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RESUMO

Neste estudo se avaliou o impacto da adi¢do de diferentes concentracdes (1,0 e 2,0%) de farinha
de xique-xique nas propriedades tecnoldgicas, nutricionais, bioativas, efeito protetor na
sobrevivéncia da cepa autoctone Limosilactobacillus mucosae CNPCO007 durante a digestdo
gastrointestinal simulada em leites fermentados caprinos com geleia de abacaxi, bem como a
aceitacdo e caracteristicas sensoriais (JAR - Just About Right) dos produtos ao longo do
armazenamento refrigerado (4 = 1 °C). Observou-se que os tratamentos LFX1% e LFX2%
apresentaram maior intensidade quanto a coloragcdo amarela e aumento da luminosidade ao
longo do armazenamento quando comparados a LFC. Houve aumento da viscosidade aparente
para os tratamentos LFX1% e LFX2% em relacdo ao iogurte convencional até o 14° dia de
armazenamento refrigerado. Foi observada reducéo do teor de acucares totais e aumento do teor
de proteinas ao longo do armazenamento refrigerado para a maioria das formulagcfes, com
maior producdo de acido malico, latico e propi6nico para os iogurtes adicionados da farinha de
xique-xique. Apds 28 dias de armazenamento, LFX2% apresentou maiores contagens de L.
mucosae CNPCO007, teores de minerais, compostos fendlicos totais, flavonoides e atividade
antioxidante. Apds a digestdo simulada, L. mucosae CNPCO007 mostrou nimeros mais elevados
de células viaveis para as formulacBes LFX1% e LFX2% quando comparado com LFC,
indicando o possivel efeito protetor da farinha xique-xique durante as etapas da digestdo, com
contagens > 7 log UFC/g. De acordo com a andlise sensorial com a escala JAR, as amostras
com farinha de xique-xique adicionada obtiveram melhores resultados (p < 0,05) para o
parametro de aroma de cabra (LFX1%, 3,29 + 0,83 e LFX2%, 3,48 £ 1,07). Além disso, 0s
provadores ficaram indiferentes as caracteristicas de aroma e sabor herbaceos. A farinha de
xique-xique pode ser utilizada para a producédo de um novo leite fermentado caprino adicionado
de cepa probioética autéctone L. mucosae CNPC007 sem afetar negativamente as caracteristicas
tecnoldgicas, sensoriais, exercendo efeito protetor sobre o probidtico adicionado, agregando
valor nutricional e funcional ao produto, tornando-o uma op¢do para a inddstria de produtos
lacteos funcionais.

Palavras-chave: iogurte caprino; Limosilactobacillus mucosae; viscosidade aparente;
viabilidade celular; sobrevivéncia ao TGI; analise sensorial.



ABSTRACT

This study evaluated the impact of adding different concentrations (1.0 and 2.0%) of xique-
xique flour on the technological, nutritional and bioactive properties, the protective effect on
the survival of the autochthonous strain Limosilactobacillus mucosae CNPCO007 during
simulated gastrointestinal digestion in goat fermented milks, as well as the acceptance and
sensory characteristics (Just about Right) of the products during the refrigerated storage (4 +
1 °C). It was observed that the treatments LFX1% and LFX2% showed greater intensity in
terms of yellow coloration and increased brightness throughout storage when compared to
LFC. There was an increase in the percentage of viscosity for the LFX1% and LFX2%
treatments compared to conventional yogurt until the 14th day of refrigerated storage. A
reduction in total sugar content and an increase in protein content were observed throughout
the refrigerated storage for most of the formulations, with higher production of lactic malic
and propionic acid for the yogurts added from the xique-xique flour. After 28 days of storage,
LFX2% showed higher counts of L. mucosae CNPCO007, mineral contents, total phenolic
compounds, flavonoids and antioxidant activity. After simulated digestion, L. mucosae
CNPCO007 showed higher numbers of viable cells for LFX1% and LFX2% formulations when
compared to LFC, indicating the possible protective effect of the xique-xique flour during the
digestion steps, with counts >7 log CFU/g. According to the sensory analysis with the JAR
scale, the samples with added xique-xique flour obtained better results (p < 0.05) for the goat
aroma parameter (LFX1%, 3.29 + 0.83 and LFX2%, 3.48 £ 1.07). In addition, the tasters were
indifferent to the herbaceous aroma and flavor characteristics. The xique-xique flour can be
used for the production of a new goat fermented milk added of autochthonous probiotic strain
L. mucosae CNPCO007 without negatively affecting the technological, sensory characteristics,
exerting a protective effect on the added probiotic, adding nutritional and functional value to
the product, making it an option for the functional dairy products industry.

Keywords: Goat yogurt; Limosilactobacillus mucosae; nutritional aspects; rheology; cell

viability; survival to TGI; sensory analysis.
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1 INTRODUCAO

Vaérias pesquisas tém sido realizadas a respeito do funcionamento do intestino humano
devido a acuidade atribuida a diversidade de suas fungdes. A participagdo como “segundo
cérebro” garante uma atuagdo que contribui intrinsecamente para a homeostasia corporal, via
eixo microbiota-intestino-cérebro, o que fundamenta a importancia da manutencdo de um
intestino saudavel através de uma alimentacdo ricamente diversificada (QUIGLEY, 2017;
SARKAR; BANERJEE, 2019). Neste panorama, o consumo de alimentos funcionais, que
apresentem nutrientes com atividades diferenciadas, ou seja, potencial além das suas fungdes
nutricionais basicas, proporcionando beneficios ao organismo, tem sido incentivado (ABDEL-
HAMID et al., 2020).

Dentro deste grupo, estdo os probioticos, que apresentam resultados satisfatérios
atuando na prevencdo de patogéneses diversas, que vao desde distdrbios gastrointestinais a
neurodegenerativos. Esses micro-organismos tém sido utilizados como estratégia de
intervencdo promissora para a modulacdo intestinal, contribuindo para a manutencdo da
imunidade inata. Intensificando as caracteristicas funcionais e sensoriais de matrizes lacteas,
contribuindo para o aumento do interesse do seu consumo (MORAES et al., 2018). A inclusdo
de estirpes de bactérias probidticas em laticinios pode estar relacionada a identidade protetora
dessas matrizes sobre a sobrevivéncia e viabilidade das cepas, considerando a presenca de
componentes nutricionais protetores, a exemplo de proteinas e gorduras (SAARELA, 2011;
CARDARELLI et al., 2008; OLIVEIRA et al., 2014; PROVEDA; CHICON; CABEZAS,
2015).

Entre os principais tipos de cepas probidticas de interesse, estdo as do género
Lactobacillus, que vem sendo utilizadas amplamente nos mais variados tipos de produtos; em
especial, foi observado em estudos prévios in vitro, que a cepa de Limosilactobacillus
mucosae CNPCO007 isolada de leite de cabra retine um conjunto de propriedades probioticas e
tecnoldgicas, 0 que a torna promissora para aplicacdo em derivados lacteos funcionais
(MORAES et al., 2017). Para tanto, as cepas probioticas podem ser consumidas como
nutracéuticos ou inseridos em matrizes alimentares diversas, muitas vezes associados a outros
ingredientes bioativos e que também apresentam alegacdes de saide (GUINANE; COTTER,
2013; GIROLAMO; COPPOLA; RIBATTI, 2017; SARKAR; BANERJEE, 2019; DIEZ-
GUTIERREZ et al., 2020).
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Dentre as matrizes com propriedades bioativas, destaca-se o leite caprino, que é
caracterizado por ser fonte de nutrientes como o &cido linoleico conjugado (CLA),
oligossacarideos, acidos graxos de cadeia curta, vitaminas e minerais, além da sua elevada
concentracdo de glébulos de gordura de menor tamanho, que possibilitam uma melhor e rapida
absorcdo pela mucosa intestinal, conduzindo estes nutrientes diretamente ao sistema
circulatdrio, especificidades que o diferenciam de matrizes lacteas produzidas por outras
espécies animais (YANGILAR, 2013). Tais beneficios podem trazer inovacdes na elaboracao
de produtos lacteos fermentados como queijos, iogurtes, manteigas (SFAKIANAKIS; TZIA,
2014; ARYANA; OLSON, 2017; VERRUCKA; DANTAS; PRUDENCIO, 2019). Porém, as
caracteristicas sensoriais especificas, como odor e sabor, dessa matriz lactea, tém gerado
impacto negativo na producdo de seus derivados, incentivando possiveis estratégias que
possibilitem uma melhor aceitacdo dos produtos (PAN et al., 2019; BEZERRIL et al., 2021).

A associacdo de matrizes lacteas fermentadas caprinas com ingredientes
potencialmente bioativos, a exemplo de componentes vegetais, consiste em uma inovacgédo da
industria alimenticia a fim de atender as demandas do mercado consumidor, que se demonstra
cada vez mais exigente por produtos com tecnologia diferenciada, e que proporcionem
beneficios a satide (FAZILAH et al., 2018; PAN et al., 2019; ALMUSALLAM et al., 2021).
Dentre os inumeros vegetais, o abacaxi (Ananas comosus L. Merril) se destaca como uma fruta
de grande potencial que atraiu a indUstria de alimentos, devido a capacidade de elaboracédo de
diversos produtos, além dos beneficios agregados ao seu consumo (BARRETTO et al., 2013;
KHALID et al., 2016; HOSSAIN, 2016; CHAUDHARY et al., 2019 AL et al., 2020).

Além dos vegetais de aplicacdo usual, as pesquisas tém-se voltado a utilizacdo das
Plantas Alimenticias Ndo Convencionais (PANC), que sdo vegetais ou parte de vegetais, que
embora seu consumo ndo seja usual, pode apresentar interessante valor nutricional e/ou
funcional e serem adicionados como inovacdes tecnoldgicas. Tais espécies tém apresentado
grande relevancia gragas a riqueza de seus nutrientes e devido a presencga de propriedades
bioativas, componentes que podem exercer um papel benéfico ao organismo (KINUPP;
LORENZI, 2014; BALDERMANN et al., 2016; INFANTE et al., 2016).

Dentre as PANC, a familia Cactaceae reine uma grande variedade de espécies que
possuem relevancia cultural e econdémica para os agricultores (LUCENA et al., 2015). Dentre
as espécies desta familia, o Pilosocereus gounellei, popularmente conhecido como xique-
xique, vem sendo empregado na alimentacdo humana de varias formas, entre elas preparagdes

assadas ou cozidas, na elaboracdo de doce ou usado na fabricacdo de farinha, base para


https://www.sciencedirect.com/science/article/pii/S0963996920307006#b0150
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preparacdo de um tipo de cuscuz, biscoito, macarrdo, barra de cereais, sucos e geleia
(LUCENA - etal., 2013; ASSIS etal., 2019; ARAUJO, REIS & OLIVEIRA, 2019; OLIVEIRA
& OLIVEIRA, 2019; RIBEIRO et al., 2020; BEZERRIL et al., 2021; MACHADO et al.,
2021), o que faz com que este vegetal possua grande potencial para ser utilizado em matrizes
laticas fermentadas, a exemplo de iogurtes com potencial probidtico.

Neste contexto, acredita-se que o uso do leite de cabra, fermentado pela cepa autoctone
L. mucosae CNPCO007 e adicionado de geleia de abacaxi e farinha de xique-xique (Pilosocereus
gounellei) sera potencialmente importante no processamento de um leite fermentado com
potencial probidtico, agregando valor tecnoldgico e sensorial ao produto, bem como beneficios

a salde dos consumidores.
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2 REFERENCIAL TEORICO

2.1 IMPORTANCIA DO INTESTINO HUMANO

Quando antes acreditava-se que a funcionalidade do intestino humano estava
relacionada apenas a digestdo ou assimilagéo do que era ingerido, comprovou-se que a sua
atuacdo possui uma maior amplitude. A caracterizacdo sobre o seu rico revestimento
neuroldgico e o alojamento de milhares de bactérias, definidas como microbiota intestinal, fez
com que este 6rgao fosse evidenciado entre os campos de pesquisa mais dinamicos, sendo a
maioria dos esfor¢os, direcionados para o trato gastrointestinal, que abriga grande parte dos
micro-organismos (SCHMIDT THOMAS; RAES; BORK, 2018). A microbiota intestinal é
um ecossistema metabodlico complexo com um nimero de micro-organismos dez vezes maior
do que o numero de células humanas, e com 150 vezes mais genes do que o genoma humano,
incluindo bactérias, virus, protozoarios e fungos (DE VOS; DE VOS, 2012; LOZUPONE et
al., 2012; MANEESH et al., 2012; O’'TOOLE, 2012; DINAN; STANTON; CRYON, 2013).

O intestino € capaz de produzir mensageiros quimicos e estabelecer uma comunicacgéo
com o cérebro via nervo vago, tanto atraves do sistema de defesa, quanto pela corrente
sanguinea, o que demonstra a intensa contribuicdo desse 6rgdo para promogdo da homeostasia
corporal. O equilibrio intestinal reflete de forma positiva no aproveitamento dos nutrientes,
no balanceamento imunoldgico, na producdo de importantes horménios, a exemplo da
serotonina, além de atuar na prevencdo de uma variedade de doencas como 0s problemas
cardiovasculares, o céancer, quadros depressivos e disbiose (NILSSON et al., 2016;
QUIGLEY, 2017; SARKAR; BANERJEE, 2019).

A disbiose é uma doenca caracterizada por um desequilibrio nas densidades
populacionais da microbiota intestinal, esse quadro pode promover um aumento de micro-
organismos patogénicos em detrimento dos benéfico. Tal alteragdo em distlrbios especificos,
a exemplo da obesidade, podera resultar em uma mudanca na funcéo celular, resultando no
aumento do recolhimento de energia e ma distribuicdo de gordura nos tecidos a partir da
ingestdo de alimentos, onde este gasto ndo energético sera depositado como tecido adiposo, 0
gue promove um aumento maior de peso (FUJIMURA et al., 2010; DALIRI; LEE, 2015).

A microbiota do intestino interage com varios fatores, como os ambientais e genéticos,
caso haja um desequilibrio, pode resultar na susceptibilidade para a patogénese do diabetes.
Assim, disturbios metabdlicos como a obesidade e o diabetes tipo Il sdo amplamente
influenciados pelo microbioma intestinal, podendo contribuir para a sensibilidade a insulina,

estando relacionada a inflamacdo sistémica de baixo grau promovida pela disbiose
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(MORENO-INDIAS, 2014; GOMES et al., 2014; TILG; MOSCHEN, 2014; UDAYAPPAN,
2014).

Outros estudos evidenciam o papel da microbiota intestinal em desequilibrio, gracas a
maus habitos alimentares, sob a modulacdo do metabolismo do hospedeiro, tornando-se
causadora de inflamacéo sistémica de baixo grau, por isso, a alimentacdo de maneira adequada
e diversificada tém demonstrado potencial no combate a problemas como doencas
relacionadas a sindrome metabdlica, obesidade e diabetes mellitus tipo 2 (NILSSON et al.,
2016). Portanto, se faz necessario o consumo de alimentos que sejam ricos em nutrientes
especificos, que possam fortalecer a satde intestinal, e com potencial além das suas funcoes

nutricionais basicas.

2.2 ALIMENTOS FUNCIONAIS

Os consumidores tornaram-se mais conscientes do impacto da alimentagdo sobre a
salde humana, 0 que promoveu uma maior busca pelo consumo de alimentos funcionais
(TADESSE; EMIRE, 2020; ALONGI; ANESE, 2021; MUNEKATA et al., 2021). Essa
procura € atribuida primordialmente a prevencao de doencas em detrimento da possibilidade
de cura (DALIRI; LEE, 2015; ABDEL-HAMID et al., 2020). Dentre os alimentos com
potencial funcional, estdo os probidticos e prebidticos relacionados com a modulacgdo intestinal,
imunoldgica, anticancerigena, antioxidante, anti-hipertensiva, anti-inflamatoria, hipolipidica,
antidiabética, anti-aterosclerética (IQBAL et al., 2014; KELLOW; COUGHLAN; REID, 2014;
DIEZ-GUTIERREZ et al., 2020).

2.2.1 Probioticos

A FAO/WHO define os probi6ticos como micro-organismos vivos que quando
administrados em quantidades adequadas afetam positivamente a satde do hospedeiro. Devem
ser in0cuos, ndo patogénicos, manter-se viaveis apds processamento tecnologico, ter vida de
prateleira longa, apresentar resisténcia ao pH baixo do suco gastrico e a agdo das secregdes
pancreaticas e biliares, além de possuirem a capacidade de colonizar o colon. Sdo geralmente
conhecidos como seguros (GRAS), designacdo dada pela Food and Drug Administration
(FDA), reconhecida pela FAO (FAO 2002; BERGONZELLI, 2005; LAVANDA et al., 2011).
Na fermentacdo do leite, o probiotico desenvolve um papel importante, gracas a sintese do
acido latico (MING et al., 2016; OTHMAN et al., 2017) e possivelmente pela producgéo de
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compostos antimicrobianos que auxiliam no aumento da conservacdo (GOUDARZI et al.,
2017).

A adesdo dos probioticos a mucosa intestinal € um fator fundamental para a acdo desses
micro-organismos, porém, depende da hidrofobicidade e da composicdo da parede celular,
como também da existéncia de receptores e ligantes como as adesinas e elementos de fixacao
que impedem sua eliminacéo pelo peristaltismo intestinal, impedindo sua excregéo pelas fezes
(BARBOSA et al., 2005). Devido a essas caracteristicas, 0s probioticos colonizam a mucosa
intestinal, diminuindo o pH e dificultando a proliferacdo de bactérias patogénicas. Tais
achados puderam ser demonstrados a partir de algumas pesquisas que observaram o efeito de
acidificacdo no intestino, favorecendo ainda, a absor¢do de minerais como o calcio e o ferro,
importantes para a composicao 6ssea (LAVANDA et al., 2011).

A insercdo de micro-organismos probidticos viaveis em alimentos tem demonstrado
inimeros beneficios a satde, como reducdo e prevencdo da diarreia, melhora no equilibrio da
microbiota intestinal por meio da atividade antimicrobiana frente a patégenos, reducdo dos
sintomas de intolerancia a lactose e alergia alimentar, melhora da imunidade, promocdo das
atividades anticancer e reducéo do risco de cancer do célon (PRASANNA et al., 2014; DIEZ-
GUTIERREZ et al., 2020). Isso fomenta a realizacio de estudos que abordem o papel dos
diversos tipos de cepas existentes e 0s seus mecanismos de atuacao e contribuicao para a satde
da microbiota humana.

Toscano et al. (2017) avaliaram a habilidade de Lactobacillus kefiri LKFO1
(DSM32079) em colonizar o ambiente intestinal e modificar a composi¢do da microbiota de
individuos saudaveis. O grupo recuperou a cepa probiotica nas fezes dos participantes da
pesquisa e identificou que apés um més de consumo oral do probiodtico houve reducdo de
géneros patogénicos, como a Bilophila, Butyricicomonas, Flavonifractor, Oscillibacter e
Prevotella. Ao termino da administragcdo probiotica, o L. kefiri LKFO1 mostrou demasiada
capacidade de modular a composi¢cdo da microbiota intestinal, levando a uma redugéo
significativa de varias géneros bacterianos diretamente envolvidas no inicio da resposta pro-
inflamatoria e ligagdo com doengas gastrointestinais, como Bacteroides, Clostridium,
Haemophilus, Oscillibacter, Salmonella e Streptococcus.

Varios sdo 0s mecanimos de acdo das cepas probidticas no organismos (Figura 1), (A)
elas podem causar dano em micro-organismos patogénicos por competicdo pelos mesmos
nutrientes essenciais, deixando-os menos disponiveis; (B) ligando-se a sitios de adesao e
impedindo o patégeno por redugdes de surfactaculonizacdo; (C) resultando em liberagédo de

citocinas por células imunes por meio de sinais previamente enviados, levando o patdgeno a
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destruicdo; (D) atacando 0s micro-organismos patogénicos liberando agentes

antimicrobianos, como as bacteriocinas.

Figura 1 — Defesas dos probioticos contra patdgenos no intestino.
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Fonte: Figura adaptada de Fazilah et al. (2018).

Patogeno

A utilizacdo de probidticos pode ser combinada a outros tipos de tratamento, a exemplo
da terapia medicamentosa, principalmente quando relacionada a problemas do trato
gastrointestinal, como a infeccdo mediada por H. pylori (WANG et al., 2017). A grande
maioria dos probidticos estdo inseridos no grupo de micro-organismos conhecidos como
bactérias produtoras do acido latico (BAL) e sdo convencionalmente adicionadas aos
alimentos e consumidas na forma de iogurte, leites fermentados ou outros tipos de produtos
de fermentacdo (HANDA; SHARMA, 2016).

Dentre as principais caracteristicas do grupo chamado de bactérias do acido lactico
(BAL) estdo a conversdao da glicose, para obtencdo de acido latico como metabolito. Séo
espécies facultativamente anaerobias, ndo moveis e de catalase negativa. Em relagdo aos
beneficios corporais produzidos por essas espécies, sdo citadas quedas nos niveis de colesterol
em pacientes portadores de doengas crénicas nao transmissiveis, como o diabetes mellitus tipo
2. Tal caracteristica ¢ atribuida a capacidade de hidrolizacdo dos sais biliares, produzida por
enzimas especificas desses micro-organismos durante a fermentacdo (PFEILER;
KLAENHAMMER, 2007; EJTAHED et al.,2011; PAULA et al., 2015).
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Estudos pré-clinicos e clinicos demonstraram o impacto positivo da suplementagdo
probiotica em sintomas de patologias, como a depressdo, através da capacidade antidepressiva
e ansiolitica, este mecanismo possui relacdo devido a atuacdo desses micro-organismos nos
comportamentos relacionados ao Sistema Nervoso Central (SNC), mediados pelo eixo
cerebro-intestino por meio de vias imunes, humorais, neurais e metabdlicas, levando os
pesquisadores a se concentrarem também na area da neurociéncia (NG et al., 2018; CHENG
et al., 2019). A suplementacdo pode ser realizada tambem, através da inser¢do da cultura
probiotica no alimento, além disso, sdo variadas as espécies probioticas que possuem amplo
potencial, tornando-se necessaria a avaliacdo da especificidade de cada cepa microbiana
utilizada. Portanto, a tendéncia € inserir cepas probioticas durante a fermentacdo de produtos
lacteos, junto da cultura starter para induzir o efeito probiético (FAZILAH et al., 2018). A
acdo probidtica pode ajudar a produzir &cidos graxos de cadeia curta (AGCC), que sdo
metabolitos finais da fermentacdo, como acetado, butirato e propionato. O AGCC regula
papéis importantes do metabolismo, como o energético, o metabolismo lipidico e de
carboidratos, diminuindo o pH, aumentando a sensibilidade insulinica (CHIU et al., 2017;
TONUCCI et al., 2015; VENKATAKRISHNAN; CHIU; WANG, 2019). Além dos diversos
beneficios a satde dos consumidores de alimentos probidticos, a acdo de cepas autoctones
pode também promover acdo tecnoldgica e sensorial positiva durante a elaboracdo dos
produtos.

O género Lactobacillus compde as bactérias do &cido lactico (BAL), grupo que
notadamente desempenha um papel importante no trato gastrointestinal, pertencentes ao filo
Firmicutes, fundamental para constituicdo da mucosa intestinal. Lactobacillus exerce efeitos
benéficos sobre a saude humana e animal (WALTERS, 2008; MANN et al., 2014; DELGADO
etal., 2014; VALERIANO; BALONG; KANG, 2017). A partir da primeira espécie microbiana
de Lactobacillus identificada em 1901 (Lactobacillus delbrueckii), taxonomicamente outras
bactérias foram agrupadas aos Lactobacillus, (mais de 250 espécies), mesmo algumas destas
ndo possuindo parentesco tdo adjacente. A partir da realizacdo de inumeras analises de
sequénciamento de DNA, o género Lactobacillus foi dividido em 25 géneros, incluindo
organismos adaptados de hospedeiros que foram referenciados com o grupo L. delbrueckii;
Paralactobacillus, além de 23 outros novos géneros, que dentre eles estdo o Agrilactobacillus,
Amylolactobacillus, Apilactobacillus, Fructilactobacillus, Holzapfelia, Bombilactobacillus,
Latilactobacillus, Lacticaseibacillus, Lapidilactobacillus, Ligilactobacillus e o

Limosilactobacillus (ZHENG et al., 2020). E importante que a indUstria produtora de alimentos
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leve em consideragdo todas as alteracbes taxonOmicas realizadas a partir das recentes
descobertas cientificas (NYANZI; JOOSTE; BAYS, 2020).

2.2.2 Limosilactobacillus mucosae

E demonstrada a importancia dos probi6ticos que possuem capacidades diversas como
as de colonizar a mucosa intestinal do hospedeiro, por meio de adeséo celular e inibigéo de
patdgenos. Dentre as cepas probioticas benéficas e de interesse em alimentos estd o
Limosilactobacillus mucosae. Uma das caracteristicas importantes descritas durante a
fermentagdo é a possivel habilidade dessa espécie em utilizar a energia de fontes de
carboidratos e ndo carboidratos, em especial a linhagem L. mucosae LM1. A partir de uma
analise do pan-genoma, pesquisadores identificaram nessa cepa uma via de metabolismo do
glicogénio completo e de biossintese de folato, propriedades diferenciadas quando em
comparacao a outras espécies de Lactobacillus (VALERIANO et al., 2019).

A espécie L. mucosae DPC6426 foi empregada como cultura adjunta em iogurtes e
embora ndo tenha apresentado a producéo de exopolissacarideos (EPS) houve um decréscimo
significativo (p<0,05) da sinerese do iogurte, resultando em uma viscosidade
significativamente maior (p<0,01) nesta amostra em relacdo ao iogurte controle, durante o
tempo de armazenamento, demonstrando que esse tipo de micro-organismo pode contribuir
para o desenvolvimento de produtos lacteos de boa qualidade tecnolégica (LONDON et al.,
2015).

Além disso, a justa capacidade de aderir & mucosa intestinal e promover a inibicao de
patdgenos, sdo atividades demonstradas por cepas de Limosilactobacillus mucosae,
caracteristicas essenciais no desenvolvimento de diversos estudos de comparagdo entre as
estirpes. A espécie CNPCO007 demonstrou uma elevada taxa de sobrevivéncias as condi¢fes do
trato gastrointestinal in vitro, também demonstrou atividades tecnoldgicas importantes ao
desenvolvimento de produtos lacteos, como a acidificacdo do leite e capacidade de coagulagéo,
junto de producdo de diacetil e atividade proteolitica, tornando-se uma cepa probiotica
promissora para a aplicacdo em produtos lacteos (MORAIS et al., 2017).

Este potencial para elaboracdo de novos tipos de produtos lacteos probidticos
fermentados, foram descritos por Moraes et al. (2018), que ao elaborar um queijo de cabra
adicionado da cepa L. mucosae CNPCO007, avaliou a aceitacdo e as caracteristicas desse
alimento e como resultado obteve boa aceitacdo sensorial, com escores médios superiores a 7,0

(sete) para os atributos cor, aroma, sabor, textura e avaliacdo geral. Outros parametros como a
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viabilidade da cepa foram avaliados, e o produto obteve contagens acima de 108 UFC/g durante
todo o armazenamento, demonstrando que esse tipo de matriz lactea caprina exerceu papel
protetor a sobrevivéncia do L. mucosae CNPCO007.

A escolha da matriz lactea para elaboracéo de produtos fermentados de qualidade torna-
se fundamental. Entre os tipos de leite, o caprino tem se destacado na elaboracao de produtos
lacteos fermentados, devido a sua rica composi¢do de nutrientes que o diferenciam de outras
espécies (ARYANA; OLSON, 2017; VERRUCKA; DANTAS; PRUDENCIO, 2019).

2.3 LEITE DE CABRA

Segundo a legislacdo brasileira, o leite de cabra é definido como “produto normal,
fresco e integral, obtido da ordenha completa e ininterrupta de animais sadios, bem
alimentados em repouso” (BRASIL, 1999), possui caracteristicas especificas e relevantes
quanto ao seu quesito nutricional. No Brasil, esta matriz mobiliza uma cadeia de 18 mil
produtores, gerando uma producdo de 35 milhGes de litros de leite por ano (EMBRAPA,
2014).

Dentre as caracteristicas benéficas que promovem a indicacdo do consumo do leite de
cabra em relacdo ao leite produzido por outras espécies, esta a sua maior digestibilidade e a
presenca de componentes especificos que propiciam beneficios variados a satde humana. Sua
expressiva concentracao de acidos graxos de cadeia curta como o caproico, caprilico e caprico
proporcionam a essa matriz uma boa fonte de gorduras. Caracteristicas como capacidade de
melhora na absor¢do de alguns minerais, regionalidade e importancia econdmica trazem
vantagens sobre o consumo do leite de cabra em detrimento ao leite bovino, mesmo este sendo
um representante de parcela abrangente no mercado probidtico (XANTHOPOULOS et al.,
2012). A insercédo do leite de cabra como base em diversos produtos pode estar voltada aos
consumidores interessados na gastronomia gourmet envolvendo produtos alimentares com
caracteristicas especiais. Algumas pesquisas apontam que este tipo de matriz proteica pode ser
uma fonte alternativa para fabricacdo de leite em pd para bebés e criangas de menor idade,
pois embora a sua constituicdo seja similar ao leite de vaca (teores de proteina, gordura e
lactose), ha diferencas entre esses dois tipos de lacteos o que afeta positivamente as
caracteristicas de digestdo e nutricdo do leite caprino fornecido (BEZERRA et al., 2015;
HODGKINSON et al., 2018).

Alguns estudos demonstram diferencas na elaboracdo de laticinios (como iogurtes e

leites fermentados) e sobre as caracteristicas finais desses produtos, quando fabricados com
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matrizes lacteas de diferentes origens, a exemplo do leite bovino, caprino e reconstituido
(WANG etal., 2011).

2.4 LEITE FERMENTADO

O leite fermentado é um alimento amplamente difundido, segundo um estudo em
territorio nacional, a probabilidade e as quantidades de ingestdo desse produto sdo afetadas de
forma diferente por fatores demograficos, socioeconémicos e de estilo de vida em adultos e
idosos, sendo a renda familiar per capita um fator associado positivamente com a quantidade
do consumo desse produto, que possui caracteristicas sensoriais especificas, fator
determinante na aquisicao desse tipo de insumo lacteo (POSSA et al., 2015).

A acidificacdo € resultante da fermentacdo de bactérias laticas no leite, mediante a
transformacao de lactose em &cido latico, que como consequéncia resulta a reducdo do pH do
meio, inibindo o crescimento de certos micro-organismos patogénicos. Atualmente, o
consumidor tem uma imagem positiva dos iogurtes como um alimento nutritivo, saudavel e
com propriedades sensoriais significativas. Seus beneficios vao além do fornecimento de
fontes importantes, como as proteinas, o calcio, o fosforo, as vitaminas e minerais, estando
relacionado a melhora da acdo das enzimas digestivas e como facilitador da absorcdo de
nutrientes importantes, tornando-se uma fonte indireta de ingestdo do leite (ARAUJO, 2011;
MUDIM, 2008).

Pesquisadores enfatizam o aumento do consumo desse tipo de derivado lacteo
fermentado devido ao seu pH diferenciado, tornando-se deste modo um alimento vantajoso
quando comparado aos demais produtos lacteos, pois o pH baixo pode afetar de modo positivo
a sobrevivéncia de espécies benéficas de micro-organismos (SILVA et al., 2015). Para
elaboracao desse alimento, a fermentacdo latica € um fator de extrema relevancia. O aumento
da temperatura do leite, em aproximadamente 40°C, promove o calor sacarolitico que contribui
para este processo (OGASAWARA et al., 2006). Outra questéo relacionada ao consumo desse
tipo de produto estd na funcionalidade atribuida ao potencial probidtico desse alimento. A
insercdo de micro-organismos probidticos como componentes dietéticos acaba por intensificar
as caracteristicas funcionais de produtos lacteos fermentados, contribuindo para o aumento no
interesse do consumo somado a uma maior expressao das caracteristicas sensoriais e funcionais
desse tipo de alimento (ANTUNES et al., 2007).

logurtes e leites fermentados tornaram-se escolhas predominantes gracas aos seus

efeitos benéficos a saude humana e, a medida que essa popularidade cresce, a industria e 0s
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pesquisadores buscam inserir ingredientes, que possam agregar valor, nesse tipo de produto,
a exemplo dos probidticos e prebioticos, e extratos e componentes de plantas que tém sido
adicionados com o intuito de produzir um alimento diferenciado com caracteristicas
funcionais e propriedades além daquelas encontradas convencionalmente (FAZILAH et al.,
2018).

2.5  UTILIZACAO DE VEGETAIS NA PRODUCAO DE ALIMENTOS

A utilizacdo de fibras dietéticas, compostos fendlicos e bioativos oriundos de extratos,
frutas e componentes vegetais podem melhorar aspectos tecnoldgicos de alimentos, como a
aceitacdo sensorial e viscosidade, implicando positivamente na qualidade e escolha dos
alimentos pelos consumidores. Além disso, a adicdo desses compostos pode exercer atividade
bioativa, alem da nutricédo basica esperada, promovendo beneficios diferenciados ao organismo
dos consumidores (PAN et al., 2019; YADAV et al., 2018). Alguns estudos tém evidenciado a
acdo positiva de vegetais na producdo de alimentos, a exemplo de Zhang et al. (2018) que
relataram que o extrato da moringa aprimorou as propriedades relacionadas a textura e
atividade bioativa. A adicdo da polpa de jujuba promoveu suavizacdo do sabor caprino e
melhora das caracteristicas antioxidantes de iogurtes a base de leite de cabra (CUSCUMENCO;
BULGARU, 2020; FENG et al., 2019), além do estimulo ao crescimento de bactérias
probidticas adicionadas e a melhora das propriedades reoldgicas da matriz (ESPIRITO et al.,
2013; PAN et al., 2019; WANG; KRISTO; LAPOITE, 2020). Mediante a isto, a aplicabilidade
de produtos elaborados a partir de matrizes vegetais, tem ganhado destaque na producéo de
alimentos, seja através de frutas comumente utilizadas, ou pelo emprego de cultivares pouco
convencionais, a fim de melhorar as caracteristicas tecnoldgicas e sensoriais dos produtos e
promover beneficios aos consumidores. Uma fruta que vem sendo bastante evidenciada na

elaboragéo de diversos tipos de alimentos, é o abacaxi (ALI et al., 2020).

2.5.1 Abacaxi (Ananas comosus L. Merril)

O abacaxi (Ananas comosus L. Merril) pertence a familia Bromeliaceae e é uma das
frutas mais apreciadas em todo o mundo, devido ao seu sabor doce, aroma unico e rica
composicao nutricional (ALI et al., 2020). Seu cultivo e consumo no Brasil, por povos
indigenas data de épocas anteriores ao século 16, antes da chegada dos navegadores
portugueses (REINHARDT, 2019). Sua producéo é bem estabelecida no Brasil, sendo este um
entre 0s cinco maiores produtores mundiais com uma producdo média de 2253,90 mil toneladas

(STATISTA, 2020). Esta planta é nativa de diversos ecossistemas brasileiros, em especial da
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regido Amazonica, através da fruticultura e das tecnologias desenvolvidas no pais, a exemplo
das densidades de plantil, controle integrado da fusariose (doenca que afeta negativamente a
abacaxicultura), racionalizacdo da adubacdo mineral e dominio da inducéo floral e artificial.
Dentre as cultivares mais populares do pais, estdo o Pérola ou Branco de Pernambuco, Smooth
Cayenne e Jupi, a escolha da variedade do abacaxi, devera ser baseada no destino da producéo,
se para utilizacdo na industria ou consumo in natura (EMBRAPA, 2021).

A partir dos anos 1970, a producdo de abacaxi cresceu em decorréncia do aumento da
exploracdo comercial, nessa época 0s processos de base tecnoldgica eram bastante limitados,
ndo havia pesquisas voltadas ao cultivo, mundialmente, a cultivar Smooth Cayene, conhecida
popularmente como havaiana, ja era evidenciada, dominando o mercado internacional por
varias décadas e dominando o acervo tecnoldgico disponivel. Instituicbes de pesquisa como o
Instituto Agrondmico de Campinas (IAC) e a Empresa Brasileira de Pesquisa Agropecudria
(EMBRAPA) em parceria com outras empresas estaduais de pesquisa agropecuaria, foram
importantes para o conhecimento e incentivo a esta cultivar no Brasil, resultando na produgéo
de um acervo significativo de tecnologias, sustentando o agronegécio de abacaxi nacional
(REINHARDT, 2019).

O abacaxi é destacado por uma diversidade de compostos volateis, fenolicos, entre
outros, sendo uma rica fonte de minerais e vitaminas, promovendo diversos beneficios a satde
(BARRETTO et al., 2013). Atualmente a sua procura no mercado internacional tem
aumentado, sendo destacado um crescimento na indUstria do Ananas comosus, ficando atréas
apenas de frutas citricas e da banana, o que representa um importante avanco na industria
agricola alimentar, com utilizagdes que véo desde a producdo de produtos & base de abacaxi,
até o aproveitamento dos seus residuos (ALI et al., 2020).

Sé&o destacadas as quantidades consideraveis de fibras dietéticas, minerais e nutrientes,
promovendo beneficios para a saude, como a atividade anti-inflamatdria, antioxidante,
monitoramento do funcionamento do sistema nervoso central (HOSSAIN; RAHMAN, 2011,
BARRETTO et al., 2013; LOBO; YAHIA, 2016). Além disso, os niveis de maturacdo podem
interferir em alteracGes na composic¢do quimica desse fruto, a exemplo do perfil de aroma,
durante o armazenamento (ANCOS et al., 2016; LASEKAN; HUSSEIN, 2018; ALI et al.,
2020). Produtos desenvolvidos utilizando o abacaxi, tém demonstrado que essa fruta possui um
grande potencial, devido a sua composi¢do quimica e valor nutricional, seja pela utilizacdo da
polpa ou de seus residuos, atraindo o interesse da industria de alimentos ao utiliza-lo em
diferentes produtos alimentares (ALI et al., 2020), a exemplo de sobremesas, como bolos,
pudins, tortas, compotas e guarni¢des (BARRETTO et al., 2013), salada de frutas (HOSSAIN,
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2016), sucos, bebidas e xarope (KHALID et al., 2016), produtos lacteos, além de néctar,
caramelos e compota (CHAUDHARY et al., 2019). Desse modo, essa fruta de uso
convencional, bem como outras fontes e espécies vegetais pouco exploradas podem ser
empreguadas para a producdo de alimentos, a fim de disponibilizar novos produtos aos

consumidores.

2.5.2 Plantas Alimenticias Nao Convencionais (PANC)

PANC é um termo utilizado para abordar as plantas alimenticias ndo convencionais, que
sdo vegetais ou partes destes sem utilizacdo usual que podem ser inseridos na dieta humana.
As espécies podem ser exoticas, nativas, silvestres, espontaneas ou cultivadas. As partes
utilizadas podem ser as raizes tuberosas, tubérculos, frutos, sementes, rizomas, ramos, bulbos,
tenros, folhas, flores e brotos. Além disso, a resina, latex, goma ou outras partes podem ser
aproveitadas na elaboracdo de 6leos e gorduras comestiveis. Apesar das diversas formas de
aproveitamento, a sua utilizacdo é negligenciada como forma de descarte devido a falta de
conhecimento (KINUPP, 2014).

No passado, devido a forca da cultura rural, grande parte dessas plantas eram utilizadas
com maior intensidade, no entanto, com o passar dos anos e as grandes mudancas ocorridas
nos habitos alimentares e nutricionais, houve uma reducdo na utilizacdo de grande parte das
plantas e muitas espécies cairam no esquecimento. Isso torna-se um fator preocupante, pois
comunidades locais e regionais estdo perdendo muitas de suas referéncias culturais, fazendo
com que antigas praticas de manejo acabem em desuso. Ainda por auséncia de esclarecimentos
especificos, muitos vegetais do tipo PANC tornaram-se caraterizados popularmente como
ervas daninhas, matos, invasoras, infestantes nos mais variados locais, como ruas, pracas,
jardins e até mesmo na propria zona rural, tendo seu consumo negligenciado (FONTURA,
2018; KINUPPI, 2014). Os cactos comp6em um grupo de plantas xerofilas, de grande
variedade e tamanhos, de caule suculento e frutos comestiveis, que sédo distribuidos em algumas
regibes do Brasil, mais especificamente em locais aridos ou semi-aridos, com grande
importancia socio-econémica para 0s povos pertencentes ao bioma Caatinga, podendo ser
consideradas como PANC, devido a sua utilizagdo pouco usual por grande parte da populacéo,
entre as espécies de cactaceas consideradas como subutilizadas, estdo o Cereus jamacaru e 0
Pilosocereus gounellei (ARAUJO et al., 2021).


https://www.sciencedirect.com/science/article/pii/S0963996920307006#b0150
https://www.sciencedirect.com/science/article/pii/S0963996920307006#b0075
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2.5.3 Xique-xique (Pilosocereus gounellei)

O Nordeste do Brasil € conhecido por ser uma regido semiarida, com extremos
climaticos tipicos a este ambiente. Neste cenario é naturalmente comum o crescimento de
cactaceas, representando uma possivel fonte de &gua, inclusive para 0s ruminantes.
Fitoquimicamente, essa familia possui uma riqueza em diversos compostos bioativos, como
taninos, flavonoides, esteroides, &cidos fendlicos e betatiocianinas, entre outros
(CARDADOR-MARTINEZ et al., 2011; KAKUTA et al., 2012; GONCALVES et al., 2015;
ARAUJO et al., 2021; MACHADO et al., 2021, BEZERRIL et al., 2021). A utilizagdo de
cactos provoca um impacto positivo nos sistemas de producdo, reduzindo a utilizacdo de
insumos oriundos de outras localidades, incentivando a regionalidade (NEFZAQUI et al.,
2014).

O bioma Caatinga, que por sua vez esta localizado na borda nordeste da diagonal seca,
possui areas de cactos, arbustos e pequenas arvores em abundancia. Este bioma esta presente
na Paraiba, Pernambuco, Piaui, Ceara, Rio Grande do Norte, Alagoas, Sergipe, Bahia e no
nordeste do estado de Minas Gerais (WERNECK et al., 2015). E conhecido por suportar uma
grande diversidade de recursos vegetais, sendo caracterizado como o terceiro centro de
diversidade das espécies de cactaceas (RIBEIRO et al., 2015).

O xique-xique (Pilosocereus gounellei) é um vegetal nativo da regido semiarida do
bioma Caatinga, considerado como espécie endémica, pertencente ao género Pilosocereus da
subfamilia Cactoideae, possui um tronco ereto, com ramos laterais de cor verde, com diversos
espinhos (BEZERRIL et al., 2017; ASSIS et al., 2019; ARAUJO et al., 2021), os frutos séo
caracterizados como bagas de didametro médio que varia entre 46 a 49mm, comprimento de 35
a 39mm e peso entre 41 a 48g, caracterizando um mesocarpo espesso de cor pdrpura, que se
abre ao amadurecer, seu endocarpo possui cor rosa-purpura e polpa funicular, mucilaginosa
que contém um grande nimero de sementes negras e pequenas (ARAUJO et al., 2021).

Torna-se uma das poucas alternativas empregadas na alimentacdo de ruminantes,
principalmente nos periodos de seca, sendo importante devido a escassez de forragem e
primordialmente, devido a especificidades desse ambiente, onde estes cactos exdticos sdo
capazes de sobreviver (FURTADO et al., 2016; FURTADO et al., 2019). Porém, outros
estudos abordam a importancia da utilizacdo dessa cactacea para outras finalidades, como a
terapéutica. Sousa et al. (2018) enfatizaram a utilizacdo dessa planta por comunidades
tradicionais da medicina popular para combater diversos agravos a salde, entre eles, processos

inflamatdrios como gastrites. Esse mesmo grupo avaliou o efeito de protecdo gastrica do
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xique-xique, através da utilizagdo de um extrato contendo o cladddio e raizes do Pilosocereus
gounellei em ratos e observaram uma importante gastroprotecdo, impedindo a formacéo de
lesGes gastricas através de diferentes modelos experimentais. Ainda ha relatos cientificos do
emprego das raizes durante o tratamento de inflamacéao na prdéstata e colite ulcerativa (AGRA
etal., 2008; LUCENA et al., 2012; ASSIS et al., 2019).

Mediante caracterizagdo nutricional, € descrito um elevado teor de 4gua no xique-xique
em especial nos cladodios, além de um reduzido contetdo de proteinas, lipidios e quantidades
significativas de carboidratos e outros nutrientes (incluindo fibras soltveis e insollveis), assim
como, valores expressivos de minerais, destacando-se o célcio, magnésio, selénio e zinco no
cilindro vascular, o que faz com que esse vegetal possua um elevado potencial do ponto de
vista nutricional, para producdo de alimentos (BEZERRIL, 2017).

Dentre outros tipos de utilizacdo dessa Panc, se enfatiza o emprego na alimentagédo
humana. Pesquisas avaliaram o uso culinario a partir da preparacdo de cladddios na forma
assada ou cozida, tanto para a producédo de doce, cocada ou de uma espécie de farinha utilizada
como ingrediente para elaboracdo de cuscuz (LUCENA et al., 2013). Qutros estudos
descrevem a producdo de farinha a partir dessa cactacea para elaboracdo de produtos como
macarrdo, barras de cereais e biscoitos, além disso, outras pesquisas também descrevem a
utilizacdo na producdo de suco, e de geleia, especificamente para adicdo em iogurte caprino,
fazendo com que esse vegetal seja descrito como uma matriz em potencial para o
densenvolvimento de novos produtos (ASSIS et al., 2019; ARAUJO, REIS; OLIVEIRA,
2019; OLIVEIRA; OLIVEIRA, 2019; RIBEIRO et al., 2020; BEZERRIL et al., 2021;
MACHADO et al., 2021).

Portanto, a elaboracdo de produtos oriundos do Pilosocereus gounellei pode ser uma
alternativa promissora para insercdo em alimentos, inclusive de origem lactea caprina,
contribuindo para ampliacdo da utilizacdo de Panc, disponibilizando um insumo inovador e
com caracteristicas nutritivas consideravelmente positivas, podendo agregar beneficios
tecnoldgicos, sensoriais e funcionais, quando também associadas a micro-organismos com
potencial probidtico. Além de contribuir para o crescimento da utilizacdo de produtos

usualmente regionais.
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3 MATERIAL E METODOS

3.1 MATERIAS-PRIMAS E LOCAIS DE EXECUCAO

O leite de cabra integral pasteurizado, foi obtido comercialmente de uma cooperativa
(Capribom®), localizada na cidade de Monteiro/PB, sendo as cabras pertencentes a raca
Toggenburg. Ja o leite de cabra integral em po6 (Caprilat®), foi adquirido comercialmente. A
cultura starter (YF-L903, Christian Hansen®, Valinhos, Minas Gerais, Brasil) composta por
Streptococcus salivarius subsp. thermophillus e Lactobacillus delbrueckii subsp. bulgaricus
foi obtida comercialmente. A cepa probidtica Limosilactobacillus mucosae CNPCO007 foi
cedida da "Colecdo de Micro-organismos de Interesse para a Agroindustria Tropical” da
Embrapa Agroindustria Tropical/Fortaleza, Ceara, Brasil. O xique-xique (Pilosocereus
gounelli) foi obtido de uma area de cultivo particular, localizada no municipio de Boa Vista,
no estado da Paraiba, Brasil, com coordenadas geograficas latitudinais -7.16762352 e
longitudinais de -36.1432815, com altitude de 575 m. Os cladddios foram selecionados
considerando sua integridade fisica, e deles foram removidos o0s espinhos no momento da
colheita, sendo transportados em caixas siotérmicas de polietileno em temperatura ambiente
(25 = 1 °C) para o Laboratorio de Técnica Dietética (DN/CCS/UFPB). Os abacaxis, da
variedade “Jupi’ utilizados para a elaboracio da geleia, assim como o agUcar cristal (Alegre®,
Usina Monte Alegre S/A, Brasil), foram adquiridos em redes de supermercados da cidade de
Jodo Pessoa/PB.

A elaboracdo da farinha de xique-xique foi realizada no Laboratorio de Fitoterapia,
pertencente ao Departamento de Farmacia, do Centro de Ciéncias da Salude e no Laboratério
de Operagdes Unitarias, do Departamento de Engenharia Quimica da Universidade Federal
da Paraiba. A elaboracdo dos leites fermentados, da geleia de abacaxi e analises sensoriais
foram executadas no Laboratorio de Técnica Dietética; as analises tecnoldgicas, fisicas e
fisico-quimicas dos leites fermentados foram realizadas no Laboratério de Bromatologia; e 0s
ensaios microbiologicos (qualidade higiénico sanitaria e viabilidade) foram realizados no
Laboratorio de Bioquimica e Microbiologia de Alimentos, todos pertencentes ao
Departamento de Nutricdo, do Campus I da UFPB. As analises reologicas foram executadas
no Laboratério de Armazenamento e Processamento de Produtos Agricolas (LAPPA), da
Unidade Académica de Engenharia Agricola, da Universidade Federal de Campina Grande
(UFCG), Campus de Campina Grande/PB. As analises de determinacdo de compostos
fendlicos totais, flavonoides totais e atividade antioxidante, foram desenvolvidas no
Laboratério de Bromatologia (LABROM), e os testes in vitro de avaliacdo do potencial
protetor da matriz alimentar sobre a sobrevivéncia da cepa probidtica ao longo do trato
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gastrointestinal, foram realizados no Laboratorio de Microbiologia dos Alimentos, ambos
pertencentes a Unidade Académica de Saude, da Universidade Federal de Campina Grande,
Campus de Cuité/PB. O perfil de aculcares e acidos organicos foi avaliado no Laboratorio
Experimental de Alimentos (LEA), do Departamento de Tecnologia de Alimentos do Instituto
Federal do Sertdo Pernambucano, Petrolina — PE; e as analises de determinagdo do perfil de
acidos graxos foram realizadas no Laboratorio Multiusuario de Caracterizacdo e Anélise -
LMCA, do Campus | da UFPB.

3.2 PROCESSAMENTO DA FARINHA DE XIQUE-XIQUE

A farinha xique-xique foi preparada de acordo com Machado et al. (2021), onde 0s
cladddios do xique-xique foram cuidadosamente higienizados (remocéao e descontaminagao)
com &gua corrente e sanitizados (hipoclorito de so6dio a 100 ppm/15 min). O caule central foi
despojado, e a polpa e a casca foram removidas. Os caules centrais foram entdo cortados em
fatias de 1 cm, que foram autoclavadas (121 + 1 °C/20 min). Posteriormente, as amostras foram
arrefecidas a temperatura ambiente, seguidas de secagem em estufa com circulacao forcada de
ar (40 = 1 °C) até atingirem aproximadamente 4% de umidade. Apés a secagem, 0 Xique-xique
foi triturado em um moinho de facas (Willey, Solab®, Piracicaba, Sdo Paulo) e tamizado com
uma peneira de 100 mesh num agitador de peneiras (Bertel®, Caieiras, Sdo Paulo). A farinha
foi selada a vacuo em sacos estéreis de polietileno com aproximadamente 100 g por saco,
enrolada em folha de aluminio, e congelada (-20 + 1 °C) até & sua utilizagao.

3.3 PROCESSAMENTO DA GELEIA DE ABACAXI

Os abacaxis (Ananas comosus L. Merril) foram higienizados com agua corrente e
sanitizados com hipoclorito de sédio (100 ppm/15 min), conforme Resolucdo da Agéncia
Nacional de Vigilancia Sanitaria — RDC n° 216/2004 (BRASIL, 2004). Em seguida foram
descascados e picados com faca de aco inoxidavel, retirando o cilindro central. O abacaxi
picado foi triturado em liquidificador com agua mineral, num percentual de 30% e, em seguida,
filtrado em peneira de aco inoxidavel tela fina, obtendo-se o suco de abacaxi. A geleia de
abacaxi foi elaborada na propor¢édo 70:30 (suco de abacaxi: agucar) levando-se a mistura ao
fogo (180 + 1 °C). A verificagdo do ponto de geleia foi feita com base no teor de solidos
soluveis, que segundo a legislagdo especifica, deve ser no minimo 62-65% p/p (BRASIL,

1978). Por fim, a geleia de abacaxi foi envasada em pote de vidro estéril, seguido de
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armazenamento em temperatura ambiente até utilizacdo no processamento dos leites

fermentados.

3.4 CONTROLE DE QUALIDADE DO LEITE CAPRINO

O leite caprino utilizado na elaboracdo dos leites fermentados foi submetido a
determinacéo dos parametros de acidez expresso em acido latico, pH, umidade, extrato seco
total, proteina, gordura, lactose e cinzas, conforme metodologias recomendadas pela
Association of Official Analytical Chemist Methods (AOAC, 2016). A determinacdo dos
parametros microbioldgicos seguiu as metodologias recomendadas pela American Public
Healh Association (APHA, 2001), em que a matéria-prima foi submetida a determinacdo do
Numero Mais Provavel (NMP) de coliformes totais (NMP/g) e termololerantes (NMP/g);
contagem de bolores e leveduras expressa em Unidades Formadoras de ColOnias por g
(UFC/g); e contagem total de bactérias aerébias meséfilas (UFC/g) e detecgdo de Salmonella

sp. e Listeria monocytogenes.
3.5 ELABORACAO DO INOCULO DE Limosilactobacillus mucosae CNPC007

O indculo final (InF) de bactérias probioticas no leite de cabra foi preparado em duas
fases. O Inoculum 1 (Inl) foi preparado diluindo 0,1 g de L. mucosae liofilizada CNPC007 em
10 mL de leite em p6 de cabra reconstituido (Caprilat®, Nova Friburgo, Rio de Janeiro, Brasil)
em agua esterilizada, com incubacdo durante 22 h (fase estacionéria) a 37 °C. O indculo final
(InF) foi preparado usando 10 mL do Inéculo 1 (In1) que foi diluido em 10 mL de leite caprino
em pd reconstituido em agua estéril. A mistura foi, posteriormente, incubada a 37 °C durante
22 h, resultando numa contagem final de 7-8 log UFC/g. As contagens foram confirmadas
utilizando diluigdes em série do indculo com &gua peptona estéril a uma concentracdo de 0,1
g/100 mL (Sigma-Aldrich, St. Louis, MA, EUA); 10 pL destas dilui¢cbes foram vertidas em
agar MRS (Oxoid, Basigstoke, Reino Unido), e acidificadas a pH 5 (IDF, 1995) utilizando a
técnica da microgota. As placas foram incubadas aerobicamente a 37 °C durante 48 h, e os

resultados foram expressos em log UFC/g.
3.6 ELABORACAO DOS LEITES FERMENTADOS CAPRINOS E DELINEAMENTO
EXPERIMENTAL

Os leites fermentados foram processados conforme metodologia descrita por Silva et
al. (2017). Foram preparadas trés formulagdes: (LFC) leite fermentado controle (tratamento
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sem farinha), (LFX1%) leite fermentado contendo 1% de farinha xique-xique, e (LFX2%) leite
fermentado adicionado de 2% de farinha xique-xique (Figura 2). O leite de cabra pasteurizado
foi tratado termicamente (90 °C/10 min), e arrefecido a 45 = 1 °C, e inoculado com L. mucosae
CNPCO007 e com a cultura starter (Streptococcus salivarius subsp. thermophillus e
Lactobacillus delbrueckii subsp. bulgaricus, Christian Hansen®, Valinhos, Brasil, 7-8 log
UFC/g) nas respectivas concentracOes de 0,1 e 0,4 g/L, e a fermentacéo foi realizada a 45 °C
durante 4 h. As amostras de leites fermentados foram depois arrefecidas a 5 + 1 °C, o coagulo
partido com auxilio de um bastéo de vidro, e a geleia de abacaxi adicionada em concentracdes
de 15 ¢/100 g aos iogurtes; e a farinha de xique-xique foi entdo adicionada aos iogurtes em
concentragdes de 1 e 2%. Os produtos foram colocados em garrafas de polietileno de alta

densidade e armazenados sob refrigeracdo (4 + 1 °C) durante 28 dias.

Figura 2 - Fluxograma de processamento dos leites fermentados caprinos.

Leite de cabra

Tratamento térmico (90 =1 *C/10 min)

Resfriamento (4> =1 °C)

Adigéo da cultura (0.4 g starter + Inoculo
probidtico)

Fermentacgdo (45 =1 *C/4 k)
Quebra do coagulo e homogeneizacio

I
Adigiio da geleia de abacaxi (13%) e

homogeneizagio
1
Adicio da farinha de xique-xique (1 e 2%)
e homogeneizagio ' o ' o
Envase e armazenamento refrigerado | LFC | |LPX1% |LFX2%
(4+1°C) | ) ' '

’ ’

Fonte: Dados da pesquisa (2021).

As amostras dos leites fermentados caprinos probioticos foram analisadas em triplicata
nos tempos 1, 14 e 28 dias de armazenamento refrigerado (4 £ 1 °C), conforme delineamento

experimental apresentado na Figura 3.
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Figura 3 — Delineamento experimental dos leites fermentados caprinos com potencial
probidtico.
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AUE-XIghe 1,14 & 28 dias 1,14 € 28 dias

Fonte: Dados da pesquisa (2021).

3.7 CARACTERIZACAO TECNOLOGICA, FISICO-QUIMICA E MICROBIOLOGICA
DOS LEITES FERMENTADOS CAPRINOS

Os leites fermentados foram analisados quanto as caracteristicas tecnoldgicas, fisico-
quimicas e microbiol6gicas. Quanto as caracteristicas tecnoldgicas, avaliaram-se 0s seguintes
parametros: cor, que foi medida utilizando o colorimetro Konica Minolta (modelo CR 400);
viscosidade aparente, utilizado o viscosimetro Brookfield (modelo DV I1+Pro) com spindle
SC4-27 com banho termostatico acoplado para controlar a temperatura das amostras (5 °C).
Para tanto, foram tomados 7,5 mL das amostras, sendo utilizado o dispositivo para pequenas
amostras, com as leituras da viscosidade aparente (mPa.s) sendo feitas na velocidade de
rotagdo de 40 rpm. As avaliagOes fisico-quimicas das amostras envolveram analise dos
parametros de acidez em acido lactico, pH, proteinas, gordura, e cinzas, conforme
metodologias recomendadas pela Association of Official Analytical Chemist methods (AOAC,
2016).

Foram determinados os parametros microbioldgicos de condicdes higiénico sanitaria,
mediante metodologias recomendadas pela American Public Healh Association, onde foram
realizados os seguintes ensaios: contagem de coliformes totais e termotolerantes expressa em
NMP/g, contagem de bolores e leveduras expressa em UFC/g (APHA, 2001; BRASIL, 2019).
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As contagens das celulas vidveis de L. mucosae CNPC007 adicionado aos leites fermentados
foram determinadas através da preparacédo de dilui¢Oes seriadas decimais com agua peptonada
esterilizada - 0,1 g/100 mL (Sigma, St. Louis MO, EUA). Seguindo a técnica da microgota,
alicota de 10 pL de diluigdes foram inoculadas em agar MRS (Oxoid, Basigstoke, UK)
acidificado a pH 5 (IDF, 1995). As placas foram incubadas durante 48 h a 45 £ 1 °C em
aerobiose, e os resultados expressos em UFC/g (BD GasPakTM EZ Anaerobe container
system, Becton, Dickinson and Company, USA) (MORAES et al., 2018).

3.8 PERFIL QUIMICO

3.8.1 Perfil de fendlicos

Durante o preparo do extrato, 5 g de cada iogurte foi homogeneizado com 5 mL de
metanol a 80% (Sigma-Aldrich), centrifugado (9000 x g, 15 min, 4 °C) e filtrado com um filtro
de 0,45 um (Millex Millipore, Barueri, SP, Brasil). A identificacdo dos compostos fenolicos
foi realizada seguindo Padilha et al. (2018), com adaptac®es de gradiente e tempo de execugéo
para quantificacdo de estilbenos, flavondis e flavanonas. A anélise foi realizada utilizando um
cromatografo liquido Agilent 1260 Infinity LC System (Agilent Technologies, Santa Clara -
EUA) acoplado a um sistema de detec¢do de matriz de diodos (DAD) (modelo G1315D). A
coluna utilizada foi uma coluna Zorbax Eclipse Plus RP-C18 (100 x 4,6 mm, 3,5 pm) e uma
pré-coluna Zorbax C18 (12,6 x 4,6 mm, 5 pm) (Zorbax, EUA). Os dados foram processados
usando o software OpenLAB CDS ChemStation Edition (Agilent Technologies, Santa Clara -
EUA), e a identificacdo e quantificacdo foi realizada através de comparacdo com padrbes
externos (Sigma-Aldrich). Os resultados foram expressos em mg de fenolico por 100 g de
amostra (mg/100 g).

3.8.2 Perfil de agUcares e &cidos organicos

Os acucares (glicose, lactose e galactose), acidos organicos (citrico, malico, lactico,
propidnico e succinico) foram determinados conforme descrito por Ball et al. (2011), por meio
de técnica de Cromatografia Liquida de Alta Eficiéncia (CLAE), utilizando cromatografo
Agilent® (modelo 1260 Infinity LC, Agilent Technologies, Santa Clara, CA, USA), equipado
com bomba quaternaria de solventes (modelo G1311C), degaseificador, compartimento de
colunas termostatizado (modelo G1316A) e amostrador automatico (modelo G1329B),
acoplado em Detector de Arranjos de Diodos (DAD) (modelo G1315D) e Detector de indice
de Refracdo (RID) (modelo G1362A). Os dados obtidos foram processados utilizando o
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software OpenLAB CDS ChemStation EditionTM (Agilent Technologies). Os padrdes de
glicose e frutose foram obtidos da Sigma-Aldrich (St. Louis, EUA); o de maltose foi obtido da
Chem Service (West Chester, EUA); os padrdes para os acidos citrico, succinico, lactico e
malico foram obtidos da Vetec Quimica Fina (Rio de Janeiro, Brasil), todos com um grau de
pureza > 99%. A 4gua ultrapura foi obtida em sistema MilliQ®, e o 4cido sulfirico da Merck
(Darmstadt, Alemanha). O procedimento analitico seguiu recomendacbes previamente
descritas por Ball et al. (2011). Para determinacdo dos acucares (maltose, glicose e frutose), a
deteccao foi feita no RID. A coluna utilizada foi a Agilent Hi-Plex H (300 x 7,7 mm) com
particulas internas de 8,0 um, protegida com uma coluna de guarda PL Hi-Plex H 5x3 mm
(Agilent Technologies). As temperaturas do forno de colunas e detector foram mantidas em 50
°C. O volume de injecdo da amostra (previamente diluida em &gua ultrapura e filtrada em
membrana de 0,45 um) foi de 10 puL, com fluxo de 0,5 mL/min e tempo de corrida de 20 min.

A fase movel utilizada foi H2SO4 4,0 mM/L em &gua ultrapura.

3.9 COMPOSTOS FENOLICOS TOTAIS, FLAVONOIDES TOTAIS E ATIVIDADE
ANTIOXIDANTE IN VITRO

Para determinacao dos compostos fendlicos totais e dos flavondides totais, inicialmente
foi obtido o extrato dos leites fermentados de acordo com procedimentos descritos por Souza;
Vieira (2011). Para a preparacdo do extrato, 2 g de cada iogurte foi homogeneizado com 80%
de metanol (Sigma-Aldrich) por 10 minutos em um aparelno de mini-Turrax (Tecnal,
Piracicaba, Sdo Paulo, Brasil), mantido em repouso por 24 h, e depois filtrado com um papel
de filtro de 125 mm (Whatman®, GE Healthcare, Chicago, IL, EUA). O contetdo fendlico total
foi medido usando o método Folin-Ciocalteu (Liu et al., 2002), e a absorcéo foi medida a 765
nm com um espectrofotdbmetro (BEL Photonics, Piracicaba, Sdo Paulo, Brasil). O contetdo
fenolico final foi determinado utilizando uma curva padrao preparada com acido galico (Sigma-
Aldrich). Os resultados foram expressos em mg equivalente de acido galico (EGA) por 100 g
de amostra (mg EGA/100 g).

O contetdo total de flavondides foi medido usando o procedimento descrito por
(GUEVARA-FIGUEROA et al., 2010). A absorc¢do da amostra foi medida a 510 nm com um
espectrofotdmetro (BEL Photonics) contra um branco (sem extrato). O conteudo total de
flavonodides foi determinado utilizando a curva padrdo de catequinas (Sigma-Aldrich)
equivalentes (CE). Os resultados foram expressos em mg equivalentes de catequina (CE) por
100 g de amostra (mg CE/100 g).
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Quanto as anélises da atividade antioxidante, inicialmente, dois gramas de iogurtes
foram homogeneizados com 10 mL de metanol a 80% (Sigma-Aldrich) durante 10 min com um
mini-Turrax aparatus (Tecnal), mantidos em repouso durante 24 h e filtrados com um filtro de
125 mm (Whatman®). A capacidade dos extratos para reduzir o ferro foi medida com o método
FRAP (Ferric Reducing Antioxidant Power), como descrito anteriormente (ROCKENBACH et
al., 2011). A capacidade dos extratos para capturar cations ABTS" (2,2-azinobis (acido 3-
etilbenztiazolina-6-sulfonico) foi medida com o método ABTS como descrito anteriormente
(SARIBURUN et al., 2010). Os resultados dos métodos FRAP e ABTS foram expressos como
micromoles de capacidade antioxidante equivalente a Trolox (TEAC) por grama de amostra
(umol TEAC/qg).

3.10 ANALISES SENSORIAIS

Anteriormente as analises sensoriais, as amostras foram submetidas as anélises
microbioldgicas para avaliar a qualidade higiénico-sanitaria, verificando se o produto estava
dentro dos padrBes sanitarios recomendados pela legislacdo vigente (BRASIL, 2019). O
presente estudo foi submetido & avaliagdo pelo Comité de Etica em Pesquisa do Centro de
Ciéncias da Saude da Universidade Federal da Paraiba e aprovado sob nimero do Protocolo
CAAE: 79748617.2.0000.5188, reconhecido pela Comissdo Nacional de Etica em Pesquisa
(CEP/CONEP) (ANEXO A).

Para a avaliagdo das amostras dos leites fermentados foram recrutados 108
consumidores de derivados lacteos, com idade na faixa de 16 a 60 anos, das classes sociais
ABC (ABEP, 2018) e que ndo apresentassem nenhuma patologia que viesse a comprometer a
acuidade sensorial. Os produtos foram avaliados em relacdo a aceitabilidade para os
parametros de aparéncia, cor, aroma, consisténcia, sabor e avaliacdo global por meio de escala
hedonica estruturada de nove pontos (9 = gostei muitissimo, 5 = nem gostei nem desgostei e
1 = desgostei muitissimo) (FARIA; YOTSUYANAGI, 2002). Ainda, quanto aos testes
afetivos foi realizada a intengéo de compra dos produtos (MEILGAARD; CARR; CIVILLE,
2007) (APENDICE A). Os provadores realizaram também um teste descritivo, onde,
receberam a ficha de avaliagio das amostras em relagéo ao padréo ideal (APENDICE B), por
meio da andlise descritiva com a escala JAR (Just About Right). Esta escala de 5 pontos exibiu

termos que variavam entre 1 = “extremamente menor do que o ideal” ao 5 = “extremamente
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maior que o ideal” para os atributos de cor, aroma caprino, consisténcia, textura, dogura, sabor,
acidez e aroma herbaceo, conforme metodologia descrita por Costa et al. (2017).

As amostras foram servidas em copos plasticos brancos codificados, contendo 20 mL
da amostra, em temperatura de aproximadamente 8 °C de forma monéadica sequencial segundo
delineamento de blocos completos balanceados. Foi ofertada &gua mineral natural para a
limpeza do palato antes e entre as amostras. O teste foi conduzido em cabines individuais com
iluminacdo de ldampadas fluorescentes brancas e equipadas com o sistema computadorizado

Compusense Five versdo 5.6 para coleta e analise dos dados.

3.11 ANALISE DE PROPRIEDADE FUNCIONAL

3.11.1 Avaliacdo da sobrevivéncia da bactéria probidtica em condicdes gastrointestinais
simuladas

A avaliacdo do efeito protetor do leite fermentado caprino sobre a sobrevivéncia da
cultura adicionada L. mucosae foi realizada no sétimo dia de vida de prateleira dos produtos,
através da exposicdo do produto as condi¢bes simuladas do trato gastrointestinal, de acordo
com Oliveira et al. (2014) e Madureira et al. (2011). As condicdes de passagem gastrointestinal
que foram utilizadas estdo descritas no Quadro 1, e incluem os compostos e concentracdes
utilizadas, o tempo de exposi¢éo e as intensidades de agitagdo em todas as etapas. As agitacoes
foram utilizadas para simular os movimentos peristalticos, que foram variados em cada
compartimento.

A mastigacao foi simulada utilizando uma soluc¢éo de saliva preparada com 100 U/mL
de 1-a-amilase diluida em solucéo de CaCl,a 1 mM, onde o pH foi ajustado para 6,9, utilizando
solucdo de NaHCO3 a 1 mM. Esta solucéo foi adicionada em 25 g das amostras a uma taxa de
0,6 mL/min, durante 2 min. Na etapa que simula as condi¢bes do es6fago-estbmago foi
adicionada solugéo de pepsina a uma taxa de 0,05 mL/mL durante 90 min. A solucédo de pepsina
foi preparada em HCl a 0,1 N numa proporc¢éo de 25 mg/mL. Nesta etapa, o pH foi reduzido
para 2, utilizando solucao de HCl a 1 M. As condi¢6es do duodeno foram simuladas utilizando
2 g/L de pancreatina e 12 g/L de sais biliares, diluidos em solugdo de NaHCO3z a 0,1 M. Esta
solucdo foi adicionada no inicio da etapa a uma taxa de 0,25 mL/mL. Finalmente, a etapa do
ileo foi provocada por um aumento do pH para 6,5 utilizando solucdo de NaHCOz a 0,1 M
(Figura 4). A simulacdo foi continua, de modo que o volume de trabalho total aumentou

(conforme acontece durante uma digestdo real).



41

Quadro 1 - Condigdes de processamento utilizado em cada etapa de digestdo simulada.

) L Agitacao ) )
Compartimento Condicao pH final | Tempo (min)
(rpm)
Boca Saliva 200 6,9 2
Es6fago- )
R Pepsina 130 55 10
estbmago
4,6 10
3,8 10
2,8 20
2,3 20
2,0 20
Duodeno Pancreatina + Sais biliares | 45 5,0 30
fleo |- 45 6,5 60

Fonte: Adaptado de Oliveira et al. (2014).

Figura 4 - Representacdo esquematica da adi¢do das substancias em cada etapa nas amostras

que foram submetidas as condi¢des gastrointestinais simuladas.

Antes
da boca

Esofago-

Boca = Duodeno Tleo
estomago
4y I M ™
= R SRR SR gEm em e M M
12| [3]|a][5]|6]|7][e] |9] I
| | ! 10 Etagal”™
i ‘ 9 Etwspa f
1 8 Etapa ]
7* Etapa |
6'Etapa |
SEtwapa |
4*Etapa ]
¥ Ewpa |
J
2* Etapa ]

Fonte: Dados da pesquisa (2021).

3.12 ANALISE ESTATISTICA
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Os dados foram avaliados pela anélise de variancia (ANOVA), sendo usado o teste de
Tukey para comparacgdo entre as médias ao nivel de 5% de significancia (p < 0,05). Para o
calculo destes dados foi utilizado o software Sigma-Stat 3.5 (Jandel Scientific Software, San
Jose, California) (SIGMASTAT, 2006). Para o formulério JAR, a diferenca entre as amostras
foi testada usando o teste Friedman, devido a escala de valores para cada atributo. Este teste
ndo-paramétrico avalia a hipotese nula de que para um determinado atributo ndo ocorrem
diferencas significativas nas respostas entre as amostras, contra a hipotese alternativa de que
pelo menos uma amostra tem diferenca significativa (p < 0,05) para cada atributo. A andlise
de penalidades foi realizada em atributos JAR e dados de gosto geral para cada leite
fermentado de leite de cabra. Foram utilizadas parcelas de analise de penalizac6es para mostrar
penalizaces (gotas medias no gosto geral) para cada atributo ndo JAR para cada um dos
iogurtes. Os atributos ndo-JAR com penalidades significativas (p < 0,05) sdo destacados com
um "*" nos graficos de anélise de penalidades (NGUYEN; WISMER, 2019). Os atributos no
canto superior direito das parcelas de analise de penalidades tinham os maiores skews e
estavam associados as maiores penalidades. Apenas as categorias significativas ndo-JAR com
uma proporcao substancial de participantes (> 20%) foram consideradas para a interpretacao
dos resultados (SANCHEZ-RODRIGUEZ et al., 2019).
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5 RESULTADOS E DISCUSSAO

A partir do presente estudo, dois artigos originais foram elaborados e submetidos a
periddicos classificados com Qualis Al, na area de Ciéncia de Alimentos, com base na

classificacdo de periddicos no quadriénio 2013 — 2016.

5.1 Artigo 1 — Pilosocereus gounellei (xique-xique) flour: improving the nutritional, bioactive,
and technological properties of probiotic goat-milk yogurt — LWT (Food Science and

Technology).

5.2 Artigo 2 — Pilosocereus gounellei (xique-xique) flour as a functional ingredient in the
production of probiotic yogurt: evaluation of protective effect during simulated digestion, and

of sensory properties — LWT (Food Science and Technology).
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ARTIGO 1
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Pilosocereus gounellei (xique-xique) flour: improving the nutritional, bioactive, and

technological properties of probiotic goat-milk yogurt

Running Title: Development of probiotic goat-milk yogurt added of xique-xique flour

Abstract

In this study, we evaluate the technological, nutritional, and bioactivity effect of adding
differing xique-xique flour concentrations: 1.0% (XY1%) and 2.0% (XY2%), to goat-milk
yogurt. The goat-milk yogurts (stored under refrigeration) also contained Limosilactobacillus
mucosae CNPCO007 (an autochthonous strain). The XY1% and XY2% treatments presented
greater intensity in terms of color (yellow), and greater luminosity (L*) during storage than the
control yogurt (CY), and through the 14th day of storage the XY1% and XY2% treatments
presented greater viscosity values as well. A reduction in total sugar content and an increase in
protein contents during storage also occurred, with greater lactic, propionic, and malic acid
produced in the yogurts containing the xique-xique flour. After 28 days of storage, XY2%
presented higher counts of L. mucosae CNPCO007, with higher mineral, total phenolic
compounds, and flavonoid contents, and with greater antioxidant activity (by FRAP). Xique-
xique flour can be used to produce goat-milk yogurt without negatively affecting its

technological characteristics and add both nutritional and functional value to the product.

Keywords: Cactaceae, Limosilactobacillus mucosae, rheology, mineral content, phenolic

compounds.

1. Introduction
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Both consumption and demand for functional foods has been increasing in the global
marketplace. This is due to the various benefits to the health of consumers, yet also to
technological advances (Alongi & Anese, 2021; Tadesse & Emire, 2020). The principal
technique used to obtain functional food matrices is reformulation, and involves using new
matrix inputs (Munekata et al., 2021). Worldwide, probiotic yogurt (a formulation that provides
real benefits to the consumer) is among the most consumed functional dairy products, (Abdel-
Hamid et al., 2020).

Insertion of microbial strains with probiotic potential into dairy derivatives, especially
those of the Lactobacillus genus, brings benefits such as improved gastrointestinal tract
function (Diez-Gutiérrez et al., 2020). The species Limosilactobacillus mucosae CNPCO007
(isolated from goat-milk) has been studied for its in vitro functional properties and its potential
for application in fermented dairy derivatives. As an example, Limosilactobacillus mucosae
brings improvements to microbiological, physical-chemical, and sensory aspects of goat rennet
cheese (Moraes et al., 2018).

With the aims of enriching the biological activity of dairy products, and expanding and
encouraging consumption, various experimental protocols have been developed (Almusallam
et al., 2021; Bezerril et al., 2021a). Goat-milk, contains many important nutrients, such as
conjugated linoleic acid (CLA), medium chain fatty acids, and B complex vitamins (riboflavin,
thiamine, and B12), and possesses great potential as a source for fermented dairy products
(Nguyen, Afsarb & Day, 2018). However, due to its flavor, goat-milk yogurt is much less
acceptable than cow's milk; this is attributed to its constitution: containing capric, caprylic, and
caproic acids (Costa et al., 2017).

The addition of bioactive compounds in dairy derivatives, such as phenolics and dietary
fibers, through inputs of fruits and plant extracts, can provide benefits to consumer health, and

improve the technological (viscosity), and sensory aspects that affect both quality and
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consumer choice (Yadav et al., 2018). As examples, moringa extract improves properties
related to texture and bioactivity (Zhang et al., 2018), while jujube pulp and fruits (with aronia,
strawberries, raspberries, and peach) helps to smooth the flavor of goat-milk and improve its
antioxidant characteristics (Cusmenco & Bulgaru, 2020; Feng et al., 2019). In yogurt, jujube
pulp and apple pomace also stimulates probiotic bacteria growth and improves rheological
properties (Feng et al., 2019; Wang, Kristo, & LaPoite, 2020).

Xique-xique (Pilosocereus gounellei) is a cactus that has great potential as an additive.
It is commonly located in dry climatic regions, such as Northeastern Brazil (Furtado et al.,
2019). Studies point to its therapeutic effectiveness as a gastro-protective (Sousa et al., 2018)
evaluated in vivo tests, reducing colitis in rats (Assis et al., 2019), among others. Applications
using xique-xique in food products are scarce, yet emerging, and fully feasible (Toit, Wit,
Osthoff, & Hugo, 2018).

Products such as xique-xique fruit juice (Assis et al., 2019; Ribeiro et al., 2020), its use
in jelly processing (Bezerril et al., 2021a), cereal bars (Araujo, Reis, & Oliveira, 2019), and
cookies (Machado et al., 2021), have all been satisfactory in terms of nutritional, physical-
chemical, and sensorial parameters, signaling the birth of a new, economically viable product.
There are no records of studies using xique-xique flour in dairy products, such as yogurt. In
this study, we evaluated technological, nutritional, and bioactive properties, during refrigerated
storage, upon adding different xique-xique flour concentrations to goat-milk yogurt already
supplemented with Limosilactobacillus mucosae CNPCO007 (an autochthonous Brazilian

strain), and pineapple jelly.

2. Material and methods

2.1 Raw material and ingredients
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The starter culture (YF-L903 - Streptococcus salivarius subsp. thermophillus, and
Lactobacillus delbruecki subsp. bulgaricus) was commercially acquired from the Christian
Hansen® company (Valinhos, Minas Gerais, Brasil). The indigenous culture
Limosilactobacillus mucosae CNPCO007 was obtained from the "Collection of Microorganisms
of Interest to the Food and Agroenergy Industry”, at Embrapa Agroindustry Tropical
(Fortaleza, Ceara, Brazil). Xique-xique cladodes (two 30 kg lots, May 2017) were obtained
from a privately owned cultivation located in the municipality of Boa Vista, in the state of
Paraiba, Brazil (latitude 7.16762352, longitude -36.1432815). The plant was identified by the
Agricultural Sciences Center at the Federal University of Paraiba (CCA/UFPB), and the species
certification (No. 17562) was deposited at the Herbario Prof. Jaime Coelho Morais
(CCA/UFPB). The collection was authorized by the Brazilian Biodiversity Information System
(No. 62681), and the National System for the Management of Genetic Heritage (SISGEN, No.
AA17429). Pineapple and crystal sugar (Unido®, Limeira, Sdo Paulo, Brazil) were obtained

commercially.

2.2 Xique-xique flour processing

The xique-xique flour was prepared according to Machado et al. (2021), where xique-
xique cladodes were carefully sanitized (soil removal and decontamination) with running water
and sodium hypochlorite (100 ppm/15 min). The central stem was stripped, and the pulp and
peel were removed. The central stems were then cut into 1 cm slices, which were autoclaved
(121 £ 1 °C/20 min). Subsequently, the samples were cooled at room temperature, followed by
drying in an air circulation oven (40 £ 1 °C) until reaching approximately 4% moisture content.
After drying, the xique-xique was ground in a knife mill (Willey, Solab®, Piracicaba, S&o

Paulo) and screened with a 100-mesh sieve on a sieve shaker. The flour was vacuum sealed in
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sterile polyethylene bags at approximately 100 g per bag, rolled in aluminum foil, and frozen

(-20 £ 1 °C) until use.

2.3 Jelly, inoculum, and yogurt preparation

To prepare a jelly, a pineapple pulp to sugar proportion of 70:30 (w/w) was used. The
mixture was cooked for 45 min, with manual stirring until it reaching 62-65 "Brix, which was
measured using a digital refractometer (Hanna® Brand, model HI 96801). The pineapple jelly
was then transferred, still hot, to a previously sterilized glass container and stored at room
temperature 27 = 2 °C until used in processing the yogurts.

The final inoculum (FIn) of probiotic bacteria into the goat-milk was prepared in two
stages. Inoculum 1 (In1) was prepared by diluting 0.1 g of lyophilized L. mucosae CNPC007
in 10 mL of reconstituted powdered goat-milk (Caprilat®, Nova Friburgo, Rio de Janeiro,
Brazil) in sterile water, with incubated for 22 h (stationary phase) at 37 °C. Final Inoculum
(FIn) was prepared using Inoculum 1 (Inl) at a 50:50 proportion — 10 mL of In1:10 mL
powdered milk already reconstituted in sterile water, and then incubated for 22 h at 37 °C,
resulting in a final count of 7-8 log CFU/g. The counts were confirmed using serial dilutions
of the inoculum with sterile peptone water at a concentration of 0.1 g/100 mL (Sigma-Aldrich,
St. Louis, MA, USA); 10-pL of these dilutions were poured into MRS agar (Oxoid, Basigstoke,
UK), and acidified to pH 5 (IDF, 1995) using the micro-drop technique. The plates were
incubated aerobically at 37 °C for 48 h, and the results were expressed in log CFU/g.

The yogurts were processed with a methodology described by Silva et al. (2017). Three
formulations were prepared: (CY) control yogurt (treatment without flour), (XY1%) yogurt
supplemented with 1% xique-xique flour, and (XY2%) yogurt supplemented with 2% Xique-
xique flour. Pasteurized goat-milk was heat treated (90 °C/10 min), and cooled to 45 + 1 °C,

and L. mucosae CNPCO007, with the starter cultures (Streptococcus salivarius subsp.
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thermophillus and Lactobacillus delbrueckii subsp. bulgaricus, Christian Hansen®, Valinhos,
Brazil, 7-8 log CFU/g) were inoculated at respective concentrations of 0.1 and 0.4 g/L, and
fermentation was performed at 45 °C for 4 h. The yogurt samples were then cooledto 5 £ 1 °C,
the clot broken using a glass rod, and the pineapple jelly added in concentrations of 15 g/100 g
to the yogurts; the xique-xique flour was then added to the yogurts in concentrations of 1% and
2%. The products were then placed in high density polyethylene bottles and stored under

refrigeration (4 = 1 °C) for 28 days. The yogurts were evaluated at 1, 14, and 28 days of storage.

2.4 Technological and physical-chemical characterization of the yogurts

The yogurts were evaluated using pH (Quimis model Q400as), color (colorimeter -
Konica Minolta, model CR 400), titratable acidity (TA), total soluble solids (TSS), ash, protein,
and lipids (AOAC, 2019). Viscosity was evaluated using a Brookfield viscometer model DV
I1+Pro coupled to a thermostatic bath to control the sample temperature, and analysis performed
at a rotation speed of 40 rpm, and a temperature of 5 £ 1 °C, measured with a Spindle (SC4-

27).

2.5 Sugar and acid organic profiles of the yogurts

Sugars (glucose, lactose, and galactose), and organic acids (citric, lactic, malic, and
propionic) were determined as described by Ball et al. (2011). The data obtained were
processed using OpenLAB CDS ChemStation Edition TM software (Agilent Technologies).
Glucose and lactose standards were obtained from Sigma-Aldrich; galactose was obtained from
Chem Service (West Chester, USA); organic acid standards were obtained from Vetec Quimica
Fina (Rio de Janeiro, Brazil), and all presented purity of > 99%. Ultrapure water was obtained
using a MilliQ® system (EMD Millipore), and sulfuric acid was obtained from Merck

(Darmstadt, Germany)
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2.6 The total phenolic and total flavonoid contents of the yogurts

For extract preparation, 2 g of each yogurt was homogenized with 80% methanol (Sigma-
Aldrich) for 10 min in a mini-Turrax apparatus (Tecnal, Piracicaba, S&o Paulo, Brazil), kept
resting for 24 h, and then filtered with a 125 mm-filter paper (Whatman®, GE Healthcare,
Chicago, IL, USA). Total phenolic content was measured using the Folin-Ciocalteu method
(Liu et al., 2002), and absorbance was measured at 765 nm with a spectrophotometer (BEL
Photonics, Piracicaba, S&o Paulo, Brazil). The final phenolic content was determined using a
standard curve prepared with gallic acid (Sigma-Aldrich). Results were expressed as mg
equivalent of gallic acid (EGA) per 100 g of sample (mg EGA/100 g).

Total flavonoid content was measured using the procedure described by (Guevara-
Figueroa et al., 2010). Sample absorbance was measured at 510 nm with a spectrophotometer
(BEL Photonics) against a blank (without extract). Total flavonoid content was determined
using standard catechin curve (Sigma-Aldrich) equivalents (CE). Results were expressed as mg

catechin equivalents (CE) per 100 g of sample (mg CE/100 g).

2.7 Phenolic profiles and antioxidant activity of the yogurts

To prepare the extract, 5 g of each yogurt was homogenized with 5 mL of 80% methanol
(Sigma-Aldrich), centrifuged (9000 x g, 15 min, 4 °C) and filtered with a 0.45 um-filter (Millex
Millipore, Barueri, SP, Brazil). Identification of the phenolic compounds was performed
following Padilha et al. (2018), with gradient and runtime adaptations for quantification of
stylbenes, flavonols, and flavanones. Analysis was performed using an Agilent 1260 Infinity
LC System liquid chromatograph (Agilent Technologies, Santa Clara - USA) coupled to a
diode array detection (DAD) system (model G1315D). The column used was a Zorbax Eclipse

Plus RP-C18 (100 x 4.6 mm, 3.5 um) and a Zorbax C18 pre-column (12.6 X 4.6 mm, 5 pum)
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(Zorbax, USA). The data were processed using the OpenLAB CDS ChemStation Edition
software (Agilent Technologies, Santa Clara - USA), and identification and quantification was
performed through comparison with external standards (Sigma-Aldrich). The results were
expressed as mg of phenolic per 100 g of sample (mg/100 g).

For analysis of antioxidant activity, initially, 2 g of each yogurt was homogenized with
10 mL of 80% methanol (Sigma-Aldrich), for 10 min with a mini-Turrax apparatus (Tecnal),
and left to rest for 24 h, and then filtered with a 125 mm-filter (Whatman®). The ability of
extracts to reduce iron was measured using the FRAP (Ferric Reducing Antioxidant Power)
method as previously described (Rockenbach et al., 2011). The ability of the extracts to capture
the ABTS™" cation (2,2-azino-bis (3-ethylbenzothiazoline)-6-sulfonic acid) was measured with
using the ABTS method as previously described (Sariburun, Sahin, Demir, Turkben, &
Uylaser, 2010). Results of FRAP and ABTS methods were expressed, respectively, in
micromoles of Trolox equivalent antioxidant capacity (TEAC) per 100 g and per g of sample

(umol TEAC/100 g and umol TEAC/qg).

2.8 Microbiological analysis

E. coli count quality control tests, total mold and yeast counts in CFU/g, as well as
detection of absence of Salmonella spp./25 g (APHA, 2001) were performed. Lactic bacteria
viability tests included Streptococcus salivarius subsp. thermophillus (APHA, 2001),
Limosilactobacillus mucosae CNPCO007 (London et al., 2015), and Lactobacillus subsp.

bulgaricus counts (Lima et al., 2009).

2.9 Statistical analysis
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All experiments were performed in triplicate and all data are presented as means +
standard deviation. Data were submitted to the Student’s t-test or to analysis of variance
(ANOVA) followed by Tukey’s test using p < 0.05 in Sigma-Stat software, version 3.5 (Jandel
Scientific Software, San Jose, California) (Sigmastat, 2006). Multivariate analysis was
performed using the prinqual procedure in the Statistical Analysis System (SAS® Institute Inc.,

2012) software.

3. Results and discussion
3.1 Technological and physicochemical characteristics of the yogurts

Table 1 presents color parameters and physicochemical characteristic of the probiotic
yogurts during storage. The visual aspect of color is one of the most significant parameters
present in all food products, including fermented milk, and can be affected by spoilage, addition
of ingredients, and shelf life (Pan et al., 2019). In this study, we observed the influence of both
storage time and addition of xique-xique flour on most of the evaluated instrumental color
parameters (p < 0.05). An increase in luminosity (L*) during refrigerated storage for the yogurts
supplemented with xique-xique flour (p < 0.05) was noted. Up to 14 days of storage, it was
seen that increased concentrations of xique-xique flour contributed to L* reductions (p < 0.05),
which can be explained by the yellow-green hue of xique-xique flour.

Luminosity can be attributed to compaction of the solid matrix, due to the growth of
soluble complexes that reduce the gel's opacity during shelf life (Trigueros et al., 2014). This
did not occur for either XY 1% or XY2%, as they displayed increased luminosity after 28 days
of storage. For lighter-colored products (such as dairy products) this behavior is interesting,
and luminosity is an important parameter (Pan et al., 2019) if artificial and/or natural dyes are

not added.
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As for the instrumental colors a* [chromaticity green (-)/red (+)], and b* [chromaticity
blue (-)/yellow (+)], we observed that as the xique-xique flour concentration increased in the
formulation, the green-yellow hue predominated (p < 0.05), corroborating the luminosity data,
and likely due to the influence of the yellowish green color of the xique-xique flour. Similar
results have also been observed by Bezerril et al. (2021a), studying yogurts supplemented with
xique-xique jelly, and by Machado et al. (2021), in cookies prepared with differing xique-xique
flour concentrations (Pilosocereu gounellei).

Neither addition of xique-xique flour, nor storage time influenced the pH and titratable
acidity parameters (p > 0.05). The formulations were only slightly acidic. From the point of
view of sensory acceptance by consumers, who prefer low acidity yogurts (Costa et al., 2017),
low acidity is thus feasible.

Increasing the concentration of xique-xique flour in the yogurts directly influenced the
total soluble solids, ash (minerals), and protein parameters (p < 0.05). XY 2% presented higher
values for these variables in most of the evaluated times (p < 0.05). Machado et al. (2021),
studying cookies made with different xique-xique flour concentrations, also observed and
associated protein and mineral increases with greater xique-xique flour concentrations.

In general, the xique-xique flour did not affect fat content for most of the evaluated
times (p > 0.05). The data corroborate the fact that the central stem of matrix (Pilosocereu
gounellei) presents very low-fat values (0.77 + 0.04 g/100 g) (Bezerril et al., 2021b), and does
not significantly impact lipid content in yogurts. For the food processing industry, lower fat
content is an important alternative aspect of food matrices, and from a nutritional and
technological point of view as well, since lipid oxidation is a principal problem (affecting shelf
life) in production of dairy products such as yogurt (Sartori et al., 2018). In the yogurts

supplemented with xique-xique flour, the data revealed both nutritional and technological
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improvements, and demonstrated its potential applicability in the dairy industry, especially in

fermented milk.

3.2 Yogurt viscosity

Figure 1 shows that up to the 14th day of refrigerated storage, a reduction in the CY
viscosity (from 481.2 to 409.4 mPa.s), and from 734.4 to 625 mPa.s in XY1% occurred, yet
XY 2% presented an increase (p < 0.05) of from 459.4 to 625 mPa.s, potentially demonstrating
an effect of xique-xique flour on this technological parameter. Similar results have been
observed in yogurts supplemented with grape pomace (Dermikol & Tarakci, 2018), and also
with phycocyanin (Mohammadi-Gouraii et al., 2019). The phenolic compounds and
polysaccharides in xique-xique flour affect the protein networks within yogurt and can lead to
rearrangements that increase the viscosity of the product during storage (Almusallam et al.,
2021). The xique-xique flour used in this study presents about 16.59 g/100 of total fiber
(Machado et al., 2021) and according to Table 3, the yogurt supplemented with the highest
xique-xique flour concentration (XY2%) presented higher total phenolic contents at time 1
(9.68 mg GAE/100 g) and 14 days of storage (7.88 mg GAE/100 g). This may have influenced
the stability of the three-dimensional protein networks, increasing viscosity during the first 14
days of storage.

However, from the 14th day onward (to the end of storage), there was a considerable
reduction in viscosity for both XY 1% (from 625 to 387.5 mPa.s) and XY2% (from 625 to 390.6
mPa.s). This can be attributed to lower yogurt protein network sustainability, which affects
with viscosity. Reductions in total phenolics in the formulations throughout the 28 days of
storage (Table 3) may also have affected yogurt protein network sustainability (and thus

viscosity) (Almusallam et al., 2021).
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Only at the end of its shelf life did the CY present a higher viscosity (434.4 mPa.s) than
the xique-xique flour supplemented test samples (p < 0.05). Similar results have also been
described in goat-milk yogurt supplemented with xique-xique jelly, those of decreased apparent
viscosity when compared to conventional yogurt (Bezerril et al., 2021a).

Yogurts made with goat's milk present a more open structure, consisting of larger serum
pores, intermediate protein filaments, and thus fewer crosslinks between protein filaments, all
of which makes the porous microstructure network weaker when compared to other dairy
matrices (Nguyen, Afsarb, & Day, 2018). The addition of ingredients based on xique-xique to

dairy derivatives therefore needs to be better studied.

3.3 Sugar and organic acid profiles of the yogurts

Table 2 presents the sugar and organic acid profile results for the yogurt formulations.
At all storage times, the lactose content was higher (p < 0.05) for CY as compared to the XY1%
and XY 2% samples, however a reduction in this disaccharide occurred for all formulations (p
< 0.05) during storage. This is related to the metabolic activities of lactic acid bacteria in the
yogurt fermentation process in which there is an increased need for energy production for
multiplication (Wang et al., 2020).

The other sugars also suggest bacterial fermenting activity. Degradation of the
disaccharide lactose yields glucose and galactose. In this study, there was an increase in levels
of both glucose and galactose (p < 0.05) during the refrigerated storage, likely due to the
increase in lactose degradation during fermentation. Further, it was found that the addition of
xique-xique flour had a direct impact in reducing lactose (p < 0.05). The data are in accordance
with the viable cell analyses for the strains present in yogurts (Fig. 2), indicating a potential
synergy between the starter culture, L. mucosae, and xique-xique flour. Xique-xique flour is

known for its prebiotic potential (Ribeiro et al. al., 2020), since it can promote increased
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consumption of sugars and production of metabolites with beneficial results for the consumer
(Diez-Gutiérrez et al., 2020), and increase short-chain fatty acids as well (Hasan et al., 2019).

In the microbiota, metabolites (e.g., organic acids) present functionalities, and can
promote modulatory effects on human health (Diez-Gutiérrez et al., 2020). Table 2 presents the
organic acid values detected in the yogurt formulations during refrigerated storage. Citric,
lactic, malic, and propionic acids were identified. Lactic acid was the principal organic acid in
all the yogurt formulations, and although the addition of xique-xique flour did not influence
the amount of lactic acid (p > 0.05), it was seen that during storage there was an increase in
lactic acid values, possibly due to the higher fermentation of lactose during storage (p < 0.05).
However, during storage, the increase in lactic acid did not impact pH, as was seen previously
(Table 1). During storage, lactic acid bacteria (LAB) metabolically produce lactic acid by
hydrolyzing lactose, modifying the product (Bezerril et al., 2021a). Similar results were
observed by Almusallam et al. (2021) and Oztiirk et al. (2018), in yogurt supplemented with
Elaeagnus angustifolia L. flour, in yogurt supplemented with moringa extract (Zhang et al.,
2018), and in yogurt supplemented with jujube pulp as well (Feng et al., 2019).

In this study, production of propionic acid was observed, a short-chain fatty acid (SCFA)
with an important role in stimulating the production of ATP (Singh et al., 2018). In addition,
propionic acid brings other benefits such inhibiting cholesterol synthesis, positively helping to
fight varied diseases (Diez-Gutierrez et al., 2020). Synthesis of short-chain fatty acids is
characteristic of fermentative activity in probiotic strains. Production of propionic acid may

come from the Limosilactobacillus mucosae CNPCO007 fermentative metabolic pathway.

3.4 Phenolic and flavonoid contents, and antioxidant activity of the yogurts
Table 3 presents both the phenolic and flavonoid contents, and the antioxidant activity

of the yogurts. The yogurts supplemented with xique-xique flour presented at least 5 phenolic
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compounds, whether flavonols (catechin and epigallocatechin gallate), anthocyanins
(procyanidin B2 and procyanidin A2) or hydroxybenzoic acids (syringic). These compounds,
presenting antioxidant activity, are beneficial to the body, reducing chronic non-communicable
diseases, diabetes, cardiovascular disease, cancer, and even neurological disease (Markovi¢ et
al., 2017).

Catechin was the principal phenolic compound present, followed by Procyanidin A2
and Epigallocatechin gallate. Besides promoting health, the presence of such natural
antioxidant components in dairy derivatives can influence sensory acceptance. These
compounds have been identified in goat-milk yogurt supplemented with xique-xique jelly
(Bezerril et al., 2021a).

The different concentrations of xique-xique flour in the yogurts significantly increased
(p < 0.05) phenolic compound and flavonoid levels, and potentially promoted the measured
increase in antioxidant activities, (ABTS and FRAP assays). The largest increase (p < 0.05)
was observed for XY2% (Table 3). Similar results were obtained by Almusallam et al. (2021),
who observed increased antioxidant activity with addition of date palm extract to yogurts, and
in all formulations, decreases during storage in the levels of total phenolic compounds, and
FRAP radical scavenging activity (p < 0.05). The same was observed by Feng et al. (2019),
when evaluating phenolic compounds in yogurt supplemented with jujube pulp, and by Vital
et al. (2015), when evaluating low fat yogurts supplemented with Pleurotus ostreatus aqueous
extract, whose data suggested an association to differentiated milk protein/phenolic compound
complexes, affecting phenolic maintenance, and causing a consequent reduction in antioxidant
activity during storage (Vital et al., 2015).

3.5 Microbiological analysis
The results of hygienic sanitary microbiological analysis revealed that all prepared goat

yogurt formulations were suitable for human consumption throughout the assessed refrigerated
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storage period, because the counts for E. coli, molds and yeasts and absence of Salmonella spp.,
indicating good manufacturing practices.

The viability count of lactic acid bacteria, especially from probiotic cultures, in
fermented milk becomes an important indicator of functional quality for this type of product
(Feng et al., 2019). The cell viable counts of the starter culture (S. thermophilus and L.
bulgaricus) and the probiotic Limosilactobacillus mucosae CNPCO007 are shown in Figure 1.

At the beginning of storage, counts ranged from 6.95 to 7.23 log CFU/g for the starter
culture, and from 6.98 to 7.18 log CFU/g for L. mucosae. There was an increase in the number
of viable cells of S. thermophilus (p < 0.05) up to 14 days of refrigerated storage for all
formulations (CY - 7.29 £ 0.01 log CFU/g; XY1% - 7.33 £ 0.01 log CFU/g and XY2% - 7.19
+ 0.01 log CFU/g), and as the storage time advanced to 28 days, only XY2% showed an
increase (p < 0.05) in the counts of S. thermophilus (7.32 + 0.01 log CFU/g). While CY and
XY 1% showed a decrease in viable cell counts for this strain (7.20 + 0.01 log CFU/g and 7.28
+ 0.01 log CFU/qg, respectively). The increase in viable counts of this microorganism in the
formulations during the first 14 days of storage may be due to high bacterial metabolic activity
under favorable conditions of pH and acidity (Almusallam et al., 2021).

Only XY1% had a continuous increase in the number of viable cells of L. bulgaricus
over the 28 days of storage (p < 0.05), with final counts of 7.39 + 0.02 log CFU/g. Counts in
formulations CY (7.00 £ 0.02 to 7.01 £ 0.01 log CFU/g) and XY2% (7.10 £0.01t0 7.12 £ 0.01
log CFU/qg) did not vary over time (p > 0.05). The increase in viable counts of starter culture in
the formulation XY 1% can be attributed to a prebiotic effect that the flour promoted at this
concentration, considering the total fiber content in this matrix of 16.59 = 0.09 g/100 g
(Machado et al., 2021).

A previous study had already demonstrated the prebiotic potential of freeze-dried xique-

xique juice, stimulating the multiplication and metabolism of different Lactobacillus isolates,
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similarly to fructooligosaccharides (FOS, a proven prebiotic ingredient) (Ribeiro et al., 2020).
Larger amounts of flour can stimulate the multiplication of S. thermophilus, generating
antimicrobial components and organic acids that interfere with the multiplication of L.
bulgaricus (Feng et al., 2019). Therefore, the increased tolerance to acids resulting from the
fermentation of sugars (Feng et al., 2019), could justify the differences in counts detected
between the microorganisms in the starter culture in the different formulations.

Viable cell counts of L. mucosae CNPCO007 decreased between the 1st and 14th day of
refrigerated storage (p < 0.05) in CY samples (from 7.18 + 0.02 to 6.86 + 0.02 log CFU/g) and
in XY2% (from 7.17 £ 0.01 to 7.05 + 0.02 log CFU/g) and increased (p < 0.05) in XY 1% (from
6.98 £0.02t0 7.41 £0.02 log CFU/g). At the end of the 28th day of refrigerated storage, XY2%
presented a high count (p < 0.05) of L. mucosae CNPCOQ07 (7.20 £ 0.01 log CFU/g) when
compared to formulations CY (7.09 + 0.01 log CFU/g) and XY 1% (7.13 £ 0.02 log CFU/qg).

Antioxidant compounds such as catechin and rutin, present in plant components, can
reduce the growth of LAB in fortified yoghurts, through inhibition of nucleic acid synthesis,
enzymatic activity and aggression to the cytoplasmic membrane (Joung et al., 2016;
Almusallam et al., 2021). In this study, the formulation with greater addition of xique-xique
flour promoted a greater multiplication of the probiotic strain, seeming to have no interference
of the phenolic compounds that make up the flour. In addition, the fat and fat-soluble vitamin
contents found in goat milk (Verruck, Dantas, & Prudencio 2019) may have played a protective
role, acting in synergy with the flour and its bioactive constituents, emainly the fibers, which
are stimulants of the multiplication of lactic acid bacteria. Synergies enable an improvement in
the bioactive effect, as a tool to increase functionality, improving the multiplicity of the food
matrix (Jacobs, Tapsell & Temple, 2011; Alongi & Anesi, 2021).

Still, the viable cell counts of L. mucosae in all yoghurt formulations were above the

minimum count recommended to provide beneficial health effects, corresponding to 6.0 log
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CFU/g (Terpou et al., 2019), until the last day of refrigerated storage. This result suggests that
the addition of xique-xique flour can offer satisfactory conditions for the multiplication of this
strain in yoghurts with probiotic potential, an extremely important characteristic to guarantee
the bioactivity of the product, providing beneficial effects on consumer health (Diez- Gutierrez,

2020).

3.6 Principal component analysis (PCA)

To observe the interactive effects of xique-xique flour supplementation and storage time
on the physical-chemical, microbiological, and functionality properties of the probiotic goat
yogurt formulations, PCA was conducted. The HJ-biplot was constructed by comparing the
CY, XY1%, and XY2% eigenvalues; which contributed to approximately 88.69% of the total
variability; indicating the variation complexity of the plotted components (Fig. 3). In the biplot,
similarity between types of yogurts during storage is reflected by plot distances. Correlation
between the lines is indicated by the cosine of the angles between the vectors, in which acute,
obtuse and straight angles respectively reveal correlations, whether positive, negative, or absent
(Almusallam et al., 2021). The influences of treatment and storage time on the functional,
physicochemical, and microbiological properties are observed in group formations between
biplot quadrants. Group 1, the control yogurt during the days of storage is clearly positioned in
the first quadrant. Thus, the CY formulation is characterized by more expressive values of
lactose and galactose, especially on the 1st and 14" days. These values reflect evidence of
fermenting behavior in the strains present in the control yogurt, which in this case tended to
ferment less than in the formulations containing xique-xique flour. Luminosity (L*) was also
representative of the CY on the 1st and 14™ days, which was lighter when compared to the
xique-xique flour formulations. We note that the CY, after 28 days of storage, was positioned

close to the centroid of the biplot, suggesting balanced PC1 and PC2 values, and at once lacking
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the stronger characteristic features of its profile in relation to the xique-xique flour treated
yogurts.

In the second quadrant, another group formed by the XY 1% (on the 14th and 28th days)
and XY2% (at 28 days) treatments. This group was characterized by greenish color (-a*), and
a greater number of viable LAB cells (L. bulgaricus, S. thermophilus, and Limosilactobacillus
mucosae CNPCO007), bringing a consequent increase in both sugar production (glucose) and
lactic acid. The behavior was evident from the 14th day forward in the XY1% samples, and on
the 28th day in both the XY1% and XY2% samples. The results are interesting because
microorganism multiplication reveals the influence of both sugar fermentation (lactose), and
metabolite production (monosaccharides and organic acids).

In the third quadrant, the group formed by XY2% (1st and 14th days) is observed, and
is characterized by higher (+b*) values, a yellow tone, and especially by higher values of acidity
and viscosity associated with low brightness (L*) values. Nevertheless, there is evidence of
greater probiotic strain activity, due to the higher malic and propionic acid values. The group
formed by the XY 1% treatment on the 1st day of storage in quadrant four is characterized by
lower LAB activity for the L. bulgaricus, and Limosilactobacillus mucosae CNPC007) strains,

and by lower values of glucose in association with higher viscosity values.

4. Conclusions

This is the first study to evaluate interactions and composition of yogurts with xique-
xique flour, demonstrating that the flour improves the technological properties and nutritional
value of probiotic goat-milk yogurts. Compared to the control yogurt, addition of xique-xique
flour produced yogurts with a more green-yellow hue. Addition of the different flour
concentrations impacted the viscosity of the formulations, and compared to the control, more

viscosity was observed at 14 days of storage in the xique-xique flour supplemented yogurts.
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The addition of xique-xique flour also resulted in yogurts with higher concentrations of proteins
and minerals. The fermentation process mediated by the synergy between starter bacteria, the
probiotic strain L. mucosae, and xique-xique flour led to an increase in lactose degradation,
with a consequent increased production of lactic acid during storage. These conditions were
likely influenced by the lactic acid bacteria multiplication during storage, yet without affecting
the total viable cell counts of the probiotic strain L. mucosae, which after 28 days of storage
presented counts >7 log CFU/g (specifically XY2%). The XY?2% formulation presented 5 types
of phenolic compounds, higher total phenolic compounds and flavonoids and consequently
higher antioxidant activity. This study may help promote the beneficial use of xique-xique flour
in probiotic goat milk yogurt formulations, and result in a product with large applicability by

the functional food industry.
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Figures captions
Figure 1 - Apparent viscosity (mPa.s) in CY (m), XY 1% (e), and XY2% ( A) during storage.

Results are expressed as averages (n = 3) * standard deviation.

Figure 2 — Viable cell counts (log CFU/g) of lactic acid bacteria in CY (m), XY 1% (e), and

XY2% (A) during storage. Results are expressed as averages (n = 3) * standard deviation.

Figure 3 — HJ-biplot based on principle component analyses of control yogurt (e), and those
with xique-xique flour added at 1.0% (e), and 2.0% (e), as affected by treatment and storage

time.
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Table 1. Color parameters and physicochemical characteristic of the probiotic yogurts over

storage.
Parameter Days Treatment
cY XY1% XY 2%
1 70.91 +0.3152 67.49 +0.06%°  68.04 +0.208°
L* 14 82.92 +1.22/2 70.10 +1.25"B  64.82 +0.475¢
28 73.99 +0.81B% 71.38 £0.75%°  77.05 +1.80"2
1 -1.97 +0.042 -2.01 +0.04% -2.28 +0.02A°
a* 14 -1.88 +0.00? -2.03 +0.09% -2.54 +0.028P
28 -1.85 +0.122 -2.04 +0.08° -2.01 +0.134°
1 6.59 +0.04° 8.37 +0.07° 10.23 +0.0942
b* 14 7.46 +0.21° 8.72 +0.03° 9.61 +0.01B2
28 6.63 +0.48° 8.17 +0.722 10.21 +0.1242
1 4,35 +0,07 4,30 +0,00 4,29 +0,00
pH 14 4,42 +0,00 4,43 +0,00 4,40 +0,00
28 4,35 +0,00 4,40 +0,00 4,36 +0,00
Titratable acidity 1 0,68 +0,00° 0,77 +0,00? 0,78 +0,022
(0/100 g) 14 0,54 +0,78 0,79 +0,00 0,78 0,01
28 0,84 +0,05 0,79 +0,00 0,80 +0,00
Total Soluble Solids 1 18.93 +0.044¢ 19.93 +0.07° 20.74 +0.012
(¢/100 9) 14 18.78 +0.35A¢ 19.02 +0.12° 20.73 +0.322
28 17.74 +0.298¢ 18.72 +0.26° 20.36 +0.012
1 0.60 +0.01° 0.63 +0.02° 0.70 +0.012
Ash (g/100 g) 14 0.59 +0.01° 0.61 +0.01% 0.70 +0.02?
28 0.61 +0.01° 0.62 +0.01° 0.67 +0.012
1 2.69 +0.065° 2.79+0.02B20 2.91 +0.03?
Protein (g/100 g) 14 2.87+0.14/B® 2.59 +0.058° 3.30 +0.232
28 3.28 +0.09” 3.24 +0.12" 3.12 +0.08
1 2.60 +0.01 2.60 +0.01 2.80 +0.14
Lipids (g/100 g) 14 2.65 +0.07% 2.50 +0.01° 2.70 +0.012
28 2.80 +0.01 2.50 +£0.01 2.60 +0.01

Results are expressed as average (n=3) + standard deviation.
a¢Mean * standard deviation with different lowercase letters on the same line differed by the Tukey test (p < 0.05),

between treatments.

A-BMean + standard deviation with different capital letters in the same column differed by Tukey's test (p < 0.05),

over storage time.

Formulations: CY (control yogurt), XY 1% (yogurt added 1% with xique-xique flour) and XY2% (yogurt added

2% with xique-xique flour).
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Parameter Days Treatment
cY XY1% XY 2%
Sugar (g/100 g)
1 1.98 +0.07A2 1.36 £0.014° 1.23 £0.074°
Lactose 14 1.50 +0.01B2 1.25 +0.01ABP 1.16 +0.02A8b
28 1.31 +0.03B2 1.00 +0.01B° 1.08 +0.01BP
1 0.01 +0.015¢ 0.30 +0.1952 0.19 +0.015°
Glucose 14 0.02 +0.01B¢ 0.61 +0.01AB2 0.23 +0.01ABb
28 0.40 +0.014° 0.81 +0.01%2 0.55 +0.014°
1 0.86 +0.01¢2 0.79 +0.0152 0.36 +0.018P
Galactose 14 1.80 +0.01B2 0.91 +0.08ABb 0.46 +0.03B¢
28 2.05 +0.0172 1.16 +0.02A% 1.04 +0.017°
Acid organics (g/100 g)
. 1 0.04 +0.01A 0.03 +0.01 0.01 +0.01
Citric (9/1009) 4 0.01 +0.018 0.02 £0.02 0.01 £0.01
28 0.01 +0.018 0.01 +0.01 0.01 +0.01
1 0.87 +0.08"8 0.71 +0.068 0.64 +0.088
Lactic (g/100 g) 14 0.79 +0.088 0.74 +0.03B 0.84 +0.08"B
28 1.14 +0.06* 1.29 +0.06" 1.21 +0.35%
1 0.01 +0.02 0.06 +0.01 0.02 +0.01
Malic (g/100 g) 14 <LOD 0.03 +0.04 0.01 +0.01
28 <LOD 0.05 +0.03 0.01 +0.01
1 0.08 +0.05 0.11 +0.01 0.23 +0.02
Propionic (g/100g) 14 0.11 +0.01 0.10 +0.09 0.16 +0.01
28 0.13 +0.05 0.15 +0.05 0.21 +0.01

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

a¢Mean + standard deviation with different lowercase letters on the same line differed by the Tukey test or t-
Student test (p < 0.05), between treatments.

A-CMean + standard deviation with different capital letters in the same column differed by Tukey's test (p < 0.05),
over storage time.

Formulations: CY (control yogurt), XY 1% (yogurt added 1% with xique-xique flour) and XY2% (yogurt added
2% with xique-xique flour). Abbreviations: <LOD: below the limit of detection.
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Table 3. Contents of phenolic, flavonoids compounds and antioxidant activity of the probiotic

yogurts over storage.

Parameter Days Treatment
cY XY1% XY 2%
Phenolic compounds (mg/100 g)
1 0.21 +0.008¢ 0.39 +0.01%2 0.31 +0.007°
Catechin 14 0.23 +0.00A8¢ 0.38 +0.01AB2 0.30 £0.014°
28 0.25 +0.014° 0.36 +0.0052 0.27 +0.018P
Epigallocatechin 1 <LOD 0.04 i0.00E 0.06 +0.00?
galato 14 <LOD 0.04 +0.00 0.06 +0.00?
28 <LOD 0.01 +0.02° 0.06 +0.01?
1 0.03 +0.014° 0.03 +0.03? 0.04 +0.014°
Procyanidin B2 14 0.04 +0.0152 0.03 £0.01? 0.03 +0.018°
28 0.04 +0.01B2 0.03 +0.01¢ 0.03 +0.01B°
1 <LOD <LOD 0.15 +0.03*
Procyanidin A2 14 <LOD <LOD 0.09 +0.0078
28 <LOD <LOD 0.07 +0.008
1 <LOD 0.01 +0.01 0.01 +0.01
Syringic 14 <LOD 0.01 +£0.01 0.01 +0.01
28 <LOD 0.01 +0.01 0.01 +0.01
Total phenolics 1 7.79 i0.00';‘E 8.07 10.13’;;‘ 9.68 w_Lo.oog\a
(Mg EGA/100 g)* 14 5.91 +0.00 6.00 +0.12 7.88 +0.1352
28 5.62 +0.135P 6.98 +0.005" 7.51 +0.128B2
Total  flavonoids 0.52 10.0126 0.58 J_ro.ooiz 0.64 +0.00?
(mg EC/100 g)? 14 0.52 +0.014¢ 0.59 +0.00 0.64 +0.00?
28 0.51 +0.015¢ 0.58 +0.005" 0.64 +0.00?
FRAP 1 2.49 +0.017° 2.81 +0.0142 2.82 +0.0172
(umol  TEAC/100 14 2.17 +0.01B° 2.34 +0.0152 2.51 +0.0152
0)° 28 2.03 £0.01°¢¢ 2.18 +0.01°P 2.35 +0.01¢2
ABTS 1 0.16 +0.014° 0.19 +0.0142 0.19 +0.0142
(umol TEAC/g)* 14 0.16 £0.014° 0.16 +0.015P 0.19 +0.0172
28 0.15 +0.018P 0.16 +0.0152 0.16 +0.0152

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

&‘Mean + standard deviation with different lowercase letters on the same line differed by the Tukey test or t-
Student test (p < 0.05), between treatments.

A-CMean + standard deviation with different capital letters in the same column differed by Tukey's test (p < 0.05),
over storage time.

The results are expressed in milligram equivalents of galic acid (EGA) per hundred grams of sample (mg
EGA/100 g).

2The results are expressed in milligram equivalents of catechin (EC) per hundred grams of sample (mg EC/100
9)-

3The results are expressed as micromoles of Trolox equivalent antioxidant capacity (TEAC) per hundred grams
of sample umol TEAC/100 g).

“The results are expressed as micromoles of Trolox equivalent antioxidant capacity (TEAC) per gram of sample
(umol TEAC/g).

Formulations: CY (control yogurt), XY 1% (yogurt added 1% with xique-xique flour) and XY2% (yogurt added
2% with xique-xique flour). Abbreviations: <LOD: below the limit of detection; FRAP - ferric reducing ability of
plasma; ABTS™ cation - 2.2-azino-bis (3-etilbenzo-tiazoline)-6-sulfonic acid.
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Pilosocereus gounellei (xique-xique) flour as a functional ingredient in the production of
probiotic yogurt: evaluation of protective effect during simulated digestion and sensory

properties

Running Title: Xique-xique flour added to probiotic goat yogurt

Abstract

In this study, probiotic goat yogurts supplemented with different concentrations of xique-xique
flour were evaluated for their protective effects on the survival of the autochthonous strain
Limosilactobacillus mucosae CNPCO007 using simulated gastrointestinal digestion. Consumer
acceptance, and sensory characteristics (JAR scale) were also evaluated. After simulated
digestion, L. mucosae CNPCO007 presented higher viable cell numbers for the 1% and 2%
formulations (XY 1%, and XY2%) when compared to the controls (CY), indicating a potential
protective effect for the xique-xique flour during digestion with counts of >7 log CFU/qg.
According to the sensorial analysis using the JAR scale, the samples supplemented with xique-
xique flour obtained better scores (p < 0.05) for the goat aroma parameter (XY 1%, 3.29 +0.83
and XY2%, 3.48 +1.07). Tasters were indifferent to the herbaceous aroma and flavor
characteristics. When subjected to simulated gastrointestinal digestion, xique-xique flour
increased the survival of L. mucosae in the yogurt formulations, and improved the product's
sensory properties, making it a viable technological option for the functional dairy products
industry.

Keywords: Cactaceae, goat yogurt, Limosilactobacillus mucosae, prebiotics, JAR.
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1. Introduction

The market for functional foods has been growing steadily with an increasing demand
that is likely due to consumers' increased concern about food quality and safety (HLPE, 2017).
It is estimated that between 2020 and 2027, the market will gain approximately 7.5%, with dairy
products being the leading sector. In this niche, due to their ability to confer functionality to
various foods, the use of probiotics and prebiotics is predicted to present the most growth during
this period (Globe Newshire, 2020).

Beyond functionality, sensory attributes remain the characteristics most sought by
consumers (Matos et al., 2019). Amidst these challenges, goat milk-derived products have
continued gaining space in the functional food market (Costa et al., 2017; Santis et al., 2019).
During fermentation, sensory characteristics such as aroma, flavor, consistency, and color are
influenced by the fermenting strain used, and great variability can be achieved according to the
production matrix (Cai et al., 2019). The most commonly used probiotics are those of the genera
Lactobacillus and Bifidobacterium. Their mechanisms of action include preventing pathogenic
adhesion and colonization, and formation of specific metabolites such as short-chain fatty acids
(SCFAs), gamma-aminobutyric acid (GABA), enzymes, polysaccharides, vitamins, and
polyphenolic acids (Diez-Gutiérrez et al., 2020). Technological and functional benefits have
also been observed in studies inserting the autochthonous probiotic strain Limosilactobacillus
mucosae CNPCO007 into fermented dairy products (Moraes et al., 2018).

To promote functional effect within the body, the probiotics present in food matrices
must be able to survive passage through the digestive tract and adhere to the intestinal
epithelium for colonization. During digestion, they must resist the acidic stomach pH and high
bile acid concentrations in the intestines (Diez-Gutiérrez et al., 2020; Mackie et al., 2020). Thus,
the importance of either inserting strains already within protective matrices, or of adding to the

matrix ingredients with cell multiplication-stimulating activity (prebiotics). To expand the
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market for fermented products (especially probiotic dairy products), and increase the biological
activity of already existing foods, supplementation experiments are being developed using
various plant species (Almusallam et al., 2021; Bezerril et al., 2021; Feng et al., 2019), xique-
xique (Pilosocereus gounellei) has been explored as a potential matrix for the development of
new products (Assis et al., 2019; Bezerril et al., 2021; Machado et al., 2021; Oliveira & Oliveira,
2019; Ribeiro et al., 2020).Yet further studies are needed to better evaluate its applicability and
market acceptance.

Due to the great importance of food acceptance at the marketing level, sensory analyses
are essential. One of the most widely used sensory analyses (due its functions of attribute
matching and product optimization), is the Just-About-Right (JAR) scale (Song, Xia, & Zhong,
2021). However, because of the complexity of participants' sensory perception and varying
degrees of intensity, JAR analyses should usually be accompanied by other hedonic tests
(Palczack, Blumenthal, & Delarue, 2019; Song, Xia, & Zhong, 2021).

This study, considering the need for evaluation and processing of new probiotic goat-
yogurt formulations, evaluated the protective effect of xique-xique (Pilosocereus gounellei)
flour supplemented goat yogurt formulations on the survival of the probiotic strain L. mucosae
CNPCO007 under simulated gastrointestinal conditions, while also evaluating the resulting

yogurts' sensory properties.

2. Material and methods
2.1 Raw material and ingredients

The starter culture (YF-L903 - Streptococcus salivarius subsp. thermophillus, and
Lactobacillus delbruecki subsp. bulgaricus) was commercially acquired from the Christian
Hansen® company (Valinhos, Minas Gerais, Brasil). The indigenous culture

Limosilactobacillus mucosae CNPC007 was obtained from the "Collection of Microorganisms
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of Interest to the Food and Agroenergy Industry”, at Embrapa Agroindustry Tropical
(Fortaleza, Ceara, Brazil). Xique-xique cladodes (two 30 kg lots, May 2017) were obtained
from a privately owned cultivation located in the municipality of Boa Vista, in the state of
Paraiba, Brazil (latitude 7.16762352, longitude -36.1432815). The plant was identified by the
Agricultural Sciences Center at the Federal University of Paraiba (CCA/UFPB), and the species
certification (No. 17562) was deposited at the Herbario Prof. Jaime Coelho Morais
(CCA/UFPB). The collection was authorized by the Brazilian Biodiversity Information System
(No. 62681), and the National System for the Management of Genetic Heritage (SISGEN, No.
AA17429). Pineapple and crystal sugar (Unido®, Limeira, S&o Paulo, Brazil) were obtained

commercially.

2.2 Processing of xique-xique flour

The xique-xique flour was prepared according to Machado et al. (2021), where xique-
xique cladodes were carefully sanitized (soil removal and decontamination) with running water
and sodium hypochlorite (100 ppm/15 min). The central stem was stripped, and the pulp and
peel were removed. The central stems were then cut into 1 cm slices, which were autoclaved
(121 £ 1 °C/20 min). Subsequently, the samples were cooled at room temperature, followed by
drying in an air circulation oven (40 £ 1 °C) until reaching approximately 4% moisture content.
After drying, the xique-xique was ground in a knife mill (Willey, Solab®, Piracicaba, S&o
Paulo) and screened with a 100-mesh sieve on a sieve shaker. The flour was vacuum sealed in
sterile polyethylene bags at approximately 100 g per bag, rolled in aluminum foil, and frozen

(-20 £ 1 °C) until use.
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2.3 Jelly, inocolum and yogurt preparation

To prepare a jelly, a pineapple pulp to sugar proportion of 70:30 (w/w) was used. The
mixture was cooked for 45 min, with manual stirring until it reaching 62-65 "Brix, which was
measured using a digital refractometer (Hanna® brand, model HI 96801). The pineapple jelly
was then transferred, still hot, to a previously sterilized glass container and stored at room
temperature 27 = 2 °C until used in processing the yogurts.

The final inoculum (FIn) of probiotic bacteria into the goat-milk was prepared in two
stages. Inoculum 1 (Inl) was prepared by diluting 0.1 g of lyophilized L. mucosae CNPC007
in 10 mL of reconstituted powdered goat-milk (Caprilat®, Nova Friburgo, Rio de Janeiro,
Brazil) in sterile water, with incubated for 22 h (stationary phase) at 37 °C. Final Inoculum
(FIn) was prepared using Inoculum 1 (Inl) at a 50:50 proportion — 10 mL of In1:10 mL
powdered milk already reconstituted in sterile water, and then incubated for 22 h at 37 °C,
resulting in a final count of 7-8 log CFU/g. The counts were confirmed using serial dilutions
of the inoculum with sterile peptone water at a concentration of 0.1 g/100 mL (Sigma-Aldrich,
St. Louis, MA, USA); 10-uL of these dilutions were poured onto MRS agar (Oxoid,
Basigstoke, UK), and acidified to pH 5 (IDF, 1995) using the micro-drop technique. The plates
were incubated aerobically at 37 °C for 48 h, and the results were expressed in log CFU/g.

The yogurts were processed with a methodology described by Silva et al. (2017). Three
formulations were prepared: (CY) control yogurt (treatment without flour), (XY1%) yogurt
supplemented with 1% xique-xique flour, and (XY2%) yogurt supplemented with 2% Xxique-
xique flour. Pasteurized goat-milk was heat treated (90 °C/10 min), and cooled to 45 £ 1 °C,
and L. mucosae CNPCO007, with the starter cultures (Streptococcus salivarius subsp.
thermophillus and Lactobacillus delbrueckii subsp. bulgaricus, Christian Hansen®, Valinhos,
Brazil, 7-8 log CFU/g) were inoculated at respective concentrations of 0.1 and 0.4 g/L, and

fermentation was performed at 45 °C for 4 h. The yogurt samples were then cooledto 5+ 1 °C,
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the clot broken using a glass rod, and the jelly added in concentrations of 15 g/100 g to the
yogurts; the xique-xique flour was then added to the yogurts in concentrations of 1% and 2%.
The products were then placed in high density polyethylene bottles and stored under

refrigeration (4 £ 1 °C) for 28 days. The yogurts were evaluated at 1, 14, and 28 days of storage.

2.4 Simulation of Gastrointestinal Conditions

The gastrointestinal tract was simulated as per the descriptions in Table 1. For each
yogurt formulation, five samples labeled C1, C2, C3, S1, and S2 were produced. C1 and C2
were duplicate yogurts, inoculated with the tested probiotic strain, but not exposed to simulated
gastrointestinal conditions; C3 was a yogurt inoculated with the probiotic strain and exposed
to the simulated gastrointestinal conditions (used only for pH adjustments). S1 and S2 were
yogurts inoculated with the tested probiotic strain and exposed to the simulated gastrointestinal
conditions. All samples were prepared in sterile 50 mL vials, containing 25 g of yogurt
(Madureira et al., 2011; Oliveira et al., 2014).

After exposure to each artificial digestion stage, a 1-mL aliquot from each system within
each gastrointestinal compartment was aseptically collected and serially diluted in sterile
peptone water [0.1 g/100 mL (Sigma)]. 10-uL dilutions were then poured onto MRS agar
(Oxoid, Basigstoke, UK), and acidified to pH 5 (IDF, 1995) using micro-drop technique. The
plates were aerobically incubated at 37 °C for 48 h, and the results were expressed in log
CFU/g. The viable cell counts of the tested probiotic bacteria were carried out using the

procedure described by London et al. (2015).

2.5 Sensory analysis of the yogurts

Before performing the sensory tests, the formulations were subjected to quality control

analyzes that comprised the E. coli count in as well as the total molds and yeasts count in
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CFUlg, and detection of absence of Salmonella spp./25 g (APHA, 2001), to ensure that the
yogurts met legislation sanitary standards (Brazil, 2019). The acceptance test was conducted
with 108 consumers of goat milk products (28 men and 80 women, with ages in the range of
18 to 30 years old, with a mean age of 24 years), which evaluated the appearance, color,
consistency, aroma, flavor, and overall acceptance of the products using a structured hedonic
scale of nine points (1 = very disliked; 5 = neither liked/disliked; 9 = liked very much). The
purchase intention was evaluated using a 5-point scale (1 = would never buy; 3 = maybe
buy/maybe not buy; 5 = would certainly buy). The consumers also assessed how close the
samples were to the ideal, evaluated by the JAR (Just About Right) scale (1 = extremely less
than ideal; 5 = extremely greater than ideal) for the attributes of color, aroma, consistency,
texture, sweetness, flavor and acidity, according to the methodology described by Costa et al.
(2017). In all tests, the samples were served simultaneously and randomly, at approximately 5

°C, in white plastic cups of 50 mL coded with random numbers of 3 digits.

2.6 Statistical analysis

All experiments were performed three times in triplicate. The results were submitted to
the student’s t-test (storage times), and ANOVA followed by Tukey test (between
formulations) considering p < 0.05. Penalty analysis was performed on JAR attributes and
overall liking data for each goat milk yogurt. Penalty analysis plots were used to show penalties
(mean drops in overall liking) for each non-JAR attribute for each of the yogurts. The non-JAR
attributes having significant penalties (p < 0.05) are highlighted with a “*” in the penalty
analysis plots (Nguyen & Wismer, 2019, Fig 2). The attributes in the upper right-hand corner
of penalty analysis plots had the highest skews and were associated with the greatest penalties.
Only significant non-JAR categories with a substantial proportion of participants (> 20%) were

considered for interpretation of results (Sanchez-Rodriguez et al., 2019). Analyses were done
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using the Sigma-Stat 3.5 software (Jandel Scientific Software, San Jose, California) (Sigmastat,

2006).

3. Results and discussion
3.1 Survival under the simulated gastrointestinal conditions

The L. mucosae CNPCO007 survival results (throughout the simulated gastrointestinal
tract) for the goat-yogurt formulations are presented in Figure 1. Probiotic strain counts in the
formulation not exposed to in vitro digestion are also presented. As expected, higher L.
mucosae CNPCO007 counts and greater stability (p < 0.05) in the 3 yogurt formulations not
exposed to simulated digestion (9.81-9.02 log CFU/g) were observed. The greatest drop in the
number of viable L. mucosae cells for all formulations occurred at the esophagus-stomach
pathway (p < 0.05), soon after exposure to pH 5.5. However, although the reductions were
significant in this compartment, it was found after 92 min of exposure, and at a different pH,
that L. mucosae counts in XY 1% (6.16 + 0.09 log CFU/g) and XY2% (6.99 + 0.02 log CFU/q)
were higher (p < 0.05) than the CY counts (5.25 = 0.07 log CFU/g).

Starting at 92 min of digestion, precisely after exposure to duodenal conditions
(pancreatin + bile salts, pH 5.0), an increase in L. mucosae counts (in XY1% and XY2%),
unlike the control sample were observed, demonstrating that xique-xique flour presented a
protective effect on the survival of the probiotic strain. At the end of digestion, at 182 min of
exposure to the gastrointestinal conditions, XY1% and XY2% presented higher viable L.
mucosae cell counts (respectively 7.07 £ 0.02 log CFU/g, and 7.22 = 0.03 log CFU/g) than the
CY (5.90 + 0.01 log CFU/qg).

The L. mucosae survival assay revealed that the dairy matrix when supplemented with
xique-xique flour protected the probiotic strain throughout the gastrointestinal tract, indicating

synergistic effects with the studied microorganism. Some synergies allow enhanced food
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bioactivity (Jacobs, Tapsell, & Temple, 2011), suggesting a tool that can aid functionality
despite the complexity of the food matrix (Alongi & Anese, 2021). Probiotic survival at the
end of the simulated digestion was an important result with regard to potential health benefits
for consumers, since certain L. mucosae strains present the ability to adhere to the intestinal
mucosa, resisting passage through the gastrointestinal tract, and exerting immunomodulatory
activity, with production of exo-polysaccharides and bacteriocins (London et al., 2015; Moraes
et al., 2018). The yogurts supplemented with xique-xique flour, and with an average cell
population above 7 log CFU/g, presented satisfactory viability for consideration as a probiotic

product (Diez-Gutiérrez et al., 2020; Terpou et al., 2019).

3.2 Sensory analysis

Before sensory testing, microbiological analysis according to sanitary hygienic
standards revealed that all of the goat probiotic yogurt formulations prepared were suitable for
consumption throughout the refrigerated storage period evaluated. E. coli, mold, and yeast
counts (and the absence of Salmonella spp.) were in accordance with the criteria recommended
by the legislation in force (Brazil, 2019), indicating good manufacturing practices.

The sensory acceptance tests results and intention to purchase the yogurts are shown in
Table 2. The addition of differing xique-xique flour concentrations influenced acceptance for
most of the sensory attributes evaluated (p < 0.05). The consumers assigned ratings using the
hedonic terms "didn't like/dislike™ to "moderately liked", which shows a relatively good
acceptance for the yogurts. However, the XY 1% formulation, at the end of storage, presented
ratings for flavor ranging from "didn't like/dislike" to "slightly disliked".

Of the attributes evaluated, flavor suffered the most impact with the addition of xique-
xique flour, with lower scores (4.35 + 2.31 to 5.38 £ 2.37) as compared to the control yogurt

(6.59 +2.2310 7.29 + 1.88). This can be justified by the presence of various matrix components,
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such as fibers and phenolic compounds, which affect yogurt flavor (Machado et al., 2021). At
the end of the refrigerated storage period, the yogurts supplemented with xique-xique flour
obtained higher scores (p < 0.05) for the aroma attribute, especially the XY 2% treatment (7.13
+1.74).

The xique-xique flour additions - XY1% (6.02 + 2.06) and XY2% (6.43 + 1.81)
interfered with yogurt consistency - XY1% (6.02 £ 2.06) and XY2% (6.43 £ 1.81), and scored
lower (p < 0.05) for this attribute when compared to the CY formulation (7.49 +1.47). This
result may be related to the fiber present in xique-xique flour (Machado et al., 2021), which
together with its nutrients may influence the three-dimensional gel/coagulum protein structure
network, thus altering yogurt viscosity. This potentially affected sensory acceptance, since
yogurts are expected to present a more full-bodied and viscous consistency (Costa et al., 2017).

Intention to purchase is important for evaluating the consumers' perception and interest
in acquiring a new product. In this study, the addition of xique-xique flour may have negatively
affected this parameter. The XY1% and XY2% formulations during storage (p < 0.05),
presented hedonic values ranging from "might not buy" to "might/might not buy" (Table 2).
However, the XY2% sample was noted as a second choice for purchasing (p < 0.05), just after
the CY formulation, indicating its continued potential as a market, and/or marketing option.

The time variable was decisive for the acceptance of sensory attributes, especially for
the xique-xique flour goat yogurt supplemented at 1.0%, which after 28 days of storage (p <
0.05), presented reduced scores for all attributes. The 2.0% xique-xique flour formulation
scores remained unchanged (p > 0.05), even after 28 days of refrigerated storage, demonstrating
that higher concentrations of this ingredient might well balance the sensory profile.

Overall, the scores obtained for most of the attributes evaluated were above 5.0,
demonstrating good acceptance by consumers. This result is relevant, considering the potential

health benefits for the consumer in the yogurts studied (Diez-Gutiérrez et al., 2020; Mackie et
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al., 2020). It also demonstrates that adding vegetable components is an option to assuage the
continuing difficulties encountered in the marketing of goat based dairy products (Costa et al.,
2017; Bezerril et al., 2021; Feng et al., 2019).

Table 3 presents the JAR scale (Just About Right) idealization. This analysis is used to
more accurately assess the consumer interaction by describing important sensory attributes
when evaluating a new product and allows for a more comprehensive investigation (Gere et al.,
2015; Matos et al., 2019). The JAR scale was applied to the yogurts for comparison using a 5-
point scale to reveal perceptions concerning idealized attributes for color, aroma, consistency,
texture, sweetness, flavor, and the acidity of the products.

For the first analysis point, differences (p < 0.05) were observed between formulations
for product color (similarly to the acceptance test), with the higher scores for the CY (3.24
+0.68), followed by XY2% (2.89 +0.81) and XY 1% (2.52 +0.79). However, on the 28" day of
storage, the XY2% formulation scored equally as well as the control sample (p > 0.05), with
the color indicated as being within the ideal range, lying between "a little less white than ideal"
and "ideal". This data reveals that the consumer was able to identify change in yogurt color as
mediated by the addition of xique-xique flour, and also that this addition did not interfere
negatively with the consumer's expectations for ideal yogurt color, being within the expected
standard for this type of product.

There were also differences (p < 0.05) between the samples regarding goat aroma. An
increased perception of goat aroma was observed for the CY sample; rated by the evaluators as
"ideal" or "a little stronger than ideal™. This can be seen as barrier to acceptance for the product,
since normally, goat milk products are not as well accepted as bovine dairy products due to the
pronounced aroma and flavor of goat milk products, which is related to the medium-chain fatty

acids composition of goat milk, such as caprylic, capric, and caproic acids (Costa et al., 2017).
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Considering aroma as a peculiar characteristic of goat dairy products, some studies have
suggested adding vegetable or fruit-based ingredients to improve both aroma and flavor (Feng
et al., 2019). In this study, a reduced perception of goat flavor was observed for the XY 1% and
XY2% samples compared to the control yogurt (p < 0.05), demonstrating that the addition of
xique-xique flour contributes by diminishing this attribute, often considered unpleasant by
consumers. Similar results in a study corroborating the data from our research (Costa et al.,
2017) were described when adding cupuagu pulp (10%) that yielded a reduction in goat flavor
and aroma, a favorable alternative for consumers who are resistant to consuming goat milk
products.

No significant differences were observed (p > 0.05) for perceptions of consistency or
texture when compared to the other formulations (excepting viscous consistency at 28 days of
storage for sample XY1%, and which was noted as "a little more viscous than ideal” (p < 0.05).
Differences (p < 0.05) regarding perceptions of the degree of sweetness between yogurts were
noted, in which CY obtained a sweetness degree of "a little less sweet than ideal”, while the
formulations supplemented with the different xique-xique flour concentrations obtained a
sweetness degree of "extremely less sweet than ideal” (p < 0.05). This most likely indicates
that addition of xique-xique flour to the samples minimizes perception of sweetness.

Acidity was only highlighted by the evaluators at the 28" day of storage. The XY 1%
formulation was noted as being "ideal” or as "a little more acidic than ideal” (p < 0.05). It is
likely that the superimposition of acidity on sweetness in the formulation promoted greater
perception of acidity, while interfering in sweetness perception. This was similar to what was
observed in a study by Costa et al. (2017), who evaluated the influence of Cupuagu pulp in
yogurts made with goat's milk (in JAR scale analysis), and identified greater acidity perception

due to the addition of Cupuagu pulp.
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As for the parameters concerning herbaceous aroma and flavor in the formulations
supplemented with Xique-xique flour, no differences (p > 0.05) were identified by the test
consumers, this was similar to results obtained in goat milk yogurt supplemented with Xique-
xique jelly (Bezerril et al., 2021).

The JAR test was used in this study to reveal the market sensory potential of the
formulations supplemented with Xique-xique flour, and thinking about future technological
improvements in probiotic goat yogurt processing when supplementing with this ingredient.
The questions contained in the JAR test improve discrimination between consumers, based on
hedonic scores that by their nature increase the tester's interaction (Jaeger et al., 2015). This
helps explain the differences found between the formulations when regarding JAR attributes
related to color, goat aroma, consistency, sweetness, and acidity.

There were notably significant differences (p < 0.05) throughout the refrigerated storage
(28 days) between the samples. The test consumers felt that the CY needed improvement in
certain attributes, namely goat aroma and acidity (which were considered stronger than ideal),
while color and sweetness were also established as attributes with sub-optimal characteristics
(Fig. 2). The yogurts with Xique-xique flour revealed (throughout storage) similar needs for
improvement, regarding color (stronger than ideal), higher acidity, and lower sweetness.
However, it remains noteworthy that goat flavor perceptions were lower for the Xique-xique
flour formulations than for the CY sample.

Herbaceous aroma and flavor were mild in the Xique-xique flour supplemented samples
(Day 1). However, sample XY2% presented an increased perception of these attributes (p <
0.05) at the end of storage. Some of the consumers felt that the goat yogurts (with and without
added flour) were somewhat less sweet than ideal. This resulted in a more than 1.5 point
difference in overall acceptance. Thus, to improve both technological processing and

acceptance of the formulations in the functional dairy products market, it is extremely
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important to consider all of the attributes (i.e. characteristics differing from the ideal) in the
data obtained in the penalty test.

Acceptance, preference, JAR scale, and penalty analysis are considered classic methods
of evaluating consumer acceptability, using hedonic measures in food science to evaluate novel
foods production and understand consumer preferences (Matos et al., 2019; Viejo, Fuentes,
Howell, Torrico, & Dunshea, 2018).

These results are important for the dairy products market, and especially for the goat
based dairy industry. They demonstrate that it is possible to insert a vegetable ingredient, such
as cactaceous Xique-xique flour, and increase both nutritional value, and improve the
technological and sensory properties of the end product, all while reducing consumer

perceptions of goat aroma, a characteristic that directly impacts product acceptance.

4. Conclusion

This was the first study on probiotic yogurt supplemented with Xique-xique flour, with
a view to demonstrate the potential of the dairy product as a delivery vehicle and as a protective
matrix for survival of the autochthonous L. mucosae strain CNPCO007 along a simulated
gastrointestinal tract. We also for the first time evaluated the influence of Xique-xique flour
supplementation on the sensory properties of the various yogurt formulations prepared. Our
results revealed that L. mucosae CNCP007 when added to a goat yogurt with Xique-xique flour,
survived simulated gastrointestinal digestion (counts higher than 7.0 log CFU/qg) in the upper
gastrointestinal tract, suggesting that these probiotic strains were able to pass through the
gastrointestinal tract when delivered by goat-yogurt supplemented at 1.0% and 2.0% Xique-
xique flour. In sensory analyses, the yogurts were well accepted, and the addition of Xique-
xique flour minimized the "goat aroma" perception. The addition of Xique-xique flour did not

negatively impact either the aroma perception or the herbaceous flavor attributes of the
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products. However, consumers felt that the yogurt with Xique-xique flour, like the control
yogurt, needed certain improvements; such as color, sweetness, and acidity. According to the
penalties listed, such values can be used to alter the formulations to provide a product that adds

marketing potential and functionality to probiotic goat milk products.
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Figures Captions

Figure 1. Viable Lactobacillus mucosae CNPCO007 cell counts in CY (A), XY 1% (B), and XY2%
(C) when exposed (*) and not exposed (=) to simulated digestion. The pH values in each digestion
stage are shown at the top of the graph. Formulations: CY (control yogurt), XY1% (yogurt
supplemented at 1% with Xique-xique flour), and XY2% (yogurt supplemented at 2% with Xique-
xique flour).

Figure 2. Penalty analysis for JAR attributes and liking the goat milk probiotic yogurts (A)
CY, (B) XY1%, and (C) XY2% as evaluated by all consumers (n=108). *Significant non-JAR
attributes. Formulations: CY (control yogurt), XY 1% (yogurt supplemented at 1% with Xique-
xique flour), and XY2% (yogurt supplemented at 2% with Xique-xique flour).
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Table 1. Processing conditions used in simulated digestion.

108

Stirring Final Exposure
Stage Compartment Condition
(rpm) pH time

1 Before mouth - - - -

2 Mouth Saliva solution 200 6.9 2

3 55 10
4 4.6 10
5 Esophagus — Stomach solution 3.8 10

130

6 stomach (pepsin) 2.8 20
7 2.3 20
8 2.0 20
9 Duodenum Intestinal solution 45 5.0 30
10 lleum (pancreatin + bile salts) 45 6.5 60




Table 2. Acceptance test and purchase intention of the yogurt formulations.

] Treatments
Attributes
Days CcY XY1% XY2%

1 7,30 £1,62 7,00 £1,51A 6,77 +1,88
Appearance

28 7,54 +1,502 5,99 +2,138¢ 6,84 +1,69°
Color 1 739 +1,71 7,19 +1,60° 6,92 +1,67

28 7,32 +1,562 6,56 +1,878P 6,89 +1,55%

_ 1 7,14 +1,842 6,74 +1,637%® 6,43 +1,90°

Consistency

28 7,49 +1,472 6,02 +2,0650 6,43 +1,81°

1 6,86 +1,83” 6,91 +1,89° 7,13+1,74
Aroma

28 541 +2,108° 5,94 +2 038P 6,97 +1,78?

1 6,59 +2,23B2 5,38 +2,374° 5,26 +2,20°
Flavor

28 7,29 +1,88A2 4,35 +2,31F¢ 5,11 +2,25°
Overall 1 6,99 + 1,94 6,17 + 1,907 6,06 + 1,80°
impression 28 7,50 +1,692 5,12 +2,248¢ 5,94 +1,82°
Purchase 1 3,89 +1,07° 3,03 £1,147° 2,86 +1,11°
intention 28 4,07 +1,14° 2,40 +1,08B¢ 2,80 +1,07°

109

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

a¢Mean + standard deviation with different lowercase letters on the same line differed by the Tukey test or t-
Student test (p <0.05), between treatments.

A-BMean + standard deviation with different capital letters in the same column differed by Student’s t-test (p
<0.05), over storage time.

Formulations: CY (control yogurt), XY 1% (yogurt added 1% with xique-xique flour) and XY2% (yogurt added
2% with xique-xique flour). Acceptance test (appearance, color, texture, aroma, and flavor) in a 9-point hedonic
scale (1= disliked extremely, 9= liked extremely). Purchase intention in a 5-point scale (1 = certainly would not
buy, 5 = certainly would buy).



Table 3. Just about right (JAR scales) results for the yogurts.
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Treatments
Attributes Days cY XY1% XY 2%
Solor 1 3,24 +0,682 2,52 +0,798¢ 2,89 +0,818BP
28 3,14 +0,552 2,87 +0,81AP 3,03 +0,92 Adb
1 3,12 +0,83° 3,19 +0,80% 3,46 +0,822
Goat aroma
28 3,17 +0,57° 3,29 +0,83% 3,48 +1,072
1 - 3,12 +0,89 3,18 +0,94
Herbaceous aroma
28 - 3,33 +0,94 3,34 +1,07
_ 1 2,76 +0,80 2,75 0,958 2,86 +0,85
Consistency
28 2,87 +0,64° 3,22 +1,1072 2,89 +0,86"°
1 2,82 +0,70 2,91 +0,74 3,06 +0,89
Texture
28 2,97 +0,54 2,98 +0,94 3,23 +0,96
1 2,63 +0,72 2,49 +1,04 2,50 +0,91
Sweetnhess
28 2,65 +0,712 1,97 +1,09° 2,20 +0,87°
o T1 3,09 +0,76 3,34 +0,92 3,21 +0,90
Acidity
T28 3,14 +0,63¢ 3,91 +1,10° 3,48 +0,88"
1 - 3,13 +1,04 3,28 +1,12
Herbaceous flavor
28 - 3,45 +0,97 3,79 +0,94

Results are expressed as average (n=3) + standard deviation.
&®Mean * standard deviation with different lowercase letters on the same line differed by the Tukey test or t-

Student test (p <0.05), between treatments.

ABMean + standard deviation with different capital letters in the same column differed by Student’s t-test (p

<0.05), over storage time.

Formulations: CY (control yogurt), XY 1% (yogurt added 1% with xique-xique flour) and XY2% (yogurt added
2% with xique-xique flour). JAR in a 5-point scale (1 = extremely less than ideal; 5 = extremely greater than

ideal).
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6 CONCLUSOES GERAIS

O processo de adicdo da farinha de xique-xique (Pilosocereus gounellei) em diferentes
concentragdes nos leites fermentados caprinos probioticos forneceu dados importantes sobre a
composic¢do nutricional e pardmetros tecnoldgicos desses produtos. Os leites fermentados
adicionados da farinha de xique-xique apresentaram maior producdo de &cidos organicos
(maélico, latico e propiénico) e reducdo do teor de lactose ao longo do armazenamento
refrigerado.

A formulacédo adicionada de maior concentracdo de farinha de xique-xique apresentou
maiores contagens da cepa autoctone L. mucosae, maior teor de minerais, compostos fenolicos
totais, flavonoides e atividade antioxidante. Os leites fermentados adicionados da farinha de
xique-xique demonstraram efeito protetor frente as condi¢Ges de digestdo simulada, exibindo
maiores contagens das células vidveis do L. mucosae.

As amostras com farinha de xique-xique obtiveram melhores resultados na analise
sensorial em relacdo ao parametro aroma caprino, e a presenca desse componente ndo impactou
negativamente nas caracteristicas de sabor e aroma herbaceo. Em relacdo a analise de
penalidades, todas as amostras de leite fermentado caprino probidtico produzidas
demonstraram necessidade de melhora em algum parametro.

Novos estudos utilizando diferentes formulacdes de farinha de Xique-Xxique
(Pilosocereus gounellei) em derivados lacteos caprinos probidticos devem ser realizados com
foco na melhor adequacéo das formulagdes, e atendimento as perspectivas e necessidades dos
consumidores tanto em relacdo ao exercicio de efeitos benéficos a satde, quanto aos parametros
tecnoldgicos e sensoriais promovendo o surgimento de outros novos alimentos de aplicacao
promissora na inddstria alimenticia, que possuam além de funcionalidade, uma melhor
aceitacdo de mercado.
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APENDICE A — Teste de Aceitacdo Sensorial e Intencdo de Compra.

Teste de Aceitacio e Intencio de compra

Nome:

Idade:

Sexo: Ezcolaridade:

Data:

Voce esta recebendo (03 amostras codificadas de 1ogurte caprino. Prove e avalia
sensonalments a amostra de acorde com cada atributo e escreva o valor da eseala qua
vocE considera comrezpondente 3 amostra (eodigo) no que diz respeito aos atributos

avaliados. Antes de cadz avaliagio, vocé deverd fazer uso da dgua 2 da belacha

9 — Gostel muitiszimeo

& — Gostel mnito

7 — Gostel moderadaments

6 — Gostel ligeiraments

5 —Mam gosteimem desgostei
4 - Desgostai lizairamants

3 — Dezgostel moderadaments
2 — Daspostal muito

1 — Dezgostal muitiszimo

Agora indigne sua atitude ac encontrar este produto no mercade.

5 — Compraria

4 — Pozsrvelmente compraria

3 - Talver comprasse'talvez nio
comprasse

2 — Pozsrvalmente n3c compraria
1 — JTamalz compraria

AMOSTEAS
ATRIBUTOS (Cédige)
462 &0 125
Aparéncia
Cor
Textura
Aroma
Sabor
Avaliacio
Clobal
AMOSTRAS
(Cadigo)
ATRIBUTOS s 500 1s
Intencio de
Compra

Teste de Ordenacio-Preferéncia

Apds avaliar as duas amostras

Indique qual das amostras

() I lngar (

vocé prefere:

}2* lugar (

) 3° lugar
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APENDICE B —Teste de JAR (Just About Right), Escala do Ideal

Por favor, prove 2 amostra 175 de iogurte caprine e indigue na escalz abaixo, sua opiniao

Em relagdo a suz cor

| { ) Extremamente mais branco guoe o ideal ” { ) Um pouco mais brancoe goe o ideal ” { 1 1deal |

| { } Um poucoe menos branco que o ideal || { 1 Extremamente meno: branco que o ideal |

Em relagio a0 aroma capring:

| { ) Extremamente mais forte gue o ideal || { ) Um powco mai: forte que o ideal || { 11deal |

| { ) U poucoe menos forte que o ideal ” { ) Extremamente menos forte que o ideal |

Em relagao ao aroma herbaceo:

| { ) Extremaments mais forte gue o ideal || { ) Ua powco mai: forte que o ideal || { ) Ideal |

| { ) U pownce menos forte que o ideal ” [ ) Extremaments meno: forte que o idezl |

Em relagae a comsisténcia:

| [ ) Extremamente mais vizcoso que o ideal | | {1 U powce mai: viscose gue o ideal || { ) 1deal |

| [ ) Um pouco mends viscozo que o Meal ” { VExtremamente menos viscozo que o ideal |

Em relagdo a textura:

{ ) Extremamente mais gnmio:o gramlazo { ) Um pouco mais grumoso/zramiloz { ) Ideal
oue o ideal aue o ideal
{ 1 U pouco menos gnmesozramiloso que o { ) Extremamente menos grumose sranulozn gue
ideal o ideal

Em relagdo a suz dogura:

| { } Exremamente mais doce gue o ideal || { 7 Um pouco mais doce que o ideal || {1 1deal |

| { ) U pouce menos doce que o ideal || () Extremamente menos doce que o ideal |

Em relagdo a sz acides:

| {1 Extremaments mais acido que o ideal || { 31Tm peoco mais acido que o ideal || [ ) Ideal |
| { ) Um pouco mendas acido que o ideal | | [ ) Extremamente menos acido gue o ideal |
Em relagdo ao szbaor herbaces:

| { }Exgemamente mais forte que o ideal | { 3 Um pouco mais forte que o ideal | { ) Ideal

| { ) Um pouce menos forte que o ideal |

{ ) Extremamente menos forte gue o ideal |
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Tar favor, prove 2 amostr 600 de iogurts caprine e indigue 12 ascala abaizo, sua opinid

Em relagde 2 sua cor:

{ ) Extremamente mais brance gue o ideal || [ 3 Um pouco mais brance goe o ideal || { ) Ideal |

| { } Um pouco menes branco qus o ideal || i ) Extremaments meno: branco qua o ideal |

Em relagie a0 aroma capring:

| { }Extremamente mais forte gue o ideal || { ) U powcoe mai: forte que o ideal || { ) 1deal |

| { ) U poucoe menos forte que o ideal ” { ) Extremamente menos forte que o ideal |

Em relagde ao aroma herbace:

| { }Exremamente mais forte gue o ideal || { ) U pouce mai: forte que o ide=al || { 11deal |

| { 1 U poace menos forte que o ideal ” () Extremamente menos forte que o ideal |

Em relzgde a consisténcia:

| [ ) Extremamente mais vizcoso que o idzal | | { ) U pouce mai: viscose gue o ideal || { ) 1deal |

| [ ) Um pouco mends viscoso que o ieal ” { VExrtremamente menos viscoso que o ideal |

Em relzgdo a teptara:

{ ) Extremamsnte mais grmioso gramilaza { 3 Um pouco mais grumose/zramloza { ) Ideal
oue ¢ ideal aue o ideal
{ ) U pouco menos grnmesogramelozo que o { ) Exfremamente menos grumose/sraenlozs qus
ideal o ideal

Em relagde A sua dogura:

| { ) Extremamente mais doce gue o ideal || { ) Um pouco mais doce que o eal || () 1deal |

| { 1 Um poucoe menos doce que o ideal || () Extremamente menos doce que o ideal |

Er relagdo 2 sua acides:

| ( ) Extremaments maiz acido que o ideal || { 3 Um pouco mais acido que o idaal || { 7 1deal |
| { ) Um pouco menas acido que o ideal | | [ 'y Extremamente menos acido que o ideal |
Er relagde ao sabar herbacea:

| { ) Exremzmente mai forte que o ideal | { 3 Um pouco mais forte que o ideal | () Ideal

| { } Um pouco menos forte que o ideal || { ) Extremamente menos forte gue o ideal |
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ANEXO A — Parecer consubstanciado do Comité de Etica em Pesquisa

UFPB - CENTRO DE CIENCIAS

DA SAUDE DA UNIVERSIDADE W
FEDERAL DA PARAIBA

PARECER CONSUBSTANCIADO DO CEP

DADOS DA EMENDA

Titule da Pesquisa: ELAEIOR‘_.HGF'-.G E GARAGTERIZAQED NUTRICICONAL DE PRODUTOS
ALIMENTICIOES ADICIONADOS DE XIQUE-XIQUE {Filosoceraus gounellei (4. Webar
ex. K. Schum.) Bly. ex Rowl.

Pesquisador: MARIA ELIEIDY GOMES DE OLIVEIRA
Area Tematica:

Versdo: 2

CAAE: TOT48817.2.0000.5188

Instituigac Proponente: Centro De Ciéncias da Sadde
Patrocinador Principal: Financiamento Proprio

DADDS DO PARECER

Namero do Parecer: 3.211.170

Apresentagao do Projeto:

O projeto intitulado ELABD‘RJ“'.’;.ELG E GAF!AGTERIZA@E.G MUTRICIOMAL DE FRODUTOS ALIMENTICIOS
ADICIONADOCS DE XIQUE-XIQUE (Filosocereus gounellei(d. Weber ex. K. Schum.) Bly. ex Raowl.,
pertencente a Fds do PPGCTA/CT, da doutoranda, MARIA ELIEIDY GOMES DE OLIVEIRA,
Objetivo da Pesquisa:

Objetvo Primério:

Elaborer & caracterizar 05 aspectos nutricionais & sensoriais de produtos alimenticios adicionados de sique-

xique,

Objetivo Secundaric:

Elaborar barra de cereal do tipo snack bar adicionado de farinha de xique-xique: Eleborar pdo adicionado de
polpa de xigue-xique: Elaborar cookie

adicionado de farinha de xique-xique; Elaborar uma geleia & partir do cilindro vascular (polpa) do xigue-
xique; Elaborar um iogurte caprino adicionado de geleia de xigue-xigue: Elaborar queijo cremoso capring
adicionado de farinha de xique-xique; Analisar as caracteristicas tecnoldgicas fisicas e fisico-quimicas dos
produtos; Analisar 8 composigio mineral dos produtos: Realizar anslises microbioldgices de controle de
qualidede dos predutos; Reslizer andlises sensoriais das diferentes formulagdes des produtos adicionados

de xique-xigue.

Engarego: LNIVERSITARID 5

Balrmo: CASTELD BHANCO CEPC 56081000
UF: PR Munleiplo:  JOAD PESS0A
Talefome: (&3)3216-701 Fan: (B3pa216-77 Emalll comisadasticagioos.uipb, br

Pégena 01 da 04
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UFPB - CENTRO DE CIENCIAS
DA SAUDE DA UNIVERSIDADE ‘GR8rasd -
FEDERAL DA PARAIBA

Avaliagho dos Riscos & Beneficios:

Essa pasquisa nio oferece risoos, pravisivels, pars o sus setde dos paricipantes. Hi povos probabilidade
de algum incldents desfavordvel durante o realizegiic desta pesguise, visto que, » elaboragio doa produtes
sague tode um protecolo de Boas Prificas de Fabricaglio, com o intuito de diminuir & prasenge da micro-
arganismos patogénicos ou deteriorantes que possam Fazer algum dano B PESSSR QUE O CONSUME. Alim
disso, serfo renlizadas anilises microbioldgions que slestam & sanidade dos produfos antes de serem
submatidos is andlises sensorinis.

Comentirios ¢ Consideragbes sobre a Pesquisa;

O projeto apresenta-se bem instruido, de acordo com as normas da Resolupic 488012, que rege as
pRIGUISEs que envolvam os seres humanocs.

Consideragdes sobre os Termos de apresentagio obrigatoria;

Da scords com o medmo, & pasqulsadora apreseniou todos oa reguisites am conformidade com &
Resoluglio vigente do CNS,

Recomendagies:

Recomenda-se aprovar,

Conglusdes ou Pendéncias & Lista de Inadequagdes:
Aprevado

Consideragdes Finais a aritério do CEP;

Cartifice que o Comité da Etics em Pesquisa do Centre de Cidncias da Saide da Universidade Federal da
Paraiba = CEF/CCS aprovou a execugiio do referido projeto de pesquisa

Cuitrossim, informe que a auterizagio para posteror publicagio fice condiclionada & submissiio do Relstdric
Final na Plataforma Brasll, via Netificagio, para fins de apreciagiic @ aprovagio por este egrégio Comiti

Este parecer fol elaborsde baseado nos documentos abaixo relacionados:

Tipe Documanta Arquive | Foatagem Autor Susgio
|l'|fﬁFﬂ'|lPEl\:I-E“ﬁll PE_INFORMACOES_BASICAS_120133 0&/02/2019 Acaite

! A i S
Folha de Rosto Folha_de_Resto 1. pdf 3110/2017 [MARIA ELIEIDY Aceito
1%:36:57 |GOMES DE
QLIVEIRA

Ensarsga:  UNIVERSITARID B

Balrra: CASTELD BRANCO CEP: 5@ 081 00
Ur: pp Munlelplo:  JOA0 PESS0A
Tlfans: jaa) a2 a7 Fa: (EAGI218-T701 E-mall: camvadasticaghoos ulpb be
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UFPB - CENTRO DE CIENCIAS
DA SAUDE DA UNIVERSIDADE W
FEDERAL DA PARAIBA

Conlinuscan do Fanecsn: 3211070

Outros Cartas_de_Anuencia. pdf 20/00/2017 |MARIA ELIEIDY Aceito
14:50:03 |GOMES DE
OLIVEIRA
Cutros Certidao_de_Aprovecao.pdf 20/00/201T7 |MARIA ELIEIDY Aceito
14:42:17 | GOMES DE
OLIVEIRA
Outros Instrumento_de_Coleta. pdf 20/08/2017 |MARIA ELIEIDY Aceito
14:48:08 |GOMES DE
OLIVEIRA
Cronograma CRONOGRAMA pdf 20/00/2017 |MARIA ELIEIDY Aceito
14:47:41 GOMES DE
OLIVEIRA
Orgamento ORCAMENTO. pdf 20/00/2017 |MARIA ELIEIDY Aceito
14:47:23 |GOMES DE
OLIVEIRA
TCLE / Termos de | TCLE. pdf 20/00/201T7 |MARIA ELIEIDY Aceito
Assentimento / 14:45:02 |GOMES DE
Justificative de OLIVEIRA
Auséncia
Projeto Detalhado /| PROJETO, pdf 20/00/2017 |MARIA ELIEIDY Aceito
Brochura 14:44:48 |GOMES DE
Unwestigador OLIVEIRA

Situagdo do Parecer:
Aprovado

Mecessita Apreciagio da CONERP:
Méo

JOAD PESSO0A, 20 de Margo de 2010

Assinado por:
Eliane Marques Duarte de Sousa

{Coordenador({a))
Endarsga:  UNIVERSITARID B8
Balrra: CABTELD BRANGD CEP: g and 400
UF: PR Munleiplo:  Joa0 PESS0A
Telafore:  javpaz1e-7r LCESCETE R | E-mall: comvadasticaghocs ulph be
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ANEXO B - Termo de Consentimento Livre e Esclarecido (TCLE)

TEEMO DE CONSENTIMENTO LIVEE E ESCLARFCIDO

Vocd egta sendo convidadoa) = participar, comeo voluntiriofa), da pesquiza
Dezenvolvimento de leite fermentado probiotico caprino adicionade de farinha de xigue-
xique (Pilssocersus gouneiled): propriedades tecmologicas, nuofricionais, semsoriaiz e
foncionais
Mo caso de vocé comcordar em participar, favor assinar zo final do documanto. Sua participagio
ndo & obrizatdria, 2, a qualguer moments, vood poderd desistir de participar e retirar zsu
consentimento. Sua recuss nEo trara nenhum prejuizo em s relagio com o pesguisadoria) ou
com 2 instimicda.

NOME DA PESQUISA: Desenvolvimente de leite fermentado probiotice caprine
adicionado de farinha de xigue-vigue (Filozocerens gouneilei): propriedades tecnologicas,
nutricionais, semsoriais e funcionais.

PESQUISADORES RESPONSAVEIS: Dalyane Lais da Silva Dantas, Mariz Elieidy] Gomas
de Oliveira

OBJETIVOS: Avaliar = influéncia da adicio da farinhz de xigue-xique mos aspectos de
qualidade do iegurte produzido com leite capring.

Solicitamos 2 suz colsboracdo na avaliagio ssnsorial, como também suz autorizacdo
para apresentar of resultados deste estudo aventos da area de sadde e publicar am revista
cientifica. Por ecasido da publicacio dos resultados, seu nome sera mantido em zigilo. So deve
participar desta pesquiza quem for consumidor de iogurte.

s pasguisadores estardo a sua disposicio para qualguer esclarecimento gue considers
nacessirio em quzlquer etapa da pesguiza.

Diante do exposto, declaro que fii devidamente esclarecidoa) & don o men
conzentimanto para participar da pesguiza e para publicacio dos resultados.

X

Aszinztura do Participante da Pesguiza

Asginztura do Peaquizador Fesponsaval



