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RESUMO

Objetivo: desenvolver um leite fermentado com Lactobacillus acidophilus- LA-5,
Bifidobacterium lactis- BB-12 e Streptococcus thermophilus com concentragbes
otimizadas de farinha de acerola e pectina. Verificar as caracteristicas fisico-quimicas,
sensoriais e microbiolégicas da formulacdo otimizada. Avaliar a viabilidade dos
microrganismos e a sobrevivéncia dos microrganismos probidticos frente a simulacao
das condi¢Bes gastrointestinais in vitro. Métodos: a farinha de acerola foi avaliada
com relacdo ao conteudo fendlico, atividade antioxidante e teor de fibras totais. Foi
utiizada a Metodologia de Superficie de Resposta (MSR) para obtencdo das
concentragdes otimizadas de farinha de acerola e pectina no leite fermentado. O leite
fermentado otimizado foi avaliado durante 28 dias de armazenamento refrigerado (5 +
1 °C) quanto as caracteristicas fisico-quimicas: composicdo centesimal, pH, acidez
Dornic, atividade antioxidante, sinérese, perfil de textura; as caracteristicas sensoriais:
sabor, impressao global e textura e as caracteristicas microbioldgicas: viabilidade dos
microrganismos e sobrevivéncia gastrointestinal a partir de simulacdo de condicdes
gastrointestinais in vitro dos microrganismos probiéticos. Resultados: a farinha de
acerola apresentou 52,50 mg EAG g™ de compostos fendlicos totais, 226,86 mmols ET
g’ de atividade antioxidante segundo método de DPPH e 51mmol ET g™ por FRAP
com 56,28 + 0,19 % de fibras totais. Somente a farinha de acerola influenciou
significativamente (p < 0,05) os atributos sensoriais do leite fermentado simbiético. O
modelo matematico desenvolvido foi eficaz para determinar a regido otimizada das
variaveis independentes. A formulagéo otimizada apresentou 18,42 + 0,75 g 100 g *de
fibras dietéticas. Durante todo o periodo de estocagem ndo houve diferenca estatistica
(p < 0,05) nos valores de pH comparando as formula¢des tratamento e controle. Em
relacdo a acidez Dornic, verifica-se diferenca estatistica (p < 0,05) entre as
formulacdes controle e tratamento. Embora declinio na atividade antioxidante do leite
fermentado, observa-se expressiva atividade antioxidante mesmo ao final do periodo
de armazenamento (1325,34 + 39,95 mM eq. Trolox/g). Verifica-se aumento crescente
nos valores de sinérese durante o tempo de estocagem dos leites fermentados.
Somente para os parametros adesividade e gomosidade houve diferenca estatistica
entre as formulacdes. O atributo sabor ndo apresentou diferenca significativa ao longo
dos 28 dias de armazenamento, diferentemente dos atributos impressao global e
textura. A adicdo dos prebidticos reduziu significativamente (p < 0,05) a viabilidade dos
microrganismos e a sobrevivéncia dos microrganismos probiéticos apds a simulacao
das condi¢bes gastrointestinais in vitro, com concentra¢c8es finais inferiores as da
formulacéo controle (p < 0,05). Concluséo: a farinha de acerola apresentou elevada
concentracdo de compostos fendlicos, atividade antioxidante e fibras, sendo a Unica
variavel que influenciou a aceitacdo sensorial do produto fermentado. O leite
fermentado simbibtico apresentou alto contedudo de fibras, elevada atividade
antioxidante e boa aceitagdo sensorial durante 28 dias de armazenamento. A adigdo
da farinha de acerola e da pectina ndo contribuiu com a viabilidade dos
microrganismos e a sobrevivéncia probibtica frente ao processo de digestédo
gastrointestinal in vitro. A utilizagdo de um subproduto agroindustrial € uma alternativa
de aproveitamento e contribui¢cdo positiva ao meio ambiente.

Palavras-chave: Alimento funcional, lacteos, viabilidade gastrointestinal.



ABSTRACT

Objective: to develop fermented milk with Lactobacillus acidophilus LA-5,
Bifidobacterium lactis Bb-12 and Streptococcus thermophilus with optimized
concentrations of acerola flour and pectin. The physical-chemical, sensorial and
microbiological characteristics of the optimized formulation was verified. To assess the
viability of microorganisms and the survival of probiotic microorganisms against the
simulation of gastrointestinal conditions in vitro. Methods: acerola flour was evaluated
for phenolic content, antioxidant activity and total fiber content. The Response Surface
Methodology was used to obtain optimum concentrations of acerola flour and pectin in
fermented milk. The optimized fermented milk was evaluated during 28 days of
refrigerated storage (5 * 1 °C) for the physico-chemical characteristics: centesimal
composition, pH, Dornic acidity, antioxidant activity, syneresis, texture profile; sensory:
taste, overall impression and texture and microbiological: viability of microorganisms
and gastrointestinal survival from simulation of in vitro gastrointestinal conditions of
probiotic microorganisms. Results: acerola flour presented 52.50 mg GAE g™ of total
phenolic compounds, 226.86 mmols TE g* of antioxidant activity according to DPPH
method and 51 mmol TE g* by FRAP with 56.28 + 0.19% of total fibers. Only acerola
flour significantly influenced (p < 0.05) the sensorial attributes of symbiotic fermented
milk. The developed mathematical model was effective in determining the optimized
region of the independent variables. The optimized formulation showed 18.42 + 0.75 g
100 g* dietary fiber. During the storage period there was no statistical difference (p
<0.05) in the pH values comparing the treatment and control formulations. In relation to
Dornic acidity, there was a statistical difference (p <0.05) between control and
treatment formulations. Although a decline in the antioxidant activity of fermented milk,
significant antioxidant activity is observed even at the end of the storage period
(1325.34 + 39.95 mM Trolox/g eq.).There is an increasing in syneresis values during
the storage time of the fermented milks. Only for the adhesiveness and gum
parameters, there was a statistical difference between the formulations. The flavor
attribute did not present significant difference during the 28 days of storage, unlike the
attributes global impression and texture. The addition of prebiotics significantly reduced
(p < 0.05) the viability of microorganisms and the survival of probiotic microorganisms
after simulation of gastrointestinal conditions in vitro, with final concentrations lower
than those of the control formulation (p < 0.05). Conclusion: The acerola flour
presented high concentration of phenolic compounds, antioxidant activity and fibers,
being the only variable that influenced the sensorial acceptance of the fermented
product. Symbiotic fermented milk presented high fiber content, high antioxidant activity
and good sensory acceptance during 28 days of storage. The addition of acerola flour
and pectin did not contribute to the viability of microorganisms and to the probiotic
survival in the gastrointestinal digestion process in vitro. The use of an agroindustrial
by-product is an alternative to the use and positive contribution to the environment.

Key words: Functional food, dairy, gastrointestinal viability.
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1. INTRODUCAO

1.1 Subproduto do processamento da acerola

A acerola (Malpighia glabra L., Malpighia punicifolia L. ou Malphigia
emarginata DC.) € uma planta de facil propagacao e elevada resisténcia. A partir
da descoberta dos elevados teores de &acido ascorbico, antioxidantes e
antocianina, aliado ao baixo valor cal6rico, despertou-se o interesse em sua
potencialidade econdmica (1,2). Além de fonte de fibras, a acerola possui
elevada concentracdo das vitaminas A, B1, B2, B3 e C; e dos minerais ferro,
calcio e fosforo (3,4). Apresenta elevada quantidade de carotenoides,
especialmente o B-caroteno, tornando-a um fruto rico em antioxidantes com
capacidade preventiva a doencas crénicas nao transmissiveis como canceres e
doencas cardiovasculares (5, 6,7).

Poucos paises cultivam a acerola comercialmente, sendo o Brasil um
deles. Inicialmente a aceroleira foi introduzida em Pernambuco se difundindo para
o Nordeste e outras regides do pais. Atualmente, todos os estados brasileiros a
cultivam, exceto a Regido Sul durante o inverno. A maior parte da producao é
destinada a exportacdo como polpa, frutos congelados e suco integral (8,9,3).

A producdo de acerola no Brasil € de aproximadamente 150 mil
toneladas de frutos, produzidos principalmente pela Regido Nordeste. Parte
consideravel dessa producdo ndo é aproveitada devido a alta perecibilidade dos
frutos, estimando-se em 40% as perdas pdés-colheita. No mercado interno, a
acerola produzida é distribuida entre a industria (46%), atacado (28%), varejo
(19%), bem como cooperativas e outras associacfes de produtores (7%). Durante

0 processamento da acerola para producao de polpa ou suco, a prensagem das
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frutas, produz um residuo fibroso (bagaco), que muitas vezes € descartado,
gerando um grande volume de residuos organicos (10,11).

O subproduto do processamento da acerola é uma fonte alternativa de
fibras dietéticas, contribuindo na prevencdo de doencas gastrointestinais e
cardiovasculares (12,13). Normalmente, o bagaco de acerola torna-se um
problema para industria, por ndo possuir um destino especifico, além de ser rico
em matéria organica, também é altamente poluente. Além disso, seu tratamento
para o descarte demanda altos custos operacionais. Dessa forma, o
aproveitamento do subproduto da acerola contribui com o meio ambiente, além de
ser uma estratégia de enriqguecimento e desenvolvimento de novos produtos

funcionais (14).

1.2 Pectina

Pectinas sdo membros de uma familia de polissacarideos complexos
compostas principalmente por acido a-d-galacturénicos e monossacarideos,
sendo encontrada na parede celular de plantas e tecidos. A proporcao de grupos
de acidos galacturbnicos esterificados a partir de metanol estipula seu grau de
esterificacdo. Com isso, elas sao divididas entre baixo e alto grau de esterificacéo
(15).

Por apresentar propriedades espessantes, geleificantes e estabilizantes,
a pectina é largamente utilizada pela industria de alimentos, especialmente em
bebidas lacteas acidificadas. Possui grande capacidade de retencdo de agua
resultando na formacédo de géis. Em geral, a pectina é obtida a partir de residuos

vegetais (polpa de maca ou cascas de frutas citricas) ou através do aclcar da
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polpa da beterraba. Sua extragcdo € realizada por métodos quimicos ou
enzimaticos (16,17,18,19).

Os principais beneficios da pectina envolvem sua caracteristica de fibra
solavel, portanto, vem sendo apontada com capacidade potencialmente prebibtica
(15) Dessa forma, ela ndo é absorvida no intestino delgado e ao chegar ao
intestino grosso, é fermentada pelas bactérias intestinais, podendo promover
efeitos fisiol6gicos benéficos ao organismo. A pectina pode ligar-se as micelas
dos sais biliares e impedindo sua reabsor¢ao, consequentemente, pode contribuir
na reducdo dos niveis séricos de colesterol. Devido a sua alta capacidade de
retencdo hidrica, a pectina pode auxiliar contra diarreia e constipacdo, também &
capaz de se ligar a cations favorecendo a excrecdo de elementos toxicos pela
urina (20). Sendo altamente fermentavel, contribui com o aumento do volume
fecal; pode desempenhar efeito protetor a microrganismos probioticos durante seu

armazenamento, inclusive a baixas temperaturas (21,17).

1.3 Probidticos

Define-se  probiéticos como microrganismos viaveis, quando
administrados em quantidades adequadas afetam beneficamente a saude do
hospedeiro (22). Para uma cultura ser considerada probidtica, ela deve habitar
naturalmente no intestino humano, sobreviver a passagem pelo trato
gastrointestinal e desempenhar efeitos positivos ao hospedeiro. A cepa deve ser
resistente aos sais biliares, ao pH gastrico, enzimas intestinais e metabdlitos
toxicos formados durante o processo da digestdo (23).

De acordo com a ANVISA — Agéncia Nacional de Vigilancia Sanitaria a

alegacédo de propriedade funcional deve ser comprovada pela empresa a partir da
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comprovacédo da seguranca e da eficacia desempenhada pelo produto. A eficacia
deve ser comprovada por meio de embasamentos teoricos, estudos clinicos e
epidemioldgicos. A viabilidade deve ser condizente com a quantidade minima do
microrganismo necessaria para que os efeitos funcionais sejam notados (24).
Comercialmente as bactérias probitticas utilizadas com maior frequéncia
em formulagBes alimenticias pertencem aos géneros Lactobacillus e
Bifidobacterium. Os lactobacilos sdo bactérias Gram-positivas, produtoras de
acido latico. Fazem-se presentes na microbiota intestinal humana,
desempenhando importante funcdo protetora contra a proliferagcdo de agentes
patogénicos. A producédo de acido lactico reduz o pH intestinal, resultando em um
ambiente desfavoravel para o crescimento de organismos patogénicos (25,26).

A cepa probidtica Lactobacillus acidophilus LA-5 é uma das mais
estudadas, utilizada em diversos produtos lacteos (27). Dentre seus beneficios,
destacam-se a capacidade de modulacdo da microbiota intestinal, efeito
hipocolesterolémico, protecdo contra diarreia infecciosa e alivio nos sintomas
clinicos de dermatite atopica (28,29,30) .

As bifidobactérias sdo microrganismos Gram-positivos, isentos da
formacédo de esporos e de flagelos. S&o anaerdbios e podem apresentar-se como
bacilos curtos e curvados, a bacilos bifurcados (31,32). Essas bactérias
promovem inameros beneficios a seus hospedeiros, como a producdo de
vitaminas, efeito imunomodulador, atividade hipocolesterolémica e inibicdo de
patéogenos (33,34). Também sao capazes de promover a saude intestinal,
produzindo compostos inibidores de microrganismos patogénicos (35). Além de
moduladores da microbiota intestinal, podendo previnir diarreias e doencas

inflamatorias intestinais (36).
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Bifidobacterium animalis, subsp. lactis (B. lactis) tem sido amplamente
utilizado como ingrediente ativo de produtos lacteos funcionais (37,38). Esta
espécie apresenta caracteristicas tecnoldgicas desejaveis, como tolerancia ao
oxigénio, resisténcia a bile e a &cidos, e capacidade para se desenvolver em
meios a base de leite (34,39).

Para que as bactérias probidticas exercam seus beneficios, elas
necessitam manterem-se viaveis, apés a passagem pelo trato gastrointestinal e
durante todo seu tempo de armazenamento (40,41). Fatores como o teor de
umidade, acidez, pH, metabdlitos inibidores (acidos organicos, bacteriocinas)
podem afetar de forma negativa a viabilidade dos probiéticos nas matrizes
alimentares (38). Assim, os ingredientes utilizados na formulacdo de um produto
podem infuenciar positivamente ou negativamente os efeitos funcionais
probidticos.

Para se avaliar a viabilidade dos probiéticos durante a digestao,
atualmente ha uma série de modelos in vitro sendo utilizados para este tipo de
estudo (42). Nestes modelos ha a possibilidade de simular a saliva (amilase), o
estdbmago (controle de pH e pepsina) e o duodeno (pancreatina e sais biliares).
Failla e Chitchumroonchokchai (2005) e Verruck et al. (2015) apontam a
simplicidade e rapidez de metodologias in vitro, contrapondo-se aos ensaios in
vivo, onde esses demandam altos custos e longos periodos para a realizacéo,
além da variabilidade individual. Os ensaios in vitro sdo capazes de simular
condi¢cBes gastrointestinais similares a digestdo humana (42,43).

Silva et al (2015) verificaram uma diminuicdo de 3,82 ciclos
logaritmicos do Bifidobacterium animalis subsp. lactis BLC1 em sorvete de leite de

cabra, apés a passagem em modelo in vitro simulando as condi¢des
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gastrointestinais (44). Rolim et al. (2015) n&o verificaram alteracdes significativas
de ciclos logaritmicos de células vidveis de Lactobacillus rhamnosos EM1107 em
queijo apoés simulacdo de condi¢cdes gastrointestinais em ensaio in vitro (45).
Oliveira et al. (2014), avaliaram a sobrevivéncia dos probidticos Lactobacillus
acidophilus LA-5, Lactobacillus casei subsp. paracasei 01 e Bifidobacterium lactis
BB-12 incorporados ao queijo coalho em sistema gastrointestinal in vitro.
Verificou-se diminuicdo na contagem de células vidveis em todas as cepas
probidticas. Inicialmente elas apresentaram 7-8 log UFC/g e ap6s o sistema in
vitro 5-6 log UFC/g. B. lactis BB-12 mostrou-se com contagem superior a 5,5 log
UFC/g ap6s a digestéo gastrointestinal simulada em modelo in vitro (46).

A administragdo de probioticos combinados com substancias
prebidticas como a inulina, frutooligossacarideos, galactooligossacarideos,
pectina e lactulose € de grande interesse (41). Sabe-se que a adicdo de
prebidticos a produtos lacteos probidticos fornecem beneficios adicionais a
fisiologia do organismo (47), podendo desempenhar efeito protetor as bactérias
probidticas contribuindo com sua sobrevivéncia, proliferacdo e atividade desses
microrganismos nas matrizes alimentares durante a vida de prateleira, além de
contribuir com a passagem dos probioticos pelo trato gastrointestinal aumentando
sua resisténcia a sucos gastrico e entérico (48,49).

A relacdo entre a combinacdo de probidticos com prebidticos
classifica-se como simbiética e tem sido bastante utilizada em produtos
alimentares a fim de aproveitar seus efeitos sinérgicos (50,51). A adicdo de
prebidticos a lacteos tem sido relacionada também, a promocdo da saude

intestinal e melhora na absorcéo de calcio e outros minerais (52,37).
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Dias et al. (2012) produziram uma bebida lactea fermentada a partir de
L. acidophilus LA-5 e B. lactis BB-12 combinada com polpa de yacon. Verificou-se
gue o sinergismo entre frutooligossacarideos da polpa do yacon e o L. acidophilus
LA-5 e o B. bifidum BB-12 resultou na contagem satisfatéria dos probiéticos até os
21 dias de estocagem (53). Oliveira et al., (2012) estudaram o efeito da adicéo de
inulina em leites fermentados contendo Streptococcus thermophilus TA040 e
Bifidobacterium animalis subsp. lactis BL 04. Observou-se que a adi¢ao da inulina
reduziu o tempo de fermentacdo, aumentou os niveis de &cidos latico e acético, e
compostos volateis. As concentracdes finais de ambos os microrganismos foram
maiores em relacdo as suas respectivas culturas puras, mostrando um efeito
simbidtico positivo entre probioticos e prebidticos (34).

Bedani, Rossi e Saad (2013) avaliaram o efeito da adicao de inulina e
farinha de okara em um produto fermentado de soja contendo Lactobacillus
acidophilus LA-5 e Bifidobacterium lactis BB-12. Verificou-se que adicdo de
prebidticos ndo afetou a viabilidade dos microrganismos probidticos. Entretanto,
comparando uma cultura fresca de B. lactis BB-12 a cultura de B. lactis BB-12 na
bebida fermentada, verificou-se melhora na sobrevivéncia do microrganismo
probidtico agregado a bebida fermentada em seu primeiro dia de armazenamento
47).

Os probidticos podem ser adicionados a diversas matrizes
alimentares. No entanto, destaca-se a adicdo desses microrganismos em
produtos lacteos, como iogurtes (37), sorvetes (44); bebidas lacteas fermentadas
(54,55) queijos como petit-suisse (56), queijo prato (57), queijo fresco cremoso

(58) e queijo tipo minas frescal (59).
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1.4 Leites fermentados como veiculos de probidticos e prebidticos

Dentre os principais alimentos probiodticos no mercado, destacam-se
os produtos lacteos, especialmente por conta da capacidade tampé&o do leite que
contribui com a viabilidade do probiético durante sua fermentacdo e
armazenamento. Dos produtos lacteos probiéticos, os mais comuns sao iogurtes
e leites fermentados (55).

O leite fermentado tornou-se bastante conhecido devido aos seus
beneficios a salude e suas propriedades terapéuticas, ja o iogurte foi inicialmente
aceito como uma boa fonte de célcio (60). De acordo com a Instru¢cdo Normativa
n°46, de 23 de outubro de 2007, do Ministério da Agricultura, Pecuaria e
Abastecimento, define-se leite fermentado o produto adicionado ou ndo de outras
substancias alimenticias, obtido por coagulacdo e diminuicdo do pH do leite, ou
reconstituido, adicionado ou ndo de outros produtos lacteos, por fermentacao
latica mediante acao de cultivos de Lactobacillus acidophilus, Lactobacillus casei,
Bifidobacterium spp., Streptococcus salivarus subsp. thermophilus e/ou outras
bactérias acido lacticas que por sua atividade contribuem para a determinacao
das caracteristicas do produto final. Esses microrganismos devem estar viaveis,
ativos e abundantes no produto final durante todo o periodo de estocagem (61).

Ainda de acordo com a Instrucdo Normativa n°46, de 23 de outubro de
2007, do Ministério da Agricultura, Pecuaria e Abastecimento o iogurte € o
produto obtido pela fermentacdo realizada com cultivos de Streptococcus
salivarius subsp. thermophilus e Lactobacillus delbrueckii subsp. Bulgaricus,
podendo acompanhar, de forma complementar, outras bactérias acido-lacticas
gue contribuam com as caracteristicas finais do produto (61). Em contrapartida a

legislacéo brasileira, o0 Code of Pratice for the Composition and Labelling of Yogurt
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(62) define como iogurte o produto lacteo obtido a partir da fermentacdo pelas
culturas de Lactobacillus bulgarius e/ou Streptococcus thermophilus.

Nas matrizes alimentares em que estdo adicionadas, as bactérias
probidticas podem desenvolver padrées de sabor e textura distintos; fazendo com
que cada mistura de culturas microbianas resulte em um produto especifico (55).
Dentre os géneros utilizados, destacam-se as cepas de Bifidobacterium spp como

um dos probidticos de maior utilizacdo em produtos lacteos funcionais (43).

1.5 Metodologia de Superficie de Resposta

A Metodologia de Superficie de Resposta engloba técnicas que visam a
otimizagéo, verificando a influéncia de variaveis independentes frente variaveis
de resposta. Por meio da identificacdo e quantificacdo dessas variaveis
independentes, condi¢cbes otimizadas sao estipuladas utilizando-se de modelos
preditivos. Dessa forma, a otimizacdo objetiva o aprimoramento maximo de
sistemas, processos ou desenvolvimento de produtos (63,64).

Utilizando-se de técnicas matematicas e estatisticas, a Metodologia de
Superficie de Resposta basea-se na adequacdo de equacbes polinomiais
formadas a partir dos dados experimentais. A partir dessas equacoes, €
possivel prever estatisticamente o comportamento das variaveis de resposta.
Sendo assim, trata-se de uma metodologia muito Uutil em situacdes onde
diversas variaveis influenciam a resposta de interesse. Para desenvolver a
Metodologia de Superficie de Resposta, inicialmente € necessario definir o
desenho experimental a ser utilizado, podendo ser aplicado um modelo linear
ou quadratico de acordo com os dados experimentais (65).

Essa metodologia tem sido utilizada largamente pela industria,
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especialmente pela industria alimenticia para o desenvolvimento de novos
produtos, onde a adi¢cdo de ingredientes ou condi¢cdes de processos tornam-se
um desafio (66,67). Visando substituir a adicdo de agua em formulacfes de
paes por suco de acerola e manga de maneira otimizada, Zambelli et al. (2014)
utilizaram o delineamento composto central rotacional a fim de obter as
concentracfes 6timas de cada variavel independente, capaz de contribuir com
uma formulagéo otimizada (68). A fim de obter uma formulag&o otimizada de
um iogurte adicionado de oligofrutose, inulina e polpa de acai, Espindula e
Cardoso (2010) fizeram uso da Metodologia de Superficie de Resposta (69).
Silva et al. (2014) utilizaram da Metodologia de Superficie de Resposta para
otimizar o pré tratamento do bagaco da laranja (67). Utilizando-se um
delineamento composto central rotacional, Balke et al. (2014) obtiveram leite
ovino em po6 por meio de secagem por Spray Dryer em condi¢des otimizadas

(70).
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simbidtico e sobrevivéncia dos microrganismos probidticos frente a
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Abstract

During the processing of acerola a pollutant fibrous residue is generated,
however, the residue is rich in fibers and bioactive compounds. The objective of
study was to develop a potential probiotic fermented milk with acerola flour and
pectin using surface response methodology (MSR), verify the physicochemical
characteristics of fermented synbiotic milk during the 28 days refrigerated
storage (5 + 1 °C), to evaluate the sensorial acceptance of the formulation and
the survival of gastrointestinal conditions in vitro. Only acerola flour significantly
influenced (p < 0.05) the sensory attributes of synbiotic fermented milk. The
optimized formulation showed 18.42 + 0.75 g 100 g/dietary fiber. There is
significant antioxidant activity even at 28 days of storage (1325.34 + 39.95 mM
Trolox / g eq.). During 28 days of storage the flavor attribute showed no
significant difference. The addition of prebiotics significantly reduced (p < 0.05)
the viability of microorganisms and the survival of probiotic microorganisms
after the simulation of gastrointestinal conditions in vitro. It was concluded that
the acerola flour presented a high concentration of phenolic compounds,
antioxidant activity and fibers, being the only variable that influences the
sensorial acceptance of the product. Potential fermented synbiotic milk showed
high fiber content and expressive antioxidant activity. The addition of acerola
flour and pectin did not contribute to the viability of microorganisms and survival
in the gastrointestinal digestion process in vitro during the 28 days of storage.



32

Keywords: functional foods, dairy, gastrointestinal viability.
1. Introduction

During pulp or juice processing, fruit pressing produces a fibrous
residue (bagasse), which is often discarded, generating a large volume of
organic waste (Sobrinho, 2014). The acerola flour is an alternative source of
dietary fiber, contributing to the prevention of gastrointestinal and
cardiovascular diseases (Braga, Lima, Azevedo, & Ramos, 2010). Pectin is a
complex polysaccharide containing a-d-galacturonic acid residues, being found
in the cell wall of fruits and vegetables witch capacity prebiotic (Nazzaro,
Fratianni, Nicolaus, Poli, & Orlando, 2012).

Thus, prebiotic ingredients may have a protective effect on probiotic
bacteria, which may contribute to the survival and activity of these
microorganisms in the alimentary matrix during shelf life, besides helping to
maintain the viability of probiotics after passage through the gastrointestinal
tract (Bedani et al., 2014; Costa, Valenca, Garruti, & Freitas, 2014). In this
context, the present work aimed at the development of a potential synbiotic
fermented milk formulation using MSR and the investigation of the effect of
acerola and pectin flour on the viability of L. acidophilus La-5 and B. animalis

BB-12 under simulation of conditions gastrointestinal in vitro.

2. Materials and Methods

2.1. Production of acerola flour

Ripe acerola (M. emarginata D.C.), cabocla variety, Sdo Paulo region
cultivation, were purchased from a frozen distributor (Pura Polpa, Araraquara,

Brazil). The dried acerola by-product was produced in laboratorial scale. For
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this purpose, sanitization and bleaching of the fresh fruits was conducted,
followed by crushing in a sieve (0.5 mm mesh), and the pulp was separate of
the skin and seeds. The dried skin, seeds and residues of pulp were dried in an
oven at 60 °C for 24 h. Subsequently, the dry by-product was treated in a
blender (1 min.) and sieved (0.5 mm mesh) in order to obtain an acerola flour.
The acerola flour was then packed hermetically and stored under refrigeration

at5+1°C.

2.2. Caracterization of acerola flour

2.2.1. Phenolic compounds extraction

1 g of acerola flour were extracted in triplicates with 20 ml of aqueous
methanol (methanol: water, 70: 30 v/v), for one hour at 25 °C, with a magnetic
stirrer. Afterwards, it was centrifuged (at 10000 rpm) for 15 minutes at 10 °C.
Next, the supernatant was kept and pellet re-extraction was performed by
adding 20 ml of aqueous methanol (methanol: water, 70: 30 v/v) and mixing it in
an ultra turrax (Polytron-Kinematica GnbH- Luzers, 3 times for 1 minutes at
speed 4). After this process, the solution was again centrifuged (10000 rpm/ 15
min. at 10 °C), the supernatant was added to the kept one and their volume
completed to 50 ml with agueous methanol (methanol: water, 70:30 v/v)

(N6brega, Oliveira, Genovese, & Correia, 2015).

2.2.2. Total phenolic content
According Genovese, Santos, Hassimotto, & Lajolo, 2003, an aliquot of
extract was mixed with 0.25 ml Folin-Ciocalteu reagent and 2 ml distilled water.

After 3 minutes at room temperature, 0.25 ml of a saturated sodium carbonate
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solution (Na2CO3) was added and the mixture was kept at 37 °C in water bath
for 30 minutes. The absorbance was measured at 750 nm through an Ultrospec
2000 spectrophotometer model (Amersham Biosciences, Cambridge, U.K.).
Gallic acid was used as reference standard. Results were expressed in

equivalent gallic acid (GAE) in mg/g of sample on a dry basis.

2.2.3. Antioxidant activity by FRAP (Ferric Reducing Ability of
Plasma) and DPPH- (sequestration of radical 2.2-difenyl-1-picrylhydrazyl)

The antioxidant activity was determined by FRAP, according to Benzie
and Strain (1996). 20 uL of the diluted extract and 150 uL of the FRAP reagent
(sodium acetate buffer/ TPTZ solution/ HCI solution) were added to a 96 wells
polystyrene microplate (Costar, Cambridge, MA). After 5 minutes of incubation
at 37 °C, the absorbance was read at 593 nm with a Benchmark Plus
Microplate Spectrophotometer (Synergy ™ H1, Biotek Instruments Inc.,
Vermont, USA). The results were expressed in pmoles of Trolox equivalents
(TE) per g of sample (d. b.) and carried out in triplicates.

The antioxidant activity was also determined by DPPHe, according to
Brand-Williams, Cuvelier, and Berset (1995), with modifications by Duarte-
Almeida, Santos, Genovese, and Lajolo (2006). After 20 minutes of reaction
time, the absorbance was read at 517 nm on a microplate spectrophotometer
and converted to antioxidant activity percentage terms. The analyses were
carried out in ftriplicates and the results expressed in pumoles of Trolox

equivalent/g of sample.
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2.2.4. Determination of Total Fiber
The total fiber content present in acerola flour was obtained by the non-

enzymatic gravimetric method, according AOAC (2010).

2.3. Fermented milk manufacture: synbiotic (SFM) and control

Beverages were developed by the Laboratory of Food Microbiology
located at the Faculty of Pharmaceutical Sciences of State University Paulista
Julio de Mesquita Filho — UNESP, Arararaqua/ SP. For SFM, the pectin
Amidated LM Pectin — Orange based (CPKelco®, Dinamarca) and sucrose (1:
3) were added in UHT whole cow's milk of 60 ° C for 10 minutes using a
magnetic stirrer. Thereafter, 4 % skim milk powder and 7.5 % sucrose were
added, homogenized and pasteurized (85 ° C/ 15 minutes). The dairy was
cooled until 37 °C and added 1 % of an ABT-4 culture (Christian Hansen,
Harsholm, Denmark), containing the probiotic strains L. acidophilus La-5 and B.
animalis subsp. lactis BB-12 and the starter culture Streptococcus thermophilus.
Fermentation took place at 43 °C until reaching a pH of 4.7. Next, the product
was cooled in an ice-bath and refrigerated (4 + 1 °C) for 24 h. Then, were
incorporated of the acerola flour was done after the breaking of coagulum. The
synbiotic beverages were stored under refrigeration (4 + 1 °C) for 28 days.
Controlled fermented milk was produced following the same procedure. The
ABT-4 culture was added and absent from the addition of acerola flour and

pectin.
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2.4. Experimental design

Using The Central Composite Rotatable Design (CCRD), Statistica
software, version 10.0 (StatSoft Inc., USA), 11 experiments was designing
combining different concentrations of acerola flour and pectin. Preliminary
experiments were used like parameters. The dependent variables (responses)
were constituted by the acceptance of the formulations through the acceptance
test, considering the attributes "flavor" and "global impression”. The
concentration of independent variables were coded as xi and x,, respectively
(Table 1). The quadratic polynomial model that was fitted to each response
show in Equation (1), where x; and x, represented, respectively, the contents of
acerola flour and pectin; Bo, B1, B2, B11, B22 and B12 performed the parameters to

be estimated - coefficients and y was composed by the dependent variables.

y = ﬁo + ﬁl X1 + ﬁz Xy + ,Bllxlz + ﬁzz x% + ,812 X1 X eerinniiiinii s (1)

Using Statistica software, version 10.0 (StatSoft Inc., USA), the
analysis of variance (ANOVA) were made and the effect and regression
coefficients of individual linear, quadratic and interaction terms were stipulated,
considering the terms statistically significant for p < 0.05. The values of
regression coefficients were used to generate contour maps from the regression

models.
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2.4.1. Sensory Analysis (Acceptance Test — “flavor” and “overall
impression”)

The SFM were evaluated by a untrained panel of 112 consumers
(Hough et al., 2006) by the Acceptance Test compound for hedonic scale of 9
points according to Peryam and Pilgrim, 1957. The evaluated attributes were
flavor and overall impression. 25 ml of samples (5 + 1 °C) were presented in
blocks of three and four coded with three random digits in complete randomized
blocks for monadic form in individual booths equipped at Laboratory of
Sensorial Analysis of the Department of Food and Nutrition of the Faculty of
Pharmaceutical Sciences - UNESP Araraquara/ SP. The participants signed
and received the Term of Free and Informed Consent (CAAE:

49683215600005426).

2.5. Evaluation of optimized SFM during cold storage

2.5.1 Fermented milk post-acidification

Fermented milk post-acidification was evaluated in synbiotic fermented
milk and control, in triplicate, during the 28 days of cold storage (5 £ 1°C)
according to Adolfo Lutz (2008). It was determined through a pH meter in
triplicate using a pH meter model PG1800 (Gehaka, Sdo Paulo, Brazil) and

acidity expressed as Dornic acidity (°D).

2.5.2. Extraction of Phenolic Compounds

According Karaaslan Ozden, Vardin, and Turkoglu (2011), polyphenols
presents in the optimized SFM were extracted using acidified methanol
(concentrated HCI, 0.1 g/100 ml) with modifications. Six ml of acidified methanol

was added to each 0.01 g of freeze-dried samples. The samples were kept
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overnight at 4 £ 1 °C and centrifuged at 1700 rpm at 4 £ 1 °C for 2 minutes.

Transfer the precipitate to cuvette.

2.5.3. Determining Total Phenolic Compounds and Antioxidant
Activity

Using ABTS", the antioxidant activity was determined according method

proposed by Serpen, Capuano, Fogliano, and Gokmen (2007). The results

obtained were expressed as mmol Trolox equivalent (mmol TE/g).

2.5.4. Instrumental Texture Profile

The instrumental texture profile was evaluated according Hickisch,
Beer, Vogel, & Toelstede (2016) using the equipment TA.XT plus Texture
Analyzer (Stable Micro Systems, Surrey, United Kingdom) equipped with a 5 kg
load cell and a 25 mm cylindrical probe. The depth of immersion was 5 mm at a
constant speed of 0.5 mm/s. The compression was carried out one time using a
trigger force of 0.03 N. Force—time curves were recorded and textural
parameters firmness, adhesiveness, cohesiveness and gum were calculated

with Exponent software 6.

2.5.5. Centesimal Composition

It was analyzed in SFM the lipid content (L) (Soxhlet method), protein
content (P) (micro-Kjeldahl method), moisture content (M) and ash content (A),
respectively, by the methods of drying in an oven at 105 °C, and incinerating at
550 °C. The methods were in accordance with AOAC (2010). The quantity total
of dietary fiber and its fractions were determined according to methodology

proposed by Mafas, Bravo e Saura-Calixto (1994).
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The total carbohydrate content (C) was calculated by the difference, as
represented in Eqg. (2), where M = moisture (g/100 g); A = ash content (g/100 g);

L = lipid content (g/100 g); and P = protein content (g/100 g):

C(2-) = 100 = (U4 CHL+P)iiioiiecesece )

100g

2.5.6. Microbial Analyses

25 ml of sample was suspended in 225 ml of sterile peptone water
solution and the serial dilutions were performed Lactobacillus acidophilus LA-5
were inoculated in agar MRS (Himedia, India) for 37 °C/48 h in aerobiose;
Bifidobacterium lactis BB-12 in agar MRS (Himedia, India) added of sodium
propionate (3 g/L) (Sigma e Aldrich, St. Louis, MO, USA) and lithium chloride (2
g/L) (Merck, Darmstadt, Germany) for 37 °C/72 h in anaerobiosis and
Streptococcus thermophilus in M-17 agar (Oxoid®, United Kingdom) with sterile
lactose solution lactose (10% w/ v) (Oxoid®) for 43 °C/48 h in anaerobiosis. The

results were expressed in log cfu/ g (Matias, Padilha, Bedani, & Saad, 2016).

2.5.6.1. Survival of strains under in vitro simulated gastrointestinal
conditions

According Buriti, Castro and Saad (2010), with modifications, the in vitro
assays were carried out after 01, 14, and 28 days of refrigerated storage. In
order to enumerate the microorganisms before and after the in vitro assays,
samples were collected initially (time 0) and after 2 h (first step — after the
gastric phase), 4 h (after the first enteric phase), and 6 h after the beginning of

the assay (after the second enteric phase).
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For the in vitro procedure, in each sample collection, 10 ml from each
triplicate dilution in 0.5% NaCl solution (blended in a Bag Mixer 400) was
transferred to 3 sterile flasks, totalizing 9 flasks, and the pH of flasks was
adjusted to 2.0-2.5 with 0.2 ml of 1 N HCI. Pepsin (from porcine stomach
mucosa, Sigma-Aldrich, St. Louis, USA) and lipase (Amano lipase from
Penicilium camemberti, Aldrich Chemical Company Inc., Milwaukee, USA)
solutions were added to samples to reach a concentration of 3 g/l and of 0.9
mg/l, respectively.

Flasks were incubated at 37 °C, with agitation of approximately 150 rpm
in a metabolic water bath (Dubnoff MA-095, Marconi, Piracicaba, Brazil), during
2 h (first step - gastric phase). In the next step (first enteric phase), the pH of
samples was increased to 4.5-5.5, using 1ml of solution pH 12 (1N-NaOH,
PO4H;Na-2H,O and distilled water). Bile (bovine bile, Sigma-Aldrich) and
pancreatin (from porcine pancreas, Sigma-Aldrich) were added to reach a
concentration of 10.0 g/l and of 1.0 g/l, respectively. Samples were incubated
again at 37 °C for 2 h under agitation. In the last step, the pH was increased to
6.5-7.5, using 1.6 ml the same alkaline solution. Bile and pancreatin
concentrations were adjusted (10.0 g/l and 1.0 g/l, respectively), and samples
were incubated again at 37 °C for 2 h under agitation (second enteric phase),
achieving 6 h of the in vitro assay. All results were presented as log cfu/ ml.

To verify the survival rate of the microorganisms, equation 3 was used

(Guo et al., 2009).

. logcfu N4
Survival rate (%) = —=——
( /0) logcfu Ny
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N3, the total viable count of microorganisms strains after exposure to in
vitro simulated gastrointestinal conditions (6 h); No, the total viable count of
probiotic strains before exposure to in vitro simulated gastrointestinal conditions

(O h).

2.5.7. Sensory Analysis (Acceptance Test - "Flavor", "Global
Impression™ and “Texture”)

To perform the sensory analysis during cold storage, the same
methodology was used as described in item 2.4.1, including the texture

attribute.

2.5.8. Statistical Analysis

All the results obtained through analysis were expressed through
mean * standard deviation, and were submitted to analysis of variance
(ANOVA). As post test was used Tuke’s Test (p < 0.05) to verify the difference
between the means. All analysis was performed using XLSTAT/Excel®

software.

3. Results and Discussion
3.1. Characterization of Acerola Flour
3.1.1. Total phenolic content and antioxidant activity of
acerola flour
The value of total phenolic compounds found in acerola flour was 52.50 +
1.25 mg EGA/g. Regarding the antioxidant capacity, the values found were

226.86 + 4.84 mmol TE/g according to the DPPH method and 51.00 + 16.91
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mmol TE/g for FRAP. Other authors evaluated the content of total phenolic
compounds present in the acerola flour and found values between 3.75 mg
EGA/g and 72.65 mg EGA/g (Borges, 2011; Silva et al., 2014). Vasco, Ruales,
& Kamal-eldin (2008) suggested classifications according to the total phenolic
compounds content, being high amounts concentrations higher than 10 mg
EGA/ g. Pereira et al., 2013 using the free radical DPPH obtained an average
value of 416.44 ug / ml. Correia, Borges, Medeiros, & Genovese (2011) found
the following values: 191.66 + 1.04 mmol Trolox/g per DPPH and 7.87 + 0.19
mmol Trolox eq/g per FRAP. The difference between the values may be
associated with the different agricultural practices, soil composition, climatic
variations, type of drying, extraction method and solvent used, and different

stages of fruit ripening (Morales-Soto et al., 2014; Paz et al., 2015).

3.1.2. Determination of Total Fibers
The acerola flour presented 56.28 + 0.19% of total fibers. Silva et al.
(2014) observed 51.22% of fibers in acerola by-product and Pereira et al.

(2010) 61.84%.

3.2 Optimization of pectin and acerola flour concentration in SFM

Figure 1 presents the response surfaces plots showing interaction effect
of independents variables on flavor and overall impression of the SFM.
According ANOVA, the model was significant (p < 0.05) and the lack of a non-
significant adjustment (Table 2). Only acerola flour showed significance (p <
0.05) regarding the dependent variables. Seeking an optimum region with mean

values of flavor attributes and overall impression between 6.0-7.5; the
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proportions of independent variables used reached the optimized region,
confirming the efficacy of the mathematical model.

The intake of dietary fiber is related to the decrease in the prevalence of
cardiovascular disease, plays an important role in intestinal health, including
laxative effects and is involved with lower body weight (Slavin, 2013). In order to
formulate a product considered as a source of fiber and to reconcile the results
found in the sensory evaluation, were used 2.00% of the acerola flour and

0.20% pectin to develop the optimized formulation.

3.3. Characterization of the optimized formulation during 28 days of
storage at 5°C.

3.3.1.

Table 3 presents the centesimal composition of SFM. It is observed that
the product has a high amount of total dietary fibers (DF) (18.42 = 0.75 g
100/g). According international surveys and local guides, 100 ml or 100 g of the
food with 2.5 g of fiber is considerate a product with a high content of DF
(BRASIL, 2012). Formulation of fermented products with ingredients from fruit
by-products rich in total DF has increased in recent years, being convenient to
their association with probiotic bacteria for the promotion of the intestinal health
(Espirito-Santo et al, 2013). DF can be fractioned into two major groups of
components, the water-insoluble and the water-soluble fraction. While the
insoluble fraction stimulates the intestinal peristalsis, the soluble one promotes
the selective growth of the indigenous microbiota, acting as a prebiotic
(Sembries et al., 2003). Soluble fiber, in special, is also related to a decrease in

the serum cholesterol and glucose levels. Besides the regularization of


http://www.sciencedirect.com/science/article/pii/S0963996912003717#bb0185
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intestinal disorders, improving constipation and diarrhea frames (McRorie &

McKeown, 2016).

3.3.2. Fermented milk post-acidification

The results of fermented milk post-acidification of the control and
synbiotic formulations are shown in Table 4. Acid production by microorganisms
decrease pH during fermentation at 42°C, and this decrease continues during
storage at 5 °C (Shah, 2000). The results shown that pH value decreased
slightly, while titratable acidity increased over the 28 day storage period for
control and SFM. However, during the entire storage period, there was no
statistical difference in the pH values between SFM and control. Similar result
was reported for yogurt supplemented with commercial fibres from apple,
wheat, bamboo, inulin which the addition of this ingredients no changed on pH

of yogurt (Staffolo et al., 2004).

3.3.3. SFM Antioxidant Activity

The SFM antioxidant activity values ranged from 1693.80 + 84.85 mM
ed. Trolox/g at the initial time and 1325.34 + 39.95 mM eq. Trolox/g at the end
of the storage period. It shows a significant decrease (p <0.05) and decreasing
the antioxidant activity values proportional to the course of the storage period.
Phenolic compounds are sensitive to some factors such as low stability,
temperature, pH, presence of light and oxygen; which may negatively interfere
with a number of antioxidant compounds present in the product over the course

of the storage period (De Rosso & Mercadante, 2007).
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3.3.5. Texture profile

The TP represented the yogurt textural characteristics. Firmness,
cohesiveness, gumminess and adhesiveness are commonly evaluated in
determining yogurt texture (Buriti et al., 2014; Ili¢i¢ et al.,, 2014). Table 5
indicates the texture profile of the control and SFM formulations. There was no
statistical difference between the formulations on the firmness and coesivity
attributes. Gel formation is one of the main texture properties of yogurt. This
structure is result of casein aggregation, however, others attributes such as
ingredients, process, storage conditions and starter culture are able to change a
gel structure formation (Costa et al., 2015).

For the adhesiveness parameter, it is noted that the control formulation
indicated higher values in relation to LSF. Adhesiveness is strongly linked to
firmness. Consumers prefer fermented dairy products with adhesiveness values
of -0.024 to -0.049 N-s, and they describe them as soft. Gels with
adhesiveness of <-0.024 are not perceived as consistent (Mani-Lopez et al.,
2015). According Espirito-Santo et al. (2013) addition higher amounts of fibers
from by-product influenced apparent viscosity of yoghurts. These fibers act as
cutting blades during shearing, breaking the casein cross-links and dropping

down the apparent viscosity. Similar behavior may have occurred in this study.

3.3.6. Sensory analysis

Using the equations 4 and 5 predicted by the MSR, having as results,
values of 5.47 for the flavor attribute and 5.52 for the overall impression
attributes. However, the average scores founded experimentally during 28 days

of cold storage at 5 °C were 7.15 + 0.01 for flavor and 6.97 + 0.13 for overall
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impression, ranging from “liked very much” and “liked moderately”. The SFM
flavor scores were maintained throughout the storage period without statistical
difference. The sensory texture parameter was indicated with higher averages
at times 14 (6.96+1.32) and 28 (7.12+1.15) differing significantly from time 01
day (6.85+1.19). Te purchase intent results showed that more than 40% of the
consumers would probably by the SFM (Figure 2). Good results have been
found in recent studies with different categories of food products with addition of

probiotic microorganisms (Lalicic-Petronijevic et al., 2015, Witzler et al., 2017).

Y = 6'41 - 0'76X1 - 0'26X2+O'16X12_ 0'32X22""""1’1111111"”””””"”1’111"(4)

Y = 622 - O76Xl -026X2+ 022X12 - 0-30)(22””””” -------- HHHHHHH”HH””(S)

3.3.7. Viability and survival of L. acidophilus La-5
and B. animalis subsp. lactis BB-12 against a simulation of
gastrointestinal conditions in vitro

Table 6 shows the viability of the microorganisms during the 28 days of
storage. Is noted a lower decrease on viability of the microorganisms present in
the control formulation and SFM throughout until 14™ of the storage. However in
SFM in the 28" of the storage was observed the decrease about of 3 log cycles
for L. acidophilus and for Bifidobacterium animalis BB-12. Acerola flour is rich in
phenolic compounds, ascorbic acid and carotenoid (De Rosso, 2007). Probably
after 28 days of refrigerate storage the intrinsic characteristics of acerola flour
decrease the counts of L. acidophilus or bifidobacteria. Some studies using
different supplements reported that soybean, pea, lemon, orange, apple and
banana flours can increased or decrease the counts of L. acidophilus or

bifidobacteria (Sendra et al. 2008., Matias et al. 2014., Casarotti et al., 2015),



47

showing that the probiotic counts can vary depending on the composition of
food matrix and days of storage.

Figures 3 and 4 present the probiotic survival against of the simulation of
gastrointestinal conditions. At the time 01 day, the strains started the digestion
process starting from a similar concentration. After the simulation of the
digestion process, there was an average reduction of approximately 4 log cfu/
ml in the survival of the probiotics present in the control formulation and a
reduction of approximately 6 log cfu/ ml on SFM.

Silva et al. (2015) evaluating the viability of Bifidobacterium animalis
subs. lactis BLC1 against the simulation of gastrointestinal conditions, there
was a reduction of 3.82 log cfu/ g in the samples at the end of the storage
period. Bedani et al. (2014) verified the survival of the probiotic strains
Lactobacillus acidophilus La-5 and Bifidobacterium animalis BB-12, added to a
soybean-based yogurt plus fruit pulp versus the in vitro simulation of
gastrointestinal conditions. After the simulation of gastrointestinal conditions,
there was a significant (p <0.05) decrease in the survival rate of probiotics. The
authors concluded that the addition of fruit pulps may lead to a decline in the
functionality of probiotics (Bedani et al., 2014).

Figure 5 indicates the percentage of survival of the microorganisms
against the simulation of gastrointestinal conditions. The control formulation
presented higher survival concentration of probiotic strains and Streptococcus
thermophilus, differing significantly (p <0.05) from SFM.

The development of new formulations including probiotics, prebiotics,
and synbiotics, is increasing. However, studies reporting the influence of these

food matrices on the functionality of probiotics, although fundamental, are rarely
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found. The incorporation vehicle may cause an effect on the physiology,

survival, and potentiality of probiotics (Sanders & Marco, 2010).

4. Conclusion

The response surface methodology, along with the mathematical models
developed, was able to predict optimum concentrations of acerola flour and
pectin in the development of SFM with good sensory acceptability. Only the
concentration of the acerola flour influenced significantly (p <0.05) in relation to
the flavor and overall impression attributes of SFM. The addition of acerola flour
and pectin did not contribute to the viability of the probiotic microorganisms
during the storage time.The synbiotic fermented milk shows high concentrations
of dietary fiber and expressive antioxidant activity. The incorporation of by-
product fruit flour into milk can be an interesting alternative for functional

fermented milk production.
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3. CONSIDERACOES FINAIS

A partir dos resultados apresentados, conclui-se:
v A metodologia de superficie de resposta, juntamente com os
modelos matematicos desenvolvidos, foi capaz de prever as

variaveis de resposta;

v/ Somente a concentracdo da farinha de acerola influenciou
significativamente (p < 0,05) frente aos atributos sabor e

impressao global do leite fermentado simbidtico;
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v" O leite fermentado simbiético apresentou elevadas concentracdes

de fibras alimentares e expressiva atividade antioxidante;

v" A adicdo da farinha de acerola e da pectina nao contribuiu com a
viabilidade dos microrganismos durante o tempo de estocagem do
leite fermentado simbidtico, tdo pouco quanto a sobrevivéncia dos

microrganismos probidticos frente a simulacdo de digestédo

gastrointestinal in vitro;

v Mais estudos sdo necessarios para verificar o efeito clinico

atribuido a bebida desenvolvida.
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Table 1. Experimental design for the preparation of the formulations of synbiotic

fermented milk.

Coded Variables

Original Variables

Number Acerola

of Tests X1 (%) X2 (%) flour (%) Pectin (%)
1 -1 -1 1.00 0.04
2 -1 +1 1.00 0.20
3 +1 -1 5.00 0.04
4 +1 +1 5.00 0.20
5 -1.414 0 0.18 0.12
6 +1.414 0 5.82 0.12
7 0 -1.414 3.00 0.01
8 0 +1.414 3.00 0.23
9 0 0 3.00 0.12
10 0 0 3.00 0.12
11 0 0 3.00 0.12

X1 = % acerola flour; X, = % pectin.
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Table 2. Estimation of the regression coefficients of the mathematical model
and value of "p" for the flavor and global impression attributes.

Factors Coefficients Standard Error t (2) P
FLAVOR
Intercept Bo 6.407199* 0.245072* 26.14410* 0.001460*
(1) X1 (L) -0.760337* 0.300698* -5.05716* 0.036948*
X1 (Q) 0.162279 0.357476 0.90792 0.459757
(2) X2 (L) -0.264096 0.304441 -1.73496 0.224884
X2 (Q) -0.315317 0.372271 -1.69402 0.232343
OVERALL IMPRESSION
Intercept Bo 6.220958* 0.161742* 38.46216* 0.000675*
(1) X1 (L) -0.757955* 0.198454* -7.63861* 0.016710*
X1 (Q) 0.220111 0.235926 1.86593 0.203038
(2) X2 (L) -0.255743 0.200924 -2.54567 0.125836
X2 (Q) -0.300233 0.245691 -2.44399 0.134462
X; = acerola flour; X, = pectin.

R*flavor = 0.86097.

R? overall impression = 0.91007.
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Centesimal Compaosition SFM

Humidity (g/100 g) 76.39 + 0.67
Ashes (g/100 g) 1.11 +0.03
Total Protein (g/100 g) 3.92 £0.07
Total Fat (g/100 g) 3.42+0.25
Total Carbohydrate (g/100 g) 15.21 £ 0.88
Total Dietary Fiber (g/100 g) 18.42 £ 0.75
Soluble Fiber (g/100 g) 12.69+0.31
Insoluble Fiber (g/100 g) 2.95+0.03
Lignin (g/100 Q) 2.78 £0.40
Total Calories (g/100 g) 106.12 +1.93

Values are expressed as mean + SD.
SFM: synbiotic fermented milk.
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Table 4. Fermented milk post-acidification of control and synbiotic fermented
milk after 01, 07, 14, 21 and 28 days of storage at 5 °C during the storage

period.
pH

Time (days) Control SFM

01 4.86 +0.01*4 4.99 + 0.01%®

07 4.69 + 0.04%*4 4.88 + 0.01*"®
14 4.65 + 0.01** 4.82 +0.03*"®
21 4.63 +0.07** 4.81 +0.07*"®
28 4.62 +0.07** 4.63 +0.02**

Dornic Acidity (°D)

01 74.00 + 0.00** 73.00 + 4.24%A
07 72.67 +2.31%F 78.00 + 4.27*"8
14 81.50 + 2.12*¢ 82.33 + 6.03*""
21 99.00 + 1.41°P 92.50 + 0.50%"®
28 104.00 + 0.00"F 99.00 + 1.41%*P

Values are expressed as mean + SD. *° Different lowercase superscript letters in a row denote
significant differences between trials (p < 0.05); *P Different superscript capital letters in a
column for each microorganism denote significant differences during storage period (p < 0.05).
SFM: synbiotic fermented milk.
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Table 5. Average texture profile of control and synbiotic fermented milk after 01,
07, 14, 21 and 28 days of storage at 5 °C during the storage period.

Firmness (N.seg) Adhesiveness (N.seg)

Storage time (days) Control SFM Control SFM
01 0.12 +0.00**  0.10 +0.00**  -0.03 +0.07*" -0.02 +0.01*"
07 0.11 +£0.00**  0.12 +0.00**  -0.02 +0.08*" -0.009 + 0.02*"
14 0.11+0.00**  0.10 +0.00**  -0.02 + 0.07"* -0.009 + 0.00” ®
21 0.11 £0.00**  0.12+0.00**  -0.02 +0.01°* -0.009 + 0.00 °®
28 0.11 +0.00**  0.13+0.00**  -0.02 + 0.02** -0.01 + 0.09%"®
Cohesiveness Gum

01 0.66 +0.02**  0.74+0.02**  1.31+0.03*" 1.48 + 0.04%4
07 0.67 £+0.06**  0.76 +0.01**  1.34+0.11*" 1,51 + 0,014
14 0,70+0,01** 0,91 +0,05** 1,39 +0,01** 1,81 + 0,108
21 0,67 £0,02** 0,77 +£0,01** 1,33 +0,04%" 1,54 + 0,024
28 0,68 +0,04** 0,67 £0,07** 1,36 +0,07*" 1,35 + 0,144

Values are expressed as mean + SD. ab pifferent lowercase superscript letters in a row denote significant differences
between trials (p < 0.05); *® Different superscript capital letters in a column for each microorganism denote significant
differences during storage period (p < 0.05).

SFM: synbiotic fermented milk.

Table 6. Count of probiotic (log ufc/ ml) in control and synbiotic fermented milk
after 01, 14 and 28 days of storage at 5 °C during the storage period.

Time Formulations
Microorganism (days) SFM Control
L. acidophillus 01 8.26 +0.01°° 8.26 +0.02""
14 7.69 +0.03"® 8.16 + 0.01°#
28 4.83 +0.00*"* 8.09 + 0.02"4
B. animalis 01 8.23+0.01°° 8.25 +0.02"*
14 7.86 +0.05™® 8.16 + 0.02"4
28 5.09 + 0.03™" 8.16 + 0.03*"

Values are expressed as mean * SD. *® Different lowercase superscript letters in a row denote significant differences
between trials (p < 0.05); ~*° Different superscript capital letters in a column for each microorganism denote significant
differences during storage period (p < 0.05).

SFM: synbiotic fermented milk.
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Fig 1. Response surfaces plots showing interaction effect of variables acerola
flour and pectin on the flavor (Al, A2) and overall impression (B1, B2) of
fermented symbiotic milk.
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Fig 2. Intention to buy of synbiotic fermented milk after 01, 14 and 28 days of
storage at 5 °C during the storage period. 1: Certainly would not buy; 2: |
probably would not buy it; 3: Doubts whether to buy or not; 4: | would probably
buy it; 5: | would certainly buy.
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Fig 3. Survival of L. acidophilus La-5 (log cfu/ ml) in synbiotic and control
fermented milk during storage for 01, 14 and 28 days (i, ii, iii, respectively)
before (0 h) and during the exposure to in vitro simulated gastric (2 h) and
enteric (4 and 6 h) conditions. *° Different lowercase superscript letters in a row
denote significant differences between trials (p < 0.05); P Different superscript
capital letters in a column for each microorganism denote significant differences
during storage period (p < 0.05). SFM: synbiotic fermented milk.
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Fig 4. Survival of L. acidophilus La-5 (log cfu/ ml) in synbiotic and control
fermented milk during storage for 01, 14 and 28 days (i, ii, iii, respectively)
before (0 h) and during the exposure to in vitro simulated gastric (2 h) and
enteric (4 and 6 h) conditions. *° Different lowercase superscript letters in a row
denote significant differences between trials (p < 0.05); P Different superscript
capital letters in a column for each microorganism denote significant differences
during storage period (p < 0.05). SFM: synbiotic fermented milk.
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Fig 5. % survival of Lactobacillus acidophilus La-5 and Bifidobacterium animalis Bb- under
gastrointestinal conditions during the storage period. Values are expressed as mean + SD. &P
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differences during storage period (p < 0.05).
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APENDICE A - Teste de Aceitaco e Intencdo de Compra

Nome Data

Prove a amostra e indique sua opinido em relagédo a sabor e impressao global,
utilizando a escala abaixo:

1 - Desgostei extremamente Amostra:
2 - Desgostei muito

3 - Desgostei moderadamente

4 - Desgostei ligeiramente Sabor:

5 - Indiferente Impresséo Global:
6 - Gostei ligeiramente

7 - Gostei moderadamente

8 - Gostei muito

9 - Gostei extremamente

Assinale qual seria sua atitude em relacdo a compra do produto:

() Eu certamente ndo compraria este produto Comentarios:

() Eu provavelmente ndo compraria este produto
( ) Tenho duvidas se compraria ou ndo este produto

() Eu provavelmente compraria

() Eu certamente compraria este produto
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APENDICE B - Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Eu , RG ,
Estado Civil , ldade anos, residente na
, n° , Bairro

, Cidade , Telefone

Declaro ter sido esclarecido sobre os seguintes pontos:

1. O trabalho tem por finalidade desenvolver um iogurte simbidtico formulado a
partir de residuo de acerola, pectina e Lactobacillus acidophilus LA-5,
Bifidobacterium lactis BB-12 e Streptococcus thermophilus/BiRich® e avaliar
a resisténcia do iogurte simbidtico as condi¢cdes gastrointestinais in vitro;

2. Ao participar desse trabalho estarei contribuindo com a analise sensorial
das formulagoes;

3. A minha participacdo como voluntario tera a duracéo de cinco meses, sendo
de outubro a dezembro de 2015 e marco e abril de 2016;

4. Ao participar dessa pesquisa poderei me sentir constrangido durante a
avaliacdo das formulacbes, Para isso, as julgarei em cabines individuais,
providas de agua filtrada e cuspidouro;

5. ApoOs a ingestdo do produto fermentado, a possibilidade de haver alguma
disfuncéo gastrointestinal ou quaisquer outros riscos associados € pequena,
Caso surja quaisquer sintomas relacionados com o sistema gastrointestinal
informar imediatamente a equipe envolvida nesse estudo;

6. Nao terei nenhuma despesa ao participar desse estudo;

7. Meu nome sera mantido em sigilo, assegurando assim a minha privacidade
e se desejar, serei informado sobre os resultados dessa pesquisa (pela
instituicdo ou profissional competente);

8. Estou ciente de que a andlise sensorial realizada sera utilizada
exclusivamente somente nesse estudo;

9. Poderei me recusar a participar ou mesmo retirar meu consentimento a
gualguer momento da realizacdo dessa pesquisa, sem nenhum prejuizo ou
penalizacao;
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10.Qualquer duvida ou solicitacdo de esclarecimentos poderei entrar em
contato com a equipe cientifica do projeto pelo telefone (16) 996061380
com Leticia Sgarbosa;
11.Para notificagdo de qualquer situacao, relacionada com a ética, que nao
puder ser resolvida pelos pesquisadores deverei entrar em contato com o
Comité de Etica em Pesquisa da Faculdade de Ciéncias Farmacéuticas do
Campus de Araraquara da UNESP, pelo telefone (0XX16) 3301-6897,
O Termo de Consentimento Livre e Esclarecido € um documento
emitido em duas vias, sendo uma via de posse do voluntario e outra de posse
do pesquisador,

Diante dos esclarecimentos prestados, concordo em participar, como
voluntéria(o), do estudo “DESENVOLVIMENTO DE IOGURTE SIMBIOTICO
COM PECTINA E RESIDUO DE ACEROLA E RESISTENCIA DO
PROBIOTICO EM MODELO DE DIGESTAO GASTROINTESTINAL IN VITRO”

Araraquara, de de

Assinatura do Voluntério Assinatura do Pesquisador



