC®, Manassas, VA, USA).
Fetal bovine serum from Invitrogen (Grand Island, NY, USA).
DC™ (detergent compatible) protein assay (500-0112), Preci-
sion Plus Protein™ Dual Colour Standards (1610374) and
Polypeptide SDS-PAGE Standard (1610326) were purchased from
Bio-Rad (Hercules, CA, USA). Streptomycin/penicillin and sodium
pyruvate were purchased from Cellgro (Manassas, VA, USA).
Sodium nitrite, sulfanilamide, N-1-(naphthyl) ethylenediamine-
diHCl, lipopolysaccharide (LPS from Escherichia coli O55:B5),
phorbol 12-myristate 13-acetate (PMA) and cellulose acetate
membrane 500 Da molecular weight cut-off (2367982) were
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purchased from Sigma-Aldrich®. Human EIA kits from Cayman
Chemical® (Ann Arbor, MI, USA) to analyse IL-1 B (#583311),
and PGE-2 (#514010), and from Abcam (Cambridge, MA, USA)
for TNF-o (#ab46087); dipeptidyl peptidase IV (DPPIV)-Glo pro-
tease assay kit (#G8350) from Promega (Madison, WI, USA) and
COX-2 inhibitor screening kit (#K547-100) from BioVision In-
corporated (Milpitas, CA, USA).

2.2. Common bean storage and processing

After harvesting, the beans were stored at room temperature
(22 =3 °C), without humidity control (<65%) and evaluated at
three and six months; time zero was used as control. After each
period the beans were cooked under pressure (1:2 bean: water;
120 °C, 50 min), dried (air-circulating oven for 8 h/60 °C) and
ground (sieve of 600 um, size 30 mesh; Grinder Vertical Rotor
MA 090 CFT, Marconi Equipment, Piracicaba, SP, BR). The re-
sulting flour was packed under vacuum and stored at =20 *C
until analysis,

2.3. Simulated gastrointestinal digestion

In order to simulate gastrointestinal digestion, pepsin-
pancreatin hydrolysis was used as described by Megias et al.
(2004). Briefly, a sequential enzyme digestion was carried out
for two hours with pepsin (pepsin/bean flour 1:20, pH 2.0) plus
two hours with pancreatin (pancreatin/bean flour 1:20, pH 7.5)
at 35 °C, in triplicate. The hydrolysis was stopped by heating
at 75 °C for 20 min. The hydrolysates were centrifuged at 20,000 g
for 15 min at 4 °C, dialysed to remove salts (cellulose acetate
membrane 500 Da molecular weight cut-off, Sigma-Aldrich) and
freeze dried in a LabConco FreeZone Freeze dry system (Kansas
City, MO, USA). Samples were stored at -20 °C until analysis.

2.4. Determination of degree of hydrolysis (DH) and
soluble protein

DH was determined, in triplicate, as described by Cabra,
Arreguin, Vazquez-Duhalt, and Farres (2007), The percentage
of the dissolved protein after precipitation with 0.2 M trichlo-
roacetic acid (TCA) was compared to the total dissolved
common bean flour protein (100%). This was obtained after com-
plete hydrolysis with 2 M sulphuric acid at 100 °C for 4 h.
Detergent compatible (DC™)-protein assay (#500-0112; Bio-
Rad®) was used to determine protein concentration, according
to the manufacturer's instructions at 630 nm using a bovine
serum albumin (BSA) standard curve: y = 0.0002x - 0.0048;
R? = 0.999. Soluble protein concentration was expressed in
percent related to the total amount of complete hydrolysate.

209 Gel electrophoresis analysis SDS-PAGE of common
bean flour and peptide fractions

PO and MP proteins were analysed, in duplicate, by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis analy-
sis (SDS-PAGE), Samples were diluted (1:1, v/v) in Laemmli buffer
5% of B-mercaptoethanol, pH 6.8 (Bio-Rad, 161-0737), boiled for
5 min, and 20 ug of protein was loaded in pre-cast (4-20%) gra-
dient polyacrylamide Tris-HCI gels. Standard dual colour protein
markers (10-250 kDa) were used to calculate molecular mass

of separated proteins, Constant voltage of 200 V for 35 min was
applied; the gels were stained with Simply Blue Safe Stain over-
night and de-stained with water (three times-5 min each).

Peptide size present in PO and MP hydrolysates were
analysed, in duplicate, as described by Rocha, Hernandez,
Chang, and Gonzalez de Mejia (2014) with modifications.
Samples were diluted in tricine sample buffer (5% BME; pH 6.8;
1:2 sample: buffer) and the polypeptide SDS-PAGE standard (1.4
26.6 kDa) diluted 1:1 (v/v) in the same buffer. The gels were run
using 16.5% Tris-Tricine polypeptide ready gels (Bio-Rad®) and
a 1X tris-tricine SDS running buffer, for 90 min at 125 V con-
stant, The gels were washed with water (three times-5 min
each), stained overnight and de-stained for 2 h with water,
changing the water each 30 min. All gels were visualized using
the GL 4000 Pro Imaging System.

2.6. Peptides separation

The hydrolysates were passed through size exclusion chro-
matography (SEC), in duplicate, and the peptides were separated
based on molecular mass, using a gel filtration column
(30 cm x 10 mm, 13 pm average particle size) packed with
Superdex 30 prep grade resin with a size exclusion limit of
10 kDa (GE Healthcare Life Sciences, Pittsburgh, PA, USA). The
hydrolysates (20 mg/mL) were eluted using 20 mM Tris-HCI
buffer pH 7.5 and flow rate was set in 0.5 mL/min. Peaks were
detected using GE AKTA prime plus system (GE Healthcare Life
Sciences) at 280 nm. The fractions were collected every 3 min
using an automated fraction collector attached to the GE AKTA
System. The protein content of fractions was determined by
DC™ protein assay.

2.7. Biochemical properties of peptide fractions and
complete hydrolysates

To confirm the biochemical properties of the peptide frac-
tions, dipeptidyl peptidase-1V (DPP-IV) activity, cyclooxygenase-2
(COX-2) inhibitor screening assay and antioxidant activity were
performed in triplicate, using the fractions at concentration of
1 mg of protein/ml, DPP-IV activity was evaluated by DPP-IV
Glo Protease assay (G8351, Promega), according to Mojica, Chen,
and Gonzdlez de Mejia (2015). COX-2 activity was measured
using a COX-2 inhibitor screening assay, following the manu-
facturer's instructions (BioVision, K547-100). Per cent inhibition
was calculated from the blank and enzyme control for each
sample. Antioxidant activity was evaluated by oxygen radical
absorbance capacity (ORAC) according to Prior et al, (2003), using
20 uL 6-hydroxy-2,5,7 8-tetramethylchroman 2-carboxylic acid,
1-8 uM final concentration (Trolox standard; y = 0.9905x - 8.172
R? = 0,989) and peptides fraction (at 1 mg of protein/mL). The
same method was used to evaluate antioxidant capacity of com-
plete hydrolysates at concentration of 1 mg/mL (freeze-dried
hydrolysates diluted in 75 mM phosphate buffer, pH 7.4). ORAC
results were expressed in mmol TE/mg of protein for pep-
tides fractions and mmol TE/g for complete dry hydrolysates.

Nitric oxide (NO) radical scavenging capacity of complete
hydrolysates was determined using sodium nitroprusside (SNP)
as the NO donor (Green et al,, 1982). Briefly, 10 mM SNP solu-
tion was incubated with hydrolysates (1 mg of dry hydrolysate/
mL) in PBS at 25 °C. After 150 min, 0.5 mL of incubated solution
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was mixed with 0.5 mL of Griess reagent (1% sulphanilamide,
0.1% naphthylethylenediamine dichloride and 3% phos-
phoric acid). The absorbance was immediately measured at
546 nm. Results were expressed as % inhibition in relation to
PBS, used as control,

Hydropathicity of complete hydrolysates (50 mg dry
hydrolysate/mL) was determined in duplicate according to Dia,
Bringe, and Gonzdlez de Mejia (2014), using a hydrophobic in-
teraction chromatography column and 1 mL phenyl Sepharose
high performance column (0.7 x 2.5 cm; 34 pm average par-
ticle size). The peptides angiotensin (H = 0.36, RT = 3.82 min),
Bowman Birk Inhibitor (H =-0.159; RT =3.41 min) and a syn-
thetic peptide from common bean (KKSSG; H=-1.96;
RT = 2,95 min) were used to construct a standard curve of
hydropathicity (y = 2.6919x - 9.72; R? = 0,926). ProtParam Expasy®
toll (http://web.expasy.org/protparam/, accessed 13.02.15) was
used to calculate the Grand Average of Hydropathicity (GRAVY),
which indicates the solubility of the proteins according to the
sum of hydropathicity values of all amino acids in the se-
quence divided by the protein length. Positive scores indicate
more hydrophobic amino acids, and negative scores more hy-
drophilic amino acids (Kyte & Doolittle, 1982).

2.8. Characterization of the peptide fractions

The peptide fractions from pepsin-pancreatin hydrolysates ob-
tained after gel filtration were analysed by high-performance
liquid chromatography-electrospray-ionization-mass spec-
trometry (HPLC-ESI-MS) using a Q-tof Ultima mass spectrometer
(Waters, Milford, USA), equipped with an Alliance 2795 HPLC

system, according to Mojica et al. (2015). Only peaks with in-
tensity higher than 50%, and the sequences with more than
70% of probability of identity were analysed using the MassLynx
4.1V software (Waters). The presence of bioactive sequences
in the main common bean proteins was confirmed using
UniProt database from BLAST® tool using the keyword
“Phaseolus vulgaris 1" to filter by organism (http://www
blast.nebinlm.nih.gov/Blast.cgi, accessed 12.03.15). Query covers
below 60% were not included, The potential biological activ-
ity of the peptides was predicted by using BIOPEP database
(httpy/www.uwm.edu.pl/blochemia, accessed 12.03.15). Peptide
structures were predicted using PepDraw tool (http://www
{tulane.edu/~biochem/WW/PepDraw/, accessed 12.03.15). The
amino acids were presented in one letter nomenclature,

2.9. Anti-inflammatory potential of common bean
hydrolysates

THP-1 cells, a human monocytic-derived cell line, were cul-
tured in Dulbecco's Modified Eagle's Medium (DMEM)
supplemented with 1% penicillin/streptomycin, 1% sodium py-
ruvate and 10% foetal bovine serum at 37 °C in 5% C02/95% air
using a CO; Jacketed Incubator (NuAIRE DH Autoflow, Plym-
outh, MN, USA). Phorbal 12-myristate 13-acetate (PMA) was
added at a concentration of 162 nM to promote differentia-
tion of THP-1 cells into macrophages (Takashiba et al., 1999).
Macrophage differentiation was allowed to occur for 24 h and
confirmed by cell morphology and total adhesion to the plate.
Human THP-1 macrophages-like were seeded at a density of
1,000,000 cells per 2 mL in a 6-well plate. The efficiency of THP-1

cells growing in the presence of sterile-filtered hydrolysates
(0.1 to 5 mg/mL for 24 h) was assessed by Aqueous Solution
CellTiter® 96 One Proliferation Assay Kit. THP-1 cells were
treated with LPS (1 pg/mL) to induce inflammation and the hy-
drolysates (0.1 mg/mL, 1 mg/mL, 2.5 mg/mL and 5 mg/mL) for
24 h, LPS plus PBS, and PBS were used as positive and nega-
tive controls, respectively. The treatments were performed in
duplicate, After 24 h of treatment, the growth medium were
collected and frozen at ~80 *C until analysis.
Prostaglandin-2 (PGE-2) was measured using a PGE-2 EIA
monoclonal kit following the manufacturer's instructions
(Cayman Chemical). Briefly, 50 uL of diluted (1:500, v/v) cell su-
pernatant was plated in a 96-well goat anti-mouse IgG coated
plate and incubated for 18 h at 4 °C, After incubation, the plate
was washed using the provided washing buffer, the colour was
developed by adding 200 pL of Ellman's reagent and shaking
the plate for 60-80 min in the dark. The amount of PGE-2 was
calculated using the generated PGE-2 standard curve (y=-1.1
In(x) + 4.2078, R? = 0.998). TNF-ar and IL-1ff were measured in the
cell culture supernatant using commercially available assays
from Cayman Chemical® and Abcam, respectively, following
the manufacturer's instructions. The cell culture superna-
tant was diluted 1:100 (v/v) for TNF-a and 1:50 (v/v) for 1L-1p
(sample: buffer). The amount of TNF-a (y = 0.7991x - 2.0792,
R?=0,998), and IL-1p (y = 0.0066x + 0.0249, R? = 0,999) were cal-
culated using their respective standard curves run at the same
time as the treatments. Results were expressed in ng/mL.

2.10. Statistical analysis

Results are presented as the mean + SD of at least two inde-
pendent experiments, and each experiment was performed in
triplicate, Data were subjected to one-way analysis of vari-
ance (ANOVA) with two sources of variation (bean and time)
and bean*time interaction. Significant interactions (P <0.05) were
fragmented and the effect of time was tested by models of linear
and quadratic equation in function of time of storage for each
bean. The differences between types of bean were tested by
t-Student test at 5% of probability. For effect of common bean
hydrolysates on markers of inflammation, different doses were
tested and compared to a negative (PBS) and a positive control
(PBS and LPS) by contrast at 5% of probability, Principal com-
ponent analysis was performed to obtain a graphic
representation of hydrolysates and dose effect on inflamma-
tory markers, The software Statistical Analysis System (SAS-
Institute Inc., Cary, NC, USA, 1989), version 9.3 was used.

3. Results

8:1: Electrophoretic profile and soluble protein
concentrations from common bean after simulated
gastrointestinal digestion

Fig. 1A depicts the images of raw and cooked Carioca beans
selected for this study. Fig. 1B shows the main proteins from
both varieties before simulated gastrointestinal digestion for
fresh and stored beans. PO and MP beans did not show dif-
ferent protein profiles at three or six months of storage, with
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Fig. 1 - Image of raw and cooked Carioca beans (A). SDS-PAGE for whole bean flour (B). Degree of hydrolysis (C) and soluble
protein concentration (D) of pepsin-pancreatin hydrolysates obtained from PO and MP at 0, 3 and 6 months of storage, STD,
indicate molecular weights of proteins in the Dual Colour Standards BioRad (Hercules, CA, USA). PO, BRS Pontal and MP,
BRSMG Madreperola. Numbers 0, 3 and 6 refer to time of storage. Lines show the major proteins from common beans: Leg,
legumin; Phas, phaseolin; Lec, lectin; Arc, arcelin. Results are expressed as mean + SD of three independent experiments.
Significant differences between beans were evaluated by t-Student test at 5% of probability (P < 0,05). Time effect was
evaluated by models of linear and quadratic equation in function of time of storage for each bean (P < 0.05).

the most intense bands between 18 and 30 kDa. The protein
bands observed by SDS-PAGE between 50-75 kDa appeared to
be legumin (Leg) (UniProtKB, 2015; Yin et al., 2011). Phaseolin
(Phas), the main storage protein (40-50%) of common bean, was
indicated by bands at 37-50 kDa, and lectin (Lec) and arcelin
(Arc) at 25-37 kDa (UniProtKs, 2015). After pepsin-pancreatin
hydrolysis of large PO and MP bean proteinsg, in all times of
storage, were converted into smaller molecular peptides
(<10 kDa) (Supplementary Fig. S1A). This was confirmed by poly-
peptide SDS-PAGE gel that showed peptides with molecular
weight lower than 1.4 kDa (Supplementary Fig. S1B),

The mean yield after enzymatic hydrolysis, dialysis and
freeze-dried process was 51.2 + 4%. The storage time did not
affect (P > 0.05) the degree of hydrolysis (DH) (PO: 60.4 = 14.0%,
MP: 56.1 + 14.1%, in average) (Fig. 1C) or soluble protein con-
centration (PO: 26 + 2%; MP: 25 + 1%, in average) (Fig. 1D). No

significant differences were observed among hydrolysates for
these parameters (P = 0.05).

3.2. Biochemical properties of hydrolysates and peptide
fractions

Fig. 2 shows the size exclusion chromatography (SEC) per-
formed by gel filtration. A.1, A.2 and A.3 shows the peptide
sequencing from HPLC-ESI-MSMS analysis. Antioxidant ca-
pacity (ORAC) of main peptide fraction (A.2) did not differ among
bean samples (P = 0.30) (Table 1). MP peptide fractions were more
powerful to inhibit DPP-1V (66.7 * 12.0%, in average) than PO
fractions (49.3 + 8.1%, in average) (P < 0.01). Peptide fractions were
less potent to inhibit COX-2 activity, wherein PO fractions
(11.1 £ 1.6%, in average) presented higher inhibition than MP
(0.9 1.6, in average) (P=0.01). No time effect was observed
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Fig. 2 - Schematic diagram showing the identification of peptides from PO and MP after simulated gastrointestinal
digestion with pepsin-pancreatin (A). Hydrolysates were subjected in duplicate to size exclusion chromatography (SEC at
280 nm) (<10 kDa) and the major fractions were subjected to HPLC-ESI-MSMS analysis for sequence identification. Peak
selected from each fraction (A.1, A.2 and A.3) for MS/MS analysis corresponded to at least 50% of the total net intensity and
are represented by retention time followed by molecular weight,

(P = 0.05) (Table 1). Complete hydrolysates did not affect DPP- hydrolysates in all times of storage (88.9+4.0 and
IV and COX-2 activity (data not shown) (P > 0.05), 82.7 = 3.3 mmol TE/g dry hydrolysate, respectively) (P = 0.04), No

Antioxidant capacity evaluated by ORAC and NO inhibi- differences were observed for NO inhibition among bean
tion of complete hydrolysates was not affected by storage- samples (P = 0.62). Negative values were observed for total

time (Table 2). However, MP presented higher ORAC than PO hydropathicity in the complete hydrolysate (ranging from

Table 1 - Biochemical properties of hydrolysates fractions of PO and MP beans stored for 3 and 6 months.

Hydrolysates Fraction (RT?) ORAC (mmol TE/mg DPP-1V inhibition (%) COX-2 inhibition (%)
of protein)
PO O A2 (90-120) 39.25 % 0,12 41,25+ 6,09 12.8 £ 0.5°
PO 3 A2 (90-120) 39.28 £ 0.03 57.54 £5.54 9.61+1.1"
PO 6 A2 (90-120) 36,35+ 0.28 19.07 £ 6.09 11.0+2.1°
MP O A2 (90-120) 39.80+ 0,11 55.82+£7.75" 0.36 £ 1.5
MP 3 A2 (90-120) 39.58 £ 0.10 79.58 £+ 0.74" -0.36 £ 1.0
MP 6 A2 (90-120) 39.10+0.17 64.65+1.11" 2B80%14

RT?, retention time of gel filtration for the main fraction, A2 (Fig. 2). PO, Pontal hydrolysates and MP, Madreperola hydrolysates before (0) and
after 3 and 6 months of storage (3 and 6, respectively), ORAC, oxygen radical absorbance capacity; DPP-1V, dipeptidyl peptidase 1V; COX-2,
cyclooxygenase-2, A2: ‘Indicate significant differences between beans by t-Student test at 5% of probability (P < 0.05). No difference by time
was observed (P> 0,05; ANOVA followed by models of linear and quadratic equation in function of time of storage for each bean).
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Table 2 - Biochemical properties of complete hydrolysates of PO and MP beans stored for 3 and 6 months.

Hydrolysates ORAC (mmol TE/g NO inhibition (%) Hydropathicity Index
dry hydrolysates)
POO 84.88 = 3.38° 86.10+0.38 -0.80£0.25
PO3 78104937 81.24£2.97 -1.25+0.06
PO 6 85.24 £539° 83.22£0.56 -0.49:053
MPO 92,31z 8.50 B6.19£1.65 -0.64 £0.51
MP3 85.67 =3.05 88.28 198 -100+0.19
MP 6 88.99 1228 8095041 -0.89 £0.08

PO, Pontal hydrolysates and MP, Madreperola hydrolysates before {0) and after 3 and 6 months of storage (3 and 6, respectively). ORAC, oxygen

radical absorbance capacity; NO, nitric oxide inhibition.

* Indicate significant differences between beans by t-Student test at 5% of probability (P < 0.05). No difference by time was observed (P > 0.05;
ANOVA followed by models of linear and quadratic equation in function of time of storage for each bean).

-1.25 = 0.06 to —0.49 = 0.53), without differences among beans
and time of storage (P > 0.05) (Table 2).

3.3. Peptide sequence and biological potential

Table 3 presents the resulting peptides after hydrolysis, their
biological potential and physicochemical characteristics. MP
presented higher number of bioactive sequences (11 pep-
tides) than PO hydrolysates (6 peptides). All bioactive sequences
presented positive values of hydrophobicity and few se-
quences presented negative values (KLLALQKMRK and
QTSTPLFS from MP 3 and MP 6, respectively). Antioxidative pep-
tides were found in all hydrolysates, except in PO 6. Only PO
6 did not present the antioxidative peptide VELVGPK. Besides
VELVGPK, PO 0 also presented the antioxidative sequence
ALVPVGSKPK. Anti-inflammatory peptides {(ubiquitin-mediated
proteolysis activating peptide — UMPA) were found in PO 0
(LAMPV) and MP 3 (KLLALQKMRK). The most prevalent bioac-
tivity was related to inhibition of angiotensin converting enzyme
(ACE) and DDP-IV and stimulating of glucose uptake (glucose
uptake stimulating peptide — GUSP) (Fig. 3).

3.4. Effect of common bean hydrolysates on markers of
inflammation

Viability of human THP-1 macrophages-like cells was not af-
fected by PO or MP hydrolysates at concentrations from 0.1 to
5 mg/mL (P > 0.05), with values of viability higher than 90% (data
not shown). Fig. 4 presents the effect of PO and MP hydroly-
sates on TNF-q, IL-18 and PGE-2 produced by LPS-stimulated
THP-1 human macrophages. The in vitro model showed that
the anti-inflammatory properties of PO and MP hydrolysates
were not affected by storage-time (P > 0.05). Comparing to posi-
tive control (C+), all concentrations of PO hydrolysates reduced
TNF-a (around 31% on average) (P < 0.05) (Fig. 4A) and MP hy-
drolysates decreased IL-18 at 0.1 mg/mL (20.7%, time 0) and at
S mg/mL (24.8% and 48.2%, time 0 and 6, respectively) (P <0.05)
(Fig. 4D). No significant changes were observed for PGE-2 after
treatment with PO hydrolysates, but it decreased at all con-
centrations (18% on average) for MP 0, and at the lowest
concentration for MP 6 (18.6%, 0.1 mg/mL) (P <0.05) (Fig. 4F).
Principal component analysis and cluster analysis can be
observed in Fig. 5. MP hydrolysates at times 0, 3 and 6 and doses

0.1, 2.5 and S were more effective to reduce IL-1 3, while PO
hydrolysates from fresh (ime 0) and stored beans (time 6) were
more related to inhibit TNF-a production at doses of 0.1, 1.0
and S mg/mL.

4, Discussion

Brazil is the largest producer and consumer of common bean
in the world. The favourite type is Carioca bean, which repre-
sents around 70% of the total consumption and 52% of the
cultivated area in the country (Martino et al., 2012). Although
beans have long shelf life, storage time accentuates the dif-
ference between quick darkening and darkening-resistant
Carioca bean genotypes (Silva, Ramalho, Abreu, & Silva, 2008).
1t has been demonstrated that after six months of storage under
ambient conditions, common beans may present hard-to-
cook defects (Nyakuni et al., 2008). The development of hard-
to-cook bean defects prevents its consumption due to the
inability of cotyledons to soften sufficiently within a reason-
able time during cooking, resulting in flatulence, low digestibility
of macronutrients and negative changes in texture and pal-
atability (Njoroge et al., 2015). Carioca bean fype presents fast
darkening of the tegument, impeding the storage over long
periods (Sigueira et al, 2014). Consumers associate darken-
ing to aging of grains and hard-to-cook beans. Due to the
consumers preferences, some producers anticipate the harvest
of Carioca bean and most of them avoid storage of the product
for long periods (Faria et al.,, 2004). Postharvest storage time
of common beans (P. vulgaris L.) can affect their sensory and
nuiritional quality. Common bean with prolonged storage is
not usually consumed due to hard-to-cook defects and poor
digestibility. In summary, Carioca beans are cultivated and har-
vested twice per year, and up to six months is the usual
commercial self-life. In addition, little was known about the
effect of commercial storage time {up to six months) on physi-
cochemical and biological properties of peptides from Carioca
bean. We have evaluated, for the first time, the effect of 3 and
6 months of commercial storage on physicochemical and bio-
logical properties of two Carioca beans: BRS-Pontal (PO} and
BRSMG-Madreperola (MP) cooked and after simulated gastro-
intestinal digestion with pepsin-pancreatin.

Storage for 3 and 6 months did not alter the natural enzy-
matic hydrolysis as showed by degree of hydrolysis. DH
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Table 3 - Bioactive peptides identified by HPLC-ESI-MS/MS in PO and MP hydrolysates fractions.

Beans Fraction RT® Prob Molecular Peptide Biological activity Parental protein QC P Net Hydrophobicity Hydropathicity
{RTY (%) massDa  seguence® charge kcal mol™ Index
POTIMED 1 (60-90) 26 989 7412 VELVGPK ACE inhibitor, Alphs end bets phasecin 100 65 0 13.45 0.4
enti-emnesic, entioxidative,
antithrombotic, DPP-IV
inhibitor, GUSP, PRSM
69 96 5303 LAMPV ACE inhibitor, DPP IV Alpha and betaphaseclin 100 56 0 6.16 20
inhibitor, UMPA,
2 (90-120) 26 995 9956 ALVPVGSKPK  ACE inhibitor, DPP-IV Arcelin and 100 106 2 13.72 02
inhibitor, entioxidative, phytchemagglutinin
GUSP
POTIME3 2 (60-90) 24 Q9ca 7414 VELVGPK ACE inhibitor, antioxidative, Alphs =nd bets phasechin 100 &5 0 13.45 0.4
DPP-IV inhibitor, GUSP,
PRSM, PEL,
117 6§25 6273 SLPVLV GUSP; DPP-IV inhrbitor Alphs snd betz phaseckn 100 54 O 5.08 22
POTIMEE 2 (90-120) 34 999 6443 TRGVLV ACE inhibitor; DPP-IV Alphs-smylase inhibitor2 831 111 1 894 11
inhibitor; GUSP
MPTIMEC 1 (60-90) 46 100 €79.4 LSSLEM DPP-IV inhibitor Alpha and beta type 83 32 -1 8.2 0.7
phaseclin
65 999 8815 LVSCLVDL DPP-1V inhibitor, GUSP Phytohemagglutinin 100 31 -1 7.3 22
2 (90-120) 28 100 7414 VELVGPK ACE inhibitor, antioxidetive, Alpha and beta type 00 &5 O i34 0.4
DPP-IV, GUSP, PRSM, PEl phaseclin
MPTIME3 1 (60-90) 25 100 7414 VELVGPK ACEinhibitor, sntioxidative, Alphzandbetaphaseclin 100 &5 0O 134 0.4
DPP-IV, GUSP, PRSM, PEI
45 100 €793 LSSLEM DPP-IV inhibitor Alphs &nd beta phaseclin B3 31 -1 9.2 07
2 (90-120) 27 100 7414 VELVGPK ACE inhibitor, antioxidative, Alphz and beta phaseclin = 100 &5 o 134 0.4
DPP-IV, GUSP, PRSM, PEI
322 930 12287 KLLAIQKMRK  ACE inhibitor, UMPA, DPP- Alphs end beta phaseclin @ 50 118 4 149 04
IV, GUSP, PRSM, PEI
MPTIMEE 1 (60-90) 62 818 14 LVTTTVDL GUSP, DPP-IV inhibitor Phytchemagglutinin 87 31 -1 B8 L
62 934 8304 QTSTPLES ACE inhibitor, DPP-IV Alphz-smylase inhibitor1 75 53 0 7.2 0.1
inhibitor
2 (90-120) 26 999 7414 VELVGPK ACE inhibitor, antioxidetive, Alphaandbetaphasecin 1060 65 O i34 0.4
DPP-IV, GUSP, PRSM, PEI
34 999 8443 TRGVLV ACE inhibitor, DPP-IV Alphz-amylase inphibitor2 83 111 1 82 il

inhibitor GUSP

PO, BRS Pontal hydrolysates; MP, BRSMG Madreperols hydrolysates; RT?, retention time of gel filtration (Fig. 2A); RT?, retention time of HPLC-ESI-MSMS; Prob (%), probzbility of the peptide sequence;
QC, query cover from BLAST® toll; IP, ispelectric point; Hydropathicity, by grand average of hydropathicity (GRAVY); ACE inhibitor, angiotensin-converting-enzyme inhibitor; DPP-1V inhibitor, dipeptidyl
peptidase IV inhibitor; GUSP, glucose uptake stimulating peptide; PRSM, peptide regulating the stomsach mucoszl membrane activity; PEl, prolyl endopeptidzse inhibitor; UMPA, ubiquitin-mediated
proteclysis activating peptide; "Peptides sequenced by HPLC-ESI-MS/MS with intensity at least 50% and 70% of probsbility. Biological activities were obtained from the BIOPEP dsatsbase; Highlightad

and underlined portion of the sequence rafer to part of the peptide with reported antioxidant and anti-inflammatory activity, respactively (BIOPEP databzsz). Only sequences of main proteins of

Phaseolus vulgaris L are presented in the tzhle and were confirmed with BLAST® toal {QC 560%). Physicochemicsl properties were determined using PepDraw and GRAVY using ExPASy — ProtParam.
The amino acids are presented in one latter nomenclature.
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Fig. 3 - Percentage of potential biological activity of peptides from BRS Pontal (A) and BRSMG Madreperola (B) after
simulated gastrointestinal digestion with pepsin-pancreatin. PO, BRS Pontal; MP, BRSMG Madreperola. Numbers 0, 3 and 6
refers to time of storage. Percentage is related to total number of peptides present in each hydrolysate. DPP-1V, dipeptidyl
peptidase-IV inhibitor; ACE, angiotensin-converting-enzyme inhibitor; GUSP, glucose uptake stimulating peptide; PEI, prolyl
endopeptidase inhibitor; PRSM, peptide regulating the stomach mucosal membrane activity; UMPA, ubiquitin-mediated

proteolysis activating peptide.

(58.3 + 8.6%, in average) was higher than that reported for raw
(20%) and pre-cooked common beans (boiling for 15 min} (30%)
(Mojica et al., 2015). Heat treatment may increase DH due to
partial denaturation and sequential exposure of hydrophobic
residues of globular structure proteins, increasing the suscep-
tibility to proteolysis (Montoya et al., 2008). Our results for
cooked beans confirmed that cooking time can be an addi-
tional factor to increase DH. Others factors include method of
analysis, cultivars, time of hydrolysis and enzymes used in the
in vitro digestion.

Storage-time did not affect antioxidant capacity or ability
of peptide fractions to inhibit DPP-1V, although a minor effect
was observed for COX-2 activity inhibition. Due to the higher

protein content, peptide fractions presented higher antioxi-
dant capacity than complete hydrolysate (38.89 = 1.27 mmol
TE/mg of protein vs. 0.321 = 0.017 mmol TE/mg of protein,
in average). ORAC values for PO and MP hydrolysates
(321.59 = 17.8 mmol TE/g of protein, in average) were lower than
those observed for hydrolysates from pre-cooked pinto beans
(P. vulgaris L), similar to Carioca beans, which presented around
450 mmol TE/g of protein (Mojica et al., 201S; Rui et al.,, 2012).
Comparing to the original food matrix, hydrolysates pre-
sented higher ORAC (85.9 = 4.7 mmol TE/100 g of dry hydrolysate,
in average) than those observed for raw (5.06 to 12.90 mmol
TE/100 g) and boiled (0.418 to 1.5 mmol TE/100 g) pinto beans,
similar to Carioca beans (USDA, 2010). A high antioxidant ca-
pacity has been reported for hydrolysates due to the production
of small peptides (Luna-Vital et al., 2014), and the presence of
aromatic (Trp, Tyr, Phe) and basic amino acids (His, Arg) asso-
ciated with proton donors (phenolic, indole and imidazole
groups) (Sarmadi & Ismail, 2010).

The negative values of hydropathicity for PO and MP hy-
drolysates indicated the presence of peptides with more
hydrophilic amino acids (Kyte & Doolittle, 1982). The produc-
tion of peptides with a higher or less hydrophobicity, as well
as the DH, depends on hydrolysis time, food matrix
(Guzman-Méndez, Jaramillo-Flores, Chel-Guerrero, &

Betancur-Ancona, 2014), enzyme/substrate ratio, heat treat-
ment (Luna-Vital et al., 2014) and number of aromatic acid
residues (Guo, Kouzuma, & Yonekura, 2009). In our study, the
sequencing of bioactive peptides showed sequences with hy-
drophobic character. It is important to increase interactions with
cell membranes as well as the antioxidant capacity of pep-
tides (Guzman-Méndez et zl., 2014). In fact, the hydrophilic
character of complete hydrolysates did not affect antioxi-
dant capacity, evaluated by ORAC and NO inhibition. In
agreement with other findings, the antioxidant capacity was
also independent of the hydrophilic character for African yam
bean hydrolysates (Ajibola, Fashakin, Fagbemi, & Aluko, 2013),
and pea hydrolysates (Pownall, Udenigwe, & Aluko, 2010).

Bioactive peptide sequences confirmed the antioxidant and
anti-inflammatory potential of PO and MP hydrolysates. The
antioxidative sequences in PO and MP hydrolysates were EL
and KP, also described for other protein sources (Montoya-
Rodriguez, Gomez-Favela, Reyes-Moreno, Milan-Carrillo, &
Gonzalez de Mejia, 2015). Bioactive sequences related to
ubiquitin-mediated proteolysis activating peptide (UMPA) were
LA, RA and WA (Li & Aluko, 2010; Montoya-Rodriguez et al., 2015;
Turner, Du, & Varshavsky, 2000), wherein LA was found in PO
and MP hydrolysates.

The mechanism of antioxidant action of peptides to de-
crease inflammation was related to the reduction of reactive
oxygen species (ROS) (Hernandez-Ledesma, Hsieh, & de Lumen,
2009). ROS stimulate the release of inflammatory mediators and
recruitment of additional macrophages, contributing to chronic
inflammation (Hernandez-Ledesma et al., 2003). In this respect,
the antioxidative peptides can be useful to improve the anti-
oxidant defence and decrease the inflammatory process. UMPA
peptide, found in PO and MP hydrolysates (time 0 and 3 months,
respectively), accelerates its own absorption increasing the
import capacity of cells (Turner et al., 2000). These properties
of small compounds to stimulate its own uptake by ubiquitin
system suggest a potential to regulate other ubiquitin-
dependent pathways (Turner et al,, 2000), such as in the control
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Fig. 4 - Effect of BRS Pontal and BRSMG Madreperola pepsin-pancreatin hydrolysates (0.1 mg/mL to 5 mg/mL) on tumour
necrosis factor-o. (TNF-a) secretion (A, B), interleukin-1f (IL-1f) (C, D) and prostaglandin E-2 (PGE-2) (E, F) secretion in LPS-
stimulated THP-1 macrophages. PO, BRS Pontal; MP, BRSMG Madreperola. Numbers 0, 3 and 6 refer to storage time of
storage. Treatments: C—, negative control (PBS); C+, positive control (PBS + LPS) and doses of hydrolysates: 0.1, 1.0, 2.5 and
5.0 mg/mL. "Indicate significant decrease and "indicate significant increase related to C+ (P < 0.05).

of inflammatory process by degradation of intracellular key pro-
teins (Elliott, Zollner, & Boehncke, 2003).

We have demonstrated that bean storage time, up to six
months, did not affect the efficacy of pepsin-pancreatin hy-
drolysates to decrease markers of inflammation in
lipopolysaccharide (LPS)-induced human THP-1 macrophage-
Iike cells. For some hydrolysates, even the lowest concentrations
(0.1 mg/mL) decreased production of TNF-« (PO 0, 3 and 6, and
MP §), IL-1 8 (MP 0) and PGE-2 (MP 0 and 6). THP-1 mac-
rophages constitutively secrete high levels of PGE-2 as a
consequence of the differentiation process by PMA, as ob-
served by Schwende, Fitzke, Ambs, and Dieter (1996), which
can explain the no statistical difference of PGE-2 observed for

the negative and positive controls. Although antioxidative and
anti-inflammatory peptides were not found in PO 6, its com-
plete hydrolysate was able to inhibit TNF-« production. This
effect can be related to other peptides not still recognized in
the data bank and scientific literature, or also due to the fact
that these antioxidative peptides were not considered in the
analysis due to their low intensity in the HPLC-ESI-MSMS analy-
sis (<50%). In addition, phenolic compounds interact non-
covalently with storage proteins in the hydrolysates
(Garcia-Mora et al., 2015) and may contribute to decrease ROS
production and inflammation, since ROS increase TNF-« pro-
duction by activation and translocation of NF-kB (Marin-Garcia,
2014).
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Fig. 5 - Principal component analysis score plot and clusters of PO and MP hydrolysates at 0.1 to 5 mg/mL. Score plots for
the first two principal components PC1 (37.0%) and PC2 (24.6%). P, BRS Pontal; M, BRSMG Madreperola; TNF-alpha (®),
tumour necrosis factor-alpha; IL-1p (®), interleukin-18, PGE-2 (O), prostaglandin E-2. Numbers 0, 3 and 6 indicate the time

of storage, followed by concentration of the hydrolysate.

Peptides are inactive within the protein sequence, but are
released during protein hydrolysis (Di Bernardini et al., 2011).
Furthermore, peptides produced depend on the site of the
protein cleaved during enzymatic hydrolysis. Despite the dif-
ferences in the cell model (human THP-1 macrophages vs. RAW-
264.7 -mouse macrophages) and enzymatic hydrolysis (pepsin-
pancreatin vs. alcalase), the anti-inflammatory effects also
varied between beans for hydrolysates obtained after protein
extraction of P. vulgaris L. (Pinto Durango and Negro 8025}, which
decreased PGE-2 production (Oseguera-Toledo et al,, 2011). Anti-
inflammatory potential of pepsin-pancreatin hydrolysates was
likewise observed for other food matrices, such as hydroly-
sates from amaranth (reduction of TNF-a and PGE-2 THP-1
macrophages) (Montoya-Rodriguez, Gonzalez de Mejia, Dia,
Reyes-Moreno, & Milan-Carrillo, 2014) and hydrolysates from
soy products (decrease of IL-18 and TNF-o in RAW-24.7 mac-
rophages) (Dia et alL, 2014).

Ours results suggest that bean hydrolysates can act in dif-
ferent pathways related to the inflammatory process. The
common beans used in the present study were cooked fresh
and after storage and the hydrolysates resulting after diges-
tion were used to evaluate the anti-inflammatory effect in
human THP-1 macrophage. We showed that common beans
stored for six months, cooked and digested by gastrointesti-
nal enzymes produced peptides with antioxidant and anti-
inflammatory potential.

5. Conclusion

This is the first in vitro study to show that cooked Carioca beans
BRS Pontal and BRSMG Madreperola inhibit markers of inflam-
mation, and commercial storage time (6 months) of these beans
did not alter the physicochemical and biological properties of
pepsin-pancreatin hydrolysates. In vivo studies are needed to
assure the bioavailability and bicefficacy of peptides from stored
and cooked Carioca beans.
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1. Introduction

Cardiovascular diseases (CVDs) are the main cause of death
worldwide and due to increased ageing and obesity, preva-
lence is estimated for 2030 in 23.6 million of deathe (WHO, 2011).
Atherosclerosis is responsible for a large proportion of CVDs,
such as coronary artery disease (e.g. heart attack), cerebrovas-
cular disease {a.g. stroke), and diseases of aorta and artenes
(e.g hypertension) (WHO, 2011). Atherosclerotic process is as-
sociated to pro-atherogenic and pre-inflammatory mediators
that lead to formation of plaques and progressive stenosis
{Cardilc-Reis et al, 2012; Khan, Spagnotli, Tardif, & L'Allier, 2025).
Meonecytes and macrophages prasent an underlying role in the
atherosclerotic process and are involved in all stages of plaque

of human cells has been performed to simulate atherosclero-
sis process and to evaluate prevention mechanism by dietary
bioactive compounds and peptides (Alugantl Narasimhulu,
Selvarajan, Brown, & Parthasarathy, 2014; Chu, Lee, Chu, ¥in,
& Tseng, 2009, Del Bo et al., 20186).

The initial step of atheroscleresis involves high levels of low-
density lipoprotein (LDL}, LDL oxidation and recruitment of
monocytes. These cells adhere to activated endothelium and
migrate to the intima and differentiate into macrophages,
whose scavenged modified lipid become foam cells (Neele, Van
den Bossche, Hoeksema, & de Winther, 2015). The following
steps are activation and cytokine secretion, cell foam apop-
tosis, plaque growth, smooth muscle cell migration and fibrous
cap formation (Neele et al., 2015). Oxidized LDL {ox-LDL) induces
expression of adhesion molecules on endothelium and facili-
tates monocyte adhesion to intima, determining the extension
of lesion formation and progression (Mehta et al.,, 1935). Ox-
LDLs are recognized and bonded by plasma membrane
receptors, including lectin type ox-LDL receptor 1 (LOX-1)

are elevated upon recognition of ox-LDL. Among the several
molecular determinants of atherosclerosis, inflammation pres-
ents an underlying role, and its suppression represents a
potential benefit to reduce CVD incidence.

Nevertheless, most of CVD treatments consist of targeted
reductions in serum lipoprotein levels rather than combating
the deleterious effects of acute and chronic inflammation (Khan
et al, 2015). Statins (e.g. simvastatin, atorvastatin, pravastatin,
fluvastatin, and lovastatin) are some of the drugs that are shown
as effective not only due to their cholesterol-lowering prop-

et al., 2015). Statine (e.g. simvastatin, atorvastatin, pravastatin,
fluvastatin, and lovastatin) are some of the drugs that are shown
as effective not only due teo their cholesterol-lowering prop-
Luechtenborg, Weissen-Plenz, & Robenek, 2007).

Dietary sources may provide bicactive peptides that can be
useful for the prevention or treatment of chronic diseases and
with properties relevant to cardiovascular health (Erdmann,
Cheung; & Schréder, 2008; Garcia-Mora et al., 2015; McCartan,

evidenced that bioactive peptides from commeon beans
(Phaseolus vulgaris L) have anti-inflammateory and antihyper-
tensive activities, by suppression of nuclear factor-kappaB (NF-
xB) pathways (Oseguera-Toledo, Gonzalez de Mejia, Dia, &
Amaya-Llang, 2011), and inhibition of angiotensin I-converting
enzyme (Garcia-Mora et al, 2015; Rui, Boye, Simpseon, & Pracher,
2012, 2013; Torruco-Uceo, Chel-Guerrero, Martinez-Ayala,

Davila-Ortiz, & Betancur-Ancona, 2003), respectively. Bioactive
peptides are released from proteins during gastrointestinal di-
gestion, fermentation and enzymatic hydrolysis {(Wang &
Gonzalez de Mejia, 2005). In this sense, time of storage is im-
portant 1o preserve bean quality and can increase the natural
enzymatic hydrolysis (Hohlberg & Stanley, 1987), affecting bio-
logical properties. Carioca bean is a cultivar of common bean
{E vulgaris L), similar to pintc bean, susceptible to fast hard-
ening during storage, which prevents its storage over long
periods (Fania et al., 2004; Siqueira et al., 2014). Old beans, stored
for long time, are not usually consumed due the hard-to-cook-
defects (Njoroge et al, 2015}. However, little is known about
the effects of commoercial time of storage of Carioca bean on
functional properties of peptides, mainly bioactive peptides
related to LDL metabolism and atherosclerotic process.

Therefore, the objective of this research was to evaluate the
physicochemical properties of peptides from frecsh and stored
Carioca bean protein isolates after simulated gastrointestinal
digestion and investigate their bioclogical potential to prevent
ox-LDL induced inflammation by pleiotropic effects in human
THP-1 macrophage-like cells. The results support the func-
tional focd nature of bean consumption.

2: Materials and methods
2.1, Materials

Carioca beans BRS Pontal (PO} and BRSMG Madreperola (MP)
{F. vuigaris L) were kindly provided by EMBRAPA Rice and Bean
{Santo Anténio de Coids, GO, BR). Porcine pepsin (EC 3.4.23.1),
pancreatin (8xUSE, a mixture of digestive enzymes produced
by the exocrine cells of the porcine pancreas, EC 232-468-9),
simvastatin (S61%6), sodium nitrite, sulphanilamide, N-1-
{naphthyl} ethylenediamine-diHC], phorbol 12-myristate 13-
acetate (PMA) and 500 Da molecular weight cut-off membrane
{Z367982) were purchased from Sigma-Aldrich (St Louis, MO,
USA). RC DC (reducing agent and detergent compatible) protein
assay {500-0122) and DC {detergent compatible} protein assay
{500-0112) were purchased from Bio-Rad (Hercules, CA, USA).
Human acute monocytic leukaemia cell line (THP-1) (TIB-
2002) was purchased from American Type Culture Collection
{ATCC, Manassas, VA, USA). Fetal bovine serum was pur-
chased from Invitrogen (Grand Island, NY, USA). Streptomycin/
penicillin and sedium pyruvate were purchased from Cellgro
{ATCC, Manassas, VA, USA). Fetal bovine serum was pur-
chased from Invitrogen (Grand Island, NY, USA). Streptomycin/
penicillin and sodium pyruvate were purchased from Cellgro
(Manassas, VA, USA). Medium oxidized (LDL) (770202) was pur-
chased from Kalen Biomedical Human EIA kits were purchased
from Cayman Chemical {Ann Arbor, MI, USA) to analyse pros-
taglandin E2 (PGE2, #514010) and from Abcam (Cambridge, MA,
USA) for tumour necrosis factor alpha (TNF)-a analysis
{ab46087). Other products from Abcam were: cellular reactive
oxygen species (ROS) detection assay kit (ab1132851), human
cytokine antibody array (#ab133996), lectin-like oxidized low-
density lipoprotein receptor-1 (LOX-1) rabbit polyclonal primary
antibody (ab60178) and matrix metallopeptidase § (MMP-9)
rabbit monoclonal pritnary antibody (ab76003). Intracellular
adhesion molecule-1 {ICAM-1) rabbit oligoclonal primary an-
tibody (710278) was purchased from Invitrogen {Carlsbad, CA,
USA).
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2.2. Carioca beans storage and processing

BRS Pontal (Brazilian Pontal bean) (PO) and BRSMG Madreperola
(Brazilian-Minas Gerais Madreperola bean) (MP) are Carioca
beans (P. vulgaris L.), similar to Pinto bean, and were selec-
tively bred by EMBRAPA Rice and Bean (Santo-Antdnio de Goias,
GO, BR). MP beans presented late darkening and hardening
through storage time. Post-harvest beans were stored at room
temperature (22 = 3 °C), without humidity control (<65% rela-
tive humidity) for six months. Time zero was used as a baseline
control for all comparisons in the present study. Beans were
cooked (1:2 bean/water; 120 °C, S0 min, under pressure) at time
zero (samples will be referred as PO 0 and MP 0) and after six
months (samples will be referred as PO 6 and MP 6) of storage,
dried (air-circulating oven for 8 h/60 °C) and ground (Grinder
Vertical Rotor MA 090 CFT; sieve of 600 um, size 30 mesh;
Marconi Equipment, Piracicaba, S, BR). The resultant flour was
stored using vacuum packaging and kept at —20 °C until analysis.

2.3. Extraction of bean protein isolates

Triplicates of PO and MP flours were diluted in water (1:10 w/v)
and pH adjusted to 8.0 with 0.1 M sodium hydroxide before ex-
traction for 1 h at 35 °C, with stirring. The mixture was
centrifuged at 5000 g for 15 min at 4 °C and the resultant pre-
cipitate was re-extracted under identical conditions to maximize
yield. Both extracts were combined and pH adjusted to 4.3 with
HCI to precipitate proteins, followed by centrifugation at 10,000 g
for 20 min at 4 °C. Supernatant was discarded and the pellet
was freeze-dried in a LabConco Freeze Dryer 4.5 (Kansas, MO,
USA) and stored at -20 °C until further analysis.

24 Simulated gastrointestinal digestion

Pepsin-pancreatin hydrolysis was used to simulate gastroin-
testinal digestion as described by Megias et al. (2004). Bean
protein isolates were suspended in water (1:20 w/v), in tripli-
cate, and a sequential enzyme digestion was carried out with
pepsin/substrate 1:20 (w/w) (pH 2.0) followed by pancreatin/
substrate 1:20 {(w/w) (pH 7.5) at 37 *C, for 2 h each. Digestion
was stopped by heating at 75 °C for 20 min. Samples were cen-
trifuged at 20,000 g for 15 min at 4 °C. The digested protein
isolates (DPI} was dialysed to eliminate salts using a 500 Da
molecular weight cut-off membrane (Z367982, Sigma-Aldrich)
and freeze dried (LabConco}. Samples were stored at—20 °C until
analysis and will be referred as PO DPI (0 and 6) and MP DPI
(0 and 6).

2.5. Protein profile, soluble protein concentration and
degree of hydrolysis

The protein profile of whole bean flour and DPI was evalu-
ated by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis analysis (SDS-PAGE). Samples were diluted (1:1,
v/v} in Laemmli buffer 5% of B-mercaptoethanol, pH 6.8 (161—
0737, Bio-Rad, Hercules, CA, USA), boiled for S min and loaded
in pre-cast (4-20%) gradient polyacrylamide Tris-HCI gels. Stan-
dard dual colour {10-250 kDa) was used to calculate molecular
mass of separated proteins. After running (constant voltage of
200V for 35 min) the gel was stained with Simply Blue Safe

Stain overnight, destained with water (3-times of 5 min) and
visualized using the GL 4000 Pro Imaging System (Carestream
Health Inc., Rochester, NY, USA). The protein profile of IPD was
compared to the respective whole beans before digestion.

Total protein concentration of DPI was evaluated in tripli-
cate by DC (detergent compatible) protein assay (#500-0112; Bio-
Rad), according to the manufacturer's instructions. Absorbance
was read at 630 nm and protein concentration was calcu-
lated using the generated bovine serum albumin (BSA) standard
curve (y = 0.0002x + 0.0116; R* = 0.995).

Degree of hydrolysis (DH) was performed in triplicate as
described by Cabra, Arreguin, Vazquez-Duhalt, and Farres
(2007). The percentage of the dissolved protein after precipi-
tation with 0.2 M trichloroacetic acid (TCA) was compared to
the total dissolved Carioca bean flour protein (100%), which was
obtained after complete hydrolysis with 2 M sulphuric acid at
100 °C for 4 h. The protein concentration was also analysed by
DC (detergent compatible) protein assay (standard curve:
y =0.0002x - 0.0047; R?=0.995).

2.6. Peptide characterization and bioactive potential

Peptides were analysed by high-performance liquid
chromatography-electrospray ionization-mass spectrometry
(HPLC-ESI-MS) using a Q-ToF Ultima mass spectrometer
(Waters, Milford, MA, USA), equipped with an Alliance 2795 HPLC
system, according Mojica et al. (Mojica, Chen, & Gonzalez de
Mejia, 2015). Only peaks with intensity higher than 70%, and
sequences with more than 80% of probability were analysed.
The presence of bicactive sequences in the main Carioca bean
proteins was confirmed using UniProt database from BLAST
tool, using the keyword “Phaseolus vulgaris L." to filter by or-
ganism (http://www.blast.ncbi.nlm.nih.gov/Blast.cgi, accessed

on March 12, 2015). Query covers below 60% were not in-
cluded. Biological activity of peptides was predicted by using
BIOPEP database (http://www.uwm.edu.pl/biochemia, ac-
cessed on March 12, 2015). Percentage of potential biological
activity of peptides was related to total number of peptides
present in each sample. Peptide structures were predicted by
PepDraw tool (httpy/www.tulane.edu/~biochem/WW/PepDraw/,
accessed on March 20, 201S). The amino acids were pre-
sented in one letter nomenclature.

2.7. Antioxidant capacity

Antioxidant capacity was measured by Oxygen Radical Absor-
bance Capacity assay using 20 uL of 6-hydroxy-2,5,7,8-
tetramethylchroman 2-carboxylic acid, Trolox standard at 1-8 uM
final concentration for standard curve construction, DPI
(1.0 mg/mL of freeze-dried samples in 75 mM phosphate buffer,
pH 7.4), or blank (7S mM phosphate buffer, pH 7.4), with 120 uL
of 116.9 nM fluorescein (final concentration 70 nm/well), and
60 pL of 40 mM o,«’-azodiisobutyramidine dihydrochloride
(AAPH) per well. A black walled 96-well plate was read at 485
and 582 nm every 2 min at sensitivity 60 at 37 °C using a Synergy
2 multwell plate reader (BioTek, Winooski, VT, USA). The assay
was performed in triplicate and results were expressed as mil-
limoles Trolox equivalents per g of dried DPI (mM TE/g).
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2.8. Anti-atherosclerotic potential

THP-1 cells, a human monocytic-derived cell line, were cul-
tured in Dulbecco’'s Modified Eagle Medium (DMEM)
supplemented with 1% penicillin/streptomycin, 1% sodium py-
ruvate and 10% fetal bovine serum at 37 °C in 5% CO./95% air
using a CO; Jacketed Incubator (NuAIRE DH Autoflow, Plym-
outh, MN, USA). PMA was added at a concentration of 162 nM
to promote differentiation of THP-1 cells into macrophages
(Takashiba et al., 1999). Macrophage differentiation was allowed
to occur for 48 h and confirmed by cell morphology and total
plate adhesion. Efficiency of THP-1 cells growing in the pres-
ence of all treatment was assessed by aqueous solution CellTiter
96 one proliferation assay kit (Promega Corporation, Madison,
W1, USA). THP-1 macrophages-like were seeded at a density
of 1,000,000 cells per 2 mL in a 6-well plate. Medium oxidized
(ox)-LDL was used to induce atherosclerosis (10 pg/mL) for 48 h.
Prior to incubation with ox-LDL, THP-1 cells were treated for
2 h with PO and MP digested protein isolates at concentra-
tions of 0.01, 0.05 and 0.1 mg/mL. Cells treated with phosphate
buffered saline (PBS) and ox-LDL were used as a positive control
and cells with PBS were used as a negative control. Another
set of cells were treated with simvastatin diluted in PBS (10 pM)
and ox-LDL as a pharmacological control. After treatment for
48 h, the growth medium and cell lysates were collected and
frozen at —80 °C until analysis. All cell treatments were per-
formed in duplicate.

2.8.1. PGE-2, TNF-o and ROS measurement in supernatant
of THP-1 macrophages

Secretion of PGE-2 (diluted 1:250 sample:buffer) and TNF-a
(without dilution), was evaluated, in triplicate, by commer-
cially available ELISA assays, following the manufacturer's
instructions. Inflammatory markers concentrations were cal-
culated using their respective standard curves run at the same
time as the treatments (PGE-2: y =-1.016 In(x) + 3.463; R*= 0.955,

and TNF-a: y =0.978x — 2.532; R* = 0.997). Results were ex-
pressed in pg/mL.

An independent cell treatment was performed, in tripli-
cate, in 96 well plate for reactive oxygen species (ROS) inhibition
assay, using the cellular reactive oxygen species detection assay
kit (Abcam, ab113851). THP-1 cells (2.5 x 10* cells/well) were dif-
ferentiated (48 h with PMA at 162 nM), followed by 48 h of
treatment as described the previous section. One hour prior
to completion of the treatment, the 2’,7’-dichlorofluorescin
diacetate (DCFDA) were loaded in all wells (S0 uM/total volume).
After this period the plate was transferred to the microplate
reader without washing and read with excitation wavelength
at 485 nm and emission wavelength at 535 nm. Results were
expressed as fluorescence intensity.

2.8.2. 'Western blot analysis of LOX-1, MMP-S and ICAM-1

Cell lysates were used for western blotting to measure expres-
sion of the pro-atherosclerosis markers: oxidized low-density
lipoprotein receptor (LOX-1), intracellular adhesion molecule-1
(ICAM-1) and matrix metalloproteinase-9 (MMP-9). Briefly, after
treatments the cells were washed once with ice cold DMEM
(1 mL) and twice with ice cold PBS (1 mL) and lysed with 200 uL
of Laemmli buffer (Bio-Rad) containing 5% B-mercaptoethanol.
Cell lysates were sonicated for 30 s and boiled for S min. Protein

concentration was quantified using RC-DC Assay (Bio-Rad) and
20 ug protein was loaded in 4-20% Tris—HCI gels (Bio-Rad) for
protein separation. Resolved protein were transferred to a PVDF
(polyvinylidene difluoride membrane, Millipore, Billerica, MA,
USA) and blocked with 3% nonfat milk in 0.1% TBST for 1 h
at 4 °C. Membranes were washed with 0.1% TBST (5 times S min
each) and incubated with respective primary antibody (LOX-
i, MMP-8 or ICAM-1) in 1% nonfat milk in 0.1% TBST (1:500}
at 4 °C overnight. Membranes were washed again and incu-
bated with anti-rabbit horseradish peroxidase conjugate
secondary antibody in 1% nonfat milk in 0.1% TBST (1:2500)
for 3 h at room temperature. After incubation and washes, pro-
teins were visualized using a chemiluminescent reagent (GE
Healthcare) following manufacturer’s instructions. The mem-
brane pictures were taken with a GL 4000 Pro Imaging system
(Carestream Health Inc.). Band intensity was normalized using
GAPDH and probed with mouse GAPDH primary antibody in
1% nonfat milk in 0.1% TBST (1:500), using anti-mouse horse-
radish peroxidase conjugate as secondary antibody in 0.1% TBST
(1:2500). Western blot analysis was performed in duplicate.

2.8.3. Protein/cytokines array

The human cytokine antibody array (#ab133996, Abcam) was
used, in duplicate, to analyse the expression of 23 atherogenic-
related protein/cytokines in the cell lysates of negative control
(PBS), positive control (PBS plus ox-LDL — 10 pg/mlL), pharma-
cological inhibitor (simvastatin, 10 uM) and PO-DPI and MP-
DPL For this assay DPI from stored PO and MP (6 months) at
0.1 mg/mL were used. The assay was performed according to
manufacturer's instructions. Briefly, cell lysates were col-
lected using cell lysis buffer and the protein concentration was
determined by DC protein assay (Bio-Rad) (y = 0.0002x -'0.014;
R?=0.993). Provided membranes were blocked with 1X block-
ing buffer (2 mL) at room temperature for 30 min. After
aspiration of 1X blocking buffer, diluted lysates (150 ug of
protein/mL:1 mL of 1X blocking buffer) were loaded into each

well and incubated overnight at 4 °C. Membranes were washed
in clean containers with a large volume of wash buffer I
(20 mL/30 min, with gentle shaking), as recommended after
overnight incubation. The next incubations included aspira-
tion and 2 washing steps with wash buffer I and wash buffer
1I (2 mL of each; 3 and 2 washes of 5 min, respectively). The
incubation with 1X biotin-conjugated anti-cytokines (1 mL/well)
was performed overnight at 4 °C and the subsequent incuba-
tion with 1X HRP-conjugated streptavidin (2 mL/well) occurred
for 2 h at room temperature. Membranes were washed again
and chemiluminescence detection was performed using equal
volumes (1:1, v/v) of detection buffer C and detection buffer
D. Membrane pictures were taken with a GL 4000 Pro Imaging
system (Carestream Health Inc.). The results were expressed
by mean intensity values and fold changes related to posi-
tive control (PBS plus ox-LDL).

2.9. In silico analysis of LOX-1 inhibition

Structural mechanism by which peptides from PO and MP di-
gested protein isolates inhibit LOX-1 was evaluated by in silico
analysis, through molecular docking as described by Luna-
Vital et al. (Luna-Vital, Gonzalez de Mejia, Mendoza, &
Loarca-Pina, 2015), using DockingServer.17 program. Peptides
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were designed using Instant MarvinSketch (ChemAxon Lid),
and the MMFF94 force field was used for energy minimiza-
tion of ligand molecules, peptides and simvastatin using
DockingServer. Gasteiger partial charges were added to the
ligand atoms. Non-polar hydrogen atoms were merged, and ro-
tatable bonds were defined. The crystal structure file of LOX-1
was obtained from the Protein Data Bank (PDB: 1YXK). Essen-
tial hydrogen atoms, Koliman united atom type charges, and
solvation parameters were added with the aid of AutoDock tools.
Affinity maps of 20 x 20 x 20 A grid points and 0.375 A spacing
were generated using the Autogrid program. AutoDock param-
eter set- and distance-dependent dielectric functions were used
in the calculation of the van der Waals and electrostatic terms,
respectively. Docking simulations were performed using La-
marckian genetic algorithm (LGA) and the Solis and Wets local
search method (Solis & Wets, 1981). Initial position, orienta-
tion, and torsions of the ligand molecules were set randomly.
Each docking experiment was derived from 100 different runs
that were set to terminate after a maximum of 2,500,000 energy
evaluations. Population size was set to 150. During the search,
a translational step of 0.2 A, and quaternions and torsion steps
of 5 were applied.

2.10. Statistical analysis

All analyses were performed in three independent replicates
and the specific assays were also performed in triplicate; for
cell treatments, experiments were performed in at least two
independent replicates for each treatment and assayed in trip-
licate. Data are expressed as the mean * standard deviation.
The data were analysed by one-way analysis of variance
(ANOVA) with two sources of variation (bean and time) and
bean x time interaction. Significant interactions (P < 0.05) were
fragmented and the effect of ime was tested by models of linear
and quadratic equation in function of time of storage for each
bean. ANOVA was conclusive for significant differences between

beans (P < 0.05). The effect of Carioca bean on markers of in-
flammation was tested by comparison of DP], positive control
(PBS and LPS) and simvastatin, at 5% of probability. Principal
component analysis was performed to obtain a graphic rep-
resentation of DPI and dose effect on inflammatory markers.

3. Results

3.1. Protein profile, soluble protein and degree of
hydrolysis

Simulated gastrointestinal digestion of bean protein isolate re-
sulted in peptides lower than 10 kDa before and after six
months of storage (Fig. 1A). The soluble protein concentra-
tion increased after six months of storage for both DPI (P < 0.05);
however, MP DPI presented higher values than PO DPI (P < 0.05)
(Fig. 1B). The DH was negatively affected by time of storage
(P < 0.05), with higher values for MP (MO 0=154.9 + 6.1%; MP
6=48.6 =1.57% versus PO 0=51.3x2.7%; PO 6 =38.8x1.7%,
P <0.05) (Fig. 1C). Antioxidant capacity (ORAC) was not af-
fected after six months of storage, without significant difference
between beans (P > 0.05) (Fig. 1D).

3.2, Peptides profile

Table 1 shows the bioactive peptides identified in PO and MP
digested protein isolates. Peptides with low molecular mass
were found in all DPI (490.28 kDa on average), except MP time
6, which presented peptides with higher molecular mass
(1485.86 and 1557.88 kDa). PO 6 and MP O presented peptides
from the most abundant common bean proteins (¢-amylase
and phaseolin, respectively). The bioactive sequences were
mainly related to inhibition of angiotensin-converting-enzyme
(ACE) and dipeptidyl peptidase-IV (DPP-IV). Antioxidative, simu-
lating vasoactive substance release (SVSR) and ubiquitin-
mediated proteolysis activating (UMPA) peptides were found
with less frequency. However, DPIs presented few differences
on the percentage of bioactive potential and bean type and time
of storage (Fig. 1E}).

3.3.  Inhibition of PGE-2 and TNF-a secretion and ROS
production

Fig. 2 shows the effect of peptides from PO and MP DPI on PGE-
2, TNF-o. and ROS production in the model used with ox-LDL-
induced THP-1 macrophages-like human cells, Both stored
Carioca bean digested protein isolates (time 6) reduced PGE-2
production in a dose dependent manner, ranging from 17.7-
47.0% for MP 6 to 25.1-36.3% for PO 6.

All concentrations used from PO and MP DPIs, except PO
6, reduced TNF-u (P < 0.05) in comparison with the activated
ox-LDL positive control. The lower concentrations used for DPI
resulted in higher reduction of TNF-g; from the lowest to the
highest dose (0.01 to 0.1 mg/mL), PO 0 and PO 6 resulted in re-
ductions ranging from 82-65.6% (0.01 mg/mlL) to 24.3-12.3%
(0.1 mg/mL), respectively, and MP 0 and MP 6 decreased TNF-ot
from 47-71.6% (0.01 mg/mL) to 39.4-47.1% (0.1 mg/mL),
respectively.

ROS production was inhibited (55.7%) by MP6 DPI at the

lowest concentration (0.01 mg/mL), which was comparable to
inhibition caused by simvastatin (68.8%) (P > 0.05). Most DPIs
did not affect ROS production. A positive correlation between
ROS and TNF-a was observed for PO 0 and PO 6 (R=0.95 and
R =0.99, respectively).

3.4. Effect of PO and MP digested protein isolates on
expression of markers of atherosclerosis

Fig. 3 shows the effect of PO and MP DPIs on the expression
of LOX-1 (Fig. 3A), MMP-9 (Fig. 3B) and ICAM-1 (Fig. 3C). The
expression of LOX-1 was reduced by all DPIs from fresh and
stored beans, at all concentrations (P < 0.05). The reduction was
comparable to simvastatin from MP 0 and 6 DPI (all concen-
tration) and from PO 0 (0.05 and 0.5 mg/mL) (P > 0.05). All
concentrations of all DPIs reduced MMP-8 expression (P < 0.05).
Peptides from DPI PO 0, MPO and MP6 were equivalent (P > 0.05)
or more potent than simvastatin at all concentrations, and PO
6 at 0.05 and 0.1 mg/mL (P < 0.05). Only DP! from PO 0 did not
affect ICAM-1 expression. The reduction of ICAM-1 expres-
sion was equivalent to (P > 0.05) or higher than simvastatin for
peptides from PO 6 and MP 0 (all concentration), and MP 6 (at
0.05 and 0.1 mg/mL) (P < 0.05).
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were designed using Instant MarvinSketch (ChemAxon Lid),
and the MMFF94 force field was used for energy minimiza-
tion of ligand molecules, peptides and simvastatin using
DockingServer. Gasteiger partial charges were added to the
ligand atoms. Non-polar hydrogen atoms were merged, and ro-
tatable bonds were defined. The crystal structure file of LOX-1
was obtained from the Protein Data Bank (PDB: 1YXK). Essen-
tial hydrogen atoms, Koliman united atom type charges, and
solvation parameters were added with the aid of AutoDock tools.
Affinity maps of 20 x 20 x 20 A grid points and 0.375 A spacing
were generated using the Autogrid program. AutoDock param-
eter set- and distance-dependent dielectric functions were used
in the calculation of the van der Waals and electrostatic terms,
respectively. Docking simulations were performed using La-
marckian genetic algorithm (LGA) and the Solis and Wets local
search method (Solis & Wets, 1981). Initial position, orienta-
tion, and torsions of the ligand molecules were set randomly.
Each docking experiment was derived from 100 different runs
that were set to terminate after a maximum of 2,500,000 energy
evaluations. Population size was set to 150. During the search,
a translational step of 0.2 A, and quaternions and torsion steps
of 5 were applied.

2.10. Statistical analysis

All analyses were performed in three independent replicates
and the specific assays were also performed in triplicate; for
cell treatments, experiments were performed in at least two
independent replicates for each treatment and assayed in trip-
licate. Data are expressed as the mean * standard deviation.
The data were analysed by one-way analysis of variance
(ANOVA) with two sources of variation (bean and time) and
bean x time interaction. Significant interactions (P < 0.05) were
fragmented and the effect of ime was tested by models of linear
and quadratic equation in function of time of storage for each
bean. ANOVA was conclusive for significant differences between

beans (P < 0.05). The effect of Carioca bean on markers of in-
flammation was tested by comparison of DP], positive control
(PBS and LPS) and simvastatin, at 5% of probability. Principal
component analysis was performed to obtain a graphic rep-
resentation of DPI and dose effect on inflammatory markers.

3. Results

3.1. Protein profile, soluble protein and degree of
hydrolysis

Simulated gastrointestinal digestion of bean protein isolate re-
sulted in peptides lower than 10 kDa before and after six
months of storage (Fig. 1A). The soluble protein concentra-
tion increased after six months of storage for both DPI (P < 0.05);
however, MP DPI presented higher values than PO DPI (P < 0.05)
(Fig. 1B). The DH was negatively affected by time of storage
(P < 0.05), with higher values for MP (MO 0=54.9 + 6.1%; MP
6=48.6 =1.57% versus PO 0=51.3x2.7%; PO 6 =38.8x1.7%,
P <0.05) (Fig. 1C). Antioxidant capacity (ORAC) was not af-
fected after six months of storage, without significant difference
between beans (P > 0.05) (Fig. 1D).

3.2, Peptides profile

Table 1 shows the bioactive peptides identified in PO and MP
digested protein isolates. Peptides with low molecular mass
were found in all DPI (490.28 kDa on average), except MP time
6, which presented peptides with higher molecular mass
(1485.86 and 1557.88 kDa). PO 6 and MP O presented peptides
from the most abundant common bean proteins (¢-amylase
and phaseolin, respectively). The bioactive sequences were
mainly related to inhibition of angiotensin-converting-enzyme
(ACE) and dipeptidyl peptidase-IV (DPP-IV). Antioxidative, simu-
lating vasoactive substance release (SVSR) and ubiquitin-
mediated proteolysis activating (UMPA) peptides were found
with less frequency. However, DPIs presented few differences
on the percentage of bioactive potential and bean type and time
of storage (Fig. 1E}).

3.3.  Inhibition of PGE-2 and TNF-a secretion and ROS
production

Fig. 2 shows the effect of peptides from PO and MP DPI on PGE-
2, TNF-o. and ROS production in the model used with ox-LDL-
induced THP-1 macrophages-like human cells, Both stored
Carioca bean digested protein isolates (time 6) reduced PGE-2
production in a dose dependent manner, ranging from 17.7-
47.0% for MP 6 to 25.1-36.3% for PO 6.

All concentrations used from PO and MP DPIs, except PO
6, reduced TNF-u (P < 0.05) in comparison with the activated
ox-LDL positive control. The lower concentrations used for DPI
resulted in higher reduction of TNF-g; from the lowest to the
highest dose (0.01 to 0.1 mg/mL), PO 0 and PO 6 resulted in re-
ductions ranging from 82-65.6% (0.01 mg/mL) to 24.3-12.3%
(0.1 mg/mL), respectively, and MP 0 and MP 6 decreased TNF-ot
from 47-71.6% (0.01 mg/mL) to 39.4-47.1% (0.1 mg/mL),
respectively.

ROS production was inhibited (55.7%) by MP6 DPI at the

lowest concentration (0.01 mg/mL), which was comparable to
inhibition caused by simvastatin (68.8%) (P > 0.05). Most DPIs
did not affect ROS production. A positive correlation between
ROS and TNF-a was observed for PO 0 and PO 6 (R=0.95 and
R =0.99, respectively).

3.4. Effect of PO and MP digested protein isolates on
expression of markers of atherosclerosis

Fig. 3 shows the effect of PO and MP DPIs on the expression
of LOX-1 (Fig. 3A), MMP-9 (Fig. 3B) and ICAM-1 (Fig. 3C). The
expression of LOX-1 was reduced by all DPIs from fresh and
stored beans, at all concentrations (P < 0.05). The reduction was
comparable to simvastatin from MP 0 and 6 DPI (all concen-
tration) and from PO 0 (0.05 and 0.5 mg/mL) (P > 0.05). All
concentrations of all DPIs reduced MMP-8 expression (P < 0.05).
Peptides from DPI PO 0, MPO and MP6 were equivalent (P > 0.05)
or more potent than simvastatin at all concentrations, and PO
6 at 0.05 and 0.1 mg/mL (P < 0.05). Only DP! from PO 0 did not
affect ICAM-1 expression. The reduction of ICAM-1 expres-
sion was equivalent to (P > 0.05) or higher than simvastatin for
peptides from PO 6 and MP 0 (all concentration), and MP 6 (at
0.05 and 0.1 mg/mL) (P < 0.05).
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Fig. 1 - Electrophoretic profile (A), soluble protein concentration (B), degree of hydrolysis (C), antioxidant capacity of protein
hydrolysates (D) and biological potential (%) (E) of digested protein isolates from PO and MP beans before and after 6
months of storage. PO, BRS Pontal; MP, BRSMG Madreperola; ORAC, oxygen radical absorbance capacity; ACE, angiotensin-
converting-enzyme inhibitor; DPP-IV, dipeptidyl peptidase-IV inhibitor; GUSP, glucose uptake stimulating peptide; SVSR,
stimulating vasoactive substance release peptide; UMPA, ubiquitin-mediated proteolysis activating peptide. "Significant
difference with time of storage (P < 0.05; ANOVA followed by models of linear and quadratic equation in function of time of
storage for each bean). “*Significant difference between samples (by Student t-test). Percentage of biological potential is
related to the total number of peptides present in each isolated digested protein.

Table 2 presents the percent reduction of protein markers
involved In the inflammatory and atherogenic pathways in com-
parison to the posifive control. Peptides from DPI PO 6 and MP
6 decreased interleukin expression (IL-1 o, IL-2, IL-3, IL-6, IL-
10, IL-13 and IL-15), grow factors (GCSF), interferon gamma,
monokine induced by gamma interferon (MIG), transforming
growth factor-beta (TGF-B), TNF-a and TNF-B. IL-5 and IL-7 ex-
pression was reduced only by DPI MP. In general, most of the

results were comparable (P > 0.05) to simvastatin, confirming
that DPI MP and PO are able to decrease the expression of
several anfi-inflammatory and anti-atherosclerotic markers
similarly to or even greater than simvastatin.

Together these results show that bioactive peptides from
digested protein isolates from Carioca beans can act in the main
steps of atherosclerosis mediated by LOX-1 signalling pathway

(Fig. 4).
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Table 1 - Bioactive peptides identified by HPLC-ESI-MS/MS in PO and MP digested protein isolates.

Digested RT Prob Molecular

Peptide sequences® Biological activities

Parental proteins

protein  (min) (%) mass (Da)
isolates
PO 56.4 88.6 479, 24 TFAAAT ACE inhibitor Eukaryotic translation
TIME O DPP-IV inhibitor (FA, AT) initiation factor 5
PO 53.81 717 1909. 10 KELDERRLLLLLDRQ ACE inhibitor {RL, RR, KE) Alpha-amylase
TIME 6 SVSR (LLL)
GUSP {LL)
Antioxidative (EL)
DPP-IV inhibitor (LL, DR, KE, RL, RR)
55.17 96.2 1358.79 KLLRRMMERK ACE inhibitor (KL, RR, ME) Protein kinase PVPK-1
GUSP (LL)
Antioxidative (LLR)
DPP-IV inhibitor (LL, ME, MM, RK, RM, RR)
56.82 708 496.38 YAAAT ACE inhibitor (YA, AA, YAAAT), DPP-IV {AA, Endoglucanase
AT, YA)
MP 46.7 68.84 1311.8512 RLLRAKMALLK ACE inhibitor {RL, RA), GUSP (LL), Alpha and beta type
TIME O Antioxidative (LK, LLR), UMPA (RA), DPP-IV  phaseolin
inhibitor (MA, LL, RA, AL RL)
52.03 70.87 1551.97 KEAVRRLKLRRQ ACE inhibitor (RL, LKL, EA, VR, KL, RR, KE), Protein kinase PVPK-1
antioxidative (LK), DPP-IV inhibitor (VR, AV,
KE, RL, RR)
54,68 68.53 495.23 FTAGT ACE inhibitor (AG, GT), DPP-IV inhibitor (TA, DNA-directed RNA
AG) polymerase subunit beta
57.55 87.85 148595 KKINTKMRKLKV ACE inhibitor (KL, LN), antioxidative (LK), Protein TIC 214
DPP-4 inhibiter (KK, KV, LN, MR, NT, RK, TK)
MP 5403 8867 1557.88 RLRVDMLDTRRKX ACE inhibitor (RL, RR), DPP-4 inhibitor (ML,  Translation initiation factor
TIME 6 RK, RR, TR, VD) IF-2, chloroplastic
55.99 46.7 1485.86 RLLRARDAMTRK ACE inhibitor {RL, RA, DA, AR}, GUSP (LL), ATP-dependent Clp

antioxidative (LLR), UMPA (RA), DPP-IV
inhibitor (LL, RA, RK, RL, TR)

protease proteolytic
subunit

PO, Pontal and MP, Madreperola digested protein isolates before (time 0) and after 6 months of storage (time 6). “Peptides sequenced by HPLC-
ESI-MS/MS with intensity at least 70%. Potential bioactivities were obtained from the BIOPEP database. Only sequences of main proteins of
Phaseolus vulgaris L. are presented in the table and were confirmed with BLAST tool. The amino acids are presented in one letter nomencla-
ture. ACE, angiotensin-converting-enzyme inhibitor; DPP-IV, dipeptidyl peptidase-IV inhibitor; GUSP, glucose uptake stimulating peptide; SVSR,
stimulating vasoactive substance release peptide; UMPA, ubiquitin-mediated proteolysis activating peptide.

3.5. Molecular docking study of peptides inhibiting LOX-1

The minimum estimated free energies of the interactions of
the peptides with LOX-1 are shown in Table 3. The estimated
free energies indicated that compounds with a more nega-
tive value are more likely to inhibit LOX-1. Peptides studied had
free energy values ranging from —1.41 to +8.02 x 10° kcal mol™,
while simvastatin had a free energy value of -5.5 kcal mol™.
Atom distances were shorter than 4 A. The most stabilized poses
of the peptide bonds with LOX-1 were obtained and an example
can be observed in Fig. 5A,C, and simvastatin in Fig. 5B,D. The
peptide FAAAT and simvastatin were able to inhibit LOX-1
mainly through contributions of hydrogen bonds, hydropho-
bic, polar and cation n interactions.

4, Discussion

The effect of fresh and stored beans on the functional prop-
erties of peptides obtained after simulated gastrointestinal
digestion of the isolated proteins was evaluated. It has been
reported that Carioca beans develop hardness after only 2

months of storage even under control conditions (5 °C) (Coelho,
Prudéncio, Christ, Sampaio, & Schoeninger, 2013); therefore,
this type of bean is commercially stored for up to 6 months
for human consumption.

The simulated gastrointestinal digestion of the protein iso-
lates from fresh and stored Carioca beans resulted in peptides
with low molecular mass and their biological potential was
mainly related to antioxidant and anti-inflammatory activi-
ties. Generally, stored beans present higher protein
concentration than fresh beans, which can be due to physi-
ological post-harvest changes. Natural enzymatic hydrolysis
can happen during storage, facilitating protein cleavage.
However, DH was not affected after six months of storage and
was comparable to DH of pre-cooked beans (boiled for 15 min),

are considerably high and are in agreement with the heat treat-
ment, since it promoted changes in the tridimensional structure
of proteins, increasing accessibility of peptide bonds to enzymes
(Schmidt & Markwijk, 1993).

The commercial time of storage (6 months) did not affect
the antioxidant capacity evaluated by ORAC of DPI PO and MP.
ORAC values did not differ between DPI from fresh and stored
PO (149.7 = 1.5 and 141.4 = 4.3 mM TE/g of DPI, respectively) and
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Fig. 2 - Effect of peptides from digested protein isolate of fresh and stored PO and MP beans on secretion of prostaglandin E
(PGE-2) (A,B), tumour necrosis factor-alpha (TNF-¢) (C,D) and reactive oxygen species (E,F) of oxLDL-stimulated THP-1
macrophages. All experiments were performed in at least two independent replicates. Different letter per column means
statistically different relative to the positive control (C+). All treatments contain oxidized LDL (oxLDL, 10 pg/mL) except the
negative control (C-) treated with PBS-alone. PO, BRS Pontal; MP, BRSMG Madreperola. Numbers 0 and 6 refer to storage time
of storage; C—, negative control (PBS); C+ , positive control (oxLDL and PBS); SIM, simvastatin (10 uyM/mL) and doses of
digested protein isolates: 0.1, 1.0, 2.5 and 5.0 mg/mL. Means with different letters are significantly different (by Student
t-test at 5% of probability). No difference by time was observed (P > 0.05; ANOVA followed by models of linear and quadratic

equation in function of time of storage for each bean).

MP (144.7 7.1 and 138.7 * 1.5 mM TE/g of DP], respectively).
The time of storage did not affect peptides profile or their bio-
logical potential; DPI PO and MP presented some antioxidant
and anti-inflammatory peptides, besides antihypertensive and
anti-diabetic peptides, with potential to inhibit ACE and DPP-
1V enzymes, respectively.

THP-1is an excellent model fo estimate immune-modulating
effects of compounds in both activated and resting condi-
tions of the cells, and it can suggest potential responses that
may be reproduced in vivo (Chanput, Mes, & Wichers, 2014}.

Anti-inflammatory potential was confirmed by the reduc-
tion of PGE-2 and TNF-u production in ox-LDL-induced THP-1

macrophages-like human cells. THP-1 macrophages constitu-
tively secrete high levels of PGE-2 as a consequence of the
differentiation process by PMA (Schwende, Fitzke, Ambs, &
Dieter, 1996), which can explain the high values for the nega-
tive control. The highest concentration of PO 6 and MP 6 resulted
in higher reduction of PGE-2 than simvastatin (P < 0.005).
Statins, such as simvastatin, cause regression of vascular
atherosclerosis and reduce cardiovascular related morbidity
and mortality, due to their cholesterol-lowering properties and
also pleiotropic effects, such as reduction of oxidative stress,
and consequently, reduction of generation of ox-LDL (Hofnagel
et al., 2007). Statins also partially inhibit effects of TNF-a. on
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Fig. 3 - Effect of peptides from digested protein isolate of fresh and stored PO and MP beans on expression of lectin-like
oxidized low-density lipoprotein receptor (LOX-1; 31 kDa) (A), matrix metalloproteinase-9 (MMP-9; 92 kDa) (B) and
intracellular adhesion molecule-1 (ICAM-1; 58 kDa) (C). The net intensity of markers was normalized by net intensity of
GAPDH (37 kDa), and the values were expressed in percentage of inhibition related to the positive control (C+). All
treatments contain oxidized LDL (oxLDL, 10 ug/mL) except the negative control (C-) treated with PBS-alone. PO, BRS Pontal;
MP, BRSMG Madreperola. Numbers 0 and 6 refer to time of storage; C—, negative control (PBS); C+, positive control (oxLDL
and PBS); SIM, simvastatin (10 pM/mL) and doses of digested protein isolates: 0.1, 1.0, 2.5 and 5.0 mg/mL. Means with
different letters are significantly different (by Student t-test at 5% of probability). No difference by time was observed

(P > 0.05; ANOVA followed by models of linear and quadratic equation in function of time of storage for each bean).

ICAM-1, VCAM-1 and E-selectin expression (Wu, Tian, Zhou,

Pabisz, Schmitt, & Girotti, 2014). In this sense, antioxidants from

& Wu, 2013).

TNF-o. acts as a pro-inflammatory marker on the
inflammation/atherosclerosis cascade (Frostegard et al., 1999),
increasing expression and synthesis of pro-inflammatory
cytokines such as MCP-1 and IL-6 (Norata, Cattaneo, Polett],
& Catapano, 2010). Inhibition of TNF-o impairs monocyte-
endothelial cell interaction and reduces TNF-o mediated up-
regulation of adhesion molecules and cytokines (Desai, Darland,
Bland, Tripp, & Konda, 2012). Active macrophages accumulat-
ing at sites of the atherosclerotfic lesions produce arachidonic
acid, which is converted by cyclooxygenase 2 (COX-2) and mi-
crosomal prostaglandin E synthase-1 (mPGES-1) to PGE-2, a main

chemokine production in human macrophages through the EP-4
receptor in early phases of atherosclerosis (Takayama ef al,,

food may have protective effects on oxidative damage by in-
creasing cellular antioxidant defence system. However, there
is evidence that suggests that higher concentrations of anti-
oxidants from dietary sources can act as pro-oxidants (Halliwell,
2013). In addition, ROS can stimulate a cytokine cascade effect
through NF-«B-induced transcriptional events, inducing the ex-
pression of TNF-¢ (Martin, Hoeth, Hofer-Warbinek, & Schmid,
2000), which can explain the less effectiveness to reduce this
marker at higher doses of DPL

The potential mechanisms of action of anti-inflammatory
bioactive peptides and peptide-rich hydrolysates are related
to control of ROS preduction, increase of anti-inflammatory
cytokines, decrease of inflammatory cytokines and inhibition
of renin-angiotensin system (RAS), among others (Chakrabarti,
Jahandideh, & Wu, 2014).

2002), while contributing to the progression of plaque in later
stages of the disease (Cipollone et al., 2001).

The effect on scavenging of ROS was not statistically dif-
ferent from the positive control. However, TNF-« values were
lower than the positive control; its inhibition showed a trend
to be inversely proportional to concentration, the lower con-
centrations of DPI were more effective. Cytokines, such as TNF-
@, induces ROS generation, exacerbating the oxidative stress
(Fernandez-Sanchez et al,, 2011). Macrophages when stimu-
lated produce large amounts of 0* and H:0z which exert
cytotoxic activities against themselves and others cells (Albina,
Cui, Mateo, & Reichner, 1993). Functions of macrophages in
reverse cholesterol transport can be impaired by oxidative stress,
favouring the atherosclerotic process (Korytowski, Wawak,

PO and MP DPI from fresh and stored Carioca beans were
able to reduce LOX-1, MMP-9 and ICAM-1 expression, in a com-
parable or better way than simvastatin (P <0.05). LOX-1 and
ox-LDL present a crucial role in endothelial dysfunction and
atherosclerosis. Their interaction activates NADPH oxidase, in-
creasing ROS, which in turn promotes activation of a cascade
of events that results in the development of inflammation,
monocyte adhesion and platelet activation/aggregation. This
may be caused mainly by activation and translocation of NF-
B that results in an increase of colony-stimulating factors (CSF),
monocyte chemoattractant proteins (MCP-1), ICAMs, MMPs,
among others (Marin-Garcia, 2014). MCP-1 promotes mono-
cyte migration to infima, and its expression is increased by
activation of adhesion molecules, such as ICAM-1 (Dinarello,

98



106

Table 2 - Protein markers involved on inflammatory and atherogenic pathways, their action and percent of reduction by

simvastatin, PO and MP digested protein isoclates.

Protein name Known  Action Reduction {3&)*
e s SIM PO MP

Interleukin-slpha -1 Induces the activation of nuclear factor-xB (NF-xB) (Libby, 2012) 1005 1007 100°

Interleukin-2 IL-2 Promotes the expansion and activation of T cell subset and plagque 100° 77 100F
development (Von der Thusen et a1, 2003)

Interleukin-3 IL-3 Stimulates cell adhesion (Von der Thisen =t =1, 2003) 465 a4t 60F

Interleukin-5 IL-5 Activates mast cells in the stherosclerotic plaque and plaque 23= i 34=
rupture (Von der Thusen et al., 2003)

Interleukin-6 IL-& In chronic inflasmation it is rather pro-infiammatory {Libby, 21== o 42
2012)

Interisukin-7 -7 Similsr to [L-2 actions (Von der Thisen et al., 2003) k= o= 42=

Interleukin-10 IL-10 Attenuates the production of pro-inflammatory cytokines by 100 50° 35
macrophages (Libby, 2012)

Interieukin-13 IL-33 Attenuates the expression of a wide range of inflammatory 745 47 64
cytokines (Libby, 2012)

Interleukin-15 IL-35 Accelerates stherogenesis by modulstion of monocyte levels, and 76° 45+ a0
sctivation of mecrophages (Dadoo =t &L, 2014)

Granulocyte colony-stimulating factor GCSF Induces the production of TNF-« and GM-CSF {Xu &t g1, 2000) i00= 428 56=

Granulocyte macrophage-stimulating  GM-CSF Its function is as 8 whita blood cell growth factor (Xu etal., 2000) 29° 21 36*=

factor
CXC Chemcokines growth-regulated GRO It is part of the immune/inflammatory cascade (Ahujs & Murphy, 52= 300 L+
oncogene 1995)

GRO-zlphz GRO-xt It is a pro-inflammatory chemokine secreted by monocytes {Ahujs 68  68° 34
& Murphy, 1936)

Interferon gamms INF-y Pro-atherogenic (Libby, 2012) 77 a3 58

Monccyte-chemo attractant protein-1  MCP-1 It has been linked with chronic inflammatory diseases and (s} [¢] ]
athercsclercsis (Von der Thusen st el 2003); involved in the
recruitment of monocytes/macrophsgss and activated
iymphocytes (McManus et =1, 1938)

Monocyte-chemo attractant protein-2  MCP-2 Involved in the recruitment of meonocytes/macrophsges and 100% 41F ea°
activated lymphocytes (McManus et al., 1998)

Monocyte-chemo sttractent protein-3  MCP-3 Involved in the racruitment of meonocytes/macrophages and 100~ 41% =
activated lymphocytes (McManus etal | 1998)

Monokine induced by IFN-y MIG Related to coronary artery calcification in humans (Yu et 51, 2015)  100° 42+ 67

Chemokine (C-C motif) ligand RANTES Involved in several clinicsl inflammatory conditions, plays a 2= o c
crucizl role in atherosclerosis (Virani et sl 2011)

Transforming growth factor-beta TGF-B Anti-stherogenic properties (Von der Thiisen et =1, 2003) 58< 21 384

Tumour necrosis factor alpha TNF-a it is expressed by the action of different stimulus; pro- 42= 50= 642
inflammatory cytckine {Frostegéard etal  1999)

Tumoeur necrosis factor beta TNF-§ Pro-inflammatory cytokine (Frostegard et 2l 1939) 705 42  60F

* Percent of reduction is relstive to the positive control. PO, Pontal and MP, Madreperols digested protein iscletes, prepered from PO snd MP
beans stored for & months at concentration of 0.1 mg/mL. Simvastetin was used 5t 10 pM). Means with different letters are significantly dif-

ferent (by Student t-test at 5% of probability).

20038). ICAM-1 is constitutively expressed by several cell types
at low levels. This molecule is up-regulated by pro-inflammatory
stimuli and involved in the progression of atherosclerotic lesions
and its crosslinking results in signal transduction, and initia-
tion of several pro-inflammatory signalling cascades and
rearrangement of actin cytoskeleton (Wolf & Lawson, 2012).
MMPs degrade collagen, which helps sustain plague tension
and stability. Therefore, MMPs increase plaque instability and
are implicated in 2ll phases of atherosclerosis, and the onset
of symptoms. MMP-9 and MCP-1 have been suggested as useful
biomarkers to distinguish stable and unstable plaques a'id
predict future cardiovascular events (Ma, Yabli 1
& Lindsey, 2014; McManus et al., 1588).

In addition, the potentiai of digested protein isolates from
stored beans to reduce the expression of important markers
of inflammation and atherosclerosis was confirmed by a cytokine

array using the highest concentration tested (0.1 mg/mlL). PO
and MP DPIs reduced expression of lLs-1q, -2, -3, -5, -8, -7 and
-15 All of them are related to atherosclerosis, by aczjvation of
latxon, plaque mpture {Von der Th_sen, Kuiper, Van Berkel &
Biessen, 2003) or activation of macrophages (Dadoo, Ashkar,
Richards, & Trigatti, 2014). Also observed in this study are the
reducticn of the expression of granulocyte colony-stimulating
factor, granulocyte macrephage-stimulating factor, CXC
chemokines growth-reguiated oncogene (GRO), CRO-a and
interferon-y, which are strong pro-atherogenic markers in-
voived in the inflammatory cascade (Ahuja & Murphy, 1556;
Libby, 2012; Xu, Hoglund, Hakansson, & Venge, 2000).

Expression of monokine induced by gamma interferon (MIG)
and CC chemokine ligand-5 (RANTES} was reduced by DPI from
stored PC and MP. MIC is a Thil-associated chemokines induced
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Fig. 4 - Potential mechanism of action of peptides from Carioca bean isolated protein after simulated gastrointestinal
digestion related to protein expression of LOX-1 signalling pathway. Red arrows indicate in which steps Carioca bean
peptides modulated the pathway in this study. Numbers 1, 2, 3 and 4 indicate the stages of atherosclerosis process. LDL,
low-density lipoprotein; ROS, reactive oxygen species; ox-LDL, oxidized LDL; LOX-1, lectin type oxLDL receptor; IL,
interleukins; TNF-«, tumour necrosis factor-a; MCP-1, monocyte chemoattractant protein-1; ICAM-1, intracellular adhesion
molecule-1; MMP-9, matrix metalloproteinase-9. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

by IFN-7 and suggested as a novel biomarker for T-cell inflam-
mation and atherosclerotic plague burden in humans {(Yu et al.,
2015). RANTES mediate transmigration of monocytes and T-cells
into the intima, and induces the release of pro-inflammatory
mediators. In addition, it is highly expressed in atheroma, and
has been associated with the extent of caretid atherosclero-
sis and high-risk plaques (Virani st al., 2011). Regarding the
complexity of atherosclerosis process, the therapies should
target several inflammatory mediators and pro-inflammatory
pathways, not only focusing in abnormail lipid levels treatment,

but also in the anti-inflammatory alternative to reduce the pro-
gression and complications of atherosclerosis.

Only two peptides {FAAAT from PO 0 and YAAT from PO 6)
had negative estimated free energy, meaning more potential
to inhibit LOX-1. The higher free energy for simvastatin can
be explained by the stereochemical configuration and smaller
molecules, increasing the probability to access the catalytic sites
{(Luna-Vital et al, 2015). However, the anti-atherosclerotic effect
found by the peptides from Carioca bean digested protein iso-
lates in the present study can be due to peptides synergism
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L.) and the catalytic site of the

Residues which showed interactions with the ligands and their atom distances (4)

Beans Peptide EFE Bydrogen bonds Polar Hydrophobic Cation-pi
sequences (kcal molY)

PO FAAAT -141 SER160(2.95) GLN193(2.98), SER196(3.75),  LEU1S7(3.26), LEU158(3.67), LEU159(3.11), -

TIME 0 SER160(3.26) LEU160{3.54), LEU161{3.78)

PO YAAAT -054 SER160(2.94) GLN193{2.95), GLN193(3.10), PHE261{3.76) -

TIMEG SER1€0(3.04)

KELDERRLLILIDRQ  2.88E-05 CLN193(1.51), TYR187(2.91), ASP147(2.47),  ASP147(3.08), GLN193(2.67), ILE140{1.01), PHE158{2.55), ALAI94206),  TYR197{1.98), PHE261{2.80),
SER159(3.06), SER160/2.33), PHE100{1.07),  SER106(2.33) TYR197(2.29),  TYR197(2.42) PHE200(2.78), PHE261(3.01), PHE158(2.14), PHE100{1.92)
1LE191{2.75), GLN192{2.99), ILE295(3.36), SER1€0(2.75), GLN183{0.72),  PHE190{3.08), ILE191{2.87), ILE195{3.04)

SER196(2.25), GLY248(3.17), ILE149(3.13),  ARC248(2.65)
PHE158(3.39), ALA194(2.67),

KLLRRMMERK 4.47E-03 GLN193(2.65), ALAT04(337), SER196(2.34), GLN192(3.54), GLN193(3.13), [LE149{2.14), HIS151{3.12), TYR156(3.34),  PHE1SR{3.48) PHE120{1.72),
TYR197(2.74), ASP147(3.06), PHE158(3.32),  SER196(3.27), TYR107(3.01),  PHE1S8{274) PHE100(2.42) [LE191(2.18),  TYR197(3.02), PHE202{3.69)
SER159(2.86), SER160/2.63), GLY161(3.41),  ASP147(3.60), SER159(3.15),  ALA194(3.02), ILE195(3.11), TYR197/2.38),

SER262(2.24), PHE261(3.54) PHE202(3.35), ILE263(3.11), LEU157(3.11),
PHE261{3.45)
MP FTAGT 1! TYR197(2.74) ASP147{3.51), TYR197(3.29) ILE149{3.27) LEU1S7 {3.84), PHE158(2.77),  PHE158(2.53), TYR197(3.18)
TIMEO ALA194(3.39) TYR197(3.47), PHE190{3.33)

KEAVRRLKLRRQ 2.95E+04 ASP147(1.24) TRP14R(2.05), PHEIS0(2.72),  ASP147(323) SER1£0(2.92),  ILE149(2 18) LEU157(2.52), PHE190{256),  PHE190{3.00), PHE152(3.50)

GLN192{2.28) ALA104(2 81) SER196(246), GCLN192{2.57), GLN193[2.52), ALA194{2£3) TYR187(3.04), TRP148{3.04),
TYR197(2.96), PHE1S8(3.35), SER159{3.22),  SER196(3.28) TYR187(3.40)  HIS151{3.54) TYR156(3.18), PHE158(2.45),
SER160(2.35), [LE191(3.12), ILE148(3.72), ILE195(3.73), PHE261{3.01)

ILE195(3.78), PHE261(3.77)

KKINTKMRKLKV 8.02E-05 ASP147(2.53), ILE148(1.63), ASN154{242),  HIS151(3.36), GLN193{1.80),  ILE148{2.30), HIS151{3.54) TYR155(2.94),  TRP142(2.98), TRP150(351),
TYR156(2.76), PHE180(2.18), CLN193(2.28), TYR197(2.50), ASP14702.17),  LEU157{3.11), PHE158(2.90), PHE190(2.25), HIS151(3.61), TYR156(3.59),
SER196(2.53), TYR197(2.96), SER160(2.99)  SER159(3.29) SER160(230)  ALA194(2.74) PHE261{3.18) PHE158(3.05), PHE120(1.07),

TYR197(3.55), PHE202(3.21),
PHE261{1.85)
MP RLLRARKMALLK 4.88E-03 SER160(3.07), GLN193(2 64), ALAIG4{2 40), GLN193({2.07), SER196(2.77),  ILE149(2.61) LEU157(3.16), PHE158(2.95),  PHE158(2.99), PHE180{1.75),
TIME& SER196(2.51), TYR197{2.80) TYR1556(307)  TYR197(3.08), SER198(3.31),  PHE190{2.70), ALA194/3.82) ILE105/344),  TYR197(2.91)
ASP147(3.36) TYR197(2.72}

RLLRARDAMTRK 1.01E+04 ASP147(1.99), SER159({3.02), SER160(2.87),  ASP147(367), GLN193(3.05),  ILE149(2.03) LEU1573.06), PHEISR(268),  PHE190(1.80), PHE200{2.95),
GLN193(246), ALAI04{172), TYR187(2.72), TYR197(3.88) SER160(3.03), PHE190{2.89) ALA194(228) TYRIO7{3.18), PHE261(3.43) PHE1S8(1.62),
SER195(2.26), [LE149(3.80), PHE158(3.28) SER196(3.76) PHE261{3.51) TYR197(2.92)

RIRVDMLDTRK 1.18E-05 ASP147(2.€9), PHE1S8{2.73), SER159(1.85),  ASP147(3.72), SER159(2.95), ILE149(1.78), LEUJ157{2.07), PHE158({1.78), PHE158(2.45), PHE202(2.92),
SER160(2.45), GLN193(2.78), TYR197(2.69),  SER160(3.73), TYR107(2.98),  TYR197{2.66), PHE202(2.91), PHE261(2.54), PHE261(3.00), TYR197{2.50}

SER262(2/41), GLN192{2 06), ALA194{2.91),
SER196(2.27)

GLN193{2.51), SER196{2 42)

TRP148{3.77), TYR156(3 41}, PHE190{2.98)

PO, Pontal and MP, Madreperols digestad protein isolates. EFE: estimated free energy, defined as the predicted Gibbs free energy between peptides and the catalytic site of LOX-1, Docking calculs-
tions were carried out using DockingServer. Negstive values mean spontaneous resction.
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Fig. 5 - Molecular docking diagrams exemplifying the analysis using the FAAAT peptide (A) and simvastatin (B) showing
the best pose of the peptide (spheres) inside the LOX-1 catalytic site, and the best pose of the peptide (C) and simvastatin
(D) (sticks) with the interacting side chains of the catalytic site LOX-1, lectin type oxLDL receptor.

and pleiotropic effects. We demonstrated for the first time that
gastrointestinal digestion of protein isolates from cooked
Carioca bean can provide peptides capable to act in steps of
the atherosclerotic process preventing events mainly medi-
ated by LOX-1 signalling pathway.

4.1. Potential mechanism

A proposed mechanism of action of Carioca bean isolated
protein, after simulated gastrointestinal digestion, was asso-
ciated to protein expression of LOX-1 signalling pathway (Fig 4}
Therefore, the peptides may act on decreasing stimulus for in-
ternalization of LDL such as interleukins and oxidation of LDL
by inhibiting its receptor (LOX-1) (1); decreasing migration and
infiltration of monocytes by reducing expression of adhesion
molecules (ICAM-1) and chemoattractant proteins (MCP-1]j {2);
decreasing foam cell formation mediated by LOX-1 and LDL
interaction and monocytes migration (3); and potentially re-
ducing the smooth muscle cells proliferation by decreasingin
matrix-degrading proteases (MMP-8} and the inflammatory
cytokines expression {4}. This suggested mechanism of action
needs to be tested in in vivo models.

5. Conclusion

Peptides from fresh and stored Carioca beans obtained by simu-
lated gastrointestinal digestion of isolated proteins inhibited
ox-LDL induced inflammation and also inhibited markers of
atherosclerosis in human THP-1 macrophage-like cells. Storage
for 6 months did not impair their biological properties to reduce
the expression of LOX-1, MMP-9, ICAM-1 and cytokines related
to initiation and progression of atherosclerosis, and some results
were even better than for simvastatin.
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7. CONCLUSAO E CONSIDERACOES FINAIS

Este estudo mostrou que as condi¢cdes de armazenamendolasiiioram adequadas
para preservacdo da qualidade nutricional e do potenciainfiatiratério e anti-
aterdscleroticoin vitro, dos hidrolisados dos feijées carioca. Contudo, as caistittas
de resisténcia parecem determinar efeito diferenciade st#terminados marcadores,
visto que diferencas entre os cultivares foram obser@dhsng/mL: reducdo de TNF-
alfa pelos hidrolisados PO 0, 3 e 6, e por MP 6; reduc#lo-ti§§ por MP 0 e PGE-2 po
MP 0 e 6). Ressalta-se a importancia desses achadde guaducao de marcadores de
aterosclerose (receptor de LDL-0x, de metaloproteina-Bcola de adeséao intracelular-
1, e citocinas ligadas ao processo ateroscleroético).idavaado, que essas propriedades
funcionais foram observadas apés digestdo gastroirtesimulada, sugere-se que o
consumo humano de feijdes carioca pode resultar besagido de peptideos anti-
inflamatadrios, anti-oxidantes e anti-aterosclerotitmtamanhos moleculares passiveis de
abosorcao. Nesse sentido, estudos com ratos Wistarsesido realizados por parte do
grupo de pesquisa deste trabalho para avaliar se os efesgrsadosn vitro acerca do
potencial anti-inflamatério e anti-aterosclerético ssntaraoin vivo apds 0S processos
digestivos e absortivos dos hidrolisados, e tambémrid#hdaintegral dos feijdeOs
resultados encontrados em animais poderdo fornecer isgbgata a continuidade da

investigacdo em ensaio clinico sobre a reducéo de risgiowascular em humanos.
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