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RESUMO

O amendoim e a soja sdo considerados alimentosiofais por
possuirem componentes benéficos para o corpo capazeeduzir o risco de
certas doengcas. O consumo de produtos derivadosaglesleaginosas
proporciona beneficios para a saldde devido a rigeaz proteinas, minerais e
acidos graxos essenciais. O extrato hidrossolUr@diuzido a partir dessas
matérias-primas pode servir como alternativa de i vaca para vegetarianos
e individuos intolerantes & lactose. Visto que edsguminosas podem ser
utilizadas como ricas fontes de nutrientes seuwuonsdeve ser aumentado,
especialmente nos paises em desenvolvimento. Mefeéacdo do extrato de
amendoim e de soja pode originar um novo produto escelente qualidade
fisico-quimica e nutricional, sendo que a adicdo rd&ro-organismos
probidticos e substancias prebioticas conferirésse produto caracteristica de
bebida simbiotica. Além disso, a associacdo do doiancom a soja pode
promover maior aceitacdo do produto em relacd@bors, consequentemente,
elevar o consumo desses alimentos. Os objetivas ttabalho foram descrever
0 preparo do extrato hidrossolivel de amendoimj& sealizar fermentacdes
em culturas simples e mistas; avaliar parametsisofiguimicos do substrato
nao fermentado e fermentado, além de selecionapfaiganismos para serem
utilizados na fermentacdo do produto, juntament® tactérias probibticas
(comerciais) a fim de se obter um novo produto ifumal sensorialmente
aceitavel.

Palavras-chave: Bebida funcional. Simbidtico.  tBaas probidticas.
Leveduras. Cocultura. Fermentacgéo latica.



ABSTRACT

The peanut and soybean are considered functiownasfdue to their
ability to reduce the risk of certain diseases. Toasumption of derived
products from these oilseeds provides health hisnefie to the protein,
minerals and essential fatty acids richness. THke pnoduced from these raw
materials can serve as an alternative to cow's rfalk vegetarians and
individuals with lactose intolerance. Since the#seeds have a role to play in
combating malnutrition, their consumption should ibereased, especially in
developing countries. The peanut and soy milks émtation can give a new
product with excellent chemical and nutritional lkifya with the addition of
probiotic microorganisms and prebiotic substandest tonfer a symbiotic
beverage characteristics. Moreover, the use of adnpeanut and soy milks can
promote wider acceptance of the product relatedlaeor, hence increase
consumption of these valuable crops. The purposknisfstudy were: 1) the
development and characterization of peanut-soy;ailkhe use of peanut-soy
milk as substrate for single and co-culture ferratons; 3) evaluate physico-
chemical parameters of unfermented and fermentbstrsie; and 4) selection
of lactic acid bacteria, including probiotic onesrimercial) and yeasts in order
to obtain a new functional product sensorially atable by the consumers.

Keywords: Functional beverage. Symbiotic. Probioktiacteria. Yeast. Co-
culture. Lactic fermentation.
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1 INTRODUCAO

Os alimentos sdo essenciais e indispensaveis dwuidana e fornecem
todos os elementos necessarios para o homem desam@o s o seu fisico,
mas também suas atividades intelectuais. Numerastados mostram
claramente que a qualidade de vida estd intimamasgeciada ao tipo de
alimentacao diaria, bem como ao estilo de vida atdadndividuo (BELLO,
1995; NORDSTROM; BISTROM, 2002; URALA; LAHTEENMAKI2007;
GRANATO et al., 2010).

Pesquisas especificas em biotecnologia estdo maebatencéo
redobrada e, mais especificamente, a investigagliee salimentos funcionais
esta ganhando importancia. A elaborac@o dessesrabtis é atualmente uma
das areas mais visadas para o desenvolvimentoodetps no mundo inteiro,
visto o interesse em nutricdo e em alternativas paelhorar a saude na
sociedade em geral (NIVA; MAKELA, 2007). A pressdm mercado por esse
tipo de alimentos é crescente, devido a conscag@iz do consumidor em
relacdo ao consumo de alimentos benéficos (NORDSTRBISTROM,
2002). Formulados para serem fontes significatilagleterminados nutrientes
ou outros componentes de importancia nutriciormklomentos funcionais tém
o potencial de causar grande impacto, tanto sohfmstecimento de alimentos
guanto na saude publica (MOGELONSKY, 1999).

O leite e outros produtos lacteos recebem grandsagiee na
alimentacao diaria, principalmente por causa deadeuvalor nutritivo. Em
muitos paises, no entanto, e de modo especial lesge® desenvolvimento, ha
grave insuficiéncia no fornecimento de nutrientiegjuindo o leite e seus
derivados. A escassez na oferta de leite e de raguigntes essenciais tem
levado a esforcos para o desenvolvimento de atteasaa esse produto
(NELSON; STEINBERG; WEI, 1976; ASIEDU, 1994; AIDO@& al., 2010). O
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extrato hidrossolavel, que é produzido a partimtsérias-primas de origem
vegetal, pode servir como 6tima alternativa paspaises onde o fornecimento
de leite é inadequado.

O amendoim Arachis hypogaed..) e a soja Glycine maxL.) sao
importantes fontes de 6leo comestivel e de protejrnzortanto, considerados
altamente valiosos na nutricdo humana e animal. \owvos anos, no Brasil,
ocorreu grande expansao da area cultivada, produp@iacipalmente aumento
consistente em produtividade dessas culturas. BEmmose produtivos, o
amendoim brasileiro é proveniente, em maior esciEaegido Sudeste. Com
relacdo a soja, atualmente o Brasil € o maior gosduundial, ultrapassando os
Estados Unidos na safra 2012/2013 (CONAB, 2013).

Apesar do grande potencial do extrato hidrossoldeedoja, este obteve
no passado baixa aceitacdo no Brasil, basicamenteladao sabor e aroma
desagradaveis ao paladar dos consumidores brasil®iorém, os beneficios da
soja a salde humana sdo claramente um ponto imfEopara a promocao
deste alimento junto ao consumidor, desde queeefieinente informados,
apontando os beneficios de sua ingestdo sobre d@e sal desta forma,
desenvolvendo ou reforgando uma atitude positivindividuo em relagédo ao
produto (BEHRENS; ROIG; SILVA, 2001). O extrato todsolivel de
amendoim e produtos derivados desta cultura terefioéss nutricionais para
jovens e idosos, devido a extrema riqgueza em pEgeiminerais e acidos
graxos essenciais, como os acidos linoléico e mléonsiderados altamente
valiosos na nutricdo humana (ISANGA; ZHANG, 2009).

Visto que essas leguminosas tém um papel a desbampea luta
contra a desnutri¢cdo, seu consumo deve ser auroeggpdcialmente nos paises
em desenvolvimento. A fermentacdo dos extratasnuendoim e de soja pode
originar um novo produto com excelente qualidadieditquimica, nutricional e
ainda com acéo prebidtica e probidtica. Além dissassociacdo do amendoim
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com a soja pode promover maior aceitacdo do proglmioelacdo ao sabor e,
consequentemente, elevar o consumo dessas vatiodasas (YADAV et al.,
2003; YADAV et al.,, 2010). Sdo, portanto, necessannais estudos para
responder adequadamente a investigacdo sobre aibildsde de

processamento dessas matérias-primas em prodate® omestiveis.
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2 REFERENCIAL TEORICO

2.1 Alimentos funcionais

Os alimentos que oferecem, além das funcdes raneis basicas,
beneficios adicionais para a saude, apareceramppeiaira vez no mercado
em 1960. Naquela época, a midia comecou a destaedorcar a importancia
de uma boa alimentacdo e que os alimentos proaessadndo, devem manter
os atributos naturais de seus ingredientes. Osiggderes comecaram a tomar
consciéncia de que havia uma ligacdo entre uma sérienfermidades (tais
como a constipacdo, doengas cardiovasculares,daldesie hipertenséo) e a
ingestdo de quantidade excessiva de determinadoenabs. Além disso, as
consequéncias para a saude pelo fato de se corhaentebitos sedentarios e
uma dieta pobre foram agravadas pelo estressenteege vida moderna
(BELLO, 1995).

Dentro desse contexto, uma nova categoria de aiamechamados
alimentos funcionais foi langada no mercado em weate 1980. O termo
“alimentos funcionais” foi proposto, em 1984, pelientistas japoneses que
estudavam as relagBes entre nutricdo, satisfacheors®, fortificacdo e
modulagdo de sistemas fisiologicos (MENRAD, 20@3).préticas alimentares
da populacdo do Extremo-Oriente, principalmente #&pdo e China,
contribuiram decisivamente para o conceito dosealins funcionais, ou seja,
alimentos industrializados que contenham ingredgeqtie ajudem nas funcdes
especificas do corpo, além de serem nutritivos (HAS 1998; BUTTRISS,
2000).

N&o ha duavida de que o interesse japonés por riimeuncionais
também trouxe a conscientizacdo para a necesdgildgatdgs produtos em locais
como Europa, Estados Unidos e no Brasil, mais teommte. Especialistas,
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nesses paises, perceberam que além de serem cdpaeesizir os custos com
cuidados de saude, devido ao envelhecimento dalggdm) os alimentos
funcionais também representam um crescente potenomaercial para a
industria de alimentos (SIRO et al., 2008).

O mercado global de alimentos funcionais deve datem 2014 US$
29,8 bilhdes, aumento de 22,8% em relacdo a 201ap@o, maior mercado
consumidor e produtor de alimentos funcionais, datigrar US$ 11,3 bilhdes
em 2014; nos Estados Unidos, as vendas devem cr28c&6 no mesmo
periodo, chegando a US$ 9,1 bilhdes (ABRAS, 2088gundo dados da
Abenutri (2010) - Associacao Brasileira das EmmesaProdutos Nutricionais,
atualmente o setor movimenta cerca de R$ 500 nsllgie ano no pais,
representando aproximadamente 1% do total das setadandUstria brasileira
de processamento de alimentos. De acordo com aciAg8o Brasileira das
Industrias da Alimentacao (ABIA), organizacdo gepresenta os interesses da
indUstria brasileira de alimentos lacteos funcisnas produtos nutracéuticos e
produtos a base de soja ocupam um promissor nighmedcado (ALIMENTO
SEGURO, 2005).

Ainda, segundo a Abenutri (2010), o mercado de esnphtos
nutricionais no Brasil tem um potencial incrivelasnesta "engatinhando" e é
praticamente irrelevante quando comparado aos d@scanericano, europeu,
asiatico e de varios outros paises. Esse atrasdrea de suplementos
alimentares se deve a atual regulamentacdo debsentas, com medidas
antiquadas e proibitivas, contrariando a tendémoimdial dos alimentos
funcionais e suplementos para melhorar a qualidémesida, contribuindo
negativamente para o crescimento financeiro, ecmwbenindustrial do pais.

Produtos com propriedades funcionais foram lancgdioeipalmente
na indudstria de laticinios, produtos de confeitat@panificacdo, refrigerantes e
no mercado de alimentos para bebés (KOTILAINENIgt2806; MENRAD,
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2003). Os alimentos funcionais apresentam as gSeguicaracteristicas
(ROBERFROID, 2002):

a)

b)

d)

)

devem ser alimentos convencionais e serem consamidaieta
normal/usual;

devem ser compostos por componentes naturais, afguezes em
elevada concentracdo ou presentes em alimentosogoelmente
Nao 0s supririam;

devem ter efeitos positivos, além do valor basiatritivo, que
podem aumentar o bem-estar e a salde e/ou reduscm de
ocorréncia de doencas, promovendo beneficios &saaddimento
da qualidade de vida, incluindo os desempenhamfipsicolégico
e comportamental,

alegacao da propriedade funcional embasada ceamtiénte;
podem ser alimentos naturais ou alimentos nos gumi®u mais
componentes tenham sido removidos;

podem ser alimentos onde a natureza de um ou m@RANENteS
tenha sido modificada;

podem ser alimentos no quais a bioatividade de ummais

componentes tenha sido modificada.

Os alimentos e ingredientes funcionais podem sesificados de dois

modos: quanto a fonte de origem, vegetal ou animafjuanto aos beneficios

que oferecem, atuando em seis areas do organisnsistema gastrointestinal;

no sistema cardiovascular; no metabolismo de sibstrno crescimento, no

desenvolvimento e diferenciacdo celular; no congmoento das funcdes
fisiolégicas e como antioxidantes (SOUZA; SOUZA NETMAIA, 2003).
Alguns autores relatam que esses alimentos podgilieauma protecdo contra
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doencas como hipertensdo, diabetes, cancer, ostsepocoronariopatias e
doencas cronico-degenerativas (NEUMANN et al., 200R1PINA; FONTS;
COHEN, 2002; SOUZA; SOUZA NETO; MAIA, 2003).

2.1.1 Probidticos

O uso dos probidticos ndo é novo, e, de fato, ef&®m sendo
consumidos pelos seres humanos na forma de alimeetmentados ha
milhares de anos (KOPP-HOOLIHAN, 2001). Seus beiwfipara a saude
foram muito analisados, como, por exemplo, por Eligtes e outros cientistas,
sendo relatado que o leite fermentado pode cuganaldistirbios do sistema
digestivo. Escrituras biblicas mencionam o usordeipticos no tratamento de
doencas do corpo (LOURENS-HATTINGH; VILJOEN, 2001).

Em 1907, o cientista russo Elie Metchnikoff prop@$a primeira vez o
conceito dos probidticos como é conhecido hoje.dBeervou que o consumo
de grandes quantidades de produtos lacteos ferdmanteom lactobacilos
prolongava a vida. Formulou a primeira explicac@mntifica para os efeitos
benéficos do acido latico e das bactérias do aétdoo presentes no leite
fermentado (RASIC, 2003). Hoje é aceita que a idgediaria desses
probidticos contribui para melhorar e manter efrakia a microbiota intestinal
e evitar disturbios gastrointestinais (LAVERMICOCCZ006).

De acordo com a definicho daFood and Agriculture
OrganizatiodWorld Health OrganizationfFAO/WHO, 2001), os probioticos
sdo "micro-organismos vivos que quando adminisgaém quantidades
adequadas conferem um beneficio a salde do hospedeela legislacdo
brasileira, probiéticos sao definidos como: “micmanismos vivos capazes de
melhorar o equilibrio microbiano intestinal procdn efeitos benéficos a
salde do individuo” (ANVISA, 2002). Sdo também amitlos como
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bioterapéuticos, bioprotetores ou bioprofilaticositéizados na prevencéo de
infecgBes entéricas e gastrointestinais (REIG; ANES2002).

Aplicacbes de alimentos como probidticos sdo emadas
principalmente em produtos lacteos, como ioguiteBr e bebidas inoculadas
com tais micro-organismos. O desenvolvimento dieotidesses produtos tem
mostrado a sua elevada aceitagdo sensorial (ALMEIB®XA al., 2008;
ZOELLNER et al., 2009). Aplicacbes alimentares agaates incluem queijo
probidtico e sorvetes (CRUZ et al., 2009a; 200Bbjras de cereais, formulas
infantis e muitos outros (GRANATO et al., 2018)guns exemplos comerciais

sao citados no Quadro 1.

Quadro 1 Exemplos comerciais de produtos probistico

Produto Descricdo Produtor
. Leite fermentado contactobacillus casei
Actimel | . Danone, Francga
munitass
Activia logurte cremoso contendBifidus regularis | Danone, Franca
Gefilus Uma vasta gama de produtos com LGG | Valio, Finlandia
Hellus Produto lacteo contendolLactobacillus | Tallinna Pjimato"o“
fermentum ME-3 stuse AS, Estonia
Jovita Mistura de cereais, frutas e iogurteH&J Bruggen
Probiotisch | probiotico Alemanha
Valasské Mezirici
Pohadka logurte com culturas probioticas Dairy, Republica
Tcheca
Bebida de frutas refrescante e iogurte
Pro Viva natural em diversos sabores, contend8kane mejerier, Suécia
Lactobacillus plantarum
logurtes, leites e sucos cultivados cagningman Foods,
Rela . . I
Lactobacillus reuteri Finlandia
Re\_/ltal logurte e bebida lactea com probiéticos Olma, Republica
Active Tcheca
Snack Fibra La}nchgs € baffas com fibras natur"j‘is(’:eligueta, Espanha
minerais e vitaminas
Gama de produtos a base de soja e aveia.
SOYosa Inclui uma bebida refrescante e um iogurt®ioferme, Finlandia
probiético de aveia-soja
Soytreat Produto tipo kefir com seis probiéticos feliay, EUA

“continua”
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Quadro 1 “concluséo”

Produto Descricdo Produtor

vakult Lelte. fgrmentado contendb.actobacillus vakult, Japo
caseiShirota

logurte de aveia aromatizado com frutas
naturais e berries, contendo bactériag

Yosa probidticas [actobacillus acidophilus, Bioferme, Finlandia
Bifidobacterium lactiy
Vitality logurte com pré e probioticos e 6mega-3 Iy Alemanha
Vifit Leites fermentados com LGG, vitaminas Eampi . e
pina, Paises Baixos

minerais

Fonte: Sir6 et al., 2008Lactobacillus‘ Gorbach and Goldin™— presentes naturalmente
na microbiota intestinal de um individuo saudavel.

O mercado global de ingredientes, suplementogreeatos probidticos
movimentou cerca de 14,9 bilhdes de ddélares em 20fkigiu 16 bilhdes de
dolares em 2008. Os probiéticos do gérexctobacillusrepresentaram a maior
parte, computando 61,9% das vendas totais em 208 iegurtes foram o0s
principais produtos com utilizagdo desses micr@oigmos, totalizando 36,6%
(FOOD PROCESSING, 2009).

Uma nova analise de mercado Bairy Reporterinformou que o
mercado global de probidticos aumentara em 6,8%naonos proximos cinco
anos, direcionado pela regifo da Asia-Pacificog ‘devera ser o mercado mais
proeminente no futuro”. Em termos de vendas, atdab citou vendas de US$
27,9 bilhdes em 2011, devendo alcancar US$ 448dsl em 2018. Entretanto,
questbes de precos, cultura e falta de padronizde8oespecificacbes dos
produtos deveréo ter um efeito inibidor no cresciimelo mercado. O relatério
destacou que as areas de interesse para probigdicdacteos, cereais, produtos
fermentados de carne, alimentos desidratados, entres. A Asia-Pacifico,
China e Jap&o, dominam a receita do mercado patoficos, com india e
outras regibes também mostrando um crescimentdfisagne. A Europa,
Alemanha e Reino Unido estdo entre os mercadosatraivos. Os mercados

da América do Norte e dos paises emergentes corasil Bambém estéo
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mostrando um grande potencial para crescimento ermadda (DAIRY
REPORTER, 2013).

Os beneficios a salude do hospedeiro, atribuidagestdo de culturas
ou alimentos probidticos ou ambos, sao: controlermderobiota intestinal,
estabilizacdo da microbiota intestinal apds o usatibioticos, promogéo da
resisténcia gastrointestinal a colonizacdo por gaatds, aumento da
concentracdo dos acidos acético e latico, de lhacimsis e outros compostos
antimicrobianos, promocéo da digestdo da lactosendividuos intolerantes a
esse carboidrato, estimulacdo do sistema imunegjoatla constipacdo e
aumento da absorcdo de minerais e vitaminas (SRA06).

Uma populacdo correspondente & t@lulas viaveis ou fOcélulas
vidveis/100mL € a dose minima diaria recomendada pa obter os efeitos
benéficos através de um alimento probiético (FAOMYR001). Considerando
gue bactérias probidticas colonizam o trato imestiransitoriamente, grandes
populagbes precisam ser ingeridas diariamente @aeaos efeitos positivos
sejam mantidos (REID et al., 2003).

Em um intestino adulto saudavel, a microbiota pngidante se compde
de micro-organismos promotores da salde, em suariengertencentes aos
génerod_actobacilluse Bifidobacterium Os Lactobacillus,geralmente citados
como probiéticos sad.. casei, L. acidophilus, L. brevis, L. cellibiosudactis,

L. fermentum, L. plantarura L. reuteri As espécies dBifidobacteriumcom
atividade probidtica sad. bifidum, B. longum, B. infantis, B. adolescerfis
thermophilume B. animalis( KALANTZOPOULOQOS, 1997). Segundo Holzapfel
e Schillinger (2002), outras bactérias com propikd probidticas sao:
Enterobacter faecalis, Enterococcus faeci@rSporolactobacillus inulinys
enquanto os micro-organism@&sacillus cereus, Bacillus subtilis, Escherichia
coli Nissle, Propionibacterium freudenreichii, Saccharomyces ladlii e
Saccharomyces cerevisig&m sido citados como micro-organimos nao laticos
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associados a atividades probiéticas, principalmeara uso farmacéutico ou
em animais.

Diferentes isolados déactobacillus L. acidophilus, L. casei, L.
crispatus, L. fermentum, L. gasseri, L. johnsdniiparacasei, L. plantarum, L.
reuteri, L. rhamnous, L. helveticus, L. Lactig BifidobacteriumB. bifidum, B.
brevis, B. infantis, B. longum, B. lactis, B. aduglentis, B. essensis, B.
laterosporuse outras espécies cono coli nissle, Saccharomyces boulardii,
Enterococcus francio, Propionibacterium, PediocaeuLeuconostogodem
ser considerados como as principais espécies @ogémacrobianos que tém
sido usados como probioticos (SENOK; ISMAEEL; BOTT2005; SHAH,
2007).

Esses probiéticos utilizados em alimentos séo jmdhmente
adicionados como parte do processo de fermentBigentanto, cada vez mais
eles vém sendo adicionados como suplementos. Hitartendéncia crescente
na utilizacdo de probidticos como nutracéuticomre disponiveis em varias
formas, como em capsulas. Entretanto, essa temdémei utilizacdo de
probidticos pode levar a reducdo na eficacia daadpde funcional devido a
exclusdo dos potenciais efeitos sinérgicos dosealios (RANADHEERA;
BAINES; ADAMS, 2010).

Independentemente da diversidade desses microienyas) O0S
principais preparados probidticos disponiveis ateate no mercado pertencem
a um grupo de bactérias designadas bactérias do &itico (BAL), por
exemplo, Lactobacillus e Streptococcus,que incluem a actinobactéria
Bifidobacterium As bactérias laticas sdo Gram-positivas, nao rakuas e
produzem &cido latico como principal ou Unico ptodda fermentacdo. As
homofermentativas produzem duas moléculas de #&ido, enquanto que as
heterofermentativas produzem &cido latico, etanamina molécula de dioxido
de carbono a partir de uma molécula de glicose (SREASTONE, 1990).
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Particularmente, Streptococcus salivariussubsp. thermophilus e
Lactobacillus delbrueckisubsp.bulgaricustém sido tradicionalmente usados
na producédo de iogurte. Esses micro-organismos&daapazes de sobreviver
e crescer no trato intestinal do hospedeiro, ptotaéo sdo classificados como
probidticos pela maioria dos cientistas e sdo demnados apenas BAL
iniciadoras de iogurte (SENOK; ISMAEEL; BOTTA, 2005

Alimentos fermentados por BAL apresentam melhoresores
nutricionais em funcéo da digestao parcial de pmate gorduras, carboidratos e
aumentam as vitaminas do complexo B, além de ph@inza B-D-
galactosidase. Efeitos indiretos dessa fermentagiwstituem inibicdo de
fatores antinutricionais, producdo de toxinas edpcdo de compostos
antimicrobianos (DEMIATE; OETTERER; WOSIACKI, 1994)

2.1.1.1 A importancia dos produtos probiéticos nétacteos

Além de produtos lacteos, outros alimentos que pcgkr parte de uma
dieta diaria tém sido investigados como carreaddeegrobidticos. A pesquisa
atual esta focada no desenvolvimento de novos mlomeprobidticos néo
lacteos para atender as necessidades mais ampdabates e abrir novas areas
de mercado (CHAMPAGNE; GARDNER, 2005; FARNWORTH,;
MAINVILLE; DESJARDINS, 2007; RANADHEERA; BAINES; ARMS,
2010; RIVERA-ESPINOZA; GALLARDO-NAVARRO, 2010; RATERE;
SALMERON; PANDIELLA, 2012;SALMERON; THOMAS; PANDIELLA,
2014).

E muito dificil encontrar dados que relatam as wsndom base em
produtos ndo lacteos probiéticos, uma vez que emstsmoria é relativamente
nova no mercado. Além disso, esses produtos ndoosAomente encontrados

em muitos paises, como no Brasil, onde existem gumarcas que
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comercializam o iogurte de soja com polpas de drutiiferentes. Seria
interessante se mais dados a respeito das venda$intentos probidticos
estivessem disponiveis, pois a industria poderigidio desenvolvimento do
produto para um segmento especifico da populacdpama um determinado
tipo de produto bem aceitavel (GRANATO et al., 2010

Os produtos probidticos ndo lacteos tém grande rir@poia devido a
crescente tendéncia do vegetarianismo e a altalgrera de intolerancia a
lactose em muitas popula¢@es, em todo 0 mundo.nkm®, ndo ha davida de
gue o setor de laticinios, que esta fortementaldigeos probidticos € o maior
mercado de alimentos funcionais, respondendo paseg33% do mercado em
geral (RIVERA-ESPINOZA; GALLARDO-NAVARRO, 2010). $endo
pesquisa Ibope feita em 2010, o Brasil conta cont@anais de 15 milhdes de
vegetarianos (pessoas que ndo se alimentam de csemejque podem ou nao
consumir outros produtos de origem animal), ou &opdpulacdo do pais
(NATURAL TECH, 2013).

Os dados sobre a incidéncia de intolerancia adaatéo séo facilmente
encontrados. No Brasil, embora existam poucos estud incidéncia de
intolerancia a lactose atinge cerca de 40% da po@al (AGENCIA BRASIL,
2013). A intolerdncia a lactose é a incapacidadeddgrir o principal
carboidrato do leite, resultado da deficiéncia oséacia da enzima intestinal
B-galactosidase, ou, simplesmente, lactase (LONG@D6)2 Essa enzima
possibilita a quebra da molécula do carboidratar@mossacarideos (galactose
e glicose), facilitando a sua absor¢éo pelo imesths pessoas deficientes em
lactase ndo tém essa capacidade e quando consaitena llactose ndo é
desdobrada no intestino delgado, ndo sendo absoigsta forma, a pressao
osmotica do intestino aumenta e uma quantidadedarasel de agua é retirada
dos tecidos vizinhos. Entdo, a lactose passa pardgestino grosso, onde é

fermentada por grupos microbianos produtores desgasigua ou € hidrolisada
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por bactérias em &cidos orgénicos de cadeia cOdagases que nado sdo
absorvidos causam inchago e os Acidos produzidtzsrira parede intestinal e
aumentam a motilidade que, combinados com a agtretada no intestino
resultam em diarréia (FERREIRA, 1997; BARBOSA; ANE&ZZI, 2009).

Recentemente, uma pesquisa sinalizou que os isgdigponiveis no
mercado brasileiro sdo impréprios para consumoirmiividuos intolerantes a
lactose, devido a pequena reducdo do teor de éadimmnte o tempo de vida
atil (BATISTA,; SILVA; DA CRUZ, 2008). Portanto, atératura especializada
tem apontado para um interesse emergente em estglogais, assim como
para o fato de que indistrias de alimentos esté@maptando as significativas
diferencas regionais em tradicfes, culturas, cessiarpraticas.

2.1.2 Prebiéticos

Os prebidticos sdo oligossacarideos nao digeripergm fermentaveis
por micro-organismos, cuja funcdo é mudar a atidedea a composicdo da
microbiota intestinal com a perspectiva de promavealde do hospedeiro. As
fibras dietéticas e os oligossacarideos nao digierBao os principais substratos
para o crescimento dos micro-organismos nos intesstfMORAES; COLLA,
2006).

Nos ultimos anos houve um rapido aumento no ugoeatadticos como
alimentos funcionais e novos produtos estdo semdenyolvidos a todo o
tempo, sendo adicionados a suplementos, produtteok paes e bebidas
(WILLIAMSOM, 2009). A procura por prebiéticos no mdo é estimada em
cerca de 167.000 toneladas e gira em torno de 3d@easw de euros por ano.
Entre eles, fruto-oligossacarideos (FOS), inulinactulose, isomalto-
oligossacarideos (IMO), polidextrose e amido resist sdo considerados os
principais componentes prebioticos disponiveis rocado (SIRO et al., 2008).
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Oligossacarideos desempenham um importante papebmioole da
obesidade, resultante do aumento da saciedade ecaredda fome
(BOSSCHER; VAN LOO; FRANK, 2006). Alguns outros ks atribuidos aos
prebidticos séo: a modulagéo de funcdes fisiolGgatave, como a absorg¢éo de
célcio, o metabolismo lipidico, a modulacdo da cosigio da microbiota
intestinal, a qual exerce um papel primordial reiofogia intestinal e na
reducdo do risco de cancer de célon (ROBERFROID2R0

Um produto em que estdo combinados um probi6tigm grebidtico é
denominado simbidtico. A interacdo entre o prob@t: o prebidtican vivo
pode ser favorecida por uma adaptacdo do probidiicsubstrato prebiotico
anterior ao consumo. Isto pode, em alguns casssltae em uma vantagem
competitiva para o probidtico, se ele for consumidatamente com o
prebiético (SAAD, 2006). Ha uma sinergia entrebpdticos e prebiodticos em
produtos simbiéticos. Prebidticos sdo compostosumoidos por probioticos
como carbono ou fonte de energia no cdlon. Issalteeem aumento da
contagem do probidtico e na reducdo de micro-osgams patogénicos no
intestino (HOMAYOUNIet al., 2008).

Os prebidticos estimulam o crescimento dos grupmdgenos da
populacdo microbiana, tais como as bifidobactégias lactobacilos, que sdo
ditos como benéficos para a salde humana (BLAUT2RO0Dentre as
caracteristicas de um prebidtico temos: resisté@saenzimas salivares,
pancreaticas e intestinais, bem como ao acido estmnao deve sofrer
hidrélise enzimética ou absorcdo no intestino dadgauando atingir o colon
deve ser metabolizado seletivamente por numerotalilni de bactérias
benéficas; deve ser capaz de alterar a microb@émica para uma microbiota
bacteriana saudavel e ser capaz de induzir efsitdogico que seja importante
para a satde; e ser osmoticamente ativa (RODRIGMEE, 2003).
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A soja contém prebidticos como rafinose e estaquigge s&o
promotores naturais do crescimento de bifidobaéri(TAMIME;
MARSHALL; ROBINSON, 1995). Os produtos da soja véendo avaliados
como veiculos para probiéticos e estudos receftasinidicado uma série de
beneficios para a salde. Os efeitos sinérgicos eatprobitticos e produtos da
soja sugerem que essa combinacdo pode exercersefaittajosos e aumentar
valores terapéuticos nos alimentos (WOO et al.9200

Um grupo especifico de oligossacarideos que temidatr
interesse comercial é o dos frutooligossacarideds). Os FOS sao formados
por uma molécula de sacarose com uma, duas owmiflades de frutose
unidas, mediante ligac6ep-(1-2) a molécula de sacarose (FERREIRA,;
TESHIMA, 2000). Esses compostos, comercializadosnoccoRaftilose e
NutraFlora, podem ser obtidos de fontes naturas €¢gemplo, a inulina) ou
sintetizados enzimaticamente a partir da sacaroee gcdo de b-
frutofuranosidase fungica (CRITTENDEN, 1999; KAPLANUTKINS, 2000).
Os FOS foram considerados pela FOFog¢d and Drug Administratigncomo
substancia GRAS (geralmente reconhecidas como®egioram adicionados
a férmulas para lactentes, iogurtes e suplemefitosraares (SPIEGEL et al.,
1994).

Os efeitos benéficos da ingestdo de FOS tém sidpmyvados por
diversos estudos. Esses aclcares ndo convencforais classificados como
assistentes dos micro-organismos benéficos presantérato intestinal, como
Lactobacillus e Bifidobacterium Eles melhoram o metabolismo das
bifidobactérias e diminuem o pH no intestino gressobindo bactérias
putrefativas. A ingestdo diaria desses carboidratssilta em aumento da
guantidade de bifidobactérias no trato intestiRddRTEMINK; DOMENECH;
ROMBOUTS, 1997; PASSOS; PARK, 2003).
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2.2 Extrato hidrossollvel vegetal e derivados

A producdo de extrato vegetal usando leguminosasementes
oleaginosas é uma tecnologia antiga, relatada deséeulo 13. Com o tempo,
a tecnologia foi aprimorada para incluir o desevimeénto de alternativas
vegetais ao leite de vaca, especialmente na fogéolde alimentos infantis,
uma vez que sao ricos em proteinas, minerais enivigs. As principais
matérias-primas que tém sido utilizadas na proddedextratos hidrossollveis
incluem a soja, o fejao-caupi, feijdo alado ou sie, amendoim e sementes de
meldo (NELSON; STEINBERG; WEI, 1976; AIDOO et &Q010).

Em muitos paises, especialmente naqueles em dédemmo, o
abismo crescente entre 0s recursos disponiveijgopwdacao tem resultado em
grave insuficiéncia no fornecimento de nutrientbgeste déficit, pode ser
incluido o leite e seus derivados, principalmenter gausa de suas
caracteristicas Unicas de fornecer nutrientes eiss&nA escassez na oferta de
leite tem levado a esfor¢cos para o desenvolvimdatprodutos alternativos a
esta matéria-prima (NELSON; STEINBERG; WEI, 197&GIBDU, 1994.

O extrato hidrossolavel que é produzido a partim@eérias-primas de
origem vegetal, como o de amendoim e de soja peddé £omo uma Otima
alternativa para os paises onde o fornecimento eite € inadequado.
Leguminosas e sementes oleaginosas possuem cistaaerque as tornam
convenientes para realizar combinacdes de duasaisi@apécies a fim de se
obter um produto aceitavel. Um produto compostitizabdo amendoim e soja
como fontes de nutrientes, como proteinas, fildraslo félico, outras vitaminas
e minerais seria um bom substituto do leite an{@iH)OO et al., 2010).

Atualmente, o interesse em extrato hidrossolUvejeta tem sido
renovado por causa da crescente conscientizacaocodeamidores em relacao
aos beneficios nutricionais de alimentos a basplatdas (DIARRA; NONG,
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2005). Este cenério vai ao encontro do grande muirder pessoas que esti
aderindo a uma alimentacao e estilo de vida mdiadas ao bem-estar e a ética
alimentar. Consequentemente, 0s extratos de sojadee amendoim,
separadamente, tém sido utilizados em varios posduncluindo bebida
fermentada probidtica (CAMARGO et al., 2000), cretieecafé (MULANDO;
RESURRECCION, 2006), bebida lactea sabor choco(@®ESHPANDE:;
CHINNAN; PHILLPS, 2008), coalhada (YADAV et al., 20), combinagéo de
extrato hidrossoluvel de soja, da polpa de mangmte de bufala (KUMAR;
MISHRA, 2004) e iogurte (ISANGA; ZANG, 2009).

2.2.1 Extrato hidrossollvel de amendoim e derivados

O amendoim Arachis hypogaed..) é uma leguminosa oleaginosa de
origem sul-americana, considerada altamente valimsanutricdo humana e
animal. Rica em 6éleo, proteinas e vitaminas eraimpartante fonte de energia
e aminoacidos utilizada intensamente na alimentag&oindigenas, antes da
colonizacdo. No século XVIII foi introduzido na Bpa. No século XIX
difundiu-se do Brasil para a Africa e do Peru pseFilipinas, China, Jap&o e
india. Nos dias atuais o amendoim é um produto ecidb e apreciado em
praticamente todos os paises do mundo, pelo sesmparavel sabor e
versatilidade de uso em pratos salgados, docesreastria (ARAUJO et al.,
2000). O produto destina-se principalmente a imdlstle confeitaria,
venda/consuman natura exportacao e fabricacao de dleo.

Ha algum tempo é sabido que o extrato de amendoipnodutos
derivados de amendoim tém beneficios nutricionaia pvens e idosos devido
a extrema riqgueza em proteinas, minerais e acidb®g essenciais, como 0s
acidos linoléico e oléico (ISANGA; ZHANG, 2009). amplamente utilizados
na india e em outros paises em desenvolvimento,vegetarianos e, mais
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recentemente, por criangas alérgicas a proteindsitdode vaca (KOUANE;

ZHANG; CHEN, 2005). A figura 1 mostra alguns dosndiécios a saude
através do consumo de amendoim.

2- Afastaa fadiga e 0 mau humor 15- Previne o envelhecdmento

4- Evita 0 aparecimento de doencas ardiovasculares 2 17- Reduz pressao arterial

6- Fundamental na constituicao do rim

8- Ajuda na formacao do sistema nervoso do feto 21- Combate 0 enfraquecimento de unhas e @belos

10- Ajuda na formagao dos 0ss0s i ¢ 23- Reduz os niveis de triglicérides no sangue

12- Previne osteoporose 25- Protege 0svasos sanguineos

27- Possui a¢ao anti-inflamatéria

Figura 1 Beneficios que o amendoim pode trazetidesdonte: Abicab, 2013.
Disponivel em: http://www.abicab.org.br/amendoirafoendoim-e-
seus-beneficios/
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Nos ultimos 50 anos, muitas maneiras de produtiagxde amendoim
foram desenvolvidas por diversos pesquisadores (GHREUCHAT, 1992;
KOUANE; ZHANG; CHEN, 2005), mas todos esses métaias modificacdes
do processo ddlinois para o preparo de extrato de soja (CHAN; BEUCHAT,
1992). A composi¢do do extrato de amendoim depeodmodo de preparo,
mas em todos 0s casos esse extrato hidrossolUvside custo tem elevado
contetdo de proteina e é conhecido por ser ricoemargia (KOUANE;
ZHANG; CHEN, 2005).

O extrato hidrossoluvel de amendoim pode ser pidduzor
maceracao e trituragdo dos gréos crus de amendwoinmagua até se obter uma
pasta, sem prejuizo para a filtracdo (CHAN; BEUCHAT992).
Alternativamente, pode também ser produzido pelagem de amendoins crus
e/ou torrados, com teor de gordura integral ouiglanente desengordurado, em
forma de farinha para que a dgua possa ser adilziqgpsteriormente, obtendo-
se emulséo.

Outra maneira € usar 0 extrato de amendoim ou ipeotisolada de
amendoim para suplementar o leite de origem an{tedt tonificado). Em
todos os casos a relagédo de farinha de amendommeundoim e agua variam
muito de um produtor para outro. Os produtos n&@tetds obtidos sdo em
seguida homogeneizados e pasteurizados, em maios,cda mesma maneira
gue o leite fresco. Além de serem suplementados \Gtaminas e minerais
podem também ser saborizados (CHAN; BEUCHAT, 1992).

O Brasil, até o inicio dos anos 70 do século passki importante
produtor de amendoim, ocupando papel expressito tamsuprimento interno
de Oleo vegetal quanto na exportacdo de subprodétosaior producéo
ocorreu em 1972, com 970 mil toneladas, sendo qoiéncipal produto era o
6leo, muito utilizado na culinaria. A partir de #97devido, dentre outros
fatores, a contaminacao por aflatoxina e a magpatiibilidade de 6leo de soja,
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0 preco do produto nos mercados interno e exteaiw desestimulando o
plantio. A partir daquele periodo até a década39® houve forte reducéo na
area plantada e producdo em nosso pais (ARAUJQ 2080).

Entretanto, nos Ultimos anos, no Brasil, ocorreande expansao da
area cultivada, producdo e principalmente aumentmsistente em
produtividade. Da producdo de 142 mil toneladasl88b, chegamos a 326,3
mil toneladas em 2012/13, enquanto a produtivigedsou de 1.740 kg/ha em
1994/96 para 3.379 kg/ha em 2012/13 (FREITAS efab5; CONAB, 2013).
O uso de cultivares de porte rasteiro e a mecaizdgs operacdes de plantio e
colheita sdo tecnologias que refletiram em maiodptividade (ARAUJO et
al., 2000).

Em termos produtivos, o amendoim brasileiro é aliunem maior
escala, da regido Sudeste, seguida pela Centre-@eas¥brdeste. O estado de
Sado Paulo é o maior produtor, responsavel por cdec®0% da producao
nacional (Figura 2). A producdo de amendoim é feita duas épocas: a
primeira, conhecida como safra das aguas, repee§&ib do volume total e
corresponde aos plantios realizados em outubrofior@nas regides Sudeste e
Sul. A segunda, chamada de safra da seca, compkmenontante, sendo os
plantios realizados no més de marco nas regidess8ud Nordeste (ARAUJO
et al., 2000).
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)c o n ab Ministério da Agricultura, Pecuéria e Abastecimento
( FEEEES 0 Companhia Nacional de Abastecimento - Conab
SIGABrasil - Sistema de Informacdes Geograficas da Agricultura Brasileira

Produgao Brasileira de Amendoim Total - Safra 2009/2010
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Figura 2 Producdo brasileira de amendoim total fas2009/2010. Fonte:
CONAB, 2010. Disponivel em:
http://www.conab.gov.br/OlalaCMS/uploads/arquiv@s/d8 19 16
50_01_ bramendoimtotal2010.png
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2.2.2 Soja e derivados

A soja Glicine maxL.) € uma leguminosa produzida no Brasil desde
1920. A partir de 1950, esse produto tem sidozatilldo na producdo de
alimentos ricos em proteina, incluindo farinha, camirado protéico e isolado
protéico de soja. Apesar de conhecida e exploradariente h4 mais de cinco
mil anos (é reconhecida como uma das mais antiffagap cultivadas do
planeta), o Ocidente ignorou o seu cultivo atéguisda década do século XX,
quando os Estados Unidos iniciaram sua exploragamicial (primeiro como
forrageira e, posteriormente, como gréo). Em 19%0,auge do seu cultivo
como forrageira, foram cultivados, naquele paiscacade dois milhdes de
hectares com tal propésito (MARTINS, 1995).

A producdo de soja no mundo em 2011/12 foi de Z3&0hdes de
toneladas. Ja no Brasil, que era o segundo mabalufmr mundial do gréo, a
producédo foi de 65,50 milhfes de toneladas. Naasadér 2012/13 o Brasil
superou o0s Estados Unidos produzindo 81,00 milhdes toneladas,
representando um aumento de 23,7% na producdo.s@sids Unidos, no
mesmo periodo, produziram 73,27 milhfes de tonsjanlzupando o segundo
lugar na producao do gréo (SCOT CONSULTORIA, 2013).

A Agroconsult prevé que a area de plantio com soj8rasil na safra
2013/14, em fase inicial de preparo, deve cres¢8%)5 alcancando 29,3
milh6es de hectares em comparacdo com 27,7 milldd®ctares no periodo
anterior. Com o0 aumento da area, a producdo hrasde soja pode alcancar
88,4 milhdes de toneladas na safra 2013/14 (AGRO8QIN, 2013).

Uma grande propor¢do de proteinas vegetais ¢é addliz na
agroindustria. O isolado protéico de soja possiai @hlor nutricional e vem
sendo utilizado na formulacdo de suplementos visansubstituicdo parcial ou
total da proteina do leite (GIESE, 1994). As prwsi da soja possuem
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excelentes propriedades nutricionais e funciorsgisdo amplamente utilizadas
em diversos produtos alimentares. O consumo daipeotle soja, que é rica em
isoflavonas, pode ter um efeito benéfico sendo rebdes resultados no
combate aos desconfortos causados pelo climat@ioque tem acdes
estrogénicas e antiestrogénicas, predominantemsatge receptores de
estrogénios. Tem também um efeito antioxidantejndimdo radicais livres e
inibindo os danos causados pelos raios ultravielgtee causam problemas na
pele, tornando-a fina, ressecada e sem elastic({ddePAUCH et al., 2002).
Um exemplo de linha de bebidas a base dessa legsanéna Sollys, da
Nestlé, que oferece a versao Original (conhecidailpomente como leite de
soja) e a versao Frutas (alimento com soja e sadouths em cinco sabores:
abacaxi, laranja, macé, péssego e uva). Segundapeesa, trata-se da Unica
marca do segmento de bebidas a base de soja argpres selo de aprovacéo
da ABRAN - Associacdo Brasileira de Nutrologia. iAhh é vendida em
embalagens de 1 litro e de 200 mL e os produtoteoof®% Lactose e 0%
Colesterol, além de serem fontes de calcio e @enifia C — contribuindo para
a saude dos 0ssos e dentes e auxiliando na prategiganismo. Além disso,
os produtos da linha Sollys sdo acrescidos de ipestede soja ACTISQY. A
proteina isolada da soja proporciona melhor salm® produtos quando
comparados a outros que sdo acrescidos de extratjal(BERTI, 2010).
Produtos a base de soja trazem vantagens a saddspqesentarem
propriedades hipolipémicas, anticolesterol e balgegenicidade, embora o seu
consumo direto seja limitado devido ao sabor e gadude flatuléncias
(KARLESKIND et al., 1991). A falta dg¢-galactosidases, que hidrolisam os
carboidratos na soja (sacarose, rafinose e estEjyigesulta na producdo de
gases no trato gastrointestinal humano. Os salumssgradaveisoff flavor)
dos produtos de soja sao atribuidos a acdo dama&niipoxigenases formando
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hidroperoxidos dos acidos graxos poli-insatura@RsGKIS; SESSA; HONIG,
1979).

2.3 Fermentacéo de produtos a base de soja e de aahg@im

A fermentagdo € um processo biolégico em que adipiicacdes
bacterianas e flngicas alteram as caracteristiemsosais e produzem
metabdlitos que preservam ou enriquecem a compmosigétricional
(DEMIATE; OETTERER; WOSIACKI, 1994). As bactérias
probidticas geralmente ndo crescem rapidamente eeite | de vaca.
Assim, na fabricacao do iogurte elas ndo alcan¢awa@o nimero como outras
BAL (CHAMPAGNE et al., 2009).

Por outro lado, muitos estudos indicam que a saja &om substrato
para as bactérias probiéticas, mas ndo para aitradi cultura iniciadora de
iogurte L. delbrueckii subspbulgaricus(KARLESKIND et al.,, 1991). Estes
resultados sugerem que algumas bactérias prolopoaleriam competir
melhor com culturas iniciadoras de iogurte em ubssato a base de soja. As
principais bactérias probidticas ja aplicadas enbidas de soja sao
Lactobacillus acidophilus, Lactobacillusfermentum e Bifidobacterium
sp.. Entretanto, pouco se sabe sodbaetobacillus rhamnosus, Lactobacillus
helveticus, Lactobacillus delbrueckiibsplactis Uma caracteristica da
fermentacdo da soja por probiéticos € a taxa ddifigeicdo de acordo com a
linhagem utilizada. Segundo Chumchuere & Robinsb®99), as culturas
selecionadas para a fermentacdo de extrato hidilwssade soja (12% de
sélidos totais) utilizaram efetivamente os respesti oligossacarideos e
reduziram o pH da bebida.

Com relacéo ao extrato hidrossolivel de amendainiorego dos anos
foi convertido com éxito em produtos alimentaresbd@&o custo, com alto
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valor nutritivo. Nesta area, os pesquisadores seertraram em produtos
resultantes da fermentacgéo, tais como o iogurlejtelho e o queijo curado,
entre outros (CHAN; BEUCHAT, 1992). O preparo eearfentacdo do extrato
de amendoim podem servir como forma de aumentansueno dessa valiosa
cultura (SUNNY-ROBERTS; OTUNOLA; IWAKUM, 2004).

Sunny-Roberts, Otunola e Ilwakum (2004) prepararam produto
semelhente a iogurte a partir de extrato de amemdwdiencontraram um
aumento nos teores de cinzas totais, calcio, potassfosforo, quando
comparado com uma amostra de extrato ndo fermen@deor de proteina
aumentou de 2,98% para 5,95% na amostra fermeriadabservado também
aumento de lisina, metionina e triptofano de 3,8fa[7,28; 1,12 para 3,15; e
1,41 para 2,43 g/16g de nitrogénio, respectivamdptg outro lado, foram
observados decréscimos com relacdo a fibra bratmteddo de gordura total.
Os mesmos autores relataram que os iogurtes datexte amendoim com
sabor de baunilha e morango tinham quase a meseitaldlddade sensorial
guando comparados ao produto comercial do leiteridem animal, podendo
ser bons substitutos, especialmente quando o faidévado em consideracao.

Os avancos na fabricacdo de produtos fermentadetarem que o
hexanal, um dos compostos responsaveis pelo salesdjado de nozes no
extrato de amendoim, desapareceu completamente cmsoltado da
fermentacdo (LEE; BEUCHAT, 1991). Neste sentidofas como morango,
manga, uva, péssedgo, abacaxi, laranja, maca e ujfarsm provado ter a
capacidade de mascarar o sabor forte de bebidaeadzmsem soja. Essas frutas
sdo populares por fornecerem um perfil de saboreseaagradavel, podendo,
desta forma, também serem saborizantes para bédidentada a base de
amendoim.

Isanga e Zhang (2007) observaram textura infeaodurte a base de
extrato de amendoim, quando comparado ao do iodarteite de vaca, embora
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fosse aceitavel. Beuchat e Nail (1978) observaraxtuta semelhante a um
creme no extrato fermentado de amendoim tastobacillus bulgaricus 909

e Lactobacillus acidophilu$-1910 e relataram que o0 soro excessivo tornou o
produto indesejavel para os substitutos do iogurte.

Diante do exposto, estudos mais diversificados mieser realizados a
fim de melhorar a estabilidade, superar o sabarodes e problemas sensoriais
encontrados durante a producdo do extrato hidripsdotle amendoim e seus
derivados.

2.4 Emprego de coculturas

Industrialmente, curtos tempos de fermentacdo sfferpveis a fim de
se aumentar a producdo das plantas industriais, bemo reduzir a
contaminacdo por micro-organismos indesejaveisnAldisso, as culturas
probidticas por si s6 podem gerar produtos f@ewour desagradavel. Uma
potencial solu¢do para esses dois problemas é aleistulturas probidticas
misturadas a culturas iniciadoras de iogurte. Oreggpde coculturas permite a
fermentacdo em tempos aproximadamente duas vezexenedo que aqueles
nos quais sao utilizadas culturas puras, tornardadgquado para a indastria
(MACEDQO; SOCCOL; FREITAS, 1998).

O uso simulténeo de culturas probiéticas com radtuniciadoras de
iogurte pode ser muito prejudicial para algumas asepAssim, o0
desenvolvimento de um produto fermentado contendbidticos requer
selecdo de linhagens que apresentem boa capadadadescer no substrato,
bem como habilidade de competir ou até mesmo ariza sinergia entre as
linhagens (MACEDO; SOCCOL; FREITAS, 1998). A comdido mais
apropriada de uma cultura iniciad@aima bactéria probiética especifica deve
ser determinada por processo de selecdo, que abaraw impacto das
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diferentes culturas sobre as propriedades serscogiaa sobrevivéncia das
bactérias probiéticas.

Em funcdo da perda de viabilidade, o emprego dweiradl probidticas
associadas a culturas de suporte compostas, dagneih deS. thermophilus
ou de outra cultura de iogurte ou culturas mesaffli com diferentes
combinacdes de cepas ldectococcusé aconselhdvel. Em determinados casos,
a combinacdo de cepas de culturas probiéticas adtoras iniciadoras de
iogurte resulta na diminuicdo da contagem da alpuobiética durante a vida
de prateleira do produto. Esse fato demonstra qgedegdo de uma cultura de
suporte apropriada para cada cultura probiéticanddmental para a obtencao
de produtos frescos fermentados, com boa sobresiavéle culturas probidticas
durante sua vida util (SAXELIN et al., 1999; SAARKEt al., 2000).

Culturas iniciadoras que sdo capazes de crescantdua fermentacéo e
sdotermofilicas devem ser preferencialmente utilizadasa vez que a maioria
dos probiéticos multiplica-se bem a 37°C, senda atemperatura ideal para o
processo fermentativo utilizando tais micro-orgamts. Adicionalmente, a taxa
de multiplicacdo da cultura iniciadordeve ser moderada, permitindo a
multiplicac@o da bactéria probidtica. A culturaciadora tambérdeve produzir
compostos que favorecam a multiplicacdo da culpuadiotica ou promover
reducdo da tensdo de oxigénio (SAARELA et al., 2000

Em determinados casos, as cepas probidticas séioredias ao leite
apos a fermentacdo, 0 que vem a encarecer o prdeicetanto, essa adicao
posterior ndo propicia a multiplicacdo do probidtigpodendo, inclusive,
resultar em diminuicdo de sua viabilidade. Assimdse é recomendavel a
adicdo do probidtico antes ou concomitantementdigia da cultura iniciadora
(SAARELA et al., 2000).

Tradicionalmente e economicamente, as leveduras cgiomais
importantes micro-organismos explorados pelo hormfereveduras tém uma
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longa histéria de uso seguro, comprovado na femgéot de alimentos e
bebidas. Por outro lado, as leveduras também padesar deterioragdo nestes
produtos (JAKOBSEN; NARVHUS, 1996). O ecossistem&robiano de
bebidas e alimentos fermentados é complexo, comppust uma variedade de
micro-oganismos como bactérias, leveduras e, assydangos filamentosos
(BLANDINO et al.,, 2003). Desta forma, também h& asgibilidade da
utilizacdo de leveduras em cocultura para a pradde&ermentados alcodlicos
e ndo alcodlicos.

Soulides (1955) mostrou que levedutasulopsissp. (agora&Candida
sp.) podem estender a viabilidade de bactériaogiarte durante meses. Um
estudo mais recente mostra a bioestabilizacdo fie dam Saccharomyces
cerevisiaedevido a formagéo de etanol e a utlizagdo de ac(@EWAK;
PARK; KIM, 1996). Algumas evidéncias indicaram ca® leveduras podem
ajudar na estabilizacdo da populacéo de bactéoiaxidio lactico no queijo e
iogurte (ARFI et al., 2004; FREITAS et al., 2009).

Liu e Tsao (2009) estudaram os efeitos de leveds@se a
sobrevivéncia de BAL probibticas e ndo probidtieas leite fermentado, em
condi¢Bes ndo refrigeradas (30°C), visando deseewvalm leite fermentado
gue apresentasse caracteristicas favoraveis pswhravivéncia das bactérias.
Os resultados obtidos forneceram evidéncia defmitle que as leveduras
possuem efeitos que aumentam a estabilidade dedBi\laboratério e que os
efeitos especificos destas sobre a estabilidadenvade acordo com as
leveduras e com as BAL utilizadas.

As induUstrias de alimentos, cada vez mais visam mencado de
consumo especifico e competitivo. O resultado é demaanda por ingredientes
funcionais com diversas aplicagbes em alimentosdtados, sendo que as
proteinas do amendoim e da soja preenchem essdig@®s com qualidade e
baixo custo. Visto que essas matérias-primas patlesempenhar importante
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papel na luta contra a desnutricdo, o baixo nivehlano seu consumo,
especialmente nos paises em desenvolvimento, deaeimentado.

Diante do exposto, as crescentes evidéncias testih respeito dos
efeitos benéficos promovidos pelos alimentos ptalné e prebidticos,
associadas a exigéncia por parte do mercado cotsumpdr alimentos ditos
mais saudaveis, surgem como fatores positivos paesenvolvimento de um
extrato hidrossollvel vegetal simbiotico. Sao, @, necessarios estudos para
a adequada investigacao sobre a possibilidadeodeggamento do amendoim e
da soja em novos produtos Uteis, comestiveis e boas caracteristicas
nutricionais e sensoriais.

Desta forma, neste trabalho o extrato hidrossoldeebhmendoim foi
utilizado como principal matéria-prima para formulana bebida probiética,
gue podera resultar em beneficios para a salde, ddéexplorar o potencial
mercado para o extrato hidrossoluvel de amendoamendoim em geral. O
estudo teve como objetivo descrever o processordpa@cdo do extrato
fermentado de amendoim e soja, utilizando levedirastérias do acido latico
e bactérias probiodticas comerciais, além de avpégimetros fisico-quimicos e
metabolitos produzidos durante a fermentagdo erturesl simples e em

cocultura.
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ABSTRACT

Non-dairy formulations using different peanut-soitkn{PSM) blends
were investigated to develop a new nutritive suatbstifor fermentation. The
PSM was found to be rich in essential amino acid&ably leucine, isoleucine,
lysine, and threonine [2.90, 1.78, 1.75 and 1.710@p) of PSM, respectively].
The contents obtained of crude protein, fat, drytenafiber and carbohydrate
were 4.00, 3.17, 9.30, 0.39 and 1.62 (g/100 mL)ickvitan be compared to
cow's milk. The PSM feasibility for growth and aéichtion by lactic acid
bacteria and yeasts was studied by inoculation Wth (v/v) of the strain of
interest and fermentation was followed over a 1¢ehniod at 37 °C. The
Pediococcus acidilactiUFLA B FFCX 27.1),Lactobacillus rhamnosuf_R
32) and Lactobacillus acidophilus(LACA 4) probiotics, and the yeast
Kluyveromyces marxianu¢CCT 3172) reached populations above 8 log
CFU/mL after 24 hours of fermentation. Drops in phlues (approximately
4.00 after 12 h) were found for the PSM inoculateith Bifidobacterium
longum (BL 04), Streptococcus thermophily§A 40) and withLactobacillus
fermentum (CC 305). The Kluyveromyces marxianus(CCT 3172),
Saccharomyces cerevisig)FLA Y FFFW 15), Saccharomyces cerevisiae
(UFLA Y FFCX 101.8), andDebaryomyces etchelfUFLA Y FFBM 5.56)
yeasts consumed about 90% of available carbohydrBtspite the high use of
the sugars these yeasts provided moderate actiificaof the substrate,
reaching final pH above 5.00.

Keywords: Peanut and soy beverage. Mixed substratesctic acid
fermentation. Probiotic culture.
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1 INTRODUCTION

In some developing countries, where milk and dgirgducts are
usually priced too high for low income earners anglalso invariably produced
in insufficient quantities, the use of vegetablerse is excellent option to aid
the problem of protein deficiency (KPODO et al.,12 The demand for
alternatives to cow milk is growing, mainly duepimblems with allergenicity,
desire for vegetarian products, and high cholektdevels (SUNNY-
ROBERTS; OTUNOLA; IWAKUN, 2004, FARNWORTH; MAINVILIE;
DESJARDINS, 2007, SALMERON; THOMAS; PANDIELLA, 2014

Increasing consumer awareness towards healthy diedschanging
eating habits due to urbanization has created & Imayrket demand for new
functional foods with a beneficial effect on heaRATHORE; SALMERON;
PANDIELLA, 2012). Worldwide, the dairy sector, whids strongly linked to
probiotics, is the largest functional food marlatcounting for nearly 33% of
the broad market, but vegetables might be a healtbption for the
development of new non-dairy probiotic foods (LEAHRHEAD FOOD
INTERNATIONAL, 2006, PRADO et al., 2008). The vegbles are rich in
functional food components such as minerals, vitamidietary fibers,
antioxidants, and do not contain any dairy allesgdsat might prevent usage by
certain segments of the population (LUCKOW; DELAHUY 2004).
Therefore, the application of probiotic cultures ren-dairy products and
environments represents a great challenge.

Probiotic bacteria are defined as “live microorgam that when
administered in adequate amounts confer a heatfikfibeon the host” (FAO,
2001). Many studies indicated that s@¥lycine ma¥ is a good substrate for
functional foods since fermentation by probioties lthe potential to reduce the
levels of some carbohydrates (FARNWORTH; MAINVILLBESJARDINS,
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2007, CHAMPAGNE et al., 2009). These sugars camesponsible for gas
production in the intestinal system, increase feedflavone levels and favour
desirable changes in bacterial populations in tstrgintestinal tract. The main
probiotic bacteria studied for growing in soy beagws arelLactobacillus
acidophilus, Lactobacillus fermentunBifidobacterium sp, Lactobacillus
rhamnosusand Lactobacillus paracaseiubsp. paracasei (BOUHNIK et al.,
2004; WEI; CHEN; CHEN, 2007; CHAMPAGNE et al., 2009

It has been proven that peanurgchis hypogaeal.) have the
potential for LAB growth (LEE; BEUCHAT, 1991, SUNNROBERTS;
OTUNOLA; IWAKUN, 2004, YADAYV et al., 2010), includig probiotic ones
(BEUCHAT; NAIL ,1978, SCHAFFNER; BEUCHAT, 1986). Beut is a
major source of edible oil and protein meal, aretdfore it is considered to be
highly valuable in human and animal nutrition (NWOKO, 1996).
Fermentation of peanut milk may serve as one eflwat can increase the
consumption of this valuable crop, and hence imprprotein availability for
consumers (SUNNY-ROBERTS; OTUNOLA; IWAKUN, 2004).

There is no data available characterizing the PSMa aubstrate for
fermentation by LAB, including probiotic ones aneagts. Yeasts have a long
history of proven safe use in the fermentationoafds and beverages. Several
yeasts could assist the starter cultures in cheasdsyogurts by proteolytic
activity and possibly participate in the formatioharoma components. These
activities are expected to vary among isolates &mdbe controlled by
environmental conditions (JAKOBSEN; NARVHUS, 1996).

In this context, it would be desirable to know AR, including
probiotic bacteria and yeasts, can be as starteres into a PSM formulation
for fermentations and development of a new beveragerefore, the purpose
of this study was to elaborate a novel nutritivesitate based on peanut and
soybean milks. The growth ability of several stgairincluding probiotic
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microorganisms (commercial), lactic acid bactesiag yeasts were evaluated.
Fermentation parameters of the strains in this Inowgetable based milk were
observed and the efficiency was measured by deatation of cell growth,

consumption of available carbohydrates, pH andyrtion of lactic acid.
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2 MATERIALS AND METHODS

2.1 Vegetable milks preparation

Peanut milk was prepared as previously describetiLSIKHE;
KADAM, 1989) with minor modifications. The seeds r@esorted to remove
discolored grains and any foreign material. Setbpeanut seeds were roasted
at 130 °C for 20 min in a ventilated oven. The seedre peeled and weighed
before being soaked in 0.5 g/100 mL NaH(Or at least 12 h. The shelled
seeds were then washed with water and mixed witilldd water in a ratio of
1:5 [peanuts (g):water (mL)] and transferred tdaintess steel blender (Cemaf,
Sao Paulo, Brazil) for 5 min. The resulting pastesiltered through a double
layered cheese cloth.

For the soymilk preparation, 250 g of selected bearre initially
soaked in 1 L of water for 16 h at 25 °C. Subsetiyedi90 g of these
moistened beans were soaked in 500 mL water iaialess steel blender and
mixed for 3 minutes. Then, the resulting slurry witered through double
layered cheese cloth and boiled for 5 min (CHAMPAG&t al., 2009).

2.2 Proportions of extracts and standardization

Aiming to develop a new substrate in which the peavaes preferably
the predominant raw material, the peanut and soylmeidks were mixed in
three different ratios (3:1, 2:1 and 1:1) and itigeded. The heat treatment was
carried out by pasteurization at 90 °C/20min. Towenfulation to be later used
for fermentation were chosen after chemical comjmwsanalysis of samples.
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The commercial microorganisms were obtained frormi§. The

other strains of lactic acid bacteria and yeastsl iielonged to the collection of

the Microbial

Physiology Laboratory/Department
University of Lavras (UFLA), Brazil (Table 1).

Table 1 Cultures used in this study

ofiolBgy, Federal

Microorganisms

Number Code

Source

Probiotic bactéria

Bifidobacterium longum BL 04 Flora Fit - Danisco, USA

Lactobacillus rhamnosus LR 32 Flora Fit - Danisco, USA

Lactobacillus acidophilus LACA 4 Yo Mix - Danisco,
Deutschland

Lactobacillus paracasei LBC 81 Yo Mix - Danisco, France

subsp paracasei

Yogurt starters

Lactobacillus delbrueckii LB 340

subspbulgaricus

Streptococcus thermophilus TA 40

Yo Mix - Danisco, France

Yo Mix - Danisco, France

UFLA bacteria collection

Lactobacillus fermentum
Lactobacillus fermentufm

UFLA B FFEA 6.01
CCT 305

UFLA/DBI collection
André Toselo collection

Lactobacillus plantarur CCT 203 André Toselo collection
Pediococcus acidilactiti UFLA B FFCX 27.1  UFLA/DBI collection
Lactococcus lactfs CCT 0360 Collection of tropical cultures
UFLA yeasts collection

Kluyveromyces marxiantis CCT 3172 Collection of tropical cultures

Saccharomyces cerevisfae
Saccharomyces cerevisiae

Saccharomyces cerevisfae

Debaryomyces etchelsii

UFLAY FFFW 15
UFLA Y FFBM
18.03
UFLA Y
101.8
UFLAY FFBM 5.56

FFCX

UFLA/DBI collection
UFLA/DBI collection

UFLA/DBI collection
UFLA/DBI collection

Isolated from:'- Fermentation of cocoa beans (Pereira, et al.220% Cocoa
fermentations — André Toselo (Schwan et al., 1987)ndigenous beverageaxiri
(Santos et al., 2012} Raspberry wine (Duarte et al., 2010).
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The commercial cultures activation was performedoeding to the
manufacturer's instructions. For all strains, stockures were prepared by
mixing culture medium Man Rogosa Sharp broth (MR®rck Whitehouse
Station, USA) forbacteria and glycerol (40 g/100 mL) in the propmrtil:1
placing 1 mL in Cryovials and freezing at - 20 ° C.

YPD agar [10 g/L yeast extract (Merck, Darmstadéy@any), 10 g/L
peptone (Himedia, Mumbai, India), 20 g/L glucose efbk, Darmstadt,
Germany), 20 g/L agar (Merck, Darmstadt, Germai/Bgb] with glycerol (40
0/100 mL), were used to stock the yeasts. The ghya®lution was previously
sterilized at 121 °C for 15 minutes (CHAMPAGNE &t 2009).

To perform the activation of the interest strait®) mL of sterile MRS
broth were inoculated with 1 mL of a thawed stoukwre and incubated at 37
°C for 16 h. The yeasts were grown in YPD brotth,3:5, and incubated at 30
°C for 24 h.

2.4 Fermentations

The PSM (150 mL) was placed in flasks (200 mL) &eat treated.
Subsequently, it was rapidly refrigerated at 4°@e Thoculum was added at 1
mL/100 mL to provide initial counts about of lGFU/mL. The suspension
with inoculated cells was incubated at 37 °C fotw@4 h. Samples were taken
at 0, 12 and 24 h of the fermentation process,afalysis of pH, titratable
acidity, total sugars, and viable count (VC).

2.5 Viable count of inoculated strains (VC)

One milliliter of sample was taken from each fertaéion flask. Serials
tenfold dilution was prepared in a solution of N&T9 g/100 mL) and bacto
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peptone [(Difco)(0.1 g/100 mL)]. Viable counts betLAB were obtained by
spreading 0.1 mL sample of an appropriate dilutato the surface of MRS
plates containing 0.1 @g/100 mL of cysteine-HCI undaicroaerophilic
conditions during incubation (WANG; YU; CHOU, 2002Xjeasts were grown
on YPD agar pH 3.5 at 28 °C for 5 days. Violet Halg¢ Agar with glucose
(VRBG) (Oxoid, Hampshire, England) was used foredtdlerant Gram-
negativeEntorobacteriaceaaletection, the plates were incubated at 37°C for
24-48 h. Colony forming units (CFU) were enumerdateglates containing 30
to 300 colonies, and cell concentration was expesss log CFU/mL of
fermented PSM.

2.6 Analytical methods

Moisture, crude protein, fiber, fat, ash, and tibde acidity (TA) were
determined in accordance with standard procedur®A@, 2000). The
measurement of total available carbohydrate (TA@p warried out by the
colorimetric Anthrona method as described by Digh862). Calcium was
guantified using an atomic absorption spectrophetem(PERKIN ELMER
CORP, 1980). Potassium was determined by a flano¢optetric method and
phosphorus with a Technical Analyzer (EEL 201) (AQAL985). The pH of
the fermenting PSM samples was measured with a gtém(iTecnal, Tec-3MT,
Sao Paulo, Brazil). All determinations were catreit in triplicate.

The determinations of total amino acids were peréml by High
Performance Liquid Chromatography (HPLC) as desdriby White, Hart and
Fry (1986). After a 24 h hydrolysis in 6 M HCI ab@°C, the amino acids
reacted with phenyl isothiocyanate, and the ddxigatseparated using a Luna
C-18, 100A; 5u, 250 mm x 4.6 mm (00G-4252-E0, Torrance, CA, USA)
column, at 50 °C. The detection was by ultravi@bsorption measurements
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using a fixed wavelength (254 nm) detector. Quenatiifon was carried out by
comparison with a standard mixture (Thermo ScientRockford IL, USA) and
DL-2-aminobutyric acid was used as an internal daiah from Sigma—Aldrich
Corp., St. Louis, MO (HAGEN; FROST; AUGUSTIN, 1989)

2.7 Data presentation and statistical analyses

The results are expressed as meastamdard deviation (SD). In all of
analyses, the assumption of normality was testadyuBhapiro and Wilk test.
The assumption of homogeneity of variances wagdessing Barlett test. As
both assumptions of normality and homogeneity afaveces were satisfied,
parametric testing was performed. The data disdusse the averages from
three independent assays and were subject to anafysariance (ANOVA),
followed by Fisher's Least Significant DifferenceSD) test (p < 0.05)
(GRANATO; ARAUJO CALADO; JARVIS, 2014). Differenetters were used
to label values with statistical differences amonthem, using
a model containing the fixed effects of treatmentstrajns), time  of
fermentation, and the interactions between thetrtreat and the fermentation
time. The statistical analyses were performed usieg Sisvar 5.3 software
(Ferreira, 2010), except the Bartlett test, whichswperformed using the
Assistat software (SILVA; AZEVEDO, 2009).

Principal component analyses were performed with Hoftware
XLSTAT 7.5.2 (Addinsoft, New York, N.Y., USA) forrgup data from VC,
TAC, TA expressed as lactic acid and pH during AH8ivhentation.
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3 RESULTS AND DISCUSSION

3.1 Substrates characteristics

Among oilseeds, the peanut is present in the cgsntisual diet, and
provide mild flavor to its derivate®iarra, Nong and Ji€2005) reported that
peanut milk can be converted into a multitude ghhmutritious products. The
only limitation is one’s imagination and inventiwss. In this area, peanut milk
has been successfully converted into low cost edjmoducts with high
nutritional value, such as yogurt, buttermilk, ripe cheese analogs, and curd
or “tofu” (DIARRA; NONG; JIE, 2005).

In this work we formulate different blends of peaand soy milks in
order to develop a new nutritional substrate. Thsults of chemical
composition of the unfermented PSM are presentediainle 2. In previous
studies, there were variations in the yields andmibal composition of the
vegetable milks. These differences were probabdytduinherent characteristics
of the raw materials and the different preparatim@thods. Diarra, Nong and Jie
(2005) pointed out the different ways of produgmeganut milk and peanut milk
products showing the effects of processing conuktion peanut milk.

The percentage of solids and carbohydrates cagzlifat soymilk were
similar to the results reported (9.2 and 1.7 g/X@Q, respectively) by
Champagne et al. (2009). Sunny-Roberts, Otunaldvaakun (2004) found for
groundnut formulation 89.4 g/100 mL of moisture9&.9g/100 mL of crude
protein, 0.78 g/100 mL of crude fiber, 5.47 g/100 af fat content, 0.42 g/100
mL of ash, and 1.32 g/100 mL of carbohydrate. Adoay to Bucker et al.
(1979), the composition of peanut milk was 90.60§/InL of moisture, 0.2
g/100 mL of ash, 2.8 g/100 mL of protein, 2.0 g/10D of carbohydrate, 0.05
0/100 mL of glucose, 0.63 g/100 mL of sucrose, @20 mL of starch, and
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4.4 g/100 mL of fat. Lam and De Lumen (2003) steteat although soybean
and peanuts contain low contents of carbohydr&t® a@nd 14%, respectively,
these carbs generally have good bioavailability.

Variations in PSM concentrations influenced thengiocal composition
and physicochemical properties of blends to varj@wvgls. The different ratios
of peanut:soy milk (1:1; 2:1; 3:1) showed valuesmiisture content, ash, fiber,
proteins, fat, carbohydrates and potassium sigmiflg different (p < 0.05)
(Table 2).

Increasing soy concentrations caused significafgeran protein
content, whereas increasing peanut concentratimmedsed fat content. Kpodo
et al. (2013) found crude protein content of sokr{¥.8 g/100 mL) and peanut
milk (3.71 g/100 mL), separately. The amountsrofgins commonly found in
peanut and soybean milks are generally higher ¢oanmilk (2.84 g/100 mL).
This demonstrates the possibility of using thesedpcts in partial or total
replacement of animal milk, primarily because theflseeds are abundant

sources of proteins.



Table 2 Chemical and mineral composition of thenpgéasoybean, and mixed extracts in different progos, using

different heating treatments

Sample Peanut Soybean ME 1:1 ME 2:1 ME 3:1 ME 2:1
extract extract pasteurlzed
Moisture (mL/100 mL) 91.55301 90.494#0.12° 90.59#€.15°° 90.700.04°  90.959€.04°  90.654.03
a Cc
Dry matter (g/100 mL) 8.45x01%  9.5140.172 9.4140.07%° 9.3040.09° 9.054.02°  9.354%.03°
Ash (g/100 mL) 0.088.00°  0.2040.00% 0.1240.02°  0.1240.01" 0.1440.02°  0.1240.01"°
Fiber (g/100 mL) 0.788.03*  0.0640.01¢ 0.074.01° 0.3940.01° 0.73#9.01°  0.3840.02°
Protein (g/100 mL) 3.13304°  5.4840.04° 4.5340.04° 4.0040.03° 3.7340.04°  4.0140.03°
Fat (g/100 mL) 3.938.03*  1.9040.00° 2.8840.02° 3.174.03° 3.6340.06°  3.1740.10°
Carbohydrate (g/100 mL) 0.5803°  1.874.03% 1.8140.02° 1.6240.05° 0.824#.03  1.6740.03°
Phosphorus (g/100 mL) 0.00:00°  0.0240.00? 0.0140.00° 0.0240.00% 0.0140.00°  0.0240.00°
Potassium (g/100 mL) 0.0040%  0.0840.00° 0.054.00° 0.0340.00° 0.024#.00°  0.0340.00°
Calcium (g/100 mL) 0.033:00°  0.0440.00" 0.0540.00? 0.054.00? 0.054.00*°  0.054.00°

ME — Mixed extract (peanut:soybean). Data are thams of three independent assays.
¢ values followed by the same letter in the samlerno are not significantly different (p > 0.05) Bysher's Least Significant

Difference (LSD) test (p < 0.05).
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The moisture content of formulations increased \tiita raise of the
peanut milk content (Table 2). The solids contenP8M formulations with
different proportions of peanut milk and soymilkldiot differ (p < 0.05), with
the exception of the mixture in the ratio 3:1. Gallg, cow milk has higher
total solids content (13.9 g/100 mL) than otheresqs extracts of oilseeds
(SCHAFFNER; BEUCHAT, 1986, CHAMPAGNE et al., 2006RPODO et al.,
2013).

The calcium, phosphorus and potassium contentsisnwiork did not
exceed 0.05, 0.02, and 0.08, respectively. Thiddcptobably be due to the
relatively lower levels in the raw materials and fdifferent production
methods. Sunny-Roberts, Otunola and lwakun (20@4)ygg groundnut milk
reported that there is a decrease in minerals ntta the unfermented milk
compared to the seeds/nuts. This loss could odtairtae fine paste adhering
to the cheesecloth, in the wash water or duringhtbat treatment. Calcium
bioavailability from soybean products is essenti@luivalent to that from
milk, but the balance of calcium to phosphorusmadequate, since the ratio is
1:2, whereas the ideal is 2:1. Legume contain @ny(0.05 g/Kg) amount of
sodium (LAM; DE LUMEN, 2003), which is good for He#a because of the
relationship that low sodium diets has to hypeitansn humans (APATA;
OLOGHOBO, 1994).

The formulation selected for the development abael beverage was
the 2:1, peanut milk:soybean milk ratio. This pndjgm shows comparative
contents of fiber, proteins, lipids and carbohyesato that of cow milk. The
largest proportion (67 mL/100 mL) of peanut milkideal, since there are few
studies of this feedstock fermentation or as atfanal beverage. Furthermore,
it has been demonstrated that soybean milk hammagsbeany flavour, making
it unpopular, while peanuts have minimal beanydlavyNADUTEY, 1999). It
is already known , the soymilk acceptance is irsedawhen associated with
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additives, ingredients or other raw materials, Wwhanhance the flavor and
aroma (JAEKEL; RODRIGUES; SILVA, 2010). Then, thmmibination of both
extracts at a 2:1 ratio might reduce the unpleaavdr of soybean beverage.
Besides, the combination of soybean with other tages is desirable for
proper balancing of essential amino acids (MAIlA&let2000).

The total amino acid composition of a food protgdarticularly of the
essential amino acids, has classically been camgldea measure of its
biological adequacy. The total amino acid compositif PSM is presented in
Table 3. These values are compared to the officraho acid profile of an ideal
protein as established by Who (2007). The resuts lappear to suggest that
the product could be a good source of essential@agids.

Table 3 Total amino acid composition of the peaayt-milk (2:1), compared
with the WHO standard (2007)

Requirements

WHO/FAO/ONU Peanut-soy milk (2:1)

Amino acid (g/100g of protein, dry basis) (9/100g of milk, dry

Children (age) basis)

12 3-10 Adults
Histidine (Hys) - - 1.5 1.123:14
Isoleucine (lle) - - 3.0 1.78+08
Leucine (Leu) - - 5.9 2.9m11
Lysine (Lys) 5.2 4.8 4.5 1.79+11
Methionine (Met) - - 1.6 0.50*10
Cysteine (Cys) - - 0.6 0.60402
Phenylalanine (Phe) - - - 1.5484
Tyrosine (Tyr) - - - 1.616.20
Threonine (Thr) 2.7 2.5 2.3 1.7044
Tryptophan (Trp) 7.4 6.6 0.6 nd
Valine (Val) - - 3.9 2.01
Total essential 15.3 13.9 23.9 15.59
amino acids
Arginine (Arg) - - - 4.800.43
Alanine (Ala) - - - 1.926.12
Aspartic acid (Asp) - - - 5.13#26
Glutamic acid (Glu) - - - 9.44>48
Glycine (Gly) - - - 1.936.08

“continua”



72

Table 3 “conclusion”

Requirements

WHO/FAO/ONU Peanut-soy milk (2:1)
Amino acid (9/100g of protein, dry basis) (9/100g of milk, dry
Children (age) basis)
1.2 3-10 Adults
Proline (Pro) - - - 2.403:14
Serine (Ser) - - - 2.2m+08
Total amino acid 43.37%

Nd — Not determined.

3.2 Fermentation

The PSM were inoculated with 1 mL/100 mL culturespgension of
different strains aiming to achieve about 7 log @RLU, which would be the
cell concentration of probiotic required at thedimf consumption (based on a
100 mL daily, intake of the fermented product) (RAORE; SALMERON;
PANDIELLA, 2012). However, inoculation of 1 mL/108L resulted in initial
populations ranging from 6.9 to 8.0 log CFU/mL. Tikerence of almost 1 log
CFU/mL has influenced the profile of acidificatiohPSM.

3.2.1 Acidification profile and sugar metabolism

Data on TAC, TA, pH and VC are shown in Table 4a3testrains were
more efficient than bacteria in relation to the suomption of the available
carbohydrates, showing an average of 0.15 g/10@fwksidual sugar after 24
h of fermentation. These yeasts produced etharmbbeganic acids, giving odor
of bread and alcohol to the fermented PSM, besadesndesirable appearance

with irregular coagulation and excessive syner@sg1).



Table 4 Effects of inoculation on the concentratiar total sugars, titratable acidity, pH and mixab population in
mixed extract (2:1) inoculated with different LABGyeast strains and at different periods of fertatém

Sz TAC (2100 mL) TA{g100mL) pH Log CFU/mL

12h 1h 12h Uh 12h 1h 12h Hh
Commercial probiotic bactenia
B.longum BL04 12040184 00140058 07740028 1354002%  4084003% 40040058 7770038  777H004%
L rhamnosus LR 32 L4019 1014000% 01240024  008£002% 61010004 37540025 280002 §353+003%
L acidophilus LACA4 14600264 040:004%  0.10:001%F  030:005% 4940043  450:006% 789:001% 5.09+0.00%
L paracasei subsp. paracasei LBC 81 131400428 0624009F 07340028 116H002%  455H003% 41240088 TIH01E TEOH02+
Cormmercial yogut starters bacténia
L delbrugckii subsp. bulgaricus LB 340 096+0.13%% (069400748 (1540018  (754002%%  65040.02% 53801185 82940024 776003
5. thermophilus TA 40 146:023 %4 0361002 070:001% 0930034  410:001% 4000055 7190018  701+0.06%
UFLA bacteria collaction
L fermentum UFLA B FFEA 6.01 13040193 10140008 01740014 010400124  G00L001%% 35040105 7874010%% 73040058
L fermentum CCT 303 11801948 1134008% 08240002  098:004%  405:007%  400:001%  842:008%  736+0042
L. plantarum CCT 203 13500.04 %% 0980.04%F 0174003  0.1940.02#  600:0.05°% 550:003% TH4-003F T8THOIH
P. acidilactici UFLABFFCX 17 1 1304004585 01440035 01340014 0134003%  G00L006%% §00+004% Q170058  §014006%
Le. lactiz CCT 0360 L0264 1111002%% 016:002<4  013:002%  635:007%  645:000% 73000224 7120:00248
UFLA yeasts collaction
5 cerevisiae UFLAY FFFW 13 0.16£003% 0160048 0164002 0260048 G05H07  600:008%% 7420028 7484003 %
5. cerevisiae UFLA'Y FFBM 18.03 133400024 140+006%  011:001%4  014+004%  T04H007%  695:015% 737402 TITH(3E
5. cerevisiae UFLAY FFCX 101.8 0.19+0.03%  (016:003%  (14:007%%%  Q17H007#% 590+0.10%  550+009%  734:002%  720:0.09%
D etchelsii UFLAY FFBM 3.36 01740048 015H001% 0094003 0204006 3504013 350:028%% TE3003F  T4H07E
K marxianus CCT 3172 0.11£001% 0110018 01540024 0200055 560010  405:006% 810:004% 901011

TAC- total available carbohydrate (initial TAC -2.§/100 mL9.28); TA- titratable acidity (initial TA - 0.06 §00 mL). Initial pH
7.00. For each column, mean values with differemtercase letters are significant at p < 0.05. Fherow, mean values with
different capital letters are significant at p €%.

~
w
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The S. cerevisiagUFLA Y FFBM 18.03) yeast was the exception,
metabolizing 0.13 g/100 mL of TAC resulting in arfeented beverage with
good aspect, without undesirable odor (Fig 1). ibe of yeasts to ferment the
PSM may give rise to a new class of products wttezeaddition of yeast serve
as a source of protein and vitamin B (STEINKRAUS98).The researched
literature has not shown any previous work on yéashentation of vegetables,

like peanut and soybean.

Figure 1 Appearance of the extract fermented byK AharxianugCCT 3172);
B) S. cerevisiaUFLA YFFBM 18.03)

The commercial probiotic bacteria. acidophilus (LACA 4), L.
paracaseisubsp.paracasei(LBC 81), the commercial yogurt starter cultures
(LB 340) andS. thermophilugTA 40) were efficient in the consumption of
TAC. These strains were able to metabolize 1.22@#thL, 1.00 g/100 mL,
0.93 ¢g/100 mL and 1.26 g/100 mL of available sugaPSM, respectivelyP.
acidilactici (UFLA FFCX 27.1) consumed 1.48 g/100 mL of carbotaye, and
was the LAB that consumed more sugars from thetatbgp < 0.05).

Different levels of carbohydrate would directly edf theoretical
maximum amounts of acid which could be formed bsiots organisms. By
our finds, there are plenty carbohydrates in PSkaioy out a fermentation that
would attain the pH of yogurt-like products (pH 4520). However, the
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acidification pattern will depend on the sugar mdsition profile of the
microorganisms (CHAMPAGNE et al., 2009). Thefermentum(CC 305),S.
thermophilus(TA 40), andB. longum(BL 04) lactic acid bacteria were the
major producers of lactic acid (0.82 g/100 mL, 0g7®00 mL, and 0.77 g/100
mL, respectively) and quickly lowered the pH of PSfaching values below
4.5 after 12 hours of fermentation (Table 4). Imeyal, the results of the pH
values followed a trend opposite to that observed ftitratable acidity
measurements, as the acidity increased, the pHeaksmi.Hou et al.(2000)
reported that various strains Bf longumwere able to grow in soymilk, rapidly
reducing the pH and consuming sugars like raffirave stachyose, available in
the substrate. Bucker, Mitchell and Johnson (1&x@mined the ability of 19
lactic acid bacteria strains to ferment peanut mikpared from blanched, full
fat Runner Variety.L. acidophilus, L. plantarum, P. acidilactjciand S.
thermophilus produced the highest levels of acid, reaching TA.85, 0.20,
0.17 and 0.27 g/100 mL, respectively, expressdddhis acid, after 48h. These
results suggested that the addition of soymilkearjut milk favors the growth
of LAB, increasing the production of lactic acidijickly lowering the pH of the
PSM.

Studies have shown that pH around 3.5 to 4.0 ihhibi
Enterobacteriaceaeand Gram-negative bacteria (MUYANJA et al., 2003).
Indeed, in our work, the fermentations with pH d 4r below, were kept free
of Gram-negativeEntorobacteriaceaeOn the other hand, the assays that pH
remained above 5.5, populations until 2 log CFUAmte found. Champagne et
al. (2009) suggested that the pH of cow milk yogtypiically around pH 4.3, is
unnecessary for soy beverage. According to thetsmes) the very low pH does
not result in the highest probiotic population lire tfermented soy products by
the uncoupling of growth and acid production. Maexo unwanted appearance,
extremely acid odor, and excessive syneresis (d#tahown) resulted from pH
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lower than 4.5, showing to be undesirable for theparation of the fermented
PSM. The vegetable milk coagulation was advancedigmat pH 5.5 for PSM
assays.

It is known that other factors may play a role lire tdevelopment of
increased viscosity. The curd formation is relatedhe amount and type of
protein present, as well as the acidity, with mgretein and more acid
producing a firmer curd (SCHAFFNER; BEUCHAT, 198@pproximately
90% of the proteins in soybeans is a mixture ofbglims. The remaining
proteins are composed of intracellular enzymesXlpenase, urease, amylase),
hemagglutinins, protein inhibitors and membraneogipteins. The protein
precipitated at pH 4.5 traditionally has been chliglycinin. However,
numerous studies have shown that soy proteins aite dpeterogeneous
(WOLF, 1977, KINSELLA, 1979). Thus, the isoelectgoint of soy and also
peanuts proteins can be quite variable.

The extracts fermented ly fermentun{UFLA B FFEA 6.01 and CCT
305) andL. plantarum(CCT 203) showed an unpleasant aspect for a novel
beverage with granule formation and unsuitable isterscy (Figure 2). This

was probably due to the production of acetic agillanol and C¢) since these

microorganisms are known heterofermentative strdi@slANG; STONE,
1990).

Figure 2 Undesirable appearance of the extractdeted by: A)L. fermentum
(UFLA B FFEA 6.01), and Bl.. plantarum(CCT 203)
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L. rhamnosugLR 32) reached the largest population amongtedirs
(p < 0.05) at 12 h of fermentation, followed by theermentum(CCT 305),L.
delbrueckii subsp.bulgaricus (LB340), and P. acidilactici (UFLA B FFCX
27.1). Among the yeasts, onl. marxianus(CCT 3172) was able to achieve
population above 8 log CFU/mL of PSMIl strains tested were able to reach a
minimum population of 7 log CFU/mL (Table 4), whichthe recommended
intake for probiotic microorganism$leverthelessl.. rhamnosugLR 32), L.
delbrueckiisubsp.bulgaricus(LB340), S. thermophilu¢TA 40), L. fermentum
(UFLA B FFEA 6.01 and CCT 305},actococcus lactigCCT 0360) and S.
cerevisiae (UFLA Y FFBM 18.03 and UFLA Y FFBM 101.8) showed
significant decreases (p < 0.05) in their poputatiafter 24 h. The inability of
some strains to keep the viable population was ghigbdue (1) to the
exhaustion of all fermentable carbohydrates, (8h ldontents of organic acids,
excessively decreasing the pH, affecting the safvief the culture, (3)
excessively long fermentation time. On the othardh&. acidophilus(LACA
4), L. paracasesubspparacaseiLBC 81),L. plantarum(CCT 203) were able
to continue growing in the substrate, reachingifigmtly higher populations
in 24 hours of fermentation.

The results obtained for the VC, TAC, and acidifima parameters in
PSM fermentation were submitted to PCA to corretate different microbial
groups (Figure 3). The first (PC 1) and second @ @rincipal components
explain 46.16% and 22.57%, respectively, of thalteariance. On the positive
side of PC 1, the strains fermentum(CCT 305),B. longum(BL 04) andL.
paracaseisubsp.paracasei(LBC 81) were grouped as the major producers of
lactic acid. The probiotit. acidophilus(LACA 4) also appear on that side, but
ungrouped in view of its higher carbohydrate constimm and viable
populations (above 8 log CFU/mL), indicating thastmicroorganism was able
to convert part of the consumed sugar in biomaks. ybgurt starter culturs.
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thermophilusappears isolated on the negative side of the PTha LAB

consumed 77.8% of available sugars and quickly ifeaid the substrate.
However, their final population was the lowest agoall the tested
microorganisms. On the negative side of PC 1 aagdsitive side of PC 2 was
the probioticL. rhamnosugLR 32), the strain wasorrelated with highest VC

with a minor carbohydrate consumption.

Biplot (axes F1 and F2:68,73 %

¢ LR2

Log CFUML12h [TAC24h 14610

FLA YFFBI 8.03
05 o o LogCFUmL 24h]
UFLABFFCX27.4 @ UFLA BIFFEA 601
oALB340
ccT 203
pH12 h and 24

CCT 0360 LACA 4

-- azis F2 (22,57 %) -->
o

S
>

TA 40

-1 m UFLAY FFBM-LﬁB
@ UFLAY FFFW 6

-5 4 05 0 05 1 15
- axis F 1(46,16 %) -->

Fig. 3 Principal component analysis (PCA) of theablé count and
physicochemical parameters during the fermentatfg@eanut-soy milk

A large group was formed by the UFLA bacteria adlen along with
the yogurt starter culturé. delbrueckii subsp.bulgaricus (LB 340) andS.
cerevisiaeg(UFLA Y FFBM 18.03) yeast. This group was primardorrelated
with a moderate intake of carbohydrates, low agiditith consequent minor
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reduction in pH value. The remaining yeasts weoaiged on the negative side
of PC 1 and PC 2, the most efficient strains in tee of available

carbohydrates, but with low capacity of acidificati
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4 CONCLUSION

One of the aims of this work was to develop a nasuddstrate with
adequate nutritional quality, to be a viable sowfcprotein and essential amino
acids for low income people, vegetarian and lactos#erant consumers. This
study is the first report of the potential use @MP for a new beverage
development, which may give rise to a new clasgroflucts based on peanuts
and soybean milks. PSM proved to be a suitabletiaibswith high nutritional
profile enough to sustain the growth of differe®RB, including probiotics and
of yeasts. Furthermore, fermented PSM presented gblwbeing safe for
consumption. Thus, further research is requiredtidy the potential of using
mixed cultures in order to evaluate the physicodbahthanges, metabolites
produced, probiotic survival and sensory acceptasfc& novel functional

beverage.
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ABSTRACT

Most of the commercial probiotic products are ddiaged, and the
development of non-dairy probiotic products could dn alternative for new
functional products. The peanut-soy milk (P$Mvas inoculated with six
different lactic acid bacteria (LAB), including giotic strains and yeasts and
fermentation was accomplished for 24 h at 37 °Cadirstwards, another 24 h at
+ 4 °C. ThePediococcus acidilactiqUFLA BFFCX 27.1),Lactococcus lactis
(CCT 0360), Lactobacillus rhamnosugLR 32) probiotic LAB, and the
Lactobacillus delbrueckisubsp.bulgaricus (LB 340) yogurt starter culture
reached cell concentrations of about 8.3 Log CFUMinkring fermentation.
However, these strains were not able to acidifystifestrate when inoculated as
pure culture. ThelLactobacillus acidophilus(LACA 4) probiotic produced
significant amounts of lactic acid (3.35 g/L) argidly lowered the pH (4.6).
Saccharomyces cerevisi@gFLA YFFBM 18.03) did not completely consume
the available sugars in PSM and consequently pextilaw amounts of ethanol
(0.24 g/L). In pure cultures. cerevisiadUFLA YFFBM 18.03),L. rhamnosus
(LR 32), L. acidophilus(LACA 4), and P. acidilactici (UFLA BFFCX 27.1)
promoted the increase of total amino acids (48.02%32%, 46.21% and,
44.07%, respectively). However, when in co-cultyribe strains consumed the
free amino acids favoring their growth, and reaghine population of 8 log
CFU/mL in PSM. Lactic acid production increased] 42 hours were required
to reach a pH value of 4.3. In general, the straiese more efficient in the use
of available carbohydrates and release of metasolit co-cultured than in
single culture fermentations. An average of 58% ai&% of available
carbohydrates was consumed when single and coresiltwere evaluated,
respectively. Higher lactic acid contents were fbum a binary culture oP.
acidilactici (UFLA BFFCX 27.1) and.. acidophilus(LACA 4), and by co-
culture ofP. acidilactici (UFLA BFFCX 27.1),L. acidophilus(LACA 4) andS.
cerevisiaeg(UFLA YFFBM 18.03) (9.03 and 8.51 g/L, respectiyelyhe final
content of ethanol was 0.03% (v/v) or less, whildssified the final beverage
as non-alcoholic.

Keywords: Vegetable fermentation. Lactic acid badateYeasts. Functional
beverage. Soymilk. Peanut milk.

" PSM — Peanut-soy milk
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1 INTRODUCTION

The demand for alternatives to dairy products iewgng due to
problems with lactose intolerance, cholesterol eottallergenic milk proteins
and desire for vegetarian alternatives (GRANATQlet2010). These are the
major drawbacks related to the intake of dairy potg, which makes the
development of new non-dairy probiotic essentiatifo (HEENAN et al., 2005;
RIVERA-ESPINOZA; GALLARDO-NAVARRO, 2010; YOON; WOOBMS;
HANG, 2004). Probiotic food contains high populago of probiotic
microorganisms in its formulation. According to F@001), probiotics are live
microorganisms that confer benefits to the heditth® host when administered
in adequate amounts.

Non-dairy probiotic products represent a huge gnopdtential for the
food industry, and may be widely explored througk tevelopment of new
ingredients, processes, and products. There aideavariety of traditional non-
dairy fermented beverages produced around the wighlith of them are non-
alcoholic beverages manufactured with cereals @&s rttain raw material
(PRADO et al., 2008). Nevertheless, fruit juicessskrts and legume based
products can also be used featuring probiotics (GAR, 2008).

Many studies indicated that soy is a good substfateprobiotic
bacteria (CHAMPAGNE et al., 2009; CODA et al., 20EARNWORTH,;
MAINVILLE; DESJARDINS, 2007; HOU; YU; CHOU, 2000; WNG et al.,
2003). Peanuts have also been described as aipbtstrate for this use
(SCHAFFER; BEUCHAT, 1986, MUSTAFA et al., 2009). €vthe years,
peanut milk has been successfully converted intodost edible products with
high nutritional value (DIARRA; NONG; JIE, 2005n khis area, researchers
have focused on peanut milk fermented foods, suchyagurt, buttermilk,
ripened cheese analogs, and curd or “tofu” (BEUCHANAIL, 1978;
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DIARRA; NONG; JIE, 2005; ISANGA; ZHANG, 2009; LEEBEUCHAT,
1991; SCHAFFER; BEUCHAT, 1986; YADAV et al., 2010).

The use of two substrates at once may enhanceuthierm availability
for the microbial population and affect their grbwtand metabolism
(GRANATO et al., 2010). Research related with clstefauits and vegetables
fermentation for production of functional foodsliaé mainly single substrates
for potentially probiotic LAB growth (ANGELOV et al 2006;
CHARALAMPOPOULOS; PANDIELLA; WEBB, 2003; HELLAND;
WICKLUND, 2004).

It is known that the use of probiotic cultures regs a large
fermentation period to reach low pH values. Howgeuwbe food industries
always prefer short fermentation periods in ordemtrease plant output and
reduce microbial contamination. The potential gotutto this problem is the
use of mixed cultures or co-cultures (MACEDO; SOQCBREITAS, 1998).
Mixed culture fermentations provide complex growgthtterns that can also
considerably affect the organoleptic and functigmalperties of the food. No
information is available regarding the growth oblpiotic bacteria in mixed
cultures and how mixed LAB, and yeasts with prdbfotvill behave in PSM.

The development of a fermented PSM containing otabi
microorganisms in co-culture requires a straincie showing ability to grow
in the substrate, ability to compete, and/or eihbh synergistic growth
between strains. The aim of this work was to stindygrowth and acidification
of PSM by Lactobacillus rhamnosugLR 32), Lactobacillus acidophilus
(LACA 4), Lactobacillus delbrueckisubsp.bulgaricus(LB 340), Pediococcus
acidilactici (UFLA BFFCX 27.1), Lactococcus lactis(CCT 0360), and
Saccharomyces cerevisig@JFLA YFFBM 18.03); to select strains better
adapted and with best characteristics for the fatete mixed milk; and to
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describe the development of an inoculum that rgdieiments peanut and soy

maintaining significant probiotic yields after rigierated storage.



92

2 MATERIALS AND METHODS

2.1 Peanut-soy milk preparation

Peanut milk was prepared as previously describetiLSBIKHE;
KADAM, 1989) with minor modifications. The seeds reesorted to remove
discolored grains and any foreign material. Setbgiganut seeds were roasted
at 130 °C for 20 min in a forced air circulationeov The seeds were peeled and
weighed before being soaked in 0.5 g/100 mL Nakl€® at least 12 h. The
shelled seeds were then washed with running wateérnaixed with distilled
water in a ratio of 1:5 [peanuts (g):water (mL)datnansferred to a stainless
steel blender (Cemaf, Sdo Paulo, Brazil) for 5 niihe resulting paste was
filtered through a double-layered cheese cloth.

For the soymilk preparation, 250 g of selected beaere initially
soaked in 1 L of distilled water for 16 h at 25 ®ubsequently, 190 g of these
moistened beans were soaked in 500 mL water iaialess steel blender and
mixed for 3 minutes. Then, the resulting slurry wWitered through double-
layered cheese cloth and boiled for 5 min (CHAMPAG&t al., 2009).

The peanut and soybean milk were mixed in the 2:Jeanut
milk:soymilk ratio. The heat treatment was carrgd by pasteurization at 90

°C/20min, followed by immediate cooling to 4 °C.

2.2 Preparation of cultures

The commercial probiotic culturek. rhamnosus(LR 32) and L.
acidophilus(LACA 4) were acquired from Danisco (Flora Fit, USand from
Danisco (Yo Mix, Deutschland), respectively. The delbrueckii subsp.
bulgaricus (LB 340) yogurt starter culture was purchased fridemisco (Yo
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Mix, France). TheP. acidilacticilactic acid bacteria (UFLA BFFCX 27.1) was
isolated fromcaxiri indigenous beverage (SANTOS et al., 2012). The
cerevisiae (UFLA YFFBM 18.03) yeast was isolated from cocoaarse
fermentations (PEREIRA et al., 2012). These strdiabong to the culture
collection of Microbial Physiology Laboratory/Depaent of Biology, Federal
University of Lavras (UFLA), Brazil.Lc. lactis was isolated from cocoa
fermentations, which belong to the André Toselopigal Culture Collection
(Campinas, SP, Brazil).

The commercial cultures activation was performedoeting to the
manufacturer's instructions. Stock culturestfacteria were prepared by mixing
culture medium Man Rogosa Sharp broth (MRS, Merdkit#¥iouse Station,
USA) and 40% glycerol (w/v) in the 1:1 proportiolaging 1 mL in cryovials
and freezing at - 20 ° C. For yeast, YPD agar (10ygast extract (Merck,
Darmstadt, Germany), 10 g¢g/L peptone (Himedia, Muinladia), 20 g/L
glucose (Merck, Darmstadt,Germany), 20 g/L agar r@ilde Darmstadt,
Germany) pH 3.5 were mixed with 40% glycerol (wiw)the 1:1 proportion
placing 1 mL in cryovials and freezing at - 20 ° The glycerol solution was
previously sterilized at 121 °C for 15 minutes (QMRAGNE et al., 2009).

The preparation of inoculum for single and co-adtfermentation was
performed by culturing 100 pL of each strain sefgdyan 5 mL of sterile MRS
broth (bacteria) and YPD pH 3.5 (yeast), then ity at 37 °C and 30 °C,
respectively. After 16 h and 24 h, the supernateas removed and the cells
were transferred to 50 mL MRS and YPD, respectivEhe flasks were again
incubated for 16 h (bacteria) and 24 h (yeast), abés were subsequently
transferred to 500 mL of the respective medium thied incubated in the same
conditions described above. The cells were ceggifufor 7 min at 7,000 rpm
at 4 °C and the supernatant was removed. Cells washed two times with
sterile distilled water and inoculated in PSM wish population of 7 log
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CFU/mL. To perform the inoculation, OD growth kiiestwere constructed by
plotting the OD (600 nm) of suspensions minus tBeddnon-inoculated media
vs the time of incubation (RUIZ-MOYANO et al., 2008 o calibrate the ODs
against the cell concentration of the cultures,vilable counts (VC) of a strain
for each broth used were determined between resdiygthe method of Miles,
Misra and Irwin (1938).

2.2.1 Single fermentations

The washed cells were inoculated in 400 mL of thstgurized peanut-
soy milk (2:1). The suspension with inoculated selbs fractionated in 25 mL
portions, placed into 50 mL conical tubes. Thedems$uvere incubated at 37 °C
for up to 24 h and afterwards, the fermented PSfubieed for another 24 h at
+ 4 °C. The experiments were performed in threepeddent assays. For each

repetition two samples were taken at each timelighip).

2.2.2 Co-culture fermentations

Four co-culture fermentations were performed w{th): S. cerevisiae
(UFLA YFFBM 18.03) andP. acidilactici (UFLA BFFCX 27.1); (2)S.
cerevisiae (UFLA YFFBM 18.03) andL. acidophilus (LACA 4); (3) P.
acidilactici (UFLA BFFCX 27.1) and.. acidophilus(LACA 4); and finally, (4)

S. cerevisiadUFLA YFFBM 18.03),P. acidilactici (UFLA BFFCX 27.1) and

L. acidophilugLACA 4) strains. An initial population of 7 log @FmL of each
strain was inoculated in pasteurized PSM. The sisspe with inoculated cells
was fractionated in 25 mL portions, and placed B@amL conical tubes. These
tubes were incubated at 37 °C for up to 24 h atehwsérds, the fermented PSM
remained for 24 h at ¥ °C. The experiments were performed in three
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independent assays. For each repetition two samyses taken at each time

(duplicate).

2.3 Viable count of inoculated strains (VC)

A one milliliter sample was taken from each fernation flask. Serial
tenfold dilutions was prepared in a solution of2e.BlaCl (w/v) and 0.1% (w/v)
bacto peptone (Difco). Viable counts of LAB and liagic bacteria in mixed
cultures were obtained by spreading 0.1 mL samplnaappropriate dilution
onto the surface of MRS plates containing 0.1% Yw¥steine-HCI and 0.01%
(w/v) aniline blue under anaerobic conditions dgrincubation (37° C for 2
days) (EVANGELISTA; GHISELLI; FILHO, 2012; WANG; Yt CHOU,
2002). The colonies presented different shades obdr c(white and blue)
allowing differential count. Yeasts were grown oRLY agar pH 3.5 at 28 °C for
5 days. Colony forming units (CFU) were enumerateplates containing 30 to
300 colonies, and cell concentration was expressedlog CFU/mL of
fermented PSM.

2.5 Analytical methods

2.5.1 Determination of pH and titratable acidity

The pH of the fermenting PSM samples was measuitbdanpH meter
(Tecnal, Tec-3MT, Séo Paulo, Brazil). Estimation titfatable acidity was
performed by a previously reported method Aoac (20 which a sample of
5 mL was titrated against 0.1 or 0.01 M NaOH uspigenolphthalein as
indicator.
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2.5.2 Organic acids, alcohol and carbohydrates

Samples were prepared by adding 3mL of n-hexanni@y#gldrich) to
3 ml of samples. The mixture was vortexed for 3fbses and the non-hexanic
phase was pipetted into another tube. The procedare again performed.
Subsequently, the samples were centrifuged twostiate7,000 rpm for 10
minutes at 4 °C, and then supernatant was filtéremligh 0.22um filters, and
analyzed. Organic acids (acetic, lactic, and siceioid), alcohol (ethanol) and
carbohydrates (glucose, sucrose, maltose, fructaedtnose, and stachyose)
were identified according to the methodology praebby Duarte et al. (2010).
The analyses were carried out using a high perfocendiquid chromatography
system (HPLC) (Shimadzu, model LC-1iQ&himadzu Corp., Japan), equipped
with a dual detection system consisting of a UV-iétector (SPD-104 and a
refractive index detector (RID-10A A Shimadzu ion exclusion column (Shim-
pack SCR-101 H, 7.9 mm x 30 cm) was used operatig °C, using 100 Mm
of perchloric acid as the eluent at a flow ratddd mL/min. The acids were
detected via UV absorbance (210 nm), while alcolase detected via RID.
For carbohydrates, the Supelcosil LC-Nédblumn (4.6mm x 25 cm) was used,
operating at 30 °C with a mobile phase (acetoeitwiater (75:25)) in a flow rate
of 1 mL/min. The sugars were detected via RID. \itlial compounds were
identified based on the retention time of standargected in the same
conditions, and their concentrations were deterchinising the external

calibration method. All samples were examinedilitate.

2.5.3 Amino acids

The determinations of total amino acids were perém by High
Performance Liquid Chromatography (HPLC) as describy White, Hart and
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Fry (1986). After a 24 h hydrolysis in 6 M HCI| &2d.°C, the amino acids were
reacted with phenyl isothiocyanate, and the dexigatseparated using a Luna
C-18, 1004; 5 i, 250 mm x 4.6 mm (00G-4252-E0, Torrance, CA, USA)
column, at 50 °C. The detection was by ultravi@bsorption measurements
using a fixed wavelength (254 nm) detector. Quematiifon was carried out by
comparison with a standard mixture (Thermo ScientRockford IL, USA) and
DL-2-aminobutyric acid was used as an internal daah from Sigma—Aldrich
Corp., St. Louis, MO; (HAGEN; FROST; AUGUSTIN, 1989

2.6 Data presentation and statistical analyses

All the results are expressed as mearssandard deviation (SD). In all
of analyses, the assumption of normality was tessiny Shapiro and Wilk test.
The assumption of homogeneity of variances wagdessing Barlett test. As
both assumptions of normality and homogeneity afaveces were satisfied,
parametric testing was performed. The data disdusse the averages from
three independent assays and were subject to opeanalysis of variance
(ANOVA), followed by Fisher's Least Significant Befence (LSD) test
(GRANATO; ARAUJO CALADO; JARVIS, 2014). Differencen values were
considered significant when tHe value was less than 0.05. The statistical
analyses were performed using the Sisvar 5.3 sHtWBERREIRA, 2010),
except the Bartlett test, which was performed uding Assistat software
(SILVA; AZEVEDO, 20009).
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3 RESULTS AND DISCUSSION

3.1 Growth and acidification profiles

The success of new probiotic formulations do noty aely on the
ability to provide enough probiotic cells that mayrvive the human
gastrointestinal tract. An appropriate selectionsabstrate composition and
strains are necessary to efficiently control traritiution of the metabolic end
products (DE VUYST, 2000). Santos, Libeck and Sch@apublished results
2014) developed a formulation using peanut milk edixvith soy milk, with
high nutritional value, as a suitable novel sulbstta fermentation. However,
the present study is the first to report the batrasf different single and co-
cultures, including probiotic ones in this novelNRS

Results of cell growth and acidification profile single cultures are
presented in Fig. 1. THe. acidilactici (UFLA BFFCX 27.1) LAB showed the
highest increase in viable population (p < 0.05}irdu PSM fermentation,
followed by L. rhamnosugLR 32) probiotic bacteria and tHe delbrueckii
subsp.bulgaricus (LB 340) yogurt starter, that do not differ statistically $p
0.05). All these strains reached populations al®veg CFU/mL. Although
these bacteria were effective in growing, they mlid acidify the PSM, and the
pH remained above 6. This poor ability of lowerithg pH of the soy-based
substrates by.. rhamnosusndL. delbrueckiisubsp.bulgaricushas also been
reported by Champagne et al. (2009) and Farnwbt#inville and Desjardins
(2007).
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A rapid pH value drop in the PSM substrate was esk by L.
acidophilus(LACA 4), reaching 4.6 at 12 h of fermentatidn.acidophilusis
an obligatory homofermentative bacterium that poegua single end product
(lactic acid) from the glycolysis of carbohydra{&$v pathway) (RATHORE;
SALMERON:; PANDIELLA, 2012). High viable counts anecessary to get the
desired acid production and reduction in pH, whigflects organoleptic
properties, shelf-life, and prevents products awimation (RATHORE;
SALMERON; PANDIELLA, 2012). The cell populations df. acidophilus
(LACA 4) increased rapidly within the first 8 houd fermentation and
remained stable at 7.9 log CFU/mL. After 24 h unddrigerated conditions the
viable cell counts were about 7.75 Log CFU/mL (Hig.

The growth ofLc. lactis(CCT 0360) over 24 h was slow and constant
reaching 8.25 log CFU/mL at 24 h. The slow growtflected in the
acidification curve showing an equally slow aciclifiion rate in peanut-soy
beverage, with a pH of 5.8 eventually reached &teh. Therefore, the PSM
provided appropriate growth and fermentation cooiét for the pure microbial
cultures.L. acidophilus (LACA 4) andP. acidilactici (UFLA BFFCX 27.1)
presented populations above 8 log CFU/mL and magepwe the low pH of
beverage. The use &. cerevisiadUFLA YFFBM 18.03) may give rise to a
new class of products, where the addition of yeaay serve as a source of
protein and vitamin B (STEINKRAUS, 1996). Thus,sbestrains were selected
to be co-cultured to obtain short fermentation gasiand larger populations of
the probiotic bacteria.

The evolution of cell populations and acidificatidaring co-culture
fermentations of PSM are shown in Fig. 2. It shdagdchoted that fermentations
carried out in co-culture were more efficient irbswate acidification. Twelve
hours were required to reach a pH value of 4.3cih fermentations with..
acidophilus(LACA 4) and P. acidilactici (UFLA BFFCX 27.1), and withL.
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acidophilus(LACA 4), P. acidilactici (UFLA BFFCX 27.1) andS. cerevisiae
(UFLA YFFBM 18.03). The co-culture df. acidophilusand theS. cerevisiae
yeast also reached pH 4.3, but required a longer ¢if about 20 h.

The pH value reached was below 4.5 in all co-cattuiermentations,
which demonstrated that 7 |&@FU/mL of inoculum was sufficient to decrease
the pH. The pH around 3.5-4.5 has been reportetbéat formulations aids the
pH increase of the gastrointestinal tract, and thoisances the stability and
benefits of probiotic strains consumed (KAILASAPAYHCHIN, 2000).

It has been suggested that fermented products resuprobiotic
bacteria at 7 log CFU/mL in order to give healtfeefs in the gastro-intestinal
tract when consumed (OUWEHAND; SALMINEN, 1998). Bdtom this study
showed that high levels (8 log CFU/mL) of the acidophilus(LACA 4)
probiotic could be reached when this strain is utated withP. acidilactici
(UFLA BFFCX 27.1), andS. cerevisiae(UFLA YFFBM 18.03) at the
beginning of fermentation of PSM. When these tleelected strains were co-
incubated, the probiotic bacteria had their grovilvored reaching the
population of 8 log CFU/mL within 8 h of fermentati P. acidilactici
populations remained above 8 log CFU/mL after 1&fhfermentation.S.
cerevisiagpopulationranged from 7.3 to 7.5 log CFU/mL at 24 h. At timel ©f
24 h, the population decreased slightly, but it wasstatistically significant (p
> 0.05).
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Fig. 2 Evolution of cell populations and acidificat during co-culture
fermentations of PSM.

The co-cultured organism may compete for nutriemtsnay produce
metabolic products that may stimulate or inhibitkeather's growth. It has
been reported that yeast may produce vitaminsethizance the growth of LAB
(MARSHALL, 1987). Growth of lactic acid bacteriabglieved to be promoted
when co-cultured with yeasts, mainly due to thereti@n of specific amino
acids and small peptides by the latter, eitherndugrowth, and regardless of
the antagonism for the main carbon source (GOBBETORSETTI; ROSSI,
1994) or as a consequence of an accelerated ast@BAMBONELLI et al.,
2000).

The yeast when co-cultured with theacidophilusprobiotic was more
competitive than in mono culture, regarding thealffipopulation reached,
showing the increase of 1 log CFU/mL. The yeasbabdy caused a significant
(p < 0.05) reduction in the population of bacténi@ h of fermentation. After a

reduction in the.. acidophilus(LACA 4) population, these LAB increased their
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population and stabilized at 6.6 log CFU/mL. In teeculture ofS. cerevisiae
andP. acidilactici, both presented one log higher than when cultivatgalre
culture. Despite the slow growth start, the LABateed viable counts of about 8
log CFU/mL after 16 h, and remained constant (p&0until the end of the
fermentative process.

The cultures showed a trend to decrease their ptipas when they
were kept at 4 °C. Fermentations conducted Wwitacidophilus(LACA 4) and
P. acidilactici (UFLA BFFCX 27.1), and the fermentation involviay strains
were the ones that showed smaller effect of low pteture on viable
populations (p < 0.05). The fermentation involviaj cultures led to an
increase ofL. acidophilus (LACA 4) viable count during 24 h under
refrigeration.

In general, results of the pH values followed apagite trend to that
observed for titratable acidity measurements, as.the acidity increased, the
pH decreased. Fig. 3a shows clearly thatacidophilus(LACA 4), in pure
culture, was the only strain able to acidify sigrahtly the substrate (p < 0.05).
Efficient acidification profiles were generally aeted in co-culture

fermentation (Fig. 3b).
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Fig. 3 L. acidophilus (LACA 4), in pure culture, #ise only strain able to
acidify significantly the substrate; efficient aifichtion profiles
generally achieved in co-culture fermentation.
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The titratable acidity of PSM increased from 0.06#0.48% after 24 h
of fermentation with the co-cultivation of all maorganisms. After 24 h at 4
°C, the titratable acidity increased to 0.50% atitaacid with UFLA BFFCX
27.1 and LACA 4, and with the three mixed cultuilsanga and Zhang (2007)
developed fermented peanut milk with the mixed urel$ of Lactobacillus
delbrueckiissp bulgaricus,and Streptococcus salivariussp thermophilusin
accordance, the authors reported that fermentatitincombined cultures had
higher titratable acidity values (0.39%) than wille single cultures of these
strains.

3.2 Consumption of sugars and produced metabolites

Fig. 4 and 5 illustrate the metabolic behaviorghaf strains either in
pure cultures or in co-cultures. They were mondoire fermented PSM by
determination of the main metabolic products (l@dicetic, succinic acids, and
ethanol) and consumed sugars. As shown in Fichetlt acidophilus (LACA
4), P. acidilactici (UFLA BFFCX 27.1), and S. cestze (UFLA YFFBM
18.03) strains in single cultures produced 3.286 @nd 0.03 g/L, respectively,
of lactic acid after 24 h of fermentation. The héghvalues (9.03 and 8.51 g/L)
were found in fermentations after 24 h at 4 °C ibimary culture of P.
acidilactici and L. acidophilus, and in combinatiaf the three strains,
respectively. The marked lactic acid increase htuwture fermentations could
be due to interactions between the different sgecised. These results
highlighted the importance of the selection of théstrate composition and
inocula in the development of the organoleptic prtps of these fermented

products.
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Fig. 5. Metabolic behaviors of the strains in citumes

Acetic acid was produced in three co-culture feragons, and
amounts of 1.41 g/L after 24 h at 4 °C were detecidheS. cerevisiageast
(UFLA YFFBM 18.03) also produced succinic acid,aleiag 0.46 g/L as the
maximum content in pure culture. In co-culturesthtid was produced from
0.02 to 0.10 g/L after 24 h.

The S. cerevisiagreast produced low ethanol content (0.24 g/L &ter
h under refrigeration) in pure culture. This valwas smaller than those
obtained forL. rhamnosug0.32 g/L). It may be due to non-complete substrate
adaptation, inhibition of growth by some medium goments, or lack of
required nutrients in the raw material. The highetkanol (0.84 and 0.75 g/L)
concentrations were found after 24 h of fermentaiio the co-culture of.
cerevisiaeand L. acidophilus,followed byS. cerevisiae, P. acidilacti@ndL.
acidophilus respectively. A decrease in these values wasettiuring storage
under refrigeration. It was probably due to theaatt evaporation. The final

content of ethanol was 0.03% (v/v) or less, whitdssifies the beverage as a
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non-alcoholic beverage (BRASIL, 2009). It seemst tha acidophilus, P.
acidilactici, and S. cerevisiaenay influence each other’s metabolism, which
can lead to different profiles of important orgaspilc compounds. There might
also be other interactions among the produced roktiedy where a compound
produced by one organism may be further metabolizsd another
(AXELSSON, 1998; RATHORE; SALMERON; PANDIELLA, 20)2

The content of sugars in PSM is due to raw mater@hd the
breakdown of starch during the heat treatment. avalable carbohydrates
contributed to the cell viability and to the protian of metabolites. In our
work, sucrose and stachyose decreased duringraikefgations (Table 1). Our
results are in agreement with Beuchat and Nail §L97hese authors reported
that sucrose is the major fermentable carbohydfated in peanut milk.
Champagne et al. (2009) stated that, for soy bgestathe available
carbohydrates, by order of importance, are sucresachyose, raffinose,
glucose and fructose.

The reduction in the contents of raffinose and tstase and the
increase in the contents of monosaccharide mayttbbused to the hydrolytic

reaction catalyzed by- and p-galactosidases produced by both LAB species

studied here (DONKOR et al., 2007). fRaose and stachyose ake

galactosides of sucrose, comprising three and fownomeric units,
respectively, and are non-digestible in the gut doethe absence oé-
galactosidase in the human intestinal mucosa. Coesdly, intact
oligosaccharides pass directly into the lower ies where they are
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metabolized by bacteria that possess this enzyesealting in the production of
gases (TSANGALIS; SHAH, 2004).

The o-galactosides are sources of carbon for the growth
Lactobacillusspecies, such dsactobacillus acidophilu§SCALABRINI et al.,
1998). Our data showed that binary co-culture Lofacidophilusand P.
acidilactici, and co-culture of.. acidophilus, P. acidilacticandS. cerevisiae
may be a practical approach to overcome the flatgléactor in PSM.

The utilization of sugars in PSM was different thhe data reported by
Farnworth, Main and Desjardins (2007), who showned fructose was the most
utilized sugar, while glucose, raffinose, and syasle were much less used.
These authors studied the growth lof acidophilus, L. delbrueckisubsp.
bulgaricus L. johnsonii, several Bifidobacterium sp. and Streptococcus
termophilusin a soy-yogurt formulation. These discrepanciegha results
suggested that the initial concentration of thebchydrates may alter the

dynamics of consumption thereof.



Table 1 Carbohydrate content in fermented peanutystik with different combinations df. acidophilus(LACA 4), P.
acidilactici (UFLA BFFCX 27.1), and. cerevisiadUFLA YFFBM 18.03)

Time (h) Fructose Glucose Sucrose Maltose Raffinose Stachyose
0 1.264.042 Nd 12.169.332 Nd 0.77€.01° 5.5240.02°
L. acidophilus(LACA 4) + P. acidilactici(UFLA B FFCX 27.1)
8 0.639.02° 0.434.032 1.0840.04° Nd Nd 2.090.74°
16 0.439.00° 0.1040.04° Nd 0.949.02° Nd 2.00.00°
24 0.290.00° Nd Nd 0.469.04° 0.2540.09° 1.8440.65°
24 hl4 °C 0.748.01° Nd Nd 0.4390.03° 0.8040.06% 1.1040.35°
L. acidophilus(LACA 4) + S. cerevisiaUFLA Y FFBM 18.03)
8 0.709€.01°° 0.6440.14% 6.874.74° Nd 0.65-9.00™ 4.8040.02°
16 0.439.00¢ 0.2140.01° 2.2140.06° 0.654.01% Nd 3.979.22°
24 0.769.02° 0.1440.00° 0.4440.04° 0.4240.00° 0.6140.06™ 3.7640.25°
24 hl4 °C 0.498.07% 0.1240.01° 0.3340.01° 0.3940.01° 0.5140.00° 3.6140.16°
P. acidilactici(UFLA B FFCX 27.1) +S. cerevisiadUFLA Y FFBM 18.03)
8 0.8449.05° 0.3640.05° 7.8440.48° Nd 0.419.15% 2.8940.79°
16 Nd Nd 2.830.78° 0.644.01° Nd 2.259.00°
24 0.359.00° 0.1940.02° 1.4840.29° 0.624.03% 0.8640.22° 2.1940.52°
24 h/4 °C 0.316.01° 0.2440.03% 0.6840.15° 0.7440.10° 0.4740.09%° 2.0040.07°
L. acidophilus(LACA 4) + P. acidilactici(UFLA B FFCX 27.1) +S. cerevisiadUFLA Y FFBM18.03)
8 0.639.00° 0.2940.00? 5.4340.13" Nd 0.489.03° 3.7840.09°
16 0.969.08" Nd Nd Nd 0.029.10° 3.0440.10°
24 0.589.01° Nd Nd 0.519.18% Nd 2.510.03¢
24 h/4 °C 0.608.02° 0.2640.042 Nd 1.0390.24% Nd 2.459.15°

& Mean+SD. Means followed by the same letters in eachnanldo not differ significantly (g 0.05). Nd — not detected.

60T
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In general, when co-cultured, the strains were neffieient in the use
of available carbohydrates and in the release déladites in the fermentation
medium. In single cultures, the strains consumedwamage of 58% and in co-
cultures the consumption of available carbohydratas approximately 78%.
The fermentations carried out in binary culturetiogé probiotic bacterid..
acidophilus(LACA 4) and the LABP. acidilactici(UFLA BFFCX 27.1), were
the most efficient in the consumption of sugarstht end of the fermentation,
there were 3.07 g/L of available carbohydrates58%).

3.3 Total amino acids

As shown in Table 2, the unfermented and fermef®881 contain
almost all the essential amino acids and non-dssemhino acids, though in
varying amounts. According to Blandino et al. (200% effect of fermentation
on the protein and amino acids levels is a topicarftroversy. It appears that
the effect of fermentation on the nutritive valuefaods is variable, although
the evidence for improvements is substantial. @ertéamino acids may be
synthesized and the availability of B group vitamimay be improved. Yeast
extract provides growth stimulants such as amin@sa@nd nucleotides
(NAGODAWITHANA, 1992) for cheese starter which r#suin increased
activity (NSOFOR et al., 1996l fact, theS. cerevisiagreast (UFLA YFFBM
18.03) cultivated in pure culture was the straiattiprovided the greatest
increase in the amounts of amino acids in PSM.

S. cerevisiae(UFLA YFFBM 18.03), L. rhamnosus(LR 32), L.
acidophilus(LACA 4), andP. acidilactici (UFLA BFFCX 27.1)promoted the
release of amino acids into the PSM. The percestaf total amino acids in
PSM fermented for 24 h at 37 °C were about 48.02%:32%, 46.21%, and
44.07%, respectively for the above pure culturesbl@ 2). However, when co-



111

cultured, the strains consumed the amino acids, ghbbably contributed to
growth increase, higher cell viability, greater gwotion of lactic acid, and
consequent fast drop in pH value.

PSM, fermented with pure cultures, was found toribker in some
essential amino acids (such as threonine, histigihenylalanine, tyrosine, and
lysine) than unfermented milk. However, unfermentatk was richer in other
amino acids (like cysteine, glutamic acid, arginined serine) than in pure
culture fermentations.



Table 2 Total amino acids (g/100 g of sample, oy losis) in unfermented peanut-soy milk and aftérh2 of
fermentation (pure and co-cultures)

. . Unfenmented VFLAY UFLAE
Amine acid PS Milk FFEM LACA4 | LR32 | LB340 FFCX271 CCT0360| 3c—Pa | 8c-La | Pa-La | §g-Pa-la
18.03 o
Histidine (Hys) 1.12 132 1.13 12 1.09 131 1.07 121 1.16 1.07 097
Isoleucine (Ile) 1.7% 210 187 203 177 1.84 182 181 1.74 1.67 1.71
Leucine (Leu) 290 327 3.13 301 288 192 287 290 278 272 277
Lysine (Lys) 1.73 210 2.09 182 180 182 181 184 172 163 1.7%
Methionine (Met) 0.50 0.63 0.60 067 033 0.36 053 058 0335 033 031
Cysteine (Cys) 0.67 0.72 0.76 08 020 063 0.67 049 038 043 034
Phenylalanine (Fhe) 1.34 167 1.66 16 161 167 139 138 131 133 137
Tyrosine (Tyr) 161 180 1467 167 157 167 1.60 133 148 1.30 143
Thrzonine (Thr) 1.71 192 1.89 197 1.66 171 161 163 1.60 152 137
Valine (Val) 101 131 112 142 2.00 107 2.00 103 194 1.89 1.90
Total essential amino acids 1358 17.84 1704 1719 [1311 1612 1357 | 1346 | 1486 | 1437 1457
Argining (Arg) 480 307 463 468 433 496 433 457 461 449 4350
Alanine {Ala) 192 210 207 219 183 197 183 194 1.86 1.7% 183
Aspartic acid (Asp) 513 j62 541 352 506 310 5.00 5.00 487 478 477
Ghutamic acid {Ghi) 944 1037 10.19 104 924 834 814 902 887 801 £02
Glycme (Gly) 193 109 198 106 188 190 187 1.89 181 1.76 1.77
Prolne (Fro) 240 161 164 163 133 144 227 133 126 116 211
Serme {Ser) 120 133 125 163 209 213 206 207 203 207 207
Total amino acids 4337 4802 4621 (4732 [4201 4407 4219 14230 | 4115 | 4051 40.64

P-S Milk —peanut-soy milk. Pure cultures: UFLA ¥BM 18.03 -S. cerevisiael ACA 4 - L. acidophilus;LB 340 -L. rhamonsus;
LB 340 - L. delbrueckiisubsp.delbrueckii; UFLA B FFCX 27.1 -P. acidilactici; and CCT 0360 L. lactis Co-cultures:S.
cerevisiae— P. acidilactici (Sc — Pa);S. cerevisiae L. acidophilus(Sc — La);P. adicilaciti — L. acidophilugPa — La) ands.
cerevisiae — P. acidilactici — L. acidophil¢Sc — Pa — La).

AN
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In general, the lysine content of PSM preparethim study was close to
the range observed in the similar studies refetoedhere on peanut-based
beverages. The ranges of lysine content in expetmhdermentations were
1.65-2.10 % in PSM. According to Rubico, Resurreecand Beuchatl988),
the amino acid profiles of various peanut beveragegtments indicated that
raw peanut extracts had a lysine content of 4.3%84; the lysine content in

homogenized peanut milk was within the range 0823881 %.
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4 CONCLUSION

The main aim for the development of this producs Wee utilization of
two important vegetable protein sources, peanut soyl which are readily
available in abundance and at a reasonable cast.d@anut and soy protein are
comparable with protein content from animal basexdifand it is suitable for all
ages (DESHPANDE; CHINNAN; MCWATTERS, 2008). Thitudy is the
first report of the potential df. acidophilusas probiotics in fermented peanut-
soy beverage in mixed cultures. This strain showagher viability when
cultivated with P. acidilactici and S. cerevisiagdn PSM. Further studies are
needed to evaluate the survival of these cultuves a longer period of post-

acidification and also, the sensory acceptatiatefinal beverage.
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ABSTRACT

The aim of this study was the development and apéition of a
potentially probiotic beverage based on peanutrsitl(PSM) using lactic acid
bacteria (LAB) and yeast as a novel and value-agdeduct. The composition
and process conditions were defined using a Pla&Burman factorial design
in which the independent variables were fermentatime and temperature,
PSM formulation, concentrations of fructooligosaarittes (FOS) and the initial
inocula of LAB Pediococcus acidilactic(lUFLA B FFCX 27.1), of probiotic
Lactobacillus acidophilugLACA 4) and of yeastSaccharomyces cerevisiae
(UFLA Y FFBM 18.03).P. acidilactici and L. acidophilusculturesand PSM
formulationwere the significant variables on praigicviability, pH, lactic acid,
acetic acid and ethanol contents during fermemtdtie optimal conditions to
develop the potentially probiotic PSM were obtaineyl response surface
methodology. They were found to be 61.2 % of peamilk in PSM
formulation inoculated with 8.00 and 6.70 Log UFC6hP. acidilacticiand L.
acidophilus strains, respectively. Optimized beverage was atterized by
using physicochemical, microbiological and sens$ordaalysis. The fresh
fermented probiotic PSM presented a pH of 4.299And 0.19 g/L of lactic
and acetic acids, respectively. The PSM store@%odays at 4 °C allowed the
starters survival above 7.20 Log CFU/mL, and showegghificant post-
acidification reaching 3.80 of pH and 15.53 g/Uadtic acid. Finally, sensory
analysisshowed goodacceptance,demonstrating the entigdt for
commercialization of the developed probiotic PSM.

Keywords: Functional food. Probiotic bacteria. Syotilb beverage. Co-culture.
Plackett-Burman. Central Composite Rotatable Design
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1 INTRODUCTION

Protein foods especially animal sources are sdarnte diets consumed
by a large segment of the population in developiogintries. Generally,
legumes are low priced source of protein, importamntalleviating proteic
foodstuffs scarcity (MUREVANHEMA; JIDEANI, 2013). &getable milk has a
great potential to be a feasible alternative torahimilk in the food industry,
due to its functionality and health claims (CHAMPNE et al., 2009; HINDS;
BEUCHAULT; CHINNANL, 1997; KPODO et al, 2013; RATPRE;
SALMERON, 2012; SUNNY-ROBERTS; OTUNOLA; IWAKUN, 2@0.

It has been proven that peanutsrgchis hypogaeal.) have the
potential for lactic acid bacteria (LAB) growth @ASIGA; ZHANG, 2007;
ISANGA; ZHANG, 2009, SUNNY-ROBERTS, OTUNOLA; IWAKUN2004,
YADAYV et al., 2010), including probiotic ones (BEWAT; NAIL, 1978,
SCHAFFNER; BEUCHAT, 1986). Previous works reportdtht soymilk
fermented with lactic acid bacteria can providequei probiotic foods for
human nutrition (GRANATO et al., 2010a; HELLER, 20FARNWORTH et
al., 2007; OLIVERIA et al., 2001). However, thesesicarce information about
the potential of the mixture of these two oilserptdlks as a probiotic beverage.
The essence of combining aqueous extract from ggetable sources is guided
by the fact that no single vegetable milk can adégly resemble milk from a
dairy source in its nutritional and physico-cherhiatiributes (KPODO et al.,
2013).

Santos, Libeck and Schwan (unpublished results &0dldveloped a
formulation using a PSM with high nutritional vajueontaining 4.00% of
protein, 3.17% of fat content, 1.62% of carbohyelratnd 15.59 g/100g of
essential amino acids (on dry basis). In a subsgquerk, the same authors
used different pure and co-cultures of LAB and ydasferment PSM. The
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authors showed that wheR. acidilactici (UFLA B FFCX 27.1) LABL.
acidophilus(LACA 4) commercial probiotic culture and the yeasterevisiae
(UFLA Y FFBM 18.03) were co-incubated, the prolgotbacteria had its
growth favored reaching the population of 8 log @RU (SANTOS; LIBECK;
SCHWAN, submitted paper 2014b). In sight of thiactic acid fermented
peanut-soy milk (PSM) may be suitable probiotictedal strain carrier to the
host.

New product development is a challenge for botkrgific and applied
research, and it has been observed that food desigsentially a problem of
optimization to generate the best formulati@L(ENDERSEN et al., 2012;
JOUSSE, 2008; KPODO et al., 2013). The determinatiooptimum levels of
key ingredients is necessary to obtain suitables@gnand physicochemical
characteristics, extended shelf life, chemical itaband reasonable price.
Moreover, it is important that the formulation mains the activity and
viability of the probiotic for extended periodstohe (GRANATO et al., 2010a;
SHAH, 2007).

Substrate optimization by the classical methodhainging one variable
while fixing the others at a certain level is labas and time-consuming,
especially when the number of variables is larga. dternative and more
efficient approach in microbial systems is the udestatistical methods.
Plackett—Burman design allows testing of the largesnber of factor effects
with the least number of observations, and provideslom error variability
estimation and testing of the statistical signifioa of the parameters
(PLACKETT; BURMAN, 1946). Response surface methodygl (RSM) is a
commonly used method to assess the optimal ferti@mteonditions and also
an efficient statistical technique for optimizatioh multiple variables with
minimum number of experiments. This method has lseeenessfully applied to
optimize new probiotic food and beverages (ERDEMIgt2014; BERNAT et
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al.,, 2014, SHILPI; KUMAR, 2013). Central compositetatable design

(CCRD) allows to fit a first or second order polymal by a least significance

technique. An equation is used to describe howtdisé variables affect the
response, determine the interrelationship amongettevariables, and describe
the combined effect of all the test variables ie ttesponse (RASTOGI;

RAJESH; SHAMALA, 1998).

The objectives of this study were to: (1) invediéigthe effect of PSM
formulation, fructooligosaccharides (FOS) concditma temperature, time,
inocula of LAB Pediococcus acidilactic(lUFLA B FFCX 27.1), of probiotic
LAB Lactobacillus acidophilus(LACA 4) and of yeastSaccharomyces
cerevisiagUFLA Y FFBM 18.03) on the quality of PSM in terro$ probiotic
viability, pH, lacticacid,acetic acid and ethanaintent; (2) optimize PSM
fermentation as a potentially probiotic beveragéhva view to developing
value-added product; (3) evaluate the quality aodsamer acceptability of
PSM fermented beverage; (4) evaluate the probiaébility, pH, lactic and

acetic acids and ethanol contents under refriggisttgage.
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2 MATERIALS AND METHODS

2.1 PSM preparation

Peanut milk was prepared as previously describetiLSBIKHE;
KADAM, 1989) with minor modifications. The seeds reesorted to remove
discolored grains and any foreign material. Setbgganut seeds were roasted
at 130 °C for 20 min in a ventilated oven. The seedre peeled and weighed
before being soaked in 0.5 g/100 mL NaH(Or at least 12 h. The shelled
seeds were then washed with water and mixed witilldd water in a ratio of
1:5 [peanuts (g):water (mL)] and transferred tdaintess steel blender (Cemaf,
Sao Paulo, Brazil) for 5 min. The resulting pastesiltered through a double
layered cheese cloth.

For the soymilk preparation, 250 g of selected beaere initially
soaked in 1 L of water for 16 h at 25 °C. Subsetiyed90 g of these
moistened beans were soaked in 500 mL water iaialess steel blender and
mixed for 3 minutes. Then, the resulting slurry witered through double
layered cheese cloth and boiled for 5 min (CHAMPAG&t al., 2009).

The peanut and soybean milks were mixed in differatios, according
PB and CCRD designs. The heat treatment was cardetly pasteurization at

90 °C/20min, followed by immediate cooling to 4 °C.

2.2 Preparation of cultures

The commercial probiotic culturd. acidophilus (LACA 4) was
acquired from Danisco (Yo Mix, Deutschland). TlReacidilacticilactic acid
bacteria (UFLA BFFCX 27.1) was isolated froraxiri indigenous beverage
(SANTOS et al., 2012). Th8. cerevisiadUFLA YFFBM 18.03) yeast was
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isolated from cocoa beans fermentations (PEREIR&.eR012). These strains
belong to the culture collection of Microbial Plglsigy Laboratory/Department
of Biology, Federal University of Lavras (UFLA), &il.

The commercial cultures activation was performedosting to the
manufacturer's instructions. Stock cultures forbaatwere prepared by mixing
culture medium Man Rogosa Sharp broth (MRS, Merdhit¥¥iouse Station,
USA) and 40% glycerol (w/v) in the 1:1 proportiolaging 1 mL in cryovials
and freezing at - 20 ° C. For yeast, YPD agar (10ygast extract (Merck,
Darmstadt, Germany), 10 g¢g/L peptone (Himedia, Muinladia), 20 g/L
glucose (Merck, Darmstadt,Germany), 20 g/L agar r@ide Darmstadt,
Germany) pH 3.5 were mixed with 40% glycerol (wiwr)the 1:1 proportion
placing 1 mL in cryovials and freezing at - 20 ° The glycerol solution was
previously sterilized at 121 °C for 15 minutes (OMRAGNE et al., 2009).

The preparation of inoculum for single and co-adtfermentation was
performed by culturing 100 pL of each strain sefgdydan 5 mL of sterile MRS
broth (bacteria) and YPD pH 3.5 (yeast), then ity at 37 °C and 30 °C,
respectively. After 16 h and 24 h, the supernateas removed and the cells
were transferred to 50 mL MRS and YPD, respectivEhe flasks were again
incubated for 16 h (bacteria) and 24 h (yeast), abés were subsequently
transferred to 500 mL of the respective medium thied incubated in the same
conditions described above. Cells were washed ifwest with sterile distilled
water and inoculated in PSM with population acaogdPB and CCRD designs.
To perform the inoculation, OD growth kinetics wearanstructed by plotting
the OD (600 nm) of suspensions minus the OD ofinonulated media vs the
time of incubation (RUIZ-MOYANO et al., 2008). Talibrate the ODs against
the cell concentration of the cultures, the viatbants (VC) of a strain for each
broth used were determined between readings, byngthod of Miles, Misra
and Irwin (1938).
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2.3 Experimental design

A Plackett and Burman (PB) experimental design wsed, with 12
trials and three central points, totaling 15 tri@@&ACKETT; BURMAN, 1946;
RODRIGUES; IEMMA, 2009) with seven independent sbteés: PSM
formulation; FOS concentration as prebiotic (Raffl 95®, Orafti-Belgium),
time, temperature, and inocula &f acidophilus P. acidilactici and S.
cerevisiae Table 1shows the conditions of the assays with coded aadl r

variables.



Table 1 Coded variables and real values (in bragldtthe Plackett & Burman design

Independent variables

Assays PSM formulation FOS Time Temp. S. cerevisiae P. acidilactici L. acidophilus

PM (%)” (%) (h) (°C) (Log UFC/mL) (Log UFC/mL) (Log UFC/mL)
1 -1 (60) 1(5) 1(12) -1 (34) 1 (7.00) 1 (9.00) (8100)
2 -1 (60) -1(3) -1(8) -1 (34) -1 (5.00) -1 (7.00) 1 (8.00)
3 1(72) 1(5) -1(8) -1 (34) -1 (5.00) 1(9.00) (e100)
4 1(72) -1(3) -1(8) -1 (34) 1 (7.00) €1.00 1 (8.00)
5 -1(60) -1 (3) -1(8) 1 (40) -1 (5.00) 1(9.00) (8100)
6 1(72) -1(3) 112 1 (40) 1 (7.00) -1 (7.00) (6100)
7 -1 (60) 1(5) -1(8) 1 (40) 1 (7.00) -1 (7.00) (8100)
8 0 (66) 0 (4) 0 (10) 0 (37) 0 (6.00) 0 (8.00) 0]0))
9 -1 (60) 1(5) 1(12) 1 (40) -1 (5.00) 1 (9.00) (6100)
10 1(72) 1(5) 1(12) -1 (34) -1 (5.00) 1 (9.00) 1 (6.00)
11 1(72) 1(5) -1 (8) 1 (40) 1(7.00) 1 (9.00) (6100)
12 1(72) -1(3) 1(12) 1 (40) -1 (5.00) 1 (9.00) (8100)
13 -1 (60) -1(3) 1(12) -1 (34) 1 (7.00) 1 (9.00) -1 (6.00)
14 0 (66) 0 (4) 0 (10) 0 (37) 0 (6.00) 0 (8.00) 7M0)
15 0 (66) 0 (4) 0 (10) 0 (37) 0 (6.00) 0 (8.00) 700)

PSM — peanut-soy milk; PM — peanut milkhe preparation of the PSM was performed usingptireentage of PM mentioned in

the table and the volume was completed with soymilk

TET
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Furthermore, a Central Composite Rotatable Desi@@RD) was
performed using the independent variables selee®dsignificant in the
screening design (PB). The independent variabled #re outline of
experimental design (17 runs) with the coded leae¢sgiven on Table 2. The
experiment was carried out in randomized order. &kgerimental data was

fitted to a polynomial regression model for preuigtindividual responses.

Table 2 Central Composite Rotatable Design (CCRgngement for PSM
beverage fermentation

Test % PSM’ P. acidilactici L. acidophilus
run PM (%) (Log CFU/mL) (Log CFU/mL)
1 -1 (60) -1 (7.00) 1(5.68)

2 -1 (60) -1 (7.00) +1(7.68)

3 -1 (60) +1 (9.00) 1 (5.68)

4 -1 (60) +1 (9.00) +1(7.68)

5 +1(72) -1 (7.00) -1 (5.68)

6 +1(72) -1 (7.00) +1 (7.68)

7 +1(72) +1 (9.00) 1 (5.68)

8 +1(72) +1 (9.00) +1 (7.68)

9 -1.68 (56) 0 (8.00) 0 (6.68)
10 +1.68 (76) 0 (8.00) 0 (6.68)
11 0 (66) -1.68 (6.32) 0 (6.68)
12 0 (66) +1.68 (9.68) 0 (6.68)

13 0 (66) 0 (8.00) -1.68 (5.00)

14 0 (66) 0 (8.00) 1.68 (8.36)
15 (C) 0 (66) 0 (8.00) 0 (6.68)
16 (C) 0 (66) 0 (8.00) 0 (6.68)
17 (C) 0 (66) 0 (8.00) 0 (6.68)

PSM — peanut-soy milk; PM — peanut milkhe preparation of the PSM was performed
using the percentage of PM mentioned in the tabtethe volume was completed with
soymilk. The real values are in brackets.

Statistical significance of the terms in the regi@s equation was
examined by analysis of variance (ANOVA) for eaebponse. Lack of fit and
adequate precision was used to judge adequacy délnfib The fitted model
was used to navigate the design space and searcptfmum initial inocula

and PSM composition for optimum PSM potentially potic beverage using
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numerical optimization tool in STATISTICA, Version 7.0 for Windows
(StatSofts). The software Statistica 7 was usedstimate desirability, an
objective function that ranges from zero outsid¢hef limits to one at the goal.
The numerical optimization found a point that mazies the desirability
function. The fermentation of PSM probiotic beveragas carried out at the
estimated optimal conditions to validate the opmamtion process The

validation experiments were carried out in threependent assays.

2.4 Fermentation

The suspension with inoculated cells was fractiethain 25 mL
portions, placed into 50 mL conical tubes. Samplege taken periodically for
analysis of pH, probiotic viability, determinatiaf ethanol, acetic acid and

lactic acid content.

2.5 Analytical methods

2.5.1 Viability of inoculated strains and pH

A one milliliter sample was taken from each fernation flask. Serial
tenfold dilutions were prepared in a solution 08%. NaCl (w/v) and 0.1%
(w/v) bacto peptone (Difco). Viable counts of LABdaprobiotic bacteria in
mixed cultures were obtained by spreading 0.1 mhpda of an appropriate
dilution onto the surface of MRS plates containmng@s (w/v) cysteine-HCI and
0.01% (w/v) aniline blue under microaerophilic citizshs during incubation
(37° C for 2 days) ( EVANGELISTA; GHISELLI; FILH®012; WANG; YU;
CHOU, 2002). The colonies presented different shadeolor (white and blue)
allowing differential count. Yeasts were grown oRLY agar pH 3.5 at 28 °C for
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5 days. Violet Red Bile Agar with glucose (VRBG) x@d, Hampshire,
England) was used for bile-tolerant Gram-negatizatorobacteriaceae
detection, the plates were incubated at 37°C fe4&4%. Colony forming units
(CFU) were enumerated in plates containing 30 t0 86lonies, and cell
concentration was expressed as log CFU/mL of feteateRSM.

The pH of the fermenting PSM samples was measuitbdanpH meter
(Tecnal, Tec-3MT, Séo Paulo, Brazil).

2.6 HPLC analysis

2.6.1 Organic acids and ethanol

Samples were prepared by adding 3mL of n-hexanni@y#gldrich) to
3 ml of samples. The mixture was vortexed for 3baes and the non-hexanic
phase was pipetted into another tube. The proceda performed again.
Subsequently, the samples were centrifuged twostiate7,000 rpm for 10
minutes at 4 °C, and then supernatant was filtdremligh 0.22um filters, and
analyzed. Organic acids (acetic, lactic, and suceioid), alcohol (ethanol) and
carbohydrates (glucose, sucrose, maltose, fructagtnose, and stachyose)
were identified according to the methodology pragabby Duarte et al. (2010).
The analyses were carried out using a High Perfocma Liquid
Chromatography system (HPLC) (Shimadzu, Shimadap.Cdapan), equipped
with a dual detection system consisting of a UV-d@ector (SPD-104 and a
refractive index detector (RID-10A A Shimadzu ion exclusion column (Shim-
pack SCR-101 H, 7.9 mm x 30 cm) was used operatig °C, using 100 Mm
of perchloric acid as the eluent at a flow rateDdf mL/min. The acids were
detected via UV absorbance (210 nm), while alcolase detected via RID.

For carbohydrates, the Supelcosil LC-Nédlumn (4.6mm x 25 cm) was used,
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operating at 30 °C with a mobile phase (acetoeitvihter (75:25)) in a flow rate
of 1 mL/min. The sugars were detected via RID. \itlial compounds were
identified based on the retention time of standargected in the same
conditions, and their concentrations were deterthinsing the external

calibration method. All samples were examinediplitate.
2.6.2 Amino acids

The determinations of total amino acids were perém by High
Performance Liquid Chromatography (HPLC) as describy White, Hart and
Fry (1986). After a 24 h hydrolysis in 6 M HCI abd°C, the amino acids
reacted with phenyl isothiocyanate, and the dexigatseparated using a Luna
C-18, 1OOA; 51, 250 mm x 4.6 mm (00G-4252-E0, Torrance, CA, USA)
column, at 50 °C. The detection was by ultravi@bsorption measurements
using a fixed wavelength (254 nm) detector. Queatifon was carried out by
comparison with a standard mixture (Thermo Scient®ockford IL, USA) and
DL-2-aminobutyric acid was used as an internal daiah from Sigma—Aldrich
Corp., St. Louis, MO (HAGEN; FROST; AUGUSTIN, 1989)

2.7 Sensory evaluation

After fermentation, 1.5 L of PSM symbiotic beveragas sweetened
using the dietary powder sweetener sucralose 100&opiroportion of 5 g/L of
the beverage, followed by homogenization. The optoh beverage was
evaluated by 53 non trained panelists, betweemdi&& years of age (staff and
students of the Federal University of Lavras - UfLRefrigerated (10 °C)
sample of approximately 25 mL was served in cleandparent plastic glass
with a volume of 100 mL. Cold mineral water wasvided for rinsing of the
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palate during the testing. Evaluations took placéhe mornings between 9:00
and 10:00 a.m. and were conducted at room tempergt0-22 °C) under white
light. The PSM potentially probioticbeverage weralaated for appearance,
aroma, taste and overall aspect according to tlmrtie scale (MORAES,
1993). In this affective testing, the subject iddtto decide how much the
panelist likes or dislikes the product and to madcale of nine points (9 = like
extremely; 5= neither like, nor dislike; and 1= lidis extremely).For
determination of the purchase intention parametsrade of 5 points was used
(1 = definitely would not buy the product; 5 = defiely would buy the
product).

2.8 Refrigerated storage
PSM beverage after fermentation was stored at 4iC36 days.

Probiotic viability, pH, lactic acid, acetic acichd ethanol contents were

evaluated according to the methods above described.
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3 RESULTS AND DISCUSSION

3.1 Screening of independent variables that enhan&SM fermentation

Probiotics have been usually incorporated into ydagiroducts and
supplied to consumers. However, due to the ladgtaskerance, probiotics have
recently been supplied within several non-tradaiofood matrices, including
oilseeds, cereals, chocolate and beverages (CHAMMAGt al., 2009;
GAWKOWSKI; CHIKINDAS, 2013; RATHORE; SALMERON; PI1,2012;
RIVERA-ESPINOZA; GALLARDO-NAVARRO, 2010). In this antext, the
development of new functional food products turng  be increasingly
challenging, as it has to fulfill the consumer'pegtations for products that are
simultaneously palatable and healthy (GRANATO et2110b; SHAH, 2007).

PB design-based experiments were performed to &ieathe effect of
time, temperaturd,. acidophilus P. acidilacticiandS. cerevisiaénocula, the
concentration of FOS, the PSM formulation and sedhee significant variables.
Table 3 shows the experimental data for the distiesponse variables: pH,
lactic acid, acetic acid and ethanol concentratafisr fermentation time and
after 24 h under refrigerated storage (4 °C).

As can be seen in Table 4, regression analysis estholat the models
for: probiotic viability after fermentation, pH uedrefrigerated storage, lactic
and acetic acids contents after 24 h/4 °C, etheordkent (after fermentation and
24 h/4 °C, respectively) were adequate. The reigresmalysis for pH after
fermentation, for lactic acid content after fernaion time also were adequate,
since the Radjusted¥0%. While, the model for probiotic viability at 244 °C
and acetic acid content after fermentation timeewmot satisfactory. The
significance of each coefficient was determinedtugent’st-test. Thep-Value
was used as indicator of the statistical signifiean



Table 3 Placket & Burman design results

Experiments Probiotic viability pH Lactic acid Acetic acid Ethanol
) (Log CFU/mL) (g/L) (g/L) (g/L)
AF 24/4°C AF 24/4°C AF 24/4°C AF 24/4°C AF 24/4°C
1(12) 8.52 8.40 4.11 4.08 11.39 10.87 0.15 0.14 530. 0.43
2(8) 8.67 8.63 4.21 4.11 9.98 10.76 0.01 0.02 0.28 0.28
3(8) 7.48 7.60 5.07 5.04 1.28 3.40 0.06 0.07 0.17 0.17
4 (8) 8.74 8.61 4.20 4.11 8.51 9.59 0.01 0.02 0.44 0.47
5(8) 8.49 8.54 4.04 4.12 11.23 10.71 0.22 0.23 80.1 0.36
6 (12) 7.40 7.53 4.32 4.28 7.64 7.62 0.26 0.17 0.50 0.45
7(8) 8.72 8.66 3.93 3.86 13.04 13.16 0.07 0.09 80.6 0.76
8 (10) 8.35 8.32 4.10 4.06 8.41 8.45 0.11 0.11 0.26 0.26
9 (12) 7.41 7.51 4.38 4.33 7.96 8.97 0.17 0.18 0.57 0.32
10 (12) 8.48 8.72 4.08 4.06 9.36 10.37 0.01 0.04 390. 0.38
11 (8) 7.60 7.90 4.89 4.71 4.20 4.43 0.06 0.12 0.49 0.43
12 (12) 8.04 8.00 4.09 3.91 9.73 10.89 0.23 0.23 170. 0.18
13 (12) 7.48 8.45 5.07 4.87 4.06 4.61 0.06 0.10 203 0.33
(10) 8.23 8.26 4.27 4.20 7.86 8.64 0.11 0.11 0.28 .290
15 (10) 8.51 8.28 4.15 411 7.58 8.22 0.11 0.10 40.2 0.25

AF — after fermentation time (8, 10 or 12 h).

8ET



Table 4 Main effects of variable estimates on patans during fermentation of PSM in the Placket &urman
experimental design

Term Average  Curvature R R? adj. Effect SE t-Value p-Value
Probiotic viability after fermentation

(1) PSM (viv) -0.592 0.173 -3.416 0.014
(2) FOS (%) -0.436 0.173 -2.513 0.046
(3) Time (h) -0.062 0.173 -0.357 0.733
(4) Temp. (°C) 7.919 0.549 0.931 0.838 -0.283 0.173 -1.633 0.154
(5) S. cerevisiae* -0.020 0.173 -0.117 0.910
(6) P. acidilactici* -0.635 0.173 -3.663 0.010
(7) L. acidophilus* 1.157 0.173 6.674 0.000
Probiotic viability after 24h/4°C

(1) PSM (v/v) -0.304 0.174 -1.747 0.131
(2) FOS (%) -0.164 0.174 -0.940 0.384
(3) Time (h) -0.227 0.174 -1.302 0.241
(4) Temp. (°C) 8.213 0.145 0.780 0.488 -0.377 0.174 -2.166 0.073
(5) S. cerevisiae* 0.092 0.174 0.531 0.615
(6) P. acidilactici* -0.128 0.174 -0.734 0.490
(7) L. acidophilus* 0.552 0.174 3.169 0.019
pH after fermentation

(1) PSM (viv) 0.152 0.111 1.368 0.220
(2) FOS (%) 0.088 0.111 0.797 0.456
(3) Time (h) -0.048 0.111 -0.436 0.678
(4) Temp. (°C) 4.366 -0.385 0.886 0.734 -0.182 0.111 -1.638 0.152
(5) S. cerevisiae* 0.108 0.111 0.977 0.366
(6) P. acidilactici* 0.358 0.111 3.232 0.018
(7) L. acidophilus* -0.582 0.111 -5.246 0.002

“to be continued”
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Table 4 “continuation”

Term Average Curvature R? adj. Effect SE t-Value p-Value
pH after 24 h/4°C

(1) PSM (v/v) 0.123 0.112 1.103 0.312
(2) FOS (%) 0.113 0.112 1.014 0.350
(3) Time (h) -0.070 0.112 -0.626 0.554
(4) Temp (°C) 4.290 -0.333 0.866 0.700 -0.177 0.112 -1.580 0.165
(5) S. cerevisiae* 0.057 0.112 0.507 0.630
(6) P. acidilactici* 0.330 0.112 2.952 0.025
(7) L. acidophilus* -0.533 0.112 -4.771 0.003
Lactic acid after fermentation

(1) PSM (viv) -2.822 0.916 -3.081 0.022
(2) FOS (%) -0.651 0.916 -0.711 0.504
(3) Time (h) 0.317 0.916 0.346 0.741
(4) Temp. (°C) 8.198 -.0493 0.885 0.732 1.536 0.916 1.677 0.145
(5) S. cerevisiae* -0.118 0.916 -0.129 0.902
(6) P. acidilactici* -2.434 0.916 -2.657 0.038
(7) L. acidophilus* 4.694 0.916 5.125 0.002
Lactic acid after 24 h/4°C

(1) PSM (viv) -2.131 0.758 -2.813 0.031
(2) FOS (%) -0.496 0.758 -0.655 0.537
(3) Time (h) 0.212 0.758 0.279 0.789
(4) Temp. (°C) 8.782 -0.692 0.902 0.772 1.029 0.758 1.358 0.223
(5) S. cerevisiae* -0.804 0.758 -1.061 0.330
(6) P. acidilactici* -2.597 0.758 -3.427 0.014
(7) L. acidophilus* 4.301 0.758 5.676 0.001

“to be continued”
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Table 4 “continuation”

Term Average Curvature R? R? adj. Effect SE t-Value p-Value
Acetic acid after fermentation

(1) PSM (viv) -0.008 0.035 -0.223 0.831
(2) FOS (%) -0.0434 0.035 -1.253 0.257
(3) Time (h) 0.076 0.035 2.203 0.070
(4) Temp. (°C) 0.109 0.003 0.771 0.466 0.120 0.035 3.464 0.013
(5) S. cerevisiae* -0.015 0.035 -0.449 0.669
(6) P. acidilactici* 0.042 0.035 1.202 0.275
(7) L. acidophilus* 0.011 0.035 0.326 0.755
Acetic acid after 24 h/4°C

(1) PSM (viv) -0.020 0.015 -1.397 0.212
(2) FOS (%) -0.024 0.015 -1.672 0.145
(3) Time (h) 0.0529 0.015 3.605 0.011
(4) Temp. (°C) 0.119 -0.025 0.937 0.854 0.105 0.015 7.190 0.000
(5) S. cerevisiae* -0.021 0.015 -1.443 0.199
(6) P. acidilactici* 0.060 0.015 4.063 0.007
(7) L. acidophilus* 0.015 0.015 1.050 0.334
Ethanol after fermentation

(1) PSM (viv) -0.067 0.017 -3.909 0.008
(2) FOS (%) 0.157 0.017 9.068 0.000
(3) Time (h) 0.0370 0.017 2.139 0.076
(4) Temp. (°C) 0.392 -0.258 0.985 0.965 0.077 0.017 4.445 0.004
(5) S. cerevisiae* 0.200 0.017 11.561 0.000
(6) P. acidilactici* -0.1637 0.017 -9.461 0.000
(7) L. acidophilus* 0.0103 0.017 0.595 0.573

“to be continued”
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Table 4 “conclusion”

Term Average Curvature R? R? adj. Effect SE t-Value p-Value
Ethanol after 24 h/4°C

(1) PSM (VIv) 20.066 0.027 .45 0.049
(2) FOS (%) 0.070 0.027 2.609 0.040
(3) Time (h) -0.064 0.027 -2.369 0.056
(4) Temp. (°C) 0.380 -0.221 0.955 0.895  0.072 0.027 2.656 0.038
(5) S. cerevisiae* 0.198 0.027 7.335 0.000
(6) P. acidilactici* -0.123 0.027 -4.544 0.004
(7) L. acidophilus* 0.100 0.027 3.705 0.011

R® adj. - Regression analysis adjusted, SE - Starfiaoat * Viable counts(Log CFU/mL); Variables inldchave a significant effect
(p <0.05).

A"
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The independent variables with significant effecppH and lactic acid
are the initialL. acidophilus(LACA 4) and P. acidilactici (UFLA B FFCX
27.1) concentrations. The. acidilactici strain had a positive effect on pH,
indicating that this LAB was able to grow, but didt acidify the PSML.
acidophilus has negative effect on pH, consequently, the pticbiculture
contributed significantly to enhancing lactic agmloduction during PSM
fermentation.

PSM formulation had a significant positive effect the probiotic final
cell count. Therefore, the higher the peanut milR%) concentration in PSM,
lower was the probiotic viability, usually belowl®g CFU/mL. The negative
effect of greater peanut milk concentration in B&M can also be observed for
the lactic acid production. This result indicatedhatt a probiotic
viabilitylowerthan 8 LogCFU/mLgenerate under 8 g#f lactic acid o
fermented beverage.

FOS concentration was fixed at 3% (w/v). The additof FOS, despite
being a substrate for probiotics and aiding irgiswth, did not contribute to an
increase in microbial population, and presentedositipe effect in ethanol
production. It has been observed that usage of hiitentrations of FOS
results in greater production of acetic and laatis, which quickly decreases
the pH and consequently may negatively influenae fthal probiotic count
(YEO; LIONG, 2010, EVANGELISTA; GHISELLI; FILHO, 202).

Fermentation time did not influence the probiotiability, pH, lactic
acid and ethanol responses. The exception waséticaacid production under
refrigeration, where a positive influence was obsdr (p < 0.05). Thus
fermentation time was kept at lowest level (8 h)rtkermore, industrial short
fermentation times are preferable in order to iaseeplant output as well as to

reduce unwanted contaminating microorganisms.
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The temperature during fermentation interfered tp@dy in the acetic
acid and ethanol final contents.However, no sigaift effect of temperature
was observed on the probiotic counts, pH and latid content. In order to
avoid excessive ethanol and acetic acid produdtiertemperature at the central
point (37 °C) was selected for further study.

As expected, thes. cerevisiaeshowed a positive effect on ethanol
production. Thus, as the purpose was to obtain reatemholic product, the
initial population of this yeast was fixed at thénimum value studied (5 log
CFU / mL).

3.2 Optimization of conditions for PSM potentially probiotic beverage
production

It is difficult to demonstrate that two or more atgact synergistically
or antagonistically on the metabolism of acids ardwing of microbial
cultures. Only by very careful experimental desi@@n such interactions be
assessed. Response surface is one way of detedgngctions between two or
more agents (NARENDRANATH; THOMAS; OMGLEDEW, 20013. five-
level three-factor CCRD was performed with PSM folaed with different
combinations of the variable®.(acidilactici and L. acidophilusinocula and
PSM formulation) that were selected by the PB deagsignificant to enhance
the probiotic viability, lactic acid production gndonsequently, reducing the
pH of PSM beverage.

Table 5 shows the experimental data. In all asgagbiotic L.
acidophilusgrowth was observed. pH varied from 4.33 to 4.8&cording to
Yoon, Woodams and Hang (2004) pH values betweeradd04.5 is adequate
for probiotic products. The pH in this range suppes the development of
contaminating microorganisms and on the other hasdprganoleptically
appropriate (MCMASTER et al., 2005). Indeed, in wark, the fermentations
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with pH of 4.5 or below, were kept free of Gram-atge Entorobacteriaceae
Minor changes in pH (less than 0.12) occurred &teh under refrigeration,
tending to decrease, due topost-acidification.Atedént combinations of the
variables, the lactic acid content ranged from 8e133.83 g/L, reflecting the

importance of optimization to obtain higher yietif¢he desired product.

Table 5 Response variables as affected by problotiacidophilus LAB P.
acidilactici inocula and PSM formulation on PSM potentially
probiotic beverage during fermentation

L . Lactic Lactic
Test Pégg'r?tﬂc Pégg'r?tﬂc pH pH acid acid
run 8 h 24/49C 8h 24/4°C (g/L) (g/L)
8h 24/4°C
1 7.90 7.48 4.83 4.81 6.85 7.08
2 8.60 8.04 4.36 4.35 12.96 13.15
3 8.20 8.52 4.73 4.75 7.40 7.24
4 8.46 8.32 4.44 4.44 10.06 9.54
5 7.85 7.95 4.89 4.77 5.43 7.45
6 8.49 8.15 4.37 4.33 5.94 8.62
7 8.78 8.34 4.75 4.63 6.77 9.33
8 8.04 8.69 4.45 4.39 6.59 10.34
9 8.45 8.51 4.63 4.58 9.79 10.53
10 8.60 8.30 4.64 4.63 7.15 8.02
11 7.85 8.20 4.69 4.68 7.60 7.83
12 8.53 8.32 4.63 4.64 8.86 9.15
13 7.78 8.04 4.85 4.82 6.48 6.63
14 8.79 8.77 4.26 4.21 12.81 13.83
15 (C) 7.36 7.38 4.64 4.57 7.71 8.32
16 (C) 7.32 7.30 4.66 4.64 8.11 8.73
17 (C) 7.45 7.40 4.65 4.65 8.25 8.35

* Viable counts (Log CFU/mL).

Data presented in Table 6 was fitted to the quadnaddels giving the
probiotic viability, lactic acid production and plEquations (1), (2) and (3)) as
functions of PSM formulation (X1]. acidilactici (X2) andL. acidophilus(X3)
inocula, respectively:
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Probiotic viability 24 h/4 °C (Log CFU/mL) = 7.380:64%°+ 0.53 %° + 0.63

X4 (1)
pH value 24 h/4 °C = 4.61 - 0.3650.08%% + 0.09 %:X3 2)
Lactic acid 24 h (g/L) = 8.48 + 3.32,% 1.76 XX, — 1.55 X1X3 (3)

The reparametrized models contain only the stediyi significant
terms. The mathematical model for the optimizatioh the process was
generated by using data of PSM fermented and cdole®4 hours, since this
product is closer to the end product to be consuribd analysis of variance
(ANOVA) of the quadratic regression model indicatibét all models were

statistically significant at 95% of confidence leve



Table 6 Estimated effects of initidl. acidophilusand P. acidilactici

counts and PSM formulation on the studied

responses
Probiotic count* (8 h) Probiotic count* (24h/4 °C)
Independent variables R? R? adj. Effect SE t-Value  p-Value R R?adj.  Effect SE t-Value Vgl_ue
Mean 7.373 0.137 66.170 0.000 7.375 0.168 43.802 0.000
(1) PSM (L) 0.036 0.137 0.343 0.742 0.061 0.158 86.3 0.711
PSM (Q) 0.129 0.137 1.122 0.299 0.636 0.174 3.656 0.008
(2) P. acidilacticiL) 0.132 0.137 1.266 0.246 0.359 0.158 2271 0.057
P. acidilactici(Q) -0.296 0.137 -2.573 0.037 0.534 0.174 3.067 0.018
(3) L. acidophilus(L) 0852 0761 3745 0137 3583 o009 085 0724 443137 o158 1980  0.088
L. acidophilus(Q) -0.042 0.137 -0.369 0.723 0.636 0.174 3.656 0.008
1L by 2L 0.080 0.137 0.588 0.575 -0.097 0.207 -0.472 0.651
1L by 3L -0.262 0.137 -1.915 0.097 0.047 0.207 0.230 0.825
2L by 3L -0.456 0.137 -3.334 0.012 -0.152 0.207 -0.738 0.484
pH (8 h) pH 24/4°C (24h/4 °C)
Mean 4.651 0.012 390.417 0.000 4.609 0.025 181.299 0.000
(1) PSM (L) 0.017 0.011 1.529 0.170 -0.021 0.024 .898 0.400
PSM (Q) -0.0160 0.012 -1.299 0.235 -0.016 0.026 61B. 0.558
(2) P. acidilactici(L) -0.026 0.011 -2.368 0.049 -0.017 0.024 -0.719 0.495
P. acidilactici(Q) 0.002 0.012 0.136 0.895 0.023 0.026 0.864 0.416
(3) L. acidophilus(L) 0.994 0.987 -0.377 0.011 -33.669 0.000 0.973 0.939 -0.363 0.024 -15.186 0M.0
L. acidophilus(Q) -0.0726 0.012 -5.893 0.001 -0.080 0.026 -3.037 .01
1L by 2L -0.010 0.015 -0.684 0.516 -0.027 0.031 -0.881 0.407
1L by 3L -0.015 0.015 -1.026 0.339 0.022 0.031 0.721 0.494
2L by 3L 0.100 0.015 6.841 0.000 0.087 0.0312 2.805 0.026
Lactic acid (g/L) (8 h) Lactic acid (g/L)24/4%24h/4 °C)
Mean 8.451 0.530 15.950 0.000 8.485 0.527 16.098 0.000
(1) PSM (L) -0.962 0.498 -1.933 0.094 -0.803 0.495 -1.622 0.149
PSM (Q) 0.937 0.856  0.680 0.548 1.241 0.254 0.907 0.788 0.442 0.545 0.810 0.444
(2) P. acidilactici(L) -0.205 0.498 -0.413 0.692 0.348 0.495 0.703 508.
P. acidilactici(Q) -0.061 0.548 -0.111 0.915 -0.113 0.545 -0.207 0.841

“to be continued”

VT



Tabel 6 “conclusion”

Probiotic count* (8 h)

Probiotic count* (24h/4 °C)

Independent variables R? R? adj. Effect SE t-Value  p-Value R R?adj.  Effect SE t-Value Vgl_ue
Lactic acid (g/L) (8 h) Lactic acid (g/L)24/4%24h/4 °C)

(3) L. acidophilus(L) 4.681 0.498 9.407 0.000 3.317 0.495 6.701 0.000

L. acidophilus(Q) 0.944 0.548 1.724 0.128 1.119  0.545 2054 .07

1L by 2L 0.937 0.856 -0.094 0.650 -0.145 0.889 0.907 0.788 1.762 0.647 2.725 0.030

1L by 3L 0.555 0.650 0.854 0.421 -1.547 0.647 -2.391 0.048

2L by 3L -1.705 0.650 -2.622 0.034 -0.981 0.647 -1.517 0.173

174"
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Since the calculated F values (27.57 for Eq. (2)99 for Eg. (2), and
14.50 for Eq. (3)) were higher than the listed FigaFs.13= 3.41) (p < 0.05).
Good correlation coefficients were also obtainedept for probiotic viability
(R*=0.72).

P. acidilactici and L. acidophilus effects on pH, as well as their
interaction, were statistically significant at 95%f confidence level.
Accordingly, the probiotic culture and the intefaot of the two LAB strains
were statistically significant on lactic acid pration at 8 h of fermentation.
Interaction means that the effect produced on pdHlactic acid content in PSM
beverage by a change in probiotics population dépen the inoculation level
of P. acidilactici

The PSM formulation with higher content of peaniikrmad a negative
effect on the production of lactic acid after 24uteounder refrigeration. This
fact corroborates with our previous findings thdtow the peanut milk
negatively affect the lactic acid production by theculated cultures. Soymilk
generally has higher carbohydrate content thanyteaitk. Values between 1.5
to 2.0% for soymilk and 0.53 to 0.95% for peanukrlATADE; RANVEER;
SAHOO, 2009; ISANGA; ZHANG, 2009; SANTOS; LIBECK;CHWAN,
unpublished results 2014a; SCHAFFNER; BEUCHAT, 198fve been
reported. It is interesting to note thiat acidophiluscan ferment raffinose
(BUCHANAN; GIBBONS, 1974), a sugar present at higlencentration in
soybeans than in peanuts (11.6 mg/g and 3.3 meg&pectively) (KUO;
VANMIDDLESWORTH; WOLF, 1988). The interaction of RBformulation
andL. acidophilusalso had a negative effect on the lactic acid petdn.

The quadratic models for probiotic viability, pHdalactic acid content
in PSM potentially probiotic beverage were utilizeal generate the three-
dimensional response surface ploBg( 1, 2 and Fig. 3). Figure 1 is the
response surface for the probiotic viability in tR8M beverage as influenced
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by the PSM proportions X P. acidilactici (X;) and L. acidophilusinitial
inoculum (). The positive linear term fok. acidophilusand the negative
quadratic interaction between the probiotic strai P. acidilactici suggests
that the effect of.. acidophilusinoculum resulted in: an increase in probiotic
viability, lactic acid content and in pH decreasigiure 2 is the response surface
for the pH in the PSM potentially probiotic bevezags influenced by the.

acidilactici (X) andL. acidophilusinitial inoculum ().
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Figure 1 Effect of: A)L. acidophilusinoculum and PSM formulation;B)
P.acidilactici inoculum and PSM formulation; @). acidophilusand

P.acidilactici inocula on the probiotic viability of PSM symbioti
beverage after 24 under refrigeration storage
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Figure 2 Effect oL. acidophilusandP. acidilacticiinocula on the pH of PSM
beverage after 24 under refrigeration storage

The interaction between PSM formulationdndacidophilusdecreased
the lactic acid content of the PSM beverage affleh 2inder refrigeration. The
figure 3A shows the negative quadratic effect oMPBrmulation on probiotic
viability. Figure 3B displays the positive interact betweerP. acidilacticiand
PSM formulation, causing an increase in the laatid concentration in PSM
beverage under refrigeration.
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Figure 3 Effect of: a).. acidophilusinoculum and PSM formulation; .
acidilactici and PSM formulation on the lactic acid contentP&M
beverage after 24 under refrigeration storage

The content of lactic acid in PSM potentially pratii beverage can
reach values above 18 g/L by increasing the initagdulation ofL.. acidophilus
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and reducing peanut milk content in PSM formulatidowever, several studies
on the survival of the probiotic microorganisms éahown that products with
high acidity (for example yogurt) lead to furthess$ of viability than products
with low acidity (for example frozen yogurt, iceeam cheese and traditional)
(CHAMPAGNE; GARDNER, 2008; DONKOR et al., 2007; NABASHEMI;
HOSEINI, 2014; WANG; YU; CHOU, 2002). So it is nesary to make a
careful selection of strains to be used,beyonditheunt to be inoculated.

The aim of the optimization was to minimize pH \alwhile
maximizing probiotic viability and lactic acid camtt, in order to obtain a
product with physical-chemical and sensorial acapt characteristics. The
optimal condition for the production of PSM poteiliti probiotic beverage was
estimated to be initial population of 6.68 Log CFil/of L. acidophilus 8.00
Log CFU/mL of P. acidilacticiand 61.2% of PM on PSM formulation with a
desirability of 0.929974. The other conditions useere fixed after the PB
experimental design, namely: 3 % of FOS, 5.0 Lo@y®fL of S. cerevisiae8
h of fermentation at 37 °C.

Three independent fermentation runs at the abotimized conditions
were carried out. The predicted values accordindpé¢oCCRD were: 8.09 Log
CFU/mL, 4.35, and 11.95 g/L for probiotic viabilitgH and lactic acid content,
respectively. The obtained values for these ressons the validation
experiment were: 8.30 Log CFU/mL, 4.29 and 11.99, géspectively. The
good agreement between the predicted and expeaim@sults confirmed the

validity of the model.

3.3 Quality assessment and refrigerated storage

The total amino acid composition of a food protgdarticularly of the
essential amino acids, has classically been camgldea measure of its
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biological adequacy (SANTOS; LIBECK; SCHWAN, unpished results
2014a). The total amino acid composition of PSMeptally probiotic
beverage is presented in Table 7. These valuesampared to the official
amino acid profile of an ideal protein as estalgtstby WHO (2007). The
conversion of PSM into a fermented beverage brownut significant
decreases in the levels of histidine, isoleucireycihe, lysine, cysteine,
tyrosine, threonine and valine essentials amingadthile, the concentration of
methionine remained fairlyconstant in both fermdraad unfermented samples
and phenylalanine increased from 1.54 to 1.90 g/ 13®PSM beverage.

In refrigerated storage there was a decrease irpithigiotic viability
(Fig. 4). TheL. acidophiluswas above 8 Log CFU/mL until day 7 of storage.
After 35 days, the number &f acidophiluscells decreased to 7.26+0.11 Log
CFU/mL. P. acidilactici populations remained stable throughout the storage
period. While the yeas®. cerevisiaeshowed slight growth from day 14,
reaching 5.95 log CFU/mL in the thirty-fifth day.SM beverage obtained
enough population to act as probiotic microorgasismthe human intestine,

providing also a good sensory quality and texture.



Table 7 Total amino acid composition of the PSM kigtic beverage, compared with the WHO standar@720

Requirements WHO/FAO/ONU PSMPB

Amino acid (g/_lOOg of protein, dry basis) G E(S)gg (cff.|13)SM, (g/l_OOg of PSM
Children (age) Adults dry basis) symbiotic beverage, dry
1-2 3-10 basis)

Histidine (Hys) - - 1.5 1.12 0.72
Isoleucine (lle) - - 3.0 1.78 1.44
Leucine (Leu) - - 5.9 2.90 2.09
Lysine (Lys) 5.2 4.8 4.5 1.75 1.55
Methionine (Met) - - 1.6 0.50 0.44
Cysteine (Cys) - - 0.6 0.67 0.28
Phenylalanine (Phe) - - - 1.54 1.90
Tyrosine (Tyr) - - - 1.61 1.03
Threonine (Thr) 2.7 2.5 2.3 1.71 1.05
Tryptophan (Trp) 7.4 6.6 0.6 nd nd
Valine (Val) - - 3.9 2.01 1.43
Total essential amino acids 15.3 13.9 23.9 15.59 11.93
Arginine (Arg) 4.80 3.17
Alanine (Ala) - - - 1.92 1.39
Aspartic acid (Asp) - - - 5.13 511
Glutamic acid (Glu) - - - 9.44 6.23
Glycine (Gly) - - - 1.93 1.19
Proline (Pro) - - - 2.40 1.32
Serine (Ser) - - - 2.20 1.61
Total amino acid - - - 43.37% 31.95%

* PSM — peanut-soy milk in ratio (2:1

— peanut:sdgyeloped by Santos et al (2014a, submitted palddr)- not determined.

94T



157

8,40 -
7,90 4
7,40 -

6,90 -

Log CFU/mL

6,40 -

590 {5 .3

- » ¥
5,40

o] 7 g 14 21 28 35

Days

—e—S_cerevisiae —— P.acidilactici —a&— L. acidophilus

Figure 4 Cell number (Log CFU/mL) of inoculated moierganisms of peanut-
soy milk beverage fermented for 8 h at 37 °C amthér stored for
35 days at 4 °CS. cerevisiae(#), L. acidophilus (m) and P.
acidilactici (A). Data are means of three independent experiments.
Bars on data points represent standard errors

The final pH and lactic acid content of the ferneehPSM beverage felt
within an acceptable range (4.0 to 4.5; 12 to 22 d¢or a good yoghurt
(TAMIME; DEETH, 1980). Table 8 shows the main plogdichemical changes
observed in PSM beverage during the 35 days urefeigeration. The pH
decreased to 3.80 and lactic acid content increasedhing 15.53 g/L in 35
days of storage.

Glucose, sucrose, maltose and raffinose contermsasadduring
fermentation, probably being mainly converted iattic acid by the probiotic
culture. Instead, thefructosecontentincreaseddstioniage, this mayindicatethat
reduction in the contents of raffinose may be latbed to the hydrolytic
reaction catalyzed by- and p-galactosidases produced by both LAB. (
acidilactici andL. acidophilu species studied here (DONKOR et al., 2007).



Table 8 Physico-chemical characteristics of PSMisgtit beverage during refrigerated storage

Lactic

Acetic

Days pH acid acid Ethanol Fructose  Glucose Sucrose Maltose  Stachyose Raffinose
@l @l (glL) (gL) (gL) (gL) (gL) (9/L) (gL)
4.29 + 11.99 0.19 + 0.00 + 3.83+
1 0.02 +0.35 0.01 0.00 0.60+40.02 Nd 0.296.00 0.516.18 0.21 0.4840.03
7 3.99 + 11.69 + 0.46 + 0.17 + 0.57 + Nd 0.17 + 0.11+ 3.65+ 0.45 +
0.02 1.41 0.06 0.00 0.10 0.03 0.00 0.36 0.15
14 391+ 13.27 + 0.52 + 0.18 + 0.93 + 0.04 + 0.10 + 0.03 + 3.58 + 0.42+
0.04 0.22 0.01 0.00 0.06 0.01 0.00 0.01 0.12 0.04
21 3.87+ 14.44 + 0.50 + 0.18 1.07+ 0.02 + 0.06 + 0.04 + 3.46 + 0.38+
0.00 0.12 0.27 +0.02 0.07 0.00 0.01 0.01 0.04 0.04
o8 3.84+ 15.58 + 0.47 + 0.22 + 1.40+ 0.03 + Nd 0.05 + 3.15+ 0.30+
0.02 0.25 0.01 0.01 0.21 0.00 0.01 0.45 0.04
3.80+ 15.53 + 0.45+ 0.19 + 1.52 + 0.02 + 0.05 + 0.28 +
35 0.02 1.47 0.06 0.04 0.15 0.01 Nd 0.02 3.0440.10 0.02

Data are the means of three independent assaysiNidtddetected; -Standard deviation

84T
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3.4 Sensorial analysis

After the chemical and microbiological analysesg tlptimized
beverage was subjected to sensory analysis tosagsemcceptance among the
consumers. Fig. 5 presents the percentage of acumptattributed to the
beverage by 53 untrained tasters, designated hgedthe nine-point hedonic
scale. The appearance reached a higher freque@dagters, 53% of the total)
in point 8 of the hedonic scale, averaging 7.7, mmgathat the tasters “liked
very much” this attribute of the PSM beverage.

1

—8— Appearance —&—Aroma —8—Taste —@—Overall

Figure 5 Distribution of the number of panelists time sensory analysis.
Numbers 1 to 9 range from disliked extremely (1)iked extremely

(9).

Similar averages were recorded for other two evatliattributes,
where the overall aspects achieved a slightly higladue, followed by aroma
with respective scores of 6.4 and 6.3. The tastéthefbeverage reached an
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average of 5.9, indicating that the tasters hadlidy liked” this attribute of the
PSM beverage.

The PSM potentially probiotic beverage was sweeteri¢th sucralose.
Artificial sweeteners have been used to replaceatsdrate in the management
of diabetes and obesity (AMERICAN DIETETIC ASSOCIKIN, 2004).
Furthermore, sucralose is a noncaloric sweetengvediefrom sucrose and is
approximately 600 times sweeter.The sweetness lea®lalso evaluated by the
53 panelists. Among them, 45% felt the ideal swesgtrof the product and 24%
thought the product was slightly less sweet tharndbal. Moreover, 41% of the
panelists stated that would probably buy the produtwas available and 24%
reported having doubts whether buy the product ldpeel. Therefore, sensory
analysis showed good acceptance of the produdhgtakto account the fact
that the tasters were not familiar with the PSMdrage, demonstrating the

potential for commercialization of the developeddarct.
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4 CONCLUSION

Optimal PSM potentially probiotic beverage could peduced by
fermentation with a combination of the LAR acidilactici, probiotic cultureL.
acidophilus and the yeastS. cerevisiaewith addition of 3% FOS at a
temperature of 37 °C for 8 h. The possibility obgucing a vegetable milk
from peanut and soy is beneficial as (a) the prbdudactose-free; (b) will
contain all the goodness in the seeds especiallgntials aminoacids, which
may contribute to nutritional well-being; (c) wilontain a population of
probiotics above the minimum recommended by lavil @& days of storage;
and (d) give rise to a new class of products, wileeeaddition of yeast may
provide greaterviability of theprobiotic cultureydaserve as a source of protein
and vitamin B. It was observed that, from the seab@cceptability of the
beverage, this technology can be an alternativdargeeanut and soybeans and

may provide a new industrial outlet for these @tie
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