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RESUMO

O aumento da preocupacéo dos consumidores em ingerir alimentos saudaveis tem impulsionado
a procura por alimentos que proporcionem beneficios a saude, entre eles os probidticos.
Seguindo a tendéncia do mercado de desenvolver produtos com alegacdes funcionais e de
salde, surge o interesse no desenvolvimento de creme de ricota caprino adicionadas de cepa
autoctone Limosilactobacillus mucosae CNPCO007 ou de cepa comercial Lactobacillus
acidophilus La-5, objetivando-se avaliar a influéncia desses micro-organismos nas
caracteristicas tecnolégicas, nutricionais, microbiolégicas e sensoriais do produto ao longo do
armazenamento refrigerado. Foram elaborados trés tipos de creme de ricota caprino: CRC -
creme de ricota controle, elaborado sem a adi¢édo de cultura probidtica, CRLM - creme de ricota
adicionado da bactéria probi6tica autdctone Limosilactobacillus mucosae CNPC007 e CRLA -
creme de ricota adicionado da cultura probio6tica comercial Lactobacillus acidophilus La-5. As
amostras foram caracterizadas quanto as variaveis tecnoldgicas, fisicas, fisico-quimicas,
quimica, microbiolégicas nos dias 1, 14 e 28 e quanto as variaveis sensoriais nos dias 1,7 e 14
de armazenamento refrigerado. Todas as analises foram realizadas em triplicata. A adicdo de
cepas probidticas ndo interferiu no rendimento do produto. Com relacdo a cor, as amostras com
adicdo de probioticos apresentaram maior luminosidade (L*) e menor tendéncia a coloragédo
esverdeada. Todas as amostras tiveram a cor amarela intensificada durante o armazenamento.
A presenca de micro-organismos probioticos influenciou apenas na adesividade, que foi menor
no CRLM (-533,70 % 35,84). No que se refere aos parametros fisicos e fisico-quimicos, foi
observado aumento da acidez, com concomitante reducdo do pH e do teor de lactose, assim
como aumento do teor de acido latico. Todas as formulacBes contendo a cepa autdctone e a
cepa comercial exibiram numero de células viaveis superiores a 6 log UFC/g ao longo dos 28
dias de armazenamento refrigerado. A amostra CRLM apresentou maior protedlise em
profundidade, passou de 1,92 + 0,01 a 5,24 + 0,16, com libera¢do de um maior nimero de
aminoacidos livres. A adicdo de cepas probidticas melhorou o perfil volatildomico e
caracteristicas sensoriais das formulagdes de creme de ricota. Eles demonstram a viabilidade
do uso de cepas probioticas em derivado lacteo caprino fermentado com grande potencial para
minimizar os odores relacionados a baixa aceitacdo de produtos caprinos.

Palavras-chave: Alimentos funcionais. Lactobacillus spp. Soro lacteo. Derivado lacteo
caprino. Aspectos tecnoldgicos. Composicao nutricional. VVolateis.



ABSTRACT

Increasing concern of consumers to eat healthy foods has driven the search for foods that
provide health benefits, including probiotics. Following the market trend in the development of
products with functional and health claims, increase the interest in development of ricotta cream
added to the autochthonous ricotta cream Limosilactobacillus mucosae CNPCO007 or the
commercial strain Lactobacillus acidophilus La-5, with the objective of evaluating the
influence of these micro-organisms in the technological, nutritional, microbiological and
sensorial characteristics of the product throughout the refrigerated period. Three types of goat
ricotta cream were obtained: CRC - control ricotta cream, prepared without the addition of
probiotic culture, RCLM - ricotta cream added from the autochthonous probiotic bacteria
Limosilactobacillus mucosae CNPC007 and RCLA - ricotta cream added from the commercial
probiotic culture Lactobacillus acidophilus La-5. The samples were characterized for
technological, physical, physical-chemical, chemical, microbiological and sensory variables on
days 1, 14 and 28 of refrigerated storage. All analyzes were performed in triplicate. Goat ricotta
creams made with and without probiotic strains showed similar characteristics. The presence
of probiotic bacteria did not influence the product yield. All samples presented high luminosity,
greenish color and a tendency to yellow, probably due to the heating steps during processing.
The addition of probiotic bacteria influenced the adhesiveness, that was lower in RCLM (-
533,70 + 35,84). Regarding the physical and physicochemical parameters, an increase in acidity
was observed, with a concomitant reduction in pH and lactose content, as well as an increase
in lactic acid content. All formulations containing the autochthonous strain and the commercial
strain exhibited viable cell numbers greater than 6 log CFU/g over the 28 days of cold storage.
The CRLM sample showed greater proteolysis in depth, going from 1.92 + 0.01 to 5.24 + 0.16,
with the release of a greater number of free amino acids. The addition of probiotic strains
improved the volatilomic profile and sensory characteristics of ricotta cream formulations.
They demonstrate the feasibility of using probiotic strains in fermented goat dairy products with
great potential to minimize odors related to low acceptance of goat products.

Keywords: Functional foods. Lactobacillus spp. Whey. Goat dairy products. Technological
parameters. Nutritional composition. Volatile.
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1 INTRODUCAO

A crescente preocupacdo dos consumidores com relacdo a salde tem levado a uma
intensa busca e maior investimento em alimentos que ndo sejam apenas seguros e
nutricionalmente adequados, mas que possam proporcionar também beneficios a salde
(REQUE; BRANDELLI, 2021). Devido a este fato, os alimentos funcionais vém sendo
apontados como uma das areas de maior destaque e inovacdo na industria de alimentos
(BARBOSA et al., 2016). Dentre esses alimentos, os probioticos tém se destacado por ser uma
opcao de relevancia (MORAES et al., 2018; MISRA; PANDEY; MISHRA, 2021), tendo em
vista sua influéncia positiva na saude dos consumidores a partir de variados mecanismos de
acdo (DE MORAIS et al., 2022).

O conceito de probioticos, internacionalmente aceito, € de que sdo micro-organismos
vivos, que quando ingeridos em quantidades adequadas conferem beneficios a salde do
hospedeiro (HILL et al., 2014). Para que sejam classificadas como probioticas, as bactérias
devem apresentar algumas caracteristicas importantes como resisténcia as condicdes
prevalentes no trato gastrintestinal, capacidade de adesdo a mucosa intestinal e producdo de
compostos antimicrobianos (PEREIRA et al., 2018).

Alguns beneficios tém sido associados a suplementacdo com probidticos, como efeito
anti-hipertensivo, tanto em modelos animais quanto em pacientes hipertensos (GRYLLS;
SEIDLER; NEIL, 2021), melhoria do sistema imunolégico (SON et al., 2018), efeito
anticarcinogénico (BEDADA et al., 2020; FAGHFOORI et al., 2015), melhora da saude
gastrointestinal e absorcdo de nutrientes, regulacdo da microbiota intestinal, inibicdo da
infeccdo ou colonizacdo intestinal por patégenos (WANG; ZHANG; ZHANG, 2021), potencial
antioxidante e antimicrobiano (KADYAN et al., 2021) e alteracdo no metabolismo da glicose,
favorecendo reducdo da glicemia em pacientes diabéticos (WANG et al., 2021).

De uma forma geral, os Lactobacillus e Bifidobacterium sdo os géneros mais
frequentemente utilizados como probidticos em matrizes alimentares e associados a efeitos
favoraveis a saude do consumidor (SILVA et al., 2022). Em estudo recente, cepas de
Limosilactobacillus mucosae foram isoladas de amostras de leite de cabra, além disso, em testes
in vitro apresentaram potencial probidtico, com destaque para a cepa Limosilactobacillus
mucosae CNPC007 (MORAES et al., 2017), despertando interesse em utiliz&-las na elaboracéo
de novos produtos caprinos (MORAES et al., 2018).

Por seus efeitos benéficos a salde e boa aceitacdo sensorial, a demanda por produtos

lacteos fermentados vem crescendo (DE SANTIS et al., 2019). Na literatura € possivel constatar
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que os alimentos mais comumente utilizados como matrizes para veicular bactérias probiéticas
sdo os iogurtes e leites fermentados (NYANZI; JOOSTE; BUYS, 2021). No entanto, alguns
estudos vém apontando o queijo como um bom veiculo para esses micro-organismos, com
potencial tecnoldgico e funcional semelhante a outros produtos lacteos fermentados (ROLIM
et al., 2015; KISAN et al., 2021). A adicéo de culturas probidticas em queijos é uma forma de
agregar qualidade nutricional ao produto, além dos beneficios a saude do consumidor, a adi¢ao
dessas culturas pode melhorar a qualidade tecnoldgica e sensorial dessa matriz alimentar
(LOPES et al., 2021).

O leite caprino é um alimento com elevado valor nutritivo (VERRUCK; DANTAS;
PRUDENCIO, 2019), entretanto a caprinocultura na regido do semiarido nordestino brasileiro
apresenta obstaculos que dificultam sua sustentabilidade, como a falta de tecnologias de
processamento dos produtos derivados e a influéncia do flavor na aceitabilidade do produto
(QUEIROGA et al., 2013; BEZERRIL et al., 2022), sendo alguns dos acidos graxos que
compdem a gordura do leite os responsaveis pelo odor forte (BEZERRA et al., 2017; SOUZA,;
DIAS, 2017). Desta forma, para que ocorra um aumento do consumo de leite de cabra, é
necessario o desenvolvimento de novos produtos fermentados derivados caprinos (SOUZA,;
DIAS, 2017).

O creme de ricota é obtido da homogeneizacdo do queijo de ricota com outros
ingredientes, possui consisténcia suave, podendo potencialmente servir de carreador para
bactérias probidticas (BURITI et al., 2007). A elaboracéo de creme de ricota caprino adicionado
de cultura autéctone isolada de leite de cabra com potencial probidtico pode ser uma alternativa
para favorecer a recuperacdo da economia regional, através da geracdo de tecnologias e
capacitacdo dos produtores rurais, assim como atender as exigéncias do mercado consumidor
em potencial.

Neste contexto, o presente estudo representa uma possibilidade de obtencdo de
informacgdes ainda escassas na literatura cientifica, no que diz respeito a tecnologia de
fabricacdo de creme de ricota caprino com potencial probidtico adicionado da cepa autdctone
Limosilactobacillus mucosae CNPCO00Q7 e avaliar a influéncia desta cepa nas caracteristicas
tecnoldgicas, nutricionais, microbioldgicas e sensoriais do produto. Dessa forma, constam
como objetivos especificos a elaboracdo do creme de ricota caprino adicionado de cepa
probidtica comercial e autoctone, caracterizacdo das variaveis tecnoldgicas, fisico-quimicas,
guimicas, microbioldgicas durante 28 dias de armazenamento e sensoriais do creme de ricota

armazenado durante 14 dias sob refrigeragéo.
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2 REFERENCIAL TEORICO

2.1 PROBIOTICOS

Os probiodticos sdo definidos como micro-organismos vivos que, quando
administrados em quantidades adequadas, conferem beneficios a saude do hospedeiro (HILL et
al., 2014). Para serem classificados como probidticos, 0s micro-organismos devem permanecer
viaveis em quantidade suficiente, durante inoculacdo, processamento e armazenamento do
produto (REQUE; BRANDELLI, 2021), além de apresentar algumas caracteristicas relevantes,
como resisténcia as condic¢des do trato gastrointestinal, a presenca de sais biliares, ao baixo pH,
capacidade de adesdo ao epitélio intestinal e colonizacdo do mesmo (PEREIRA et al., 2018).
Esses micro-organismos sdo seguros ao hospedeiro, geralmente ndo apresentam nenhum tipo
de efeito adverso a satude (ROLIM et al., 2020).

Esses micro-organismos podem influenciam a composi¢do da microbiota intestinal,
desempenhando assim atividades importantes na melhora da salde digestiva e imunoldgica
(SON et al., 2018; WANG; ZHANG; ZHANG, 2021), com efeitos especificos associados a
cada cepa. Entre os beneficios citados na literatura relacionados a ingestdo de probioticos
podemos destacar reducao nos niveis séricos de colesterol, diminuicdo da intolerancia a lactose,
efeito antimutagénico em diferentes estagios da carcinogénese, reducdo da inflamacéo,
prevencdo do cancer de colon (AMBALAM et al., 2016; TERPOU et al., 2019), producéo de
metabolitos antimicrobianos e sintese de vitaminas do complexo B (KIM et al., 2018).

Experimentos in vitro e in vivo, em tecidos animais, mostraram que micro-organismos
probidticos sdo capazes de inibir a toxicidade de alguns contaminantes quimicos, como metais
pesados e pesticidas organofosforados pela inibicdo da absor¢do intestinal desses compostos
(FENG et al., 2019).

As industrias tém investido esforcos no desenvolvimento de sistemas para carrear
micro-organismos probidticos, tanto em férmulas farmacéuticas, como em alimentos. O
consumo de alimentos probi6ticos tem sido associado a protecdo contra infecgdes, reducao de
riscos de doencas, melhora da resposta imunologica, acdo antioxidante, promog&o do bem-estar
e saude do hospedeiro (GRYLLS; SEIDLER; NEIL, 2021; KADYAN et al., 2021; WANG;
ZHANG; ZHANG, 2021; XIAOMIN et al., 2016).

Bifidobacterium e Lactobacillus sdo os probidticos mais comumente estudados no
desenvolvimento de alimentos funcionais, por apresentarem satisfatdria estabilidade e

sobrevivéncia as condicGes do trato gastrointestinal (ROLIM et al., 2020). As cepas
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Bifidobacterium lactis BB12 e Lactobacillus acidophilus La-5 sdo as cepas comercialmente
disponiveis mais comumente utilizadas na fermentacdo de produtos lacteos (AMIRI et al.,
2020). As bacteérias do género Lactobacillus apresentam capacidade de favorecer a conservacao
dos alimentos e consequentemente, proteger contra as doencas transmitidas por alimentos
(VALAN ARASU et al., 2013). Lactobacillus acidophilus sdo bactérias Gram-positivas, ndo
formadoras de esporos. Inicialmente isolada por Moro em 1900, a partir de fezes de criangas.
Hoje, ja é reconhecidamente uma das espécies com maior potencial para promover efeitos
benéficos ao trato gastrointestinal (SELLE; KLAENHAMMER; RUSSELL, 2014)

O foco de novas pesquisas tem sido buscar isolar de produtos alimenticios, crus ou
fermentados, novas cepas autdctones probioticas que apresentem potencial para serem usados
na tecnologia de alimentos (MORAES et al., 2017).

Em levantamento de dados realizados por Torres et al. (2020), varios micro-organismos
considerados autdctones, previamente isolados de vegetais crus ou subprodutos, tém sido
utilizados na fermentacéo de produtos a base de vegetais. Muitas destas cepas além de atuarem
como cultura starter também sdo consideradas probioticas, proporcionando assim todos os
beneficios associados ao consumo de probioticos. Renes et al. (2019) investigaram o efeito de
diferentes co-culturas com cepas autoctones nas caracteristicas de queijo de leite de ovelha
pasteurizado, em relacéo ao perfil de aminoéacidos livres e o contetdo de aminas biogénicas. A
utilizacdo de cepas autdctones em co-cultura, no estudo citado, reduziu o tempo de maturacéo

dos queijos e aumentou a quantidade de compostos bioativos produzidos.

2.1.1 Limosilactobacillus mucosae

Proposto por Beijerinck em 1901, o género Lactobacillus compreende bactérias
Gram-positivas, fermentativas, ndo formadoras de esporos e anaerobias facultativas. Até marco
de 2020, o género Lactobacillus incluia 261 espécies. Entretanto, por abranger espécies com
caracteristicas muito distintas, foi realizado novo estudo taxonémico, apos o qual foram
propostos 25 géneros, incluindo o Lactobacillus, Paralactobacillus, Limosilactobacillus, entre
outros (ZHENG et al., 2020). O Lactobacillus mucosae, que antes pertencia ao género
Lactobacillus, foi inserido no género Limosilactobacillus.

Limosilactobacillus mucosae foi inicialmente isolada de intestino de porcos, a partir
de uma sondagem genética foram detectadas algumas caracteristicas, como presenca de genes

de adesdo, expressao de proteinas que permitem maior adesdo ao muco, entre outras. Suas
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caracteristicas genémicas se aproximam do Lactobacillus reuteri, espécie ja notavelmente
reconhecida por englobar inimeras cepas com potencial probiédtico (ROOS et al., 2000).
Posteriormente, foram isoladas cepas de Limosilactobacillus mucosae de outras fontes, como
intestino bovino, fezes e estdbmago de cordeiro e fezes humanas (BLECKWELL et al., 2014;
LONDON et al., 2014). Valeriano et al. (2019) reportaram 0 primeiro sequenciamento
completo do genoma de uma cepa de Limosilactobacillus mucosae, denominada LM1. Nesse
estudo identificaram via de metabolismo de glicogénio e biossintese de folato, dados que véo
contribuindo para elucidar o efeito probidtico desses micro-organismos.

Sdo classificadas como bactérias acido lacticas, Gram-positivas, catalase negativa, ndo
formadoras de esporos e ndo mdveis (MORAES et al., 2017). Sabe-se que as cepas de
Limosilactobacillus mucosae tem boa capacidade de adesdo a mucina, ja foi mostrado em
estudo a presenca de genes relacionados a adesdo (LEE et al., 2012). As cepas destes micro-
organismos abrigam de forma abundante, quando comparadas a outras espécies de
lactobacillus, genes de adesdo ao muco (ROOS et al., 2000).

Foi conduzido um experimento com objetivo de avaliar a capacidade de adesdo a
mucina e o potencial probidtico in vitro de Lactobacillus mucosae LM1, isolado de fezes de
porcos. Os resultados mostraram uma elevada capacidade de adeséo e propriedades probidticas
promissoras (VALERIANO; PARUNGAO-BALOLONG; KANG, 2014). Pesquisadores ao
investigarem o efeito da suplementacdo com cepas produtoras de exopolissacarideos, entre elas
Lactobacillus paracasei NFBC338 e Limosilactobacillus mucosae DPC 6426, observaram que
a suplementacdo com Limosilactobacillus mucosae DPC 6426 apresentou capacidade de
reduzir dislipidemia em modelos animais que recebiam dietas ricas em lipideos e colesterol
(LONDON et al., 2014).

Xiaomin et al. (2016) avaliaram cepas de Limosilactobacillus mucosae isoladas de
moradores de uma aldeia na China, com relacdo ao seu potencial como antioxidante in vitro e
in vivo. O micro-organismo apresentou capacidade de reduzir os radicais livres, estimulando
alguns mecanismos antioxidantes.

Moraes et al. (2017) avaliaram as propriedades probidticas e tecnoldgicas in vitro de
trés cepas de Limosilactobacillus mucosae isoladas de leite de cabra. Dentre estas, a cepa L.
mucosae CNPCO007 destacou-se, por apresentar elevada taxa de sobrevivéncia, ademais,
apresentou caracteristicas que demonstram seu alto potencial tecnoldgico, como capacidade de
acidificacdo, atividade proteolitica, capacidade de estimular a coagulagdo do leite e producgao
de compostos flavorizantes. Ryan et al. (2019) em estudo in vitro, observaram como

Limosilactobacillus mucosae DPC 6426 pode influenciar a composicéo da bile do hospedeiro
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e sua resposta imunoldgica, no contexto da doenca cardiovascular. Sua acdo se d& atraves da
producdo de enzimas, que interferem na composic¢ao da bile e promovem a funcéo endotelial,
amenizando a inflamacé&o sistémica.

Em 2018, Moraes et al. produziram queijo caprino com potencial probiético com
adicdo de Limosilactobacillus mucosae CNPCO007, assim como avaliaram seus atributos
sensoriais, microbioldgicos e fisico-quimicos. Como resultado, observaram contagem
satisfatoria dos micro-organismos durante vida de prateleira e boa aceitacdo sensorial dos
produtos adicionados da cepa de L. mucosae CNPCO007.

De Morais et al. (2022) avaliaram o impacto da adigéo de Limosilactobacillus mucosae
CNPCO007 nas caracteristicas tecnoldgicas, fisico-quimicas e sensoriais de iogurte tipo grego.
Nos resultados, observaram que a adi¢do dessa cepa proporcionou uma maior viscosidade e
cremosidade na textura do iogurte, além de promover melhor aceitacdo dos atributos cor, aroma
textura e aceitacdo global.

Dessa forma, a partir dos dados da literatura referentes a essa cepa, por seu potencial
probidtico e tecnoldgico ja elucidado, o desenvolvimento de creme de ricota caprino adicionado
de cepa autdctone apresenta-se como alternativa importante para o mercado de caprinos, uma

vez que além de agregar valor, pode favorecer aspectos tecnoldgicos desse produto.

2.2 LEITE E SORO DE LEITE CAPRINO NO DESENVOLVIMENTO DE DERIVADOS
LACTEOS

2.2.1 Panorama da caprinocultura

No periodo de 2008 a 2018, o rebanho caprino mundial passou de 902.362.932 a
1.045.915.764 cabegas. Estima-se que cerca de 54,5% do rebanho caprino mundial esta
concentrado na Asia, seguido da Africa com 39,5% e da América, com 3,8%. A india é o maior
produtor de leite de cabra do mundo, ja em relagdo ao numero de animais, a China, seguida da
India, Nigéria e Paquistdo sdo 0s quatro paises com maior rebanho caprino no mundo, o Brasil
aparece em 22° lugar. O efetivo de caprinos no Brasil passou de 10.257.806 cabegas em 2017
para 10.696.664 em 2018, apresentando aumento de 4,3% em relacdo ao ano anterior
(FAOSTAT, 2019).
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Na regido Nordeste do Brasil, de 2016 a 2018, esse efetivo apresentou crescimento de
9% passando de 9.817.007 para 10.696.664 cabecas. O Nordeste concentrava cerca de 91,04%
do rebanho caprino brasileiro, em 2018 esse valor passou para 93,6% (IBGE, 2019; FAOSTAT,
2019).

A producdo de leite no mundo cresceu em torno de 2,2% em 2018, atingindo
aproximadamente 843 milhdes de toneladas. A Asia ¢ o maior produtor, seguido da Europa,
Ameérica do Norte e América do Sul. Em 2018, a producdo de leite caprino no mundo foi de 18
bilhGes de litros (FAOSTAT, 2019). Ainda de acordo com esses dados, as cabras, ovelhas e
camelos fémeas sdo responsaveis pela producéo de 4% de todo o leite produzido no mundo, o
que equivale a aproximadamente 33,5 milhdes de toneladas de leite. De acordo com dados do
Censo Agropecuario de 2017, o Brasil produziu 26 milhGes de litros de leite caprino (IBGE,
2019). Apesar do estado da Bahia apresentar o maior percentual do rebanho, seguido pelos
estados de Pernambuco, Piaui, Ceard e Paraiba, esta Ultima lidera o ranking dos Estados
produtores de leite caprino, com volume de 5.627.000 litros produzidos (IBGE, 2019).

Ha& uma significativa expansao global da inddstria de produtos lacteos caprinos. A
caprinocultura e a criagdo de produtos lacteos derivados caprinos vém aumentando
consideravelmente, apresentando impacto significativo na economia de diversos paises
(RAYNAL-LJUTOVAC et al., 2008; CABRAL et al., 2020). Pesquisadores afirmam que a
caprinocultura leiteira pode contribuir para sustentabilidade, principalmente em areas com
recursos limitados (MILLER; LU, 2019). Segundo dados do Instituto Brasileiro de Geografia
e Estatistica — IBGE (2019), o numero de estabelecimentos agropecuarios voltados a
caprinocultura passou de 286,6 mil para 333,9 mil entre 2006 e 2017, representando um
crescimento de 16,5%.

Na América Latina, especialmente em regides mais aridas, a caprinocultura tem se
destacado e contribui para o desenvolvimento socioeconémico de pequenos produtores
(PEREIRA et al., 2005; MILLER; LU, 2019). Embora apresente um percentual significativo
em relacdo as demais regides, o Nordeste brasileiro apresenta pequeno aproveitamento do
potencial do leite de cabra e seus derivados, nesta regido, a caprinocultura é considerada
atividade rural de subsisténcia. Varios fatores contribuem para isto, incluindo a falta de
tecnologias para producdo de derivados lacteos, falta de investimentos, produtos de baixa
qualidade (GARCIA, 2011; OLIVEIRA, 2013; SOUZA et al., 2019). Pesquisadores afirmam
também que outro fator que pode justificar o subaproveitamento do potencial da regido € a falta
de integracédo na cadeia produtiva de derivados caprinos, que abrange fazendeiros, produtores,

distribuidores, comerciantes e consumidores (SOUZA et al., 2019).



18

Dentre os paises da América do Sul, o Brasil ocupa lugar de destaque no que se refere
ao setor de derivados l&cteos caprinos, com significativos investimentos do governo nesta area
(MILLER; LU, 2019). No ano de 2019, o governo federal instituiu a Politica Nacional de
Incentivo a Ovinocaprinocultura, através da Lei n°13.854, publicada em 9 de julho do mesmo
ano. Esta politica tem como objetivos promover o aumento da escala da producdo da
ovinocaprinocultura, a melhora da qualidade dos produtos oferecidos ao consumidor, a
seguranca alimentar e 0 combate ao abigeato, por meio da regularizacdo do abate e do comércio
de produtos da ovinocaprinocultura; além do estimulo ao processamento industrial, familiar e
artesanal dos produtos oriundos de ovinos e caprinos, entre outros (BRASIL, 2019). Espera-se
que com esta nova lei, 0s pequenos produtores possam receber incentivo e melhorar a qualidade

e variedade dos produtos lacteos caprinos oferecidos.

2.2.2 Caracteristicas do leite e soro de leite caprino

O leite de cabra € o produto oriundo da ordenha completa, ininterrupta, em condicdes
de higiene, de animais da espécie caprina sadios, bem alimentados e descansados (BRASIL,
2000). Do ponto de vista fisico-quimico, o leite caracteriza-se como uma dispersdo: solucéo,
emulsio e suspensdo (ARAUJO et al., 2013).

A composicéo do leite pode variar de acordo com diversos fatores, como raga, heranca
genética, espécie, periodo da ordenha, estacdo do ano e condi¢cdes de saude do animal
(ARAUJO et al., 2013; MAYER; FIECHTER, 2012; ORDONEZ et al., 2005). No Quadro 1 é
apresentada a composicao quimica do leite de diferentes espécies.

Quadro 1 — Percentual de lipideos, proteinas e lactose de leite de diferentes espécies animais.

Espécie Gordura (%) Proteina (%0) Lactose (%)
Humano 3,6 1,2 7,8
Vaca 4,1 3,3 4.8
Cabra 3,8 3,4 4,1
Ovelha 7,9 4,9 6,2
Bufala 7,0 4,3 5,2

Fonte: Ballarrd e Morrow (2013); Park et al. (2007); Pereira et al. (2010).

As proteinas presentes no leite podem ser classificadas como caseina (as1- caseina, as2-

caseina, K-caseina) ou proteinas do soro (B-lactoaglobulinas, a-lactoalbuminas,
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imunoglobulinas, albumina). Do total de proteinas, as caseinas representam 80%, enquanto as
proteinas do soro representam 20% (YASMIN et al., 2020).

O leite caprino apresenta menor potencial alergénico, essa caracteristica esta associada
as diferencas na estrutura e na quantidade das proteinas presentes no leite. As caseinas presentes
no leite caprino s&o classificadas como k-, B-, as1-, as2- € y- caseina, semelhante ao leite de vaca.
Entretanto, enquanto no leite de vaca a asi-caseina estd presente numa concentracdo de 12 a
15g/L (FARRELL et al., 2004), no leite caprino esse valor varia de 09 a 7 g/L
(GROSCLAUDE; MARTIN, 1997). A asi-caseina e B-lactoglobulina sdo apontadas como as
principais proteinas responsaveis pelas reagdes alérgicas ao leite de vaca (SCHULMEISTER et
al., 2009). O leite de cabra apresenta também melhor digestibilidade, devido aos glébulos de
gordura possuirem tamanho menor (ALBENZIO; SANTILLO, 2011; HAENLEIN, 2004;
QUEIROGA et al., 2013), assim como seu perfil de acidos graxos apresentam maior quantidade
de &cidos graxos de cadeia média (HODGKINSON et al., 2018), quando comparados ao leite
de vaca. Devido a essas caracteristicas, o leite de origem caprina vem sendo considerado uma
base alternativa para a producédo de férmulas infantis (THUM et al., 2015) e alimentos voltados
para a populacdo idosa (HAENLEIN, 2004).

O interesse dos pesquisadores vém aumentando em relagdo ao leite de cabra, além dos
fatores ja citados anteriormente, o leite caprino possui reconhecido potencial funcional, devido
a presenca de oligossacarideos, peptideos bioativos, sua composicéo lipidica com elevado teor
de acido linoleico conjugado e &cidos graxos de cadeia curta, assim como alto teor de vitaminas
e outros componentes bioativos como horménios, citocinas e nucleotideos (ABEIJON
MUKDSI et al., 2013; ASSIS et al., 2016; VERRUCK; DANTAS; PRUDENCIO, 2018).
Ademais, pesquisadores vém tentando isolar alguns oligossacarideos presentes no leite de
cabra, que por sua estrutura diferenciada em relacdo ao leite de outros mamiferos, podem ter
aplicacdo na indstria de alimentos e farmacéutica (MARTIN-ORTIZ et al., 2019). Quanto aos
peptideos bioativos, ja foram observadas atividades anti-hipertensiva, antimicrobiana,
antioxidante e imunomoduladora (BALTHAZAR et al., 2017).

Na Figural € ilustrado o resumo dos beneficios e dos principais agentes bioativos

presentes no leite de cabra.
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Figura 1 — Componentes bioativos presentes no leite caprino e principais beneficios associados.

Atividade
antiaterogénica,
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Acido
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Fonte: Adaptado de Verruck, Dantas e Prudencio (2019).

As proteinas presentes no leite podem ser classificadas como caseina (as1- caseina, os2-
caseina, K-caseina) ou proteinas do soro (B-lactoaglobulinas, a-lactoalbuminas,
imunoglobulinas, albumina). Do total de proteinas, as caseinas representam 80%, enquanto as
proteinas do soro representam 20% (YASMIN et al., 2020).

Por suas caracteristicas, o leite caprino pode ser utilizado para a fabricacdo de diversos
tipos de produtos, incluindo bebidas lacteas, leite UHT, queijos, iogurtes, manteiga, sorvetes e
sobremesas (ARYANA; OLSON, 2017; FAZILAH et al., 2018). Um dos fatores que restringe
a aceitacdo dos produtos elaborados a partir da utilizagdo do leite de cabra é o seu flavor intenso,
se comparado aos produtos bovinos (BEZERRIL et al., 2022; QUEIROGA et al., 2013), o que

esta relacionado ao seu elevado teor de acidos graxos de cadeia curta e média (BEZERRA et
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al., 2017; SOUZA; DIAS, 2017). Além do uso do leite caprino, a aplicacdo do soro na producao
dos derivados de leite de cabra também vem sendo cada vez mais investigada (BORBA et al.,
2022).

O soro é um liquido com teor de lipideos reduzido, produzido durante a elaboracéo de
queijos, é a fracdo sollvel do leite, considerado um subproduto resultante da coagulacdo da
caseina (MOLLEA; MARMO; BOSCO, 2013), rico em proteinas, minerais e lactose, pode ser
classificado como soro doce, obtido a partir da producao de coalho, ou soro acido, obtido a
partir da coagulagdo 4cida da caseina (HERNANDEZ-LEDESMA; RAMOS; GOMEZ-RUIZ,
2011).

A composicdo quimica do soro de leite € varidvel e depende, principalmente, das
técnicas de processamento utilizadas para separacdo da caseina (soro doce ou soro &cido)
(YADAV etal., 2015), depende ainda do periodo do ano, tipo de alimentacdo do animal, estagio
de lactacdo e da qualidade durante o processamento (HERNANDEZ-LEDESMA; RAMOS;
GOMEZ-RUIZ, 2011). Apresenta teor de extrato seco total em torno de 86,5 g/100 g, lactose
54,2 g/100 ml, proteina 14,4 g/100 g, lipideos 7,8 g/100 mL (BORBA et al., 2022).

Das proteinas presentes no soro, as B-lactoaglobulinas e a-lactoalbuminas estdo em
maior quantidade, enquanto imunoglobulinas, albumina do soro e proteoses-peptonas
representam a menor parte (HERNANDEZ-LEDESMA; RAMOS; GOMEZ-RUIZ, 2011). No
Quadro 2 € apresenta uma comparagdo da composicdo proteica do soro de leite proveniente de

diferentes espécies.

Quadro 2 — Composicdao proteica do soro de leite de diferentes espécies de animais.

Proteinas totais e Concentracéo em diferentes espécies de animais
Fracdes proteicas Bovino Ovino Caprino Fonte
Proteinas totais do (STORRY etal.,
50-90 88-104 3,7-17,0
soro 1983; HAHN et al.,
B-lactoaglobulina 3,2-4,0 2,7-5,0 1,8-2,8 1998; HERNANDEZ-
a-lactoalbumina 12-15 1,2-2,6 06-1,1 LEDESMA,
Albumina sérica 03-06 055-0,6 0,26 -0,3 RAMOS, GOMEZ-
Lactoferrina 0,05-0,2 0,10 0,12 RUIZ, 2011)

Uma enorme quantidade de soro € produzida como residuo pelas industrias de produtos

lacteos, mais especificamente durante a fabricacdo de queijo (YADAV et al., 2015), por ser
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visto como um subproduto, o soro ndo é valorizado pelos consumidores, entretanto, estudos
tem destacado suas propriedades nutricionais e de produtos derivados (HERNANDEZ-
LEDESMA; RAMOS; GOMEZ-RUIZ, 2011). Esse fato tem contribuido para despertar o
interesse da inddstria de alimentos em desenvolver novas tecnologias para elaboracdo de
produtos com a utilizacdo do soro. Além disso, o aproveitamento deste subproduto diminui o
risco de poluicdo ambiental causado pelo descarte indevido do soro lacteo (SILVEIRA et al.,
2015)

2.3 QUEIJOS COMO CARREADORES DE CEPAS PROBIOTICAS

A adicdo de micro-organismos probi6ticos agrega valor ao produto, melhorando sua
qualidade (GAO et al., 2021). Entre os alimentos probidticos, o segmento dos produtos lacteos
é 0 mais desenvolvido na industria de alimentos (SAAD et al., 2013; REQUE; BRANDELLLI,
2021), dos produtos lacteos, os queijos, iogurtes e outras bebidas fermentadas sdo considerados
alimentos com potencial evidenciado como carreadores de bactérias probiodticas (BEZERRIL
etal., 2022; NYANZI; JOOSTE; BUYS, 2021; GARCIA et al., 2012; OLIVEIRA et al, 2012).

Os queijos destacam-se entre os produtos citados como carreadores de bactérias
probidticas devido ao seu pH, levemente e naturalmente acidificado, elevado teor de umidade,
alto teor de gordura e consisténcia solida, que pode conferir protecdo mecanica para 0s micro-
organismos durante a passagem pelo trato gastrointestinal (REID, 2015; KISAN et al., 2021;
ONG; HENRIKSSON; SHAH, 2006; TOMAR et al., 2018). Caracteriza-se por ser um derivado
lacteo que apresenta proteinas, lipideos, carboidratos, sais minerais, calcio, fésforo e vitaminas
em sua composicao (MEIRA, 2015). De acordo com a legislacéo, é definido como sendo um
produto fresco ou maturado, obtido por separacéo parcial do soro de leite ou leite reconstituido,
ou de soros lacteos, a partir da utilizacdo de enzimas especificas, de bactérias, do coalho ou de
acidos organicos, isolados ou combinados, com ou sem adi¢do de substancias alimenticias
(BRASIL, 2017).

A adigdo de bacterias probidticas, além dos beneficios a satde do consumidor, pode
melhorar as caracteristicas fisico-quimicas, sensoriais e tecnolédgicas dos produtos elaborados
(FAVRETTO; PONTIN; MOREIRA, 2013; MINERVINI et al., 2012; TOMAR et al., 2018).
Entretanto, a finalidade da adicdo de probidticos aos alimentos nem sempre é melhorar as
caracteristicas sensoriais e tecnoldgicas do produto, mas conferir valor nutricional e estimular
seu consumo (GAO et al., 2021).
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Barbosa et al. (2016) observaram que a adi¢do de probi6tico e prebidtico associados
favoreceu as caracteristicas sensoriais, tecnoldgicas e fisico-quimicas de queijo caprino
cremoso, quando comparada a utilizagdo da cultura starter composta por Lactococcus lactis
subsp. lactis e Lactococcus lactis subsp. cremoris. A presenca de inulina aumentou a
capacidade de retencdo de agua, melhorando a viscosidade e consisténcia do produto,
favorecendo assim sua aceitagcdo. Além disso, 0s queijos cremosos simbioticos apresentaram
quantidade maior de acido linoleico conjugado, substancia com efeitos biologicos importantes.

Em ensaio para avaliar o efeito do processamento de elaboracdo de queijo Chedar com
baixo teor de gordura sobre a viabilidade de micro-organismos probi6ticos, mostrou que as
cepas de Lactobacillus rhamnosus, Lactobacillus paracasei e Lactobacillus plantarum foram
mais resistentes, apresentando maior nimero, quando comparadas a Bifidobacterium animalis
subsp. lactis (DEMERS-MATHIEU et al., 2016). Estudo realizado mostrou efeito protetor do
queijo ricota elaborado a partir do leite de cabra para bactérias probi6ticas inoculadas durante
a passagem pelo trato gastrointestinal (MEIRA et al., 2015).

O queijo de coalho caprino também apresentou efeito protetor para bactérias
probidticas quando submetidas a digestao artificial, além disso, a cepa de Lactobacillus casei
subsp. paracasei adicionada a este tipo de queijo apresentou capacidade de inibir o crescimento
de bactérias patogénicas, neste caso Staphylococcus aureus e Listeria monocytogenes, durante
0 armazenamento refrigerado (OLIVEIRA et al., 2014). O crescimento de Salmonella Typhi in
vitro e em queijo caprino artesanal foi inibido pela adicdo de bactérias cido-lacticas autdctones,
0 que pode contribuir para melhorar qualidade dos derivados caprinos (FERRARI et al., 2016).
A presenca de bactérias acido-laticas além de favorecer a conservacgédo do produto pela producgéo
de bacteriocinas, que inibem o crescimento de bactérias patogénicas, podem também melhorar
as propriedades tecnologicas do produto (FAVARO et al., 2014; FAVARO; PENNA;
TODOROV, 2015).

O leite e queijo caprino possuem uma ampla diversidade de bactérias acido-lacticas,
com caracteristicas diferentes e, consequentemente, podem interagir de diferente forma com a
matriz alimentar (PICON et al., 2016). Em estudo realizado por Taboada et al. (2015), ao
analisar a influéncia de cepas autdctones selecionadas e culturas comerciais no metabolismo de
queijos caprinos argentinos, observou-se que a adi¢do destas cepas aumenta o conteudo de
acidos graxos conjugados e melhora o flavor, agregando qualidade ao produto.

Terzic-Vidojevic et al. (2015) avaliaram a utilizacdo de bactérias &cido laticas

autoctones como cultura starter na producdo de queijo branco em conserva e queijo macio,
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foram observados resultados promissores na sua utilizagdo como starter, uma vez que se
conseguiu preservar as caracteristicas tradicionais dos produtos, como sabor aroma e qualidade.
Sameer et al. (2020) incorporaram cepas probioticas de Lactobacillus acidophilus La-5 em
matriz de queijo ricota elaborado com leite de bdfala, em seguida caracterizaram o produto.
Embora nédo tenha sido observado alteracfes na composicao, textura, cor e atributos sensoriais
do produto, o queijo de ricota de leite de bufala pode ser mais uma opc¢éo viavel de alimento
funcional probiotico.

A ricota é um queijo de ndo maturado, de consisténcia macia (DI PIERRO et al., 2011),
tipico da Italia e de paises Ibero-americanos. E produzido a partir da coagulagdo induzida pelo
aquecimento ou precipitacdo acida das proteinas do soro de leite (SATTIN et al., 2016), os
tradicionalmente utilizados sdo leite de cabra, vaca, ovelha ou bufalo (BURITI et al., 2007;
PIRISI et al., 2011).

A fabricacdo do queijo ricota consiste na coagulacdo das proteinas do soro resultante
da fabricacédo de alguns tipos de queijo, como coalho ou minas frescal (SATTIN et al., 2016),
pela adicdo de acido lactico a temperatura de 90 + 2 °C (PIZZILO et al., 2005). A precipitacdo
das proteinas ocorre rapidamente, o queijo ricota obtido deve ser conservado sob refrigeracéo,
constitui o principal ingrediente na fabricacdo do creme de ricota (SATTIN et al., 2016).

Esse tipo de queijo é caracterizado pelo elevado teor umidade, pH proximo a
neutralidade, entre 6,7 e 6,8 (BORBA et al., 2014) e elevada concentragdo de acucar residual,
0 que o torna susceptivel ao crescimento microbiano (MARTINS et al., 2010), sendo necessario
a refrigeracdo do produto durante sua vida de prateleira (DI PIERRO et al., 2011). Entretanto,
estas caracteristicas também contribuem para tornarem a ricota um alimento propicio a
sobrevivéncia das bactérias probidticas (MEIRA et al., 2015).

O creme de ricota € um produto obtido a partir da adicdo e homogeneizagdo de outros
ingredientes com queijo de ricota (BURITI et al., 2007; FRITZEN-FREIRE et al., 2013;
SATTIN et al., 2016). E um produto geralmente consumido como acompanhamento para paes,
com consisténcia suave. Possui caracteristicos que o tornam um bom carreador para bactérias
probidticas, entre estas o fato de ser um produto fresco (BURITI et al., 2007).

Em estudo realizado por Fritzen-Freire e colaboradores (2013) para avaliar o efeito da
utilizacdo de probioticos microencapsulados em creme de ricota, foi observado que mesmo
qguando inoculados em sua forma natural, as amostras armazenadas durante 60 dias
continuavam a apresentar potencial probidtico, com contagens acima de micro-organismos

probidticos acima de 6,5 log de UFC.g™.
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Kisan et al. (2021) avaliaram a sobrevivéncia de microrganismos probidticos em
matriz de queijo Ricota de leite de bufala, quando submetidos as condi¢des simuladas do trato
gastrointestinal. A sobrevivéncia em matriz alimentar foi superior a observada quando os
microrganismos foram inoculados em meio de cultura.

Considerando o potencial como carreador de bactérias probidticas dos queijos e que a
incorporacdo dessas bactérias pode agregar valor aos derivados lacteos caprinos, a elaboracéo
e caracterizacdo do creme de ricota caprino com adicdo de cepas probidticas pode ser uma
alternativa entre os produtos lacteos caprinos de qualidade. Além disso, a presenca dessas cepas

pode favorecer as caracteristicas tecnoldgicas, sensoriais e nutricionais dos produtos.
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3 MATERIAL E METODOS

3.1 LOCAL DE EXECUCAO

O processamento das amostras e as analises sensoriais foram executados no Laboratério
de Técnica Dietética e Analise Sensorial de Alimentos. As analises fisicas, fisico-quimicas,
microbiologicas foram conduzidas no Laboratério de Bromatologia (LB) e Laboratério de
Bioquimica e Microbiologia dos Alimentos (LBMA), todos do Departamento de Nutricéo,
Centro de Ciéncias da Saude da Universidade Federal da Paraiba, Jodo Pessoa/PB, Brasil. A
determinacéo do perfil aromatico foi realizada no Laboratorio de Analise de Flavor (LAF), do
Departamento de Engenharia de Alimentos, Centro de Tecnologia da Universidade Federal da
Paraiba, Jodo Pessoa/PB, Brasil. As analises de perfil proteico e de aminoacidos foram
realizadas nos Laboratorios de Genética e Radiobiologia (BloGeR) e Protedmica Estrutural, do
Departamento de Biologia Molecular, Centro de Ciéncias Exatas e da Natureza, Universidade
Federal da Paraiba, e no Centro de Quimica de Alimentos do Instituto de Tecnologia dos
Alimentos (ITAL), Campinas/SP, Brasil. O perfil de aglcares e acidos organicos foi avaliado
no Laboratério Experimental de Alimentos (LEA), do Departamento de Tecnologia de

Alimentos do Instituto Federal do Sertdo Pernambucano, Petrolina/PE, Brasil;

3.2 OBTENCAO DAS MATERIAS-PRIMAS

O leite caprino e a nata caprina utilizados para a produgéo dos cremes de ricota foram
adquiridos da Cooperativa dos produtores rurais de Monteiro Ltda. — CAPRIBOM,
Monteiro/PB, Brasil, os quais foram previamente pasteurizados (90 °C +1 °C/10 min) e
armazenados sob congelamento (-18 °C + 1°C) até a utilizacdo para obtencdo do soro de leite
caprino e elaboracdo do creme de ricota. O coalho utilizado para a elaboragdo do queijo e
obtencéo do soro foi o coagulante liquido HA-LA (quimiosina microbiana — Aspergillus niger
var awamori, poder coagulante 1:3.000/75 IMCU), da Christian Hansen® (Valinhos, Minas
Gerais, Brasil), que foi obtido comercialmente e o cloreto de célcio (CaCl,) P.A da FMaia®
Ltda. (Cotia, Sdo Paulo, Brasil). A cultura probidtica liofilizada de Limosilactobacillus
mucosae CNPCO007 (Patriménio genético. BRMCTAA180), pertencente a “Colegdo de
Microrganismos de Interesse para a Indistria de Alimentos” da Empresa Brasileira de Pesquisa
Agropecuaria - EMBRAPA Caprinos e Ovinos/Sobral, Ceara, Brasil, foi previamente isolada
de amostras de leite de cabra coletado de uma fazenda experimental da EMBRAPA, avaliada
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quanto aos seus aspectos de seguranca e propriedades funcionais in vitro (MORAES et al.,
2017). Enquanto a cultura liofilizada de Lactobacillus acidophillus La-5 da Christian Hansen®,

foi adquirida comercialmente.

3.3 PREPARACAO DO INOCULO

As cepas de L. acidophillus La-5 e L. mucosae CNPCO007 liofilizadas foram pesadas
considerando a concentracdo de 0,1%, equivalente a 0,05g do indculo para cada litro de leite
utilizado na elaboragdo do creme de ricota. Os micro-organismos foram inoculados
separadamente em leite em pd caprino reconstituido com &gua estéril (Caprilat®, Nova
Friburgo, Rio de Janeiro, Brasil) e incubados a 37 °C em aerobiose, por aproximadamente 22 h
apos inoculacdo (fase estacionaria), em incubadora BOD (Biochemical Oxygen Demand —
Marconi, MA415, Piracicaba/SP, Brasil), antes de serem adicionadas ao produto final. As
contagens de células de L. acidophillus La-5 e L. mucosae CNPCO007 no in6culo variaram entre
8,5 e 9 log de unidades formadoras de col6nia por mililitro — UFC/mL. As contagens de L.
acidophilus La-5 e L. mucosae CNPCO007 foram confirmadas pela dilui¢do seriada do in6culo
em &gua peptonada na concentracao de 0,1 g/100 mL (Sigma-Aldrich, St. Louis, MA, USA).
Aliquotas de 10 pL das diluicdes (102 a 10°) foram semeadas em agar MRS (Oxoid,
Basigstoke, UK), para L. acidophilus La-5, e em &gar MRS (Oxoid, Basigstoke, UK)
acidificado a pH 5 (IDF, 1995), para L. mucosae CNPC007, ambos pela técnica de microgotas.
As placas foram incubadas a 37 °C por 72 e 48 horas, em anaerobiose e aerobiose para contagem
de L. acidophilus La-5 e L. mucosae CNPCO007, respectivamente. Os resultados foram
expressos em unidades formadoras de colonia por mililitro — UFC/mL.

3.4 DELINEAMENTO EXPERIMENTAL

Foram produzidos trés tipos de creme de ricota caprino, a citar: CRC - creme de ricota
controle, sem a adic¢do de cultura probiotica, CRLA - creme de ricota adicionado da cultura
probidtica comercial Lactobacillus acidophilus La-5 e CRLM - creme de ricota adicionado da
bactéria probidtica autoctone Limosilactobacillus mucosae CNPCO007. Foram realizados trés
processamentos e 0s cremes de ricota foram analisados, em triplicata, nos tempos 1, 14 e 28
dias de armazenamento refrigerado (4 £1 °C), quanto as suas caracteristicas tecnoldgicas,
fisicas, fisico-quimicas, quimicas, microbioldgicas e sensoriais, conforme Figura 2, que ilustra

0 delineamento experimental do estudo.
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Figura 2 — Delineamento experimental.

Creme de ricota

caprino
Creme de ricota Creme de ricota
Creme de ricota com Lactobacillus com Lactobacillus
controle (CRC) acidophilus La-5 mucosae CNPC007
(CRLA) (CRLM)

Anélises fisico-quimicas, fisicas, tecnologicas, perfil
quimico, microbioldgicas (viabilidade) (Tempos 1,
14 e 28).

Analise sensorial (Tempo 1, 7 e 14)

3.5 OBTENCAO DO SORO DE LEITE E ELABORACAO DO CREME DE RICOTA
CAPRINO

O soro foi obtido conforme adaptacdo da metodologia de processamento de queijo de
coalho proposta por Oliveira et al. (2012) e Garcial et al. (2012), de acordo com ilustragdo na
figura a seguir (Figura 3). Apds obtencdo do soro de leite de cabra, as seguintes etapas foram

realizadas para elaboracdo dos cremes de ricota (Figura 4).



Figura 3 — Fluxograma de processamento para obtencéo do soro de leite capino.
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Tratamento Acidificacdo
térmico (90 =1 Resfriamento com é&cido
°C por 15 até45+1°C latico a 0,85%
minutos) (0,25 mL/L)
Adicdo da Incubacdo a 36
enzima +1
(quimiosina) °C por 40 Corte da massa
(0,9 mL/L) minutos
Obtengdo do
soro e
armazenamento
ad4+l1°C

Fonte: Adaptado de Oliveira et al. (2012) e Garcial et al. (2012).

Figura 4 — Fluxograma de elaboracdo das formulacdes de creme de ricota adicionadas de

cepas probioticas.

Aguecimento do soro de
leite até atingir 65 +1 °C

Adicdo de vinagre de
alcool (&cido acético a
4%) - 6,7 mL/1000 mL

Separagéo da massa do
Soro

Adicdo de leite de cabra
pasteurizado (20% do
volume total de soro
utilizado)

Agquecimento até atingir
90+1°C

Obtencdo da ricota

Fonte: Adaptado de Meira et al. (2015) e Fritzen-Freire et al. (2013).

Aquecimento até atingir
85+1°C

Resfriamento até atingir
45 +1 °C

Mistura dos ingredientes
com auxilio de mixer
(Ricota - 75%, leite
caprino - 20%, nata
caprina - 4% e cloreto de
sodio - 1%) e adicdo do
inéculo
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O leite utilizado para producdo dos indculos foi acrescentado ao produto como
ingrediente, respeitando o limite de 20%, conforme Ultima etapa da Figura 4. Ap0s essa etapa

de elaboracdo, foi realizada a caracterizagdo do produto.
3.6 CARACTERIZAC}AO DO CREME DE RICOTA CAPRINO
3.6.1 Avaliacéo das propriedades tecnoldgicas

A avaliacgdo das propriedades tecnolégicas dos cremes de ricota produzidos foi baseada
nas analises de rendimento (ZENG et al., 2007) e nos testes de textura instrumental e cor
instrumental, conforme Buriti, Cardarelli e Saad (2008) e CIE (1996), respectivamente.
3.6.1.1 Rendimento

O rendimento do creme de ricota foi calculado atraves do peso da massa do produto

obtida ao final do processamento para cada 10 L de leite utilizados (ZENG et al., 2007),

conforme Equacéo 1.

Peso em gramas do creme de ricota (Eq 1)

Rendimento = . —
10 L de leite utilizado

3.6.1.2 Avaliacdo da Textura Instrumental

A textura instrumental (dureza, elasticidade, adesividade, coesividade, gomosidade e
mastigabilidade) foi determinada, em triplicata, através de teste de dupla compressdao, em
texturébmetro TA-XT2 (Stable Micro Systems, Haslemere, Reino Unido). Utilizou-se probe
acrilico cilindrico, com 25 mm de didmetro (P25), com taxa de deformagdo programada a uma

velocidade de 1 mm/s e penetragdo méxima de 10 mm (BORBA et al., 2014).
3.6.1.3 Cor Instrumental

A determinacdo da cor instrumental foi realizada em colorimetro Minolta®, modelo CR-

300 (New Jersey, USA), utilizando a escala CIELab (L* - luminosidade, eixo a* [cromaticidade
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(-) verde/ (+) vermelho], eixo b* [cromaticidade (-) azul/ (+) amarelo)] (CIE, 1996). As medidas

foram realizadas em triplicata, ap6s prévia calibracdo do equipamento.

3.6.2 Determinacéo das caracteristicas fisicas e fisico-quimicas

Para determinacio da atividade de agua foi utilizado aparelho Aqualab® (modelo CX-2
Water Activity Sistem®, Washington — USA) conforme instrugdo do Manual do Aqualab
(AQUALAB, 2001). A determinacao de pH foi realizada utilizando-se potenciémetro (modelo
pH Meter Tec-2 Tecnal®, Piracicaba, BRASIL) calibrado previamente. A acidez titulavel,
expressa em acido latico, foi medida por titulacdo com solugdo de hidroxido de sédio a 0,1 N,
de acordo com a AOAC (2019).

As analises de umidade, sélidos totais, residuo mineral fixo e proteina foram realizadas
seguindo os procedimentos padrdes (AOAC, 2019). A determinacédo de lipidios foi realizada
pelo método descrito por Folch, Less e Stanley (1957).

3.6.3 Perfil quimico

3.6.3.1 Perfil aromatico

Os compostos volateis das amostras de creme de ricota caprina foram extraidos pela
técnica de HS-SPME (BEZERRA et al., 2017). A fibra usada foi 50/30 um de Divinilbenzeno
/| Carboxen / Polidimetilsiloxano (DVB / CAR / PDMS) (Supelco, Bellafonte, Pennsylvania,
EUA) e foi condicionada de acordo com as instrugdes do fabricante antes da extragdo. Primeiro,
20 g de queijo foram transferidos para um frasco headspace de fundo plano de 100 mL, com
um selo magnético de PTFE / septos de silicone e tampa. Os compostos volateis foram extraidos
colocando o frasco em banho-maria a 40 °C com agitagcdo magnética interna. A amostra atingiu
0 equilibrio em 20 minutos e foi entdo exposta a fibra por 40 minutos. Um cromatografo de gas
7890B (GC) acoplado a um espectrometro de massa Agilent® Technologies 5977B (Little Falls,
DE, EUA) e uma coluna VF-5MS (30 m x 0,25 mm x 0,25 um) foram usados para separar 0s
volateis coletados pela SPME.

A temperatura do injetor GC foi ajustada em 240 °C e a taxa de fluxo do gas portador
de hélio foi de 1,2 mL/min. A temperatura inicial do forno foi de 40 °C, a qual foi mantida por
1 min, seguida por uma elevacdo de temperatura de 2 °C/min até 220 °C por 30 min. O

espectrometro de massa foi operado no modo de impacto eletronico a 70 eV. As temperaturas
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da linha de transferéncia do GC, da fonte de ions e do analisador quadrupolo foram definidas
em 250, 230 e 150 °C, respectivamente. Uma faixa de massa de 25-500 m/z foi registrada no
modo de varredura completa. Os dados foram adquiridos e analisados usando o programa de
software Mass Hunter (Agilent). O indice de retencdo linear (LRI) de cada composto foi
calculado por meio dos tempos de retencdo de uma série homdloga de n-alcanos C6-C25. Os
componentes volateis foram identificados por comparacdo de seus espectros de massa e LRI
usando o banco de dados de computador NIST 2014 (Versdo 2.2 2014).

3.6.3.3 Perfil proteico

O indice de protedlise em extensdo e profundidade foi determinado usando o método de
micro-Kjeldahl (AOAC, 2019). A protedlise foi avaliada com base no indice de protedlise em
extensdo e indice protedlise em profundidade, segundo Andreatta et al. (2007).

A determinacdo de aminoacidos totais das amostras de creme de ricota foi realizada por
cromatografia em coluna de fase reversa em um sistema de cromatografia liquida de alta
eficiéncia (CLAE, marca SHIMADZU), de acordo com o método descrito por Hagen, Frost e
Augustin (1989) e White, Hart e Fry (1986). Para liberacdo dos aminoacidos individuais,
aproximadamente 0,15 g da amostra liofilizada foi resuspensa em 9 mL de &cido cloridrico a 6
M e fenol. Apos a hidrolise (110 °C/22 h), foi adicionado o &cido a-aminobutirico (AAAB)
como padrao interno. O &cido foi eliminado por evaporacdo a vacuo, e a seguir foi realizada a
derivatizacdo do hidrolisado com solu¢do de metanol, agua ultrapura, trietilamina e
fenilisotiocianato (PITC). Os aminodcidos foram filtrados em membrana filtrante de 0,22 pm
(Milipore, Billerica MA, USA) e assim introduzidos na coluna. A fase movel utilizada consistiu
numa mistura dos eluentes A (acetato de sédio — pH 6,4) e B (acetonitrila 50%, agua ultrapura,
EDTA dissodico).

A separac¢do dos aminoacidos individuais ocorreu de acordo com as seguintes condi¢des
cromatograficas: coluna analitica: LUNA C18 100 A 5 M 250 X 4,6 mm 00G-4252-EQ, fluxo
dos eluentes (fase movel): 1 mL/minuto a 50 °C, detector DAD (arranjo de diodo), com
deteccdo em 254 nm. Nessas condicdes, a ordem de eluicdo dos aminoacidos foi a seguinte:
Acido Aspartico, Acido Glutamico, Serina, Glicina, Histidina, Arginina Treonina, Alanina,
Prolina, Padrdo Interno (AAAB), Tirosina, Valina, Metionina, Cistina (3 picos), Isoleucina,
Leucina, Fenilalanina e Lisina. A identificacdo dos picos dos compostos foi realizada através
de comparagdo com os tempos de retengédo obtidos nos padrdes injetados. A identificacdo dos

aminoéacidos foi realizada por comparagdo com padrdo externo (Pierce, PN 20088), e para a
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quantificacdo foi utilizado o padrio interno acido a-aminobutirico (Sigma-Aldrich®, St. Louis,
MO, EUA), de acordo com Hagen, Frost e Augustin (1989) e White, Hart e Fry (1986).

Para determinacdo das proteinas sollveis, as amostras de queijo foram pesadas e
diluidas em uma propor¢do de 1 mg de amostra para 1 mL de agua ultrapura. Apés completa
diluicdo, 100 pL de amostra foi transferido para tubos de ensaio, onde foram adicionados 2,5
mL do Reagente de Bradford (Fator 48,22 e Eq da reta y=0,019x R2=99,63%). Apds 10 min de
descanso, procedeu-se a leitura da absorbancia no comprimento de onda de 595 nm (Ultrospec
1100 pro Amersham Biosciences, Reino Unido). O branco foi realizado com &gua
(BRADFORD, 1976). As amostras foram lidas em triplicata em cubetas de plastico. A curva
padrdo do reagente foi feita utilizando BSA (Bovine Serum Albumin). O célculo foi feito
utilizando a formula do método e a equacao da reta.

Ainda foi determinado o perfil eletroforético, cuja técnica tem por objetivo identificar e
quantificar as proteinas presentes na matriz por separacdo. Para as amostras de queijo optou-se
pela utilizacdo de um gel de concentracdo de 15% e o gel de separacédo de 3,5%. Foram pesados
4 mg de amostras, seguido de diluicio em 100 pL de tampdo de amostra (SDS,
betamercaptoetanol, azul de bromofenol, Tris e agua), aguecidas a 100 °C por 10 min em estufa,
em seguida centrifugadas a 10.000 rpm por 1 min. Para a corrida foram aplicados no gel 15 pL
de amostra e do Marcador de alto Peso molecular (Amersham TM ECL TM rainbow marker
full range GE Healthcare®). A corrida foi realizada por 6 horas nas condicGes de 300 v e 50
mA. O gel foi fixado em solucdo de acido acético, metanol e agua, corado em solucdo de
Coomassie brilliant blue R-250 a 0,005%, em acido acético a 10%, e descorado em &cido
acético a 10% (LAEMMLLI, 1970). Os pesos moleculares das fragdes proteicas dos soros foram
comparados mediante a utilizagdo de marcador de peso molecular de 12 a 225 kDa (Amersham
Rainbow Marker - Full range GE Healthcare®). Os géis foram editados no programa Image J

para Windows.

3.6.3.4 Perfil de acucares e acidos organicos

O acucar lactose e os acidos orgénicos (propibnico, acético, latico e citrico) foram
determinados conforme descrito por Ball et al. (2011), por meio de técnica de Cromatografia
Liquida de Alta Eficiéncia (CLAE), utilizando cromatégrafo 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
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Arranjos de Diodos (DAD) (modelo G1315D) e Detector de Indice de Refragdo (RID) (modelo
G1362A). Os dados obtidos foram processados utilizando o software OpenLAB CDS
ChemStation EditionTM (Agilent Technologies). 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 inje¢do da amostra (previamente diluida em &gua ultrapura e
filtrada em membrana de 0,45 um (Millex Millipore, Barueri, SP, Brasil) foi de 10 uL, com
fluxo de 0,5 mL/min e tempo de corrida de 20 min. A fase mdvel utilizada foi H2SO4 4,0 mM/L
em agua ultrapura. Os padrdes de glicose e lactose foram obtidos da Sigma-Aldrich (St. Louis,
EUA); o de galactose foi obtido da Chem Service (West Chester, EUA) e os padrdes de &cidos
organicos foram obtidos da Vetec Quimica Fina (Rio de Janeiro, Brazil), todos com grau de
pureza > 99%. A agua ultrapura foi obtida em sistema MilliQ® e o 4cido sulfdrico da Merck

(Darmstadt, Germany). Os resultados foram expressos em g/100 g do produto.

3.7 ANALISES MICROBIOLOGICAS

3.7.1 Controle de qualidade

A determinacdo dos parametros microbiol6gicos seguiu metodologia recomendada pela
American Public Healh Association (APHA, 2015). Foi realizada contagem de Staphylococcus

coagulase positiva, Escherichia coli e deteccdo de Salmonella spp (BRASIL, 2019).

3.7.2 Viabilidade das células probiéticas durante vida de prateleira

Foi realizada a contagem das células viaveis de L. mucosae CNPCO007 e L. acidophillus
La-5 ap6s o processamento do produto, nos dias 1, 14 e 28 de armazenamento refrigerado. Para
tanto, foram diluidas 25 gramas da amostra em 225 mL de agua peptonada esterilizada (0,1
9/100 g) (Sigma, St. Louis MO, EUA). Depois prosseguiu-se com as diluicdes seriadas até
atingir 10°. Em seguida, 10 pL foi inoculada em placas contendo &gar MRS (BIOKAR
Diagnostics, Franga) acidificado até pH 5 para contagem de L. mucosae, seguido de incubacéo
em aerobiose, a 37 °C por 48 horas (MORAES et al., 2018). Para contagem de L. acidophillus
La-5 utilizou-se placas contendo &gar MRS (HIMEDIA, India), que foram incubadas em
anaerobiose (BD GasPakTM EZ Anaerobe container system, Becton, Dickinson and Company,

USA), a 37 °C por 72 horas. Apés o término do periodo de incubacéo, foi realizada a contagem
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do numero de unidades formadoras de colénias (UFC), sendo os resultados expressos em log
de UFC/g (MEIRA et al., 2015).

3.8 ANALISE SENSORIAL

A pesquisa foi aprovada pelo Comité de Etica em Pesquisa do Centro de Ciéncias da
Saude da Universidade Federal da Paraiba, sob protocolo n°® 3.853.726., reconhecido pela
Comiss&o Nacional de Etica em Pesquisa (CONEP) (Anexo A).

Participaram do estudo 60 provadores (alunos, professores e funcionarios da UFPB,
selecionados com base nos hébitos e interesse em consumir creme de ricota, constituidos tanto
pelo género masculino como feminino, cuja faixa etéaria variou de 18 a 45 anos de idade, ndo
apresentando nenhum problema de satde (intoleréncia a lactose, alergia a proteina do leite,
alergia a algum dos ingredientes utilizados no processamento dos cremes de ricota) ou
deficiéncia fisica que viesse comprometer a avaliacdo sensorial dos produtos, especificamente
relacionado a trés dos sentidos humano: olfato, paladar e visdo. Enquanto na metodologia
Elicitacdo de atributos preferidos (PAE — Preferred atribute elicitation), o painel de
consumidores foi composto por 5 mulheres e 2 homens, com idades dentre 30 e 45 anos,
selecionados de acordo com o hébito de consumir queijos caprinos.

Os participantes foram abordados e convidados na prépria instituicdo onde foi realizada
a andlise sensorial. Os painelistas recrutados foram informados a respeito do objetivo da
pesquisa e sua participacdo foi condicionada a assinatura do Termo de Consentimento Livre e
Esclarecido — TCLE (APENDICE A). Antes das analises sensoriais, as formulaces de creme
de ricota foram submetidas as analises microbioldgicas para avaliar a qualidade higiénico-
sanitaria, e, portanto, verificar se estavam dentro dos padrbes recomendados pela legislacao
vigente (BRASIL, 2019). Apds 7 dias de armazenamento refrigerado, os cremes de ricota foram
submetidos aos testes JAR (Just about right) ou Escala do Ideal, aceitacdo sensorial, intengéo
de compra e ordenacao-preferéncia (FARIA; YOTSUYANAGI, 2002; NGUYEN; WISMER,
2019; VICKERS, 1988).

Os queijos foram submetidos aos testes JAR (Just about right) ou Escala do Ideal
(APENDICE B). Esse teste foi realizado para medir a quantidade ideal de determinado
componente que deveria estar presente neste produto lacteo. Os consumidores avaliaram as
amostras registrando suas respostas em escalas especificas (Escala do Ideal), especificando o

qudo ideal tal amostra estava em relagdo a determinado atributo em estudo (VICKERS, 1988).
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Ainda foram realizados testes de aceitacdo sensorial, em que se analisou a aparéncia,
cor, aroma, sabor, textura e aceitagédo global (FARIA; YOTSUYANAGI, 2002). Os provadores
atribuiram valores as amostras, em uma escala hedonistica estruturada com nove pontos (1 =
desgostei muitissimo; 5 = nem gostei/nem desgostei; 9 = gostei muitissimo). Os formularios
destinados a este teste continham campos que possibilitaram aos provadores anotar descri¢oes
que julgassem importantes (APENDICE C). Os cremes de ricotas foram considerados aceitos
quando obtiverem média > 5,0 (equivalente ao termo hedonico “nem gostei/nem desgostei”).

Paralelamente, também se avaliou a intencdo de compra (APENDICE C). Para tanto,
foi empregada uma escala heddnica estruturada com cinco pontos (1 = jamais compraria; 3 =
talvez comprasse/talvez ndo comprasse; 5 = compraria), conforme formulario em Apéndice C
(FARIA; YOTSUYANAGI, 2002). Ja a preferéncia relativa entre as amostras de queijos foi
conduzida segundo delineamento de ordenacdo em blocos casualizados com os 60 provadores
n&o treinados, empregando-se teste de preferéncia, com notas que variaram de 1 (“amostra mais
preferida™) a 5 (“amostra menos preferida”) (APENDICE C). Com a finalidade de se obter
maiores informacgdes sobre as caracteristicas sensoriais de cada queijo, os provadores foram
instruidos a relatar os atributos sensoriais que contribuiram para a escolha das amostras “mais
preferidas” e “menos preferidas”. A metodologia PAE foi conduzida de acordo com
Grygorczyk et al. (2013) e Bezerril et al. (2022). Esse teste foi realizado em cabines (analise)
e uma sala (discussao), em trés sessdes do PAE, nos tempos 1, 7 e 14 dias de armazenamento
refrigerado do produto, onde cada provador recebia 25 g de cada amostra em recipientes
plasticos, a 5 °C. Na primeira sessdo, no dia 1 de armazenamento, 0os consumidores avaliaram
as trés formulacdes de creme de ricota e destacaram os atributos de aroma e flavor considerados
importantes para a aceitacdo do produto. Depois, foi definida uma escala de nove pontos
considerando a intensidade dos mesmos. Apos 15 minutos, os provadores receberam novamente
as amostras de creme de ricota e avaliaram respondendo o formulario elaborado. Nas outras
duas sessOes, nos dias 7 e 14 de armazenamento, novamente os consumidores receberam as
amostras e avaliaram a partir do formulario elaborado.

No decorrer dos testes, as amostras foram padronizadas e servidas de forma aleatéria,
em temperatura de refrigeracdo (4 °C £1 °C), em copos plasticos de cor branca codificados com
numeros aleatérios de 3 digitos. As analises foram conduzidas em cabines individuais com
temperatura e iluminacdo controlada, longe de ruidos e odores, em horarios que néo
compreendiam uma hora antes e duas horas ap6s o almoco. Juntamente com as amostras, foram

oferecidos aos provadores bolacha agua e sal e agua e estes foram orientados a entre uma



37

amostra e outra fazer o uso da bolacha e da &gua, para remocéo do sabor residual, e a provarem
estas da esquerda para direita.

3.9 ANALISE ESTATISTICA

Os resultados foram submetidos ao teste t-Student (para as amostras que foram
analisadas apenas em 2 tempos) e ANOVA seguida do teste de Tukey (entre os tratamentos e
as amostras que foram avaliadas em 3 tempos) considerando p <0,05. Para o calculo dos dados,
utilizou-se o pacote de software Sigma Stat 3.5 (Jandel Scientific Software, San Jose,
California).

Os dados obtidos na realizacdo do teste afetivo Escala-do-ideal foram avaliados por
analise de penalidade. Esse tipo de andlise foi utilizado para mostrar penalidades (quedas
médias no gosto geral) para cada atributo ndo-JAR em cada amostra. Os atributos ndo-JAR com
penalidades estatisticamente significativas foram destacados com um “*” nos graficos de
analise de penalidade (NGUYEN; WISMER, 2019).

Os resultados dos testes sensoriais de ordenacao-preferéncia foram analisados de acordo
com o teste de Friedman, utilizando-se da Tabela de Newell Mac Farlane (FARIA,
YOTSUYANAGI, 2002). Os dados da sensorial obtidos pelo método PAE foram tratados por
analise de componente principal (ACP), o objetivo era avaliar a matriz de correlacdo entre a
percepcdo dos avaliadores em relacdo a algumas caracteristicas especificas das amostras de
creme de ricota durante os tempos 1, 7 e 14 dias de armazenamento refrigerado. As amostras
foram avaliadas em relacdo a caracteristicas do aroma (fermentado, caprino, tipico e lacteo) e
do sabor (&cido, salgado, caprino e caracteristico). As analises estatisticas foram conduzidas no
software GraphPad Prism 9.0 (GraphPad Softwar Inc., San Diego, CA, USA).
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4 RESULTADOS

Os resultados desse estudo proporcionaram a elaboragdo de uma patente e dois artigos
cientificos. A patente depositada sob numero de registro BR 10 2022 003106-1 contempla o
produto desenvolvido e foi intitulada “Queijo tipo creme de ricota caprino com potencial
probiotico e método de obtencdo” (Anexo B). Os dados obtidos geraram dois artigos, sendo o
primeiro intitulado “Impacto da adicdo de Limosilactobacillus mucosae CNPCO007 e
Lactobacillus acidophillus La-5 sobre as caracteristicas tecnologicas, nutricionais e
microbiologicas de creme de ricota caprino” (Apendice D), que aborda as caracteristicas fisicas,
quimicas, fisico-quimicas e tecnoldgicas dos produtos desenvolvidos com a adi¢do de cepas
probidticas; e o segundo artigo intitulado “Compostos volateis e caracterizacdo sensorial de
cremes de ricota caprinos adicionados de cepa probidtica Limosilactobacillus mucosae
CNPCO007 e cepa comercial Lactobacillus acidophilus La-5”, que traz dados referentes ao perfil
de voléateis e as caracteristicas sensoriais dos produtos elaborados ao longo do periodo de
armazenamento refrigerado (Apendice E). O primeiro artigo foi submetido a revista LWT —
Food Science and Technology, de fator de impacto 6.056; o segundo foi submetido ao Journal

of Dairy Science, fator de impacto 4.225.
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APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - TCLE
(Elaborado de acordo com a Resolugdo 466/2012-CNS/CONEP)

Convidamos V.Sa. a participar de modo voluntario da pesquisa intitulada como
Desenvolvimento de creme de ricota caprino adicionado da cepa autoctone com potencial
probiotico Lactobacillus mucosae CNPCO007, sob a responsabilidade do pesquisador (a)
responsavel, Msc. MARCIA GABRIELLE SILVA VIANA, doutoranda do Programa de Pds-
graduacdo em Ciéncias da Nutricdo, da Universidade Federal da Paraiba, com objetivo de
elaborar e caracterizar aspectos tecnoldgicos, fisico-quimicos, quimicos, microbioldgicos e
sensoriais de creme de ricota caprino adicionado de cepa autoctone Lactobacillus mucosae
CNPCO007.

Para realizacdo deste trabalho sera aplicado questionario de analise sensorial. Serdo
solicitadas informacdes apenas a respeito da percepcdo do provador em relacdo ao produto,
incluindo as caracteristicas e habito de consumo.

Os riscos decorrentes de sua participacdo na pesquisa é o de apresentacdo de reacdo
alérgica a algum componente do produto elaborado. Estes serdo minimizados a partir da
informacdo aos mesmos sobre os ingredientes com potencial alergénico presentes no produto.
Caso aceite participar, estara contribuindo para a divulgacdo cientifica e caracterizacdo do
produto elaborado. Ao participar deste estudo o (a) senhor (a) ndo tera nenhum custo e nenhum
tipo de remuneracéo.

Esclarecemos que manteremos em anonimato, sob sigilo absoluto, durante e apo6s o
término do estudo, todos os dados que identifiqguem o sujeito da pesquisa usando apenas, para
divulgacdo, os dados inerentes aos resultados encontrados.

O (a) senhor (a) tera os seguintes direitos: a garantia de esclarecimento e resposta a
qualquer pergunta; a liberdade de abandonar a pesquisa a qualquer momento sem prejuizo para
si ou para seu tratamento (se for o caso); a garantia de que em caso haja algum dano a sua
pessoa (ou o dependente), 0s prejuizos serdo assumidos pelas pesquisadoras ou pela institui¢éo
responsavel, inclusive acompanhamento médico e hospitalar (se for o caso).

O TCLE devera ainda ser elaborado em duas vias, rubricadas em todas as suas paginas
e assinadas ao seu término, pelo participante da pesquisa, ou por seu representante legal, assim
como pelo pesquisador responsavel, devendo as paginas de assinatura estar na mesma folha.

O Comité de Etica em Pesquisa (CEP) é um colegiado interdisciplinar e independente,
com “munus publico”, que deve existir nas instituicbes que realizam pesquisas envolvendo

seres humanos no Brasil, criado para defender os interesses dos sujeitos em sua integridade e
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dignidade e para contribuir no desenvolvimento da pesquisa dentro dos padrées éticos (Normas
e Diretrizes Regulamentadoras da Pesquisa Envolvendo Seres Humanos — Resolucdo CNS
466/12).

Nos casos de divida e esclarecimentos o (a) senhor (a) deve procurar a pesquisador

responsavel: Marcia Gabrielle Silva Viana, telefone (83) 98703-6858, e-mail

mgabisviana@gmail.com. Caso suas duvidas ndo sejam esclarecidas pela pesquisadora ou seus
direitos sejam negados, favor recorrer ao Comité de Etica em Pesquisa do Centro de Ciéncias
da Saude/UFPB, e-mail: comitedeetica@ccs.ufpb.br, Fone: (83) 3216 7791.

Consentimento Livre e Esclarecido

Eu, , apos ter recebido todos os esclarecimentos e

ciente dos meus direitos, concordo em participar desta pesquisa, bem como autorizo a
divulgacdo e a publicacgdo de toda informag&o por mim transmitida, exceto dados pessoais, em
publicacdes e eventos de carater cientifico. Desta forma, assino este termo, juntamente com o
pesquisador, em duas vias de igual teor, ficando uma via sob meu poder e outra em poder do(s)
pesquisador (es).

Local: Data:_ /_/

Assinatura do sujeito

Assinatura da pesquisadora


mailto:mgabisviana@gmail.com
mailto:comitedeetica@ccs.ufpb.br

APENDICE B - FORMULARIO DE ANALISE SENSORIAL - TESTE JAR OU
ESCALA DO IDEAL

Universidade Federal da Paraiba, campus 1, Jodo Pessoa

ldade: Sexo: Escolaridade: Data:

Por favor, prove a amostra de creme de ricota caprino e indique na escala
abaixo, sua opiniao

Em relagdo a sua cor:

| () Exrememens mais branco queoideal]  { )Um pouco maisbranco queo ideal] ()Ml |

| | ¥ Um pouct mends brands que o ideal |I { | Extremamente mends brandd gue o ideal I

Emi redagdo ao aroma caprina:

| | 1Extremamente malks forte que o ideal | | [ 1 Um pouco mais Forte gue o ideal | | [ ¥ideal |

| [ } Um powco menas forte gue o idcal ” [ )} Extremamente menos forte que o |

Em relagdo a consisténcia;

| [ pExtrermamanie mais visooso que o ideal || { 1 U pouco rmais viscoss que o ideal | | [ ¥ideal

| { FUm powcs menos ¥iscaso gue o deal ” | | Extremamente menos viscoso gue o ideal

Erm relagdo a tesiura:

| 1 Extremamente mals cremaso que @ ideal [ ) Um pouco mais cremesa que o ideal [ 1Ideal

[ ) Um pouco menns oremaosa que o ideal [ VExtramamente menns cromasn que o

Ern relagio i sua acider:

[ } Extremamente mais dcido gue o ideal { 1 Um pouco mais dcido que o ideal { 1weal

| [ ¥ Um powvco menos dcido gue o ideal | | [} Extremamente menos dcido que o ideal |

Em redagEo ao sabor salgado:

| | 1 Extremamente mais salgado que o ideal | [ ] Um pouca mais salgado gue o | | [ 1mdeal |
| { 1uUm pouce menas salgado gue o ideal ” [ }Extremamante menes salgadoe que o ideal |
Em redagdo ao sabor capnno:
[ }Extremaments mais forte que o ideal |} Um powecn mais forte que o ideal [ 1ideal

[} U pouca menos farte que o ideal ” { ] Extremamiente menas forte que o
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Por favor, prove a amostra de creme de ricota caprino e indique na escala

abaixo, sua opiniao

Em relagdo a sua cor:

{ ) Extremaments maiz branca qus o idaal

{ }Umpm:nmajshancﬂm:enidujl

{ 122l

| ¥ Uim pouce menas brancs gue o ideal

|I { | Extremamente mends brandd que o ideal |

Emi relagdo an arcma caprina:

{ JExtremamente maks forte que o ideal

[ 1 Um pouco mais forte gue o ideal

[ ) ideal |

[ } Um pouce menas forte que @ idecal

” [ ) Extremamente menos forte que o |

Erm relag#n a cansisténciac

[ VExtrémaments mais Yisooso que a ideal

{1 U pouco mais viscosd que o idaal

[ }ideal

{ P Um pouce mends $iscoso gue o deal

” | |Extremamente menos viscoso gue o ideal

Erm relagdo a extura:

{ 1 Extremamente mals cremoso que o ideal

[ 1 Um pouce mais dremosd que o ideal

[ ) Ideal

[ ) Um pouce menos cremasa que o ideal

[ } Extramamente menos cramaeso que @

Ern relagdo 4 sua acider:

[ } Extremamente mais dcido gue o ideal

{ 1 Um pouco mais dcido que o ideal

{ 1wdeal |

[ ) Um pouce menos acide que o ideal

| | [ ) Extremaments menas dcido que o ideal |

Emi redacda ao sabor salgado:

{ 1 Extremamente mais salgada que o ideal

[ ] Um pouca mais salgado gue o

{ 1deal |

i 1 Um pouce menas salgado gue o ideal

” [ VExtremamente menos salgade que o ideal |

Em relagde ao sabor capnng;

[ }Extremamante mals forte que o ideal

|} Um poece mals forte que o ideal

[ 1ideal

[ ) Um pouco menos forte que o ideal

” { ] Extremamenta menas forte qua o
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Por favor, prove a amostra de creme de ricota caprino e indique na escala

abaixo, sua opiniao

Em relagdo a sua cor:

[ ) Extremamants maiz branco que o idaal

{ }Umpm::umajz.han-:um:euidanll

() Ideal

| ¥ Um pouce mends branco gue o ideal

|I { | Extremamente mends brands que o ideal |

Em relagdo ao aroma capring:

{ 1Extremamente maks forte que o ideal

[ 1Um pouco mais forte gue o ideal

[ §ideal

[ } Um powsco menas forte que o ideal

” [ ) Extremamente menos forte que o

Em relagdo a consisténcia:

[ VExtremamente mais vistodo que o ideal

{ 1 Um pouco rmais viscoss que o ideal

[ }ideal

{ VUrm powcd Menss ¥iscaso gue o ideal

” | }Extremamente menes viscoso gue o ideal

Erm relacds a textura:

{ | Extremamente mals cremoso que @ ideal

[ 1 Um pouco mais cremosd que o ideal

[ ) ideal

[} Um pouco menos cremasa que o ideal

[ VExtremamente menss cramesn que e

Em relacdo a sua acider

[ } Extremamente mais dcido gue o ideal

{ 1 Um pouco mais acido que o ideal

{ ] wdeal

[ }Um pouco menos dcido gue o ideal

| | [} Extremamente menos dcido que o ideal

Em relagdo ao sabor salgado:

| 1Extremamente mais salgada que o ideal

{ ] U pouca mais =algado gue o

{ 1rdeal

i 1Um pouce menas salgado que o desl

” [ }Extramamante menoes salgada que o ideal

Em redag®e ao sabor capring:

[ } Extramamante mails forte que o ideal

{ }Um pouce mais forte que o ideal

[ ] ldeal

[ ) Um pouco mancs forte que o ideal

” i ) Extremamenta menas forte qua o
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APENDICE C - FORMULARIO DE ANALISE SENSORIAL - TESTE DE
ACEITACAO, ORDENACAO DE PREFERENCIA E INTENCAO DE COMPRA

Vocé esta recebendo 03 amostras codificadas de creme de ricota caprino.

Por favor, prove as amostras da esquerda para direita. Espere 30 segundos antes
de consumir a proxima amostra, coma o biscoito e lave a boca com agua para retirar sabor
residual. Repita esse procedimento entre cada amostra.

Avalie, de acordo com a escala abaixo, os atributos especificados:

9 - gostei muitissimo

8 - gostei muito

7 - gostei oderadamente

6 - gostei ligeiramente

5 - nem gostei/nem desgostei
4 - desgostei ligeiramente

3 - desgostei moderadamente
2 - desgostei muito

1 - desgostei muitissimo

AMOSTRA | APARENCIA | COR | CONSISTENCIA | AROMA | SABOR | ACEITACAO
GERAL
Observacoes:
Ordene-as de acordo com a sua preferéncia:
Mais Menos
Preferida > preferida
Posto 1° Lugar 2° Lugar 3° Lugar
Codigo

Avalie cada amostra em relacdo a sua intencdo de compra conforme escala abaixo:

5 — Certamente compraria

4 — Possivelmente compraria

3 — Tenho duvidas se compraria
2 — Possivelmente ndo compraria
1 — Certamente ndo compraria



AMOSTRA

NOTA
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APENDICE D - ARTIGO 1

Effect of Limosilactobacillus mucosae CNPCO007 and Lactobacillus acidophilus La-5
supplementation on technological, nutritional, and fermentation parameters of goat

ricotta cream formulations

Abstract

In this study we developed three diferente types of goat ricotta cream, as follows: CRC (Control
ricotta cream) without probiotic, RCLM (ricotta cream added with Limosilactobacillus
mucosae CNPC007), RCLA (ricotta cream added with a comercial strain Lactobacillus
acidophilus La-5, and evaluated the effect of the probiotic addition on technological, nutritional
and fermentation characteristics during refrigerated storage (1, 14 and 28 days). The addition
of probiotic bactéria did not alter the goat ricotta cream yield. The RCLA and RCLM samples
showed greater brightness and lower tendency to green color. The texture profile analysis
evidenced that the probiotic strain addition influenced the adhesiveness, that was lower in the
RCLM. The water activity remained stable in all the samples. There was a decrease in lactose
content and a increase in titratable acidity. The RCLA and RCLM formulations showed a
maintenance of bacterial viability greater than the recommended minimal limito f 6 log CFU/g
during the storage. The RCLM sample presented greater proteolysis depth index and a greater
release of free amino acids. This study concluded that the incorporation of probiotic strains into
goat ricotta cream improve or did not influence negatively on technological, nutritional and
fermentation parameters.

Keywords: Cream cheeses, Lactobacillus spp., texture profile analysis, fermentation
parameters, protein profile.

1. Introduction

In the functional food industry, probiotics stand out as excellent options towards
providing added product value (Barbosa et al., 2016; Moraes, Santos, Barcelos, Lopes, & Egypt,
2018; Misra, Pandey, & Mishra, 2021), This is because of their great potential to influence the
composition of the gut microbiota (Wang, Zhang, & Zhang, 2021), and promote
antihypertensive effects in both animal models and in hypertensive patients (Grylls, Seidler, &

Neil, 2021). They promote stronger immune system response (Son et al., 2018),
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anticarcinogenic effects (Legesse Bedada et al., 2020; Faghfoori, Gargari, Gharamaleki,
Bagherpour, & Khosroushahi, 2015), and alter glucose metabolism, to favor blood glucose
reduction in diabetic patients (Wang, Liu, Xia, & Ai, 2021).

The internationally accepted concept of probiotics is that they are living microorganisms
which when ingested in adequate amounts, confer health benefits to the host (Hill et al., 2014).
In order to be classified as probiotics, bacteria must present certain important characteristics
such as resistance to prevailing conditions in the gastrointestinal tract, ability to adhere to the
intestinal mucosa, and production of antimicrobial compounds (Pereira, Coelho, Magalhaes
Junior, Thomaz-Soccol, & Soccol, 2018).

In general, the genera most frequently used as probiotics in food matrices are
Lactobacillus (recently with altered taxonomy, Zheng et al., 2020), and Bifidobacterium. Both
are associated with favorable effects on consumer health (Silva et al., 2022).
Limosylactobacillus mucosae strains have been isolated from goat's milk, and in vitro tests
reveal their probiotic potential, with emphasis on Limosilactobacillus mucosae CNPC007
(Moraes et al., 2017), this raises interest in use for development of new goat products (Dantas
et al., 2022; Morais et al., 2022; Moraes et al., 2018).

Due to their beneficial health effects and good sensory acceptance, the demand for
fermented dairy products has been growing (Terzic -Vidojevic et al., 2015). Some studies point
to cheese as a good vehicle for probiotic microorganisms, having greater potential to carry
probiotic bacteria than other fermented dairy products (Moraes et al., 2018; Kisan et al., 2021).
This is due to the characteristics that some cheeses enjoy, such as a slightly acid pH, high fat
contents, and solid consistency, all of which provide greater protection to microorganisms
during passage through the gastrointestinal tract (Barbosa et al., 2016; Meiraet al.., 2015; Kisan
et al., 2021). The addition of probiotic cultures to dairy matrices, including cheeses, promotes

consumer health benefits, and yet is also a strategy for bringing additional nutritional,
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technological, and sensory qualities to the product (Lopes et al., 2021; Oliveira, Garcia,
Queiroga, & Souza, 2012).

Goat’s milk presents high nutritional value. It contains oligosaccharides, short-chain fatty
acids, vitamins, minerals, and proteins of high biological value, as well as a great concentration
of smaller fat globules, which allow for better, faster absorption (Verruck, Dantas, & Prudencio,
2019; Yangilar, 2013). Such characteristics permit innovation in the elaboration of fermented
dairy products such as cheeses, dairy drinks, yogurts, frozen yogurt, ice cream, and butters,
among others (Aryana & Olson, 2017; Verruck, Dantas, & Prudencio, 2019 ). However, the
specific sensory characteristics of this milk matrix, such as its odor and flavor, have had a
negative impact on consumption. This encourages the use of strategies that promote better
acceptance (Bezerril et al., 2021; PAN et al., 2019). The development of new goat-derived
products would allow for greater diversification and acceptance of goat milk by consumers
(Souza & Dias, 2017).

Ricotta cream is obtained from the homogenization of ricotta cheese with other
ingredients, it has a smooth consistency and can potentially serve as a carrier for probiotic
bacteria (Buriti, Cardarelli, Filisetti, & Saad, 2007). Goat ricotta cheese, for example, has shown
to be a good carrier of probiotics both during storage and when subjected to gastrointestinal
tract simulations (Meira et al., 2015). However, as of this writing, there are no studies evaluating
the quality impacts of adding an autochthonous probiotic strain (Limosilactobacillus mucosae
CNPCO007) to goat ricotta cream.

We aimed to develop three goat ricotta cream formulations through addition of an
autochthonous strain - Limosilactobacillus mucosae CNPC007 (RCLM), and separately, using
a commercial strain Lactobacillus acidophilus La-5 (RCLA), and a control ricotta cream (CRC)
without probiotic, to then characterize the formulations for their technological, nutritional, and

fermentation aspects during cold storage.
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2. Material and methods
2.1 Raw materials

Goat milk and butter used to produce goat ricotta cream were obtained from a
cooperative in Monteiro, Paraiba, Brazil. The goat milk and butter were previously pasteurized
(65°C/30 min) and stored under freezing (- 18 °C £ 1 °C) until be used to whey obtention. The
commercial coagulating agent (0.9 mL L™) used to whey obtainment was HA-LA liquid
coagulante (microbial chemosin - Aspergillus niger var awamori), from Christian Hansen®
(Valinhos, Minas Gerais, Brazil) and Calcium chloride (CaCl) P.A, from FMaia® Ltda. (Cotia,
Sdo Paulo, Brazil), both were commercialy acquired. The indigenous culture
Limosilactobacillus mucosae CNPCO007 was obtained from the "Collection of Microorganisms
of Interest to the Food and Agroenergy Industry" of Embrapa Agroindustry Tropical (Fortaleza,
Ceard, Brazil), and was cultivated according to Moraes et al. (2017). The comercial probiotic

strain Lactobacillus acidophilus La-5 from Christian Hansen® was commercialy acquired.

2.2 Preparation of the inoculum and obtaining goat's milk whey

The L. acidophilus La-5 and L. mucosae CNPCO007 strains (freeze dried) were weighed,
and we considered a concentration of 0.05g of inoculum for each liter of milk used in the
preparation of the ricotta creams. The microorganisms were first separately inoculated into goat
milk powders (reconstituted with sterile water) (Caprilat® Nova Friburgo, Rio de Janeiro,
Brazil). These were then incubated at 37 °C in aerobiosis, for approximately 22 h after
inoculation (stationary phase), in a BOD incubator (Biochemical Oxygen Demand — Marconi,
MAA415, Piracicaba/SP, Brazil). After this multiplication period (to obtain the final inoculum),
they were inoculated directly into the ricotta cream, together with the other ingredients, before

final homogenization. The cell counts of L. acidophilus La-5, and L. mucosae CNPCO00Q7 in the
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inoculum varied between 8.5 and 9 log colony forming units per milliliter — CFU/ mL. The
counts of L. acidophilus La-5, and L. mucosae CNPCO007 were confirmed by serially diluting
the inoculum in peptone water at a concentration of 0.1 g/100 mL (Sigma-Aldrich, St. Louis,
MA, USA). For this, 10 pL aliquots of the dilutions (10 to 10 “® were seeded on MRS agar
(Oxoid Ltd., Basigstoke, UK), for L. acidophilus La-5, and on MRS agar (Oxoid Ltd.,
Basigstoke, UK) acidified to pH 5 (IDF, 1995), for L. mucosae CNPCO007, using microdrop
technique. The plates were then incubated at 37°C - respectively for 72 and 48 hours, and in
anaerobic and aerobic conditions for counting L. acidophilus La-5 and L. mucosae CNPCO007.

The results were expressed in colony forming units per milliliter - CFU/ mL.

2.3 Manufature of goat ricotta cream

After whey goat whey obtainment, the steps to formulate the goat ricotta cream were
followed as presented in Fig.1, according to methodology adapted from Meira et al. (2015)
and Fritzen-Freire et al. (2013).

The inoculum containing the probiotic strains was added during the final step of mixing
the ingredients. The formulations were packed in glass containers with lids, properly sanitized,
and stored under refrigeration (4 + 0.5°C) for 28 days. Characterizations were performed in

triplicate at 1, 14, and 28 days of cold storage.

2.4 Goat ricotta cream characterization
2.4.1 Evaluation of technological characteristics

The evaluation of technological characteristics of goat ricotta cream was based on yield
(Zeng, Sorval, Fekadu, Bah, & Popham, 2007), texture profile and color analysis, according to

Borba et al. (2014) and CIE (1996), respectively.
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2.4.1.1 Yield
Th yield of goat ricotta cream was determined according to Borba et al. (2014) and
expressed as the fresh weight of the cheese obtained from each liter of the milk and whey

mixture used for production (g of cheese per L of whey and milk —g/L).

2.4.1.2 Instrumental textural analysis

The texture parameters (hardness, springiness, adhesiveness, cohesiveness, gumminess
and chewiness) were determined using a double compression test, with TA-XT2 Texture
Analyzer (Stable Micro Systems, Haslemere, Reino Unido). A cylindrical probe with a diameter
of 25 mm (P25), with a rate programmed to a speed of 1 mm/s and maximum penetration depth

of 10 mm (Borba et al., 2014).

2.4.1.3 Color analysis

A CR-300 Minolta® colorimeter (New Jersey, USA) was used for the instrumental color
evaluation. The CIELab scale was Applied, L*, a* and b* parameters were determined
according to the International Commission on Illumination (CIE, 1996). The colorimeter was

calibrated before the measurement.

2.4.2 Evaluation of physical and physical-chemical characteristics

The water activity was determinated using a Aqualab® equipment (model CX-2 Water
Activity Sistem®, Washington — USA) according to Aqualab manual (Aqualab, 2001). The pH
values were measured using a potentiometer (model pH Meter Tec-2 Tecnal®, Piracicaba,
BRAZIL), at 25°C, previously calibrated. The titratable acidity was measured according to

AOAC (2019).
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The moisture, total solids, ash, and protein contents were determined according to the
methodology recommended by the Association of Official Analytical Chemists (AOAC, 2019).
The lipids were determinated according to methodology described by Folch, Less e Stanley

(1957).

2.4.3 Sugar and organic acid profiles — fermentation parameters

The sugar (lactose) and organic acids (propionic, acetic, lactic, and citric) profiles were
determinated according to Ball, Bullock, Lloyd, & Mapp (2011), through high-performance
liqguid chromatograph (HPLC) using AGILENT®-model 1260 Infinity LC, Agilent
Technologies, Santa Clara, CA, USA. The data obtained were processed using OpenLAB CDS
ChemStation EditionTM software (Agilent Technologies®). The lactose standard was obtained
from Sigma-Aldrich (st. Louis, USA). The standards of organic acids were obtained from Vetec
Quimica Fina (Rio de Janeiro, Brazil), all with a purity of >99%. Ultrapure water was obtained

using a MilliQ® system (EMD Millipore). All results were expressed in g/100g.

2.4.4 Determination of the protein profile

The soluble protein concentration was determined using the Bradford method (1976).
For this, the ricotta cream samples were weighed and diluted to 1 mg of sample per 1 mL of
ultrapure water. After complete dilution, 100 pL of each sample was transferred to test tubes,
and 2.5 mL of Bradford Reagent was added (Factor 48.22, Line Equation y=0.019 x
R2=99.63%). After 10 min at rest, the absorbance was read at 595 nm (Ultrospec 1100 Pro
Amersham Biosciences, UK). The blank was performed using water. The samples were read in
plastic cuvettes, and the reagent standard curve was made using BSA (Bovine Serum Albumin).

The calculation was made using the method formula and the line equation.
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The proteolysis index (extent and depth) was determined using the micro-Kjeldahl
method (AOAC, 2019). Proteolysis was evaluated based on the extent and depth of the
proteolysis index, according to Andreatta et al. (2007).

The electrophoretic profile of the proteins was performed using the technique described
by Laemmli (1970). For the cheese samples, we chose a 15% concentration gel, and a 3.5%
separation gel. 4 mg of each sample was weighed, with subsequent dilution in 100 pL of buffer
(SDS, betamercaptoethanol, bromophenol blue, Tris, and water), then heating at 100°C for 10
min in an oven, and centrifuging at 10,000 rpm for 1 min. For the run, 15 pL of each sample
was applied in the gel, using the High Molecular Weight Marker (Amersham™ ECL™
Rainbow™ Marker - Full range marker). The run was performed for 6 hours at 300 v and 50
mA. The gel was fixed in an acetic acid, methanol and water solution, stained in a Comassie
G250 solution in 10% acetic acid, and then un-stained in 10% acetic acid. The gels were edited

in the Image J program for Windows.

2.5 Viability of probiotic strains during refrigerated storage

The enumeration of viable cells of L. mucosae CNPCO007 e L. acidophilus La-5 was
performed in 1, 14, and 28 days of refrigerated storage. For that, 25 g of goat ricotta cream
samples were diluted in 225 mL of sterile peptone water (0,19/100g) (Sigma, St.Louis MO,
EUA). Then, serial dilutions were continued until reaching 10®. 10 uL of each dilution were
inoculated on Man Rogosa and Sharp (MRS) agar (BIOKAR Diagnostics, Franca), acidified
until pH 5,0 (Moraes et al., 2018), for count of L. mucosae CNPCO007. The plates were incubated
at 37°C for 48h under aerobiosis. To enumeration of viable cells of L. acidophilus La-5, plates
containing MRS agar were incubated at 37°C for 72h under anaerobiosis (BD GasPakTM EZ
Anaerobe container system, Becton, Dickinson and Company, USA). The results were

expressed in log de UFC/qg.
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2.6 Statistical analysis

The experiment followed a completely randomized design and was repeated three times.
Data were submitted to the Student 's t test or analysis of variance (ANOVA) followed by Tukey
's test of means considering p < 0.05. To calculate the data, the Sigma Stat software package

was used. 3.5 (Jandel Scientific Software, San Jose, California) (SIGMASTAT, 2006).

3. Results and Discussion

3.1 Technological characteristics

The yield varied between 5.31 g/100 g and 5.74 g/100 g, with no influence of the
probiotic bacteria on this parameter (p > 0.05). The values found were higher than those
observed by Meira et al. (2015), and lower than those of Borba et al. (2014), who (respectively)
worked with goat ricotta cheese, and goat and bovine milk creamy ricotta cheese. Regarding
the color analyses, in general, the ricotta cream formulations tended to have a higher luminosity
(L*) with a yellowish-green hue. L* values that ranged between 73.24 and 89.57, a* values
between -1.05 and -1.92, and b* values between 5.37 and 7.88. The high values of luminosity
(L*) were related to the constituent protein matrix in all formulations (Sameer, Ganguly,
Khetra, & Sabikhi, 2020). Goat cheeses generally have higher luminosity when compared to
bovine cheese, which is partly explained by the smaller size of goat milk fat globules (Borba et
al., 2014), and because goats have greater facility converting beta-carotene into vitamin A
(Lucas et al., 2014). The low values of a* referred to a tendency towards a green color that all
of the samples presented, we emphasize that the Control Ricotta Cheese (CRC) formulation
presented a stronger green hue than the formulations with the probiotic strains (p < 0.05). The
same behavior was observed by Meira et al. (2015), when they evaluated goat ricotta, and by

Sameer et al. (2020), studying probiotic ricotta made with buffalo milk. This greater tendency
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towards a green hue can be explained by the presence of riboflavin, which is responsible for
greenish coloration of whey used in the production of ricotta (Mestdagh, Kerkaert, Cucu, &
Meulenaer, 2011; NOZIERE et al., 2006). We noted that the green chromaticity (a*) diminished
during storage for all formulations (p < 0.05), this may be related to riboflavin oxidation over
time.

The b* values increased in all samples during storage and were always higher in the
RCLM formulation (p < 0.05). This parameter is related to the color spectrum that varies from
blue (-b*) to yellow (+ b*), and we found that it was influenced both by time and the type of
ricotta cream. Various factors can contribute to color change during the processing of dairy
products, including heat/pasteurization and handling (Prudencio et al., 2014). Pasteurization
carried out during the elaboration of ricotta can also favor Maillard reactions, influencing the
color of the product, and cause yellowing (Dattatreya & Rankin, 2006).

In terms of instrumental texture, the firmness parameter is related to the force required
for pre-deformation of the sample. The values obtained for this parameter varied between 0.71
and 1.66 N. Since ricotta cream is characterized as a smooth consistency product, low firmness
values are expected. We found other studies in the literature whose values were close to ours
when using similar samples (Fritzen-Freire et al., 2013, Lopes et al., 2021).

In this study, we noted reductions in firmness, chewiness, and gumminess for all
samples during storage (p < 0.05). This may have been due to weakening of the cheese protein
matrix by the action of residual coagulant and microbial enzymes (Silva, Silva, Garcia, &
Santos, 2019). The reductions in these parameters may also have resulted from increases in
acidity that commonly occur in fermentation processes (Moraes et al., 2018). These were higher
for the formulations supplemented with probiotic strains, especially RCLM (p < 0.05)
beginning at 14 days of storage (Table 2). An increase in acidity during storage, both from lactic

acid and from the organic acids produced during fermentation, can promote disintegration of
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the product, which, according to Buriti, Rocha & Saad (2005), yields consequent drops in
firmness, chewiness, and gumminess parameters. The RCLM formulation presented the highest
acidity, with lower values of firmness, chewiness, and gumminess to at least 14 days of storage
(p £0.05).

The formulations tended to become less adhesive during storage (p < 0.05), and ranged
from -1157.58 to -419.31, the samples being more adhesive (more negative) on the first day of
storage. This may be related to increased exopolysaccharide production by lactic acid bacteria
present in the ricotta creams at the beginning of storage (BONFIM et al., 2020). In general, the
cheeses, because they are creamy, did not present high elasticity values (0.95 to 0.96), and the
influence of the addition of the probiotic strains and of storage time on this variable was not
observed (p > 0.05). During the storage period, no influence on cohesiveness was observed with

probiotic strain supplementation (p > 0.05).

3.2 Physical and physico-chemical characteristics

Table 2 presents the data obtained for analysis of the physical and physico-chemical
characteristics of the goat ricotta cream formulations.

Fresh ricotta is a very high moisture cheese, that is, moisture not lower than 55%
(BRASIL, 2020 ). The moisture values observed for the ricotta cream samples ranged from
68.56 to 71.80 g/100 g, meeting the requirements of Brazilian legislation. Moisture was
maintained throughout storage for both CRC and RCLM (p > 0.05), and at 28 days of storage
RCLA presented higher moisture contents (p < 0.05) than the other formulations.

As expected and in the case of fermented products, an increase in lactic acid acidity was
observed for all three formulations during refrigerated storage (p < 0.05). However, in the
ricotta creams supplemented with probiotic bacteria, RCLM (followed by RCLA) presented

proportionally greater increases (p < 0.05). Alongside the acidity increases in the formulations
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during storage, there was a reduction in pH (p < 0.05), this result is expected due to increases
in lactic acid production (Table 3). In a study carried out by Meira et al. (2015) with goat ricotta
cheese, both titratable acidity and pH increased in samples supplemented with probiotic
bacteria. However, the authors evaluated their formulations only at 1 and 7 days of storage,
which is perhaps insufficient time to observe the fermentative behavior of the added probiotic
bacteria. At the end of the cold storage period (our study), addition of probiotic microorganisms
resulted in lower lactose values (p < 0.05, Table 3), this, as in a study by Lopes et al. (2021),
and which can be explained by considering the action of lactic acid bacteria and/or probiotics,
which convert lactose into lactic acid, justifying the data observed for acidity and pH.

The water activity values showed no significant difference between treatments and
remained constant during the storage period (p > 0.05). There was also no influence of storage
time on fixed mineral residue (minerals content). In general, the total protein contents remained
constant throughout storage (p > 0.05), except for RCLA, which at 28 days presented a slightly
higher protein content (p < 0.05). The CRC and RCLM formulations presented an increase in
the amount of lipids observed during storage (p < 0.05), with higher concentrations at 28 days

for the RCLM formulation (p < 0.05).

3.3 Profile of sugars and organic acids - fermentation parameters

Table 3 presents the fermentation parameters (sugar and organic acid profiles) of goat
ricotta cream formulations.

Corroborating the acidity and pH data, and indicative of fermentation processes, there
was a reduction in lactose content for all formulations during storage, indicating consumption,
being especially in the formulations with probiotic bacteria (p < 0.05). Along with the increase

in lactose consumption, there was greater production of lactic acid (p < 0.05), which was the
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predominant organic acid in all formulations, especially in RCLA and CRC at 28 days of
storage (p < 0.05).

Lactic acid can result from the metabolism of starter and/or probiotic cultures during
fermentation (Bezerril et al., 2021; Costa, Frasao, Lima, Rodrigues, & Conte Junior, 2016 ;
Fuente, Luz, Puchol, Meca, & Barba, 2021). This may remove pyruvic acid, convert malic acid,
and/or degrade lactose as well (Ozcan, Ozdemir, & Avci, 2021).

Followed by acetic acid, propionic acid was the second most predominant organic acid
in the formulations. Propionic acid is a short-chain fatty acid (SCFA) which has an important
role in stimulating ATP production (Singh, Vishwakarma, & Singhal, 2018). It is also known
to have other benefits such as inhibiting cholesterol synthesis, and helping to fight various
diseases such as diabetes, cancer, obesity, and autoimmune diseases (Diez-Gutierrez et al.,
2020). Short-chain fatty acid synthesis is characteristic of fermentation activity in probiotic
strains (Nagpal et al., 2018) and lactic acids are naturally present in milk. Thus, consumption
of goat ricotta cream may well be beneficial for people suffering from the above health
conditions. The presence of acetic acid in ricotta can result from lactic acid fermentation or
addition during processing. Acetic acid concentrations remained constant in the samples

throughout the storage period (p > 0.05).

3.4 Protein profile

Proteolysis is one of the most important biochemical mechanisms for the development
of texture and flavor during cheese maturation, both through protein breakdown and formation
of secondary metabolites, including peptides and free amino acids (Salum et al., 2018).).

The concentration of soluble proteins in the goat ricotta cream formulations at 1 and 28
days of storage is shown in Table 4. At 28 days of storage, there was a reduction in the

concentration of proteins in CRC and RCLM, and an increase in RCLA (p < 0.05). The results
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are consistent with the protein content observed in the samples during storage, where only the
RCLA sample presented an increase in soluble proteins.

The proteolysis values index in extent and depth during cold storage of the goat ricotta
cream formulations are presented in Table 4. There was an increase in proteolysis in both extent
and depth during storage, mainly in the supplemented formulations - RCLM and RCLA (p <
0.05). It is known that extensive proteolysis is related to the activity of enzymes present in the
coagulating agents and microbial enzymes used to make cheese. These degrade proteins into
high molecular weight peptides (Xia et al., 2022). Deep proteolysis is related to the presence of
low molecular weight substances, and results from the activity of proteolytic enzymes, which
act by degrading casein peptides into smaller peptides and free amino acids (Bezerra et al.,
2016).

In the ricotta cream elaboration, there was no addition of enzymes which act as
coagulating agents. However, there may have been a residual presence of chymosin, an enzyme
used in the manufacture of rennet or curd cheese, a process from which we obtained the goat
whey for the preparation of the formulations studied. In our study, the amount of chymosin
enzyme (rennet) added during the processing of the ricotta cheeses was the same for all
formulations, which leads us to believe that the differences observed in RCLM and RCLA were
more related to enzymes produced by the probiotic strains, rather than rennet activity. The
highest (in depth) indices of proteolysis were observed in the supplemented ricotta cream
samples (the addition of probiotic bacteria - RCLA and RCLM), on day 28. This was probably
due to the action of microbial enzymes presenting direct activity involving the release of
medium and small molecular weight peptides, and free amino acids. Similar behavior has also
been observed by Oliveira et al. (2012), when evaluating goat curd cheese supplemented with

commercial probiotic bacteria.
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Bontinis et al. (2012), investigating changes which occur during goat cheese maturation,
found higher proteolysis rates (both extent and depth), higher than that observed in the present
study. However, the maturation period followed by their group was 180 days. Our ricotta cream
formulations were fresh and un-ripened cheeses, and 28 days was likely not long enough to
observe a more pronounced proteolysis.

The electrophoretic profile, observed at 1 day and day 28 of storage is presented in
Figure 2. Casein fractions (a s2 -casein 25.23 kDa), a-lactoalbumin (14 kDa), B-lactoglobulin
(18 kDa), dimers of B-lactoglobulin (36 kDa), serum albumin (66.33 kDa), and lactoferrin (80
kDa) were all identified in the image. The composition of goat milk whey is predominantly
water, followed by lactose and soluble proteins, these include: a-lactoalbumin, -lactoglobulin,
serum albumin, lactoferrin, immunoglobulins, and casein macropeptides (Campos et al., 2022;
Verruck, Dantas, Prudence, 2019). It is not possible to affirm a significant change in the amount
of protein fractions identified. However, the image suggests that on day 28 there was an increase
in low molecular weight peptides (between 12 and 20K) in all samples, which is indicative of
an increase in deep proteolysis.

Ricotta, the main ingredient in ricotta cream, is a cheese made from whey, with the
addition of up to 20% skimmed milk per volume of whey used. Significant amounts of soro-
proteins are therefore expected. Casein, although not the main protein of this type of product,
is present in milk (added during the product’s manufacture), and in goat milk whey, in the form
of casein macropeptides (Campos et al., 2022), justifying its appearance during electrophoresis.

Miloradovic et al. (2017) studied the effect of heat treatment on goat cheeses, and in
relation to the electrophoretic profile, the presence of os -casein, B-casein, B-lactoglobulin, a-
lactoalbumin, and traces of lactoferrin were identified.

Campos et al. (2022), when characterizing goat whey proteins, identified the presence

of a-lactoalbumin, B-lactoglobulin, serum albumin, and lactoferrin (in greater amounts), and
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traces of casein and immunoglobulins. These results are similar to those found in the present
study. In another study, in which proteolysis was evaluated in goat curd cheeses supplemented
with probiotic bacteria, the presence of as2-casein and p-casein were detected in the
electrophoretic profile, the latter being predominant, a result expected for the type of cheese
analyzed (Bezerra et al., 2016).

We also evaluated free amino acid profiles, which are presented in Table 5. In general,
there was a reduction in free amino acids during storage, mainly for the CRC formulation (p <
0.05). On the other hand, we observed an increase in the concentrations of glutamic acid,
alanine, and proline during storage for RCLM, and glutamic acid, arginine, tyrosine, and
phenylalanine for RCLA (p < 0.05), corroborating the data found for deep proteolysis, which
was higher in the formulations with the probiotic strains. The increase in total free amino acids
(TFAA) during storage is in agreement with the results of Abellan et al. (2012), for goat's milk
cheese made with animal rennet and vegetable coagulant; as observed in goat's milk cheese
made with different coagulants (Pino, Prados, Galan, Vivo, & Fernandez - Salguero, 2009); and
in Caciocavallo cheese made with milks of different species (Niro et al., 2017). The different
TFAA levels reported in the cited works reveal high TFAA content variability in these cheeses,
attributable to the different maturation ages and conditions, different types of milk, and different
technologies used.

At 28 days of storage RCLM stood out for presenting higher amounts (p < 0.05) of the
essential amino acids threonine (12.26 mg/100 g), lysine (6.58 mg/100 g), phenylalanine (4.49
mg /100 g), isoleucine (1.52 mg/100 g), methionine (0.83 mg/100 g), leucine (0.47 mg/100 g),
and non-essential amino acids histidine (38.16 mg/ 100 g) and tyrosine (31.67 mg/100 g). By
the end of storage, RCLA stood out for presenting, higher amounts (p < 0.05) of the essential
amino acids phenylalanine (4.46 mg/100 g), valine (1.29 mg/100 g), and methionine (1.00 mg

/100 g), and the non-essential amino acids arginine (21.79 mg/100 g), glutamic acid (18.35
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mg/100 g), proline (16.34 mg/100 g), glycine (12.01 mg /100g), cysteine (10.17mg/100g), and
alanine (6.03mg/100g).

It is noteworthy that Leucine, together with the other branched-chain amino acids (such
as Valine), with aromatic amino acids (Phenylalanine, and Tyrosine), and with Methionine,
constitute the main aromatic compound precursors in cheese (Yvon & Rijnen, 2001). Arginine,
on the other hand, a conditionally essential amino acid, assists in pressure regulation and
improves physical performance, since it is a precursor of nitric oxide (Apolzan et al., 2022).
Proline is present in connective tissue, playing an important role in its healing processes
(Szabelak et al., 2021). The concentration of the these amino acids was higher in the
formulations supplemented with the probiotic strains, principally in RCLM which presented a
greater number of essential amino acids (and in higher concentrations) through to the end of

shelf life.

3.5 Viability of probiotic strains during cold storage

Viable cell counts of probiotic bacteria remained above 6 log CFU/g through to the last
day of storage (Fig. 3), the minimum recommended amount for products supplemented with
probiotic microorganisms (Guedes et al., 2019; Terpou et al ., 2019).

The increase in viable probiotic strain counts in the formulations during the first 14 days
of storage may be due to the excedent bacterial metabolic activity and the favorable conditions
of pH and acidity. This is already expected in fermentation processes involving lactic acid
bacteria. It has also been shown that in acidified medium, L. mucosae CNPCO0OQ7 presents
augmented multiplication (Moraes et al., 2017). This justifies the higher counts detected in the
RCLM formulation (8.56 log CFU/g ), compared to other formulations towards the end of

storage, when lactic acid acidity was also higher (1.24 g/100 g, Table 2).
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Probiotic strain multiplication during storage may have contributed to the deep
proteolysis increase, and a concomitant increase in the concentration of essential and non-
essential amino acids in the RCLM and RCLA formulations, increasing both the nutritional

value and bioactivity of these formulations.

4. Conclusions

This study concluded that the incorporation of probiotic strains in goat ricotta cream
improves or (at least) does not interfere negatively in technological, nutritional or fermentation
properties. We noted that the addition of the probiotic strains did not interfere with the ricotta
cream yield. The formulations supplemented with the probiotic strains tended to present greater
luminosity (L*) with a yellowish-green hue, principally in RCLM. For most of the formulations
studied, there was a reduction (during storage) in most of the texture parameters, and by the end
of storage, the presence of probiotic microorganisms influenced adhesion alone, which was
lowest in the RCLM formulation. The fermentation process mediated by probiotic strains led
to an increase in lactose degradation, with a consequent increase in lactic acid production during
storage. These conditions were probably influenced by probiotic multiplication during storage,
which stood out in the RCLM formulation, and which at 28 days of storage presented counts >
8.5 log CFU/g of L. mucosae CNPCO007, higher acidity, and lower pH, and lactose. This
microbial multiplication most likely made it possible for the RCLM formulation to present
deeper proteolysis with the release of a greater number of essential free amino acids, by the end
of storage. This study may help to promote the beneficial use of the autochthonous strain L.
mucosae CNPCO007 in goat ricotta cream formulations, and result in functional food industry
products with better nutritional, bioactive, and technological characteristics.
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Figure captions

Figure 1. Flowchart of the processes for manufacturing goat ricotta cream containing or not
containing the probiotic bacterium Limosilactobacillus mucosae CNPCO007 or Lactobacillus
acidophilus La-5.

Figure 2. Electropherograms (SDS-PAGE) of goat ricotta cream formulations during 28 days
of refrigerated storage.

Figure 3. Viability of probiotic strains of L. mucosae CNPCO007 (A) e L. acidophilus La-5 (B)

in goat ricotta cream samples during 28 days of refrigerated storage.
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Table 1. Mean values + standard deviation for the technological parameters of goat ricotta

cream formulations stored for 28 days under refrigeration.

Parameters Time Formulations

(days) CRC RCLM RCLA
Yield (g/L) 1 5.31+0.077 5.37+0.11~ 5.74 +0.18~
Color L* 1 76.28 + 0.24B¢ 73.24 +0.03¢¢ 77.65 + 0.40%¢

14 89.57 + 0.06"2 87.34 + 0.308° 82.15 + 0.02¢°

28 81.13 +0.61¢° 88.81 +0.18%2 83.69 + 0.0782

a* 1 -1.59 + 0.01¢2 -1.05 + 0.0242 -1.45 + 0.01B2
14 -1.92 +0.03° -1.29 + 0.027° -1.54 + 0.208°
28 -1.91 + 0.08 -1.62 + 0.034¢ -1.75 + 0.03B¢
b* 1 6.44 + 0.028° 6.54 + 0.02A¢ 5.37 +0.01¢°

14 6.68 + 0.015B2 7.85 + 0.05%° 6.45 + 0.0982

28 6.83 +0.118 8.62 + 0.06”2 6.47 + 0.0652
Hardness 1 1.17 +£0.03% 1.22 +0.0352 1.66 +0.13"2

14 0.84 +0.088° 0.82 + 0.108° 1.44 +0.12%2

28 0.71 £ 0.05%° 0.79 £ 0.097° 0.72 + 0.067°
Adhesiveness 1 -885.59 + 9.014° -869.12 + 6.514° -1157.58 + 10.118¢

14 -467.01 £50.96”%  -473.17 + 34.44"2 -1034.32 + 18.41°

28 -419.31 + 16.70"%  -533.70 + 35.8452 -421.00 + 13.3272
Springiness 1 0.95 + 0.01%2 0.95 +0.0142 0.96 + 0.0142

14 0.95 + 0.0142 0.95 +0.0142 0.95 +0.0142

28 0.95 + 0.017@ 0.96 + 0.0142 0.96 + 0.0142
Cohesiveness 1 0.79 £ 0.01%2 0.83 +0.08%2 0.80 + 0.0142

14 0.79 £ 0.01%2 0.81 +0.0242 0.78 + 0.0242

28 0.79 £ 0.01%2 0.79 £ 0.1142 0.77 +0.0442
Chewiness 1 0.92 + 0.038 1.01 +0.03% 1.32 +0.10%

14 0.66 + 0.058° 0.66 + 0.098° 1.12 +0.08"2

28 0.56 + 0.05° 0.62 + 0.074° 0.55 + 0.044°
Gumminess 1 0.87 +0.038 0.96 + 0.03B2 1.27 £0.11%

14 0.62 + 0.058b 0.63 + 0.088° 1.08 + 0.09%2

28 0.53 +0.05%° 0.59 + 0.074° 0.53 +0.044°

Formulations: CRC — Control ricota cream; RCLM — Ricotta cream with Lactobacillus mucosae CNPC007; RCLA
— Ricotta cream with Lactobacillus acidophilus La-5.
A-C: different capital letters in the same row denote differences (p < 0.05) between the formulations in
the the same time during storage, according to the Tukey’s test.
a-c: diferente superscript letters in the same column denote diferences (p < 0.05) between the same
formulation in different times during storage, according to the Tukey’s test.
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Tabela 2. Mean values * standard deviation for the physical and physical-chemical parameters

of goat ricotta cream formulations stored for 28 days under refrigeration.

Parameters Time Formulations
(days) CRC RCLM RCLA
Aw 1 0.92 + 0.017 0.92 +0.01% 0.92 +0.01%
14 0.92 + 0.014 0.91 £ 0.014 0.92 +0.014
28 0.91 + 0.017 0.92 £ 0.014 0.92 +0.014
pH 1 6.80 + 0.044 6.71 +£0.017 6.15 + 0.42%
14 5.50 + 0.065° 5.24 +0.01°° 5.72 £ 0.06"
28 5.27 £ 0.03*¢ 5.02 £ 0.03¢¢ 5.19 + 0.01B>
Titratable acidity 1 0.26 £ 0.014° 0.32 £ 0.02*¢ 0.33 £0.014¢
(9/100 g) 14 0.34+£0.01° 0.94 +0.017 0.41 +0.01B°
28 0.38 +0.01¢® 1.24 +£0.02% 0.52 +0.01B
Moisture (g/100 g) 1 68.84 + 0.18%2 68.56 + 0.03@ 70.92 £ 0.05%°
14 68.75 + 0.547 69.06 + 0.40% 70.34 £ 0.297
28 68.86 + 0.5552 68.58 + 0.4082 71.80 + 0.05%
Ash (g/100 g) 1 1.59 + 0.05% 1.89 +0.01B2 2.03 £0.017
14 1.60 + 0.0252 1.66 + 0.065° 1.97 £ 0.014
28 1.63 +0.02¢ 1.77 £ 0.0282 2.00 + 0.05%2
Protein (g/100 g) 1 8.85 + 0.424 9.13 +0.074 7.72 +0.038
14 9.03 £ 0.04 8.59 + 0.26" 7.64 + 0.38B°
28 8.97 + 0.11A°% 8.35+0.438 10.44 + 0.49%
Lipid (g/100 g) 1 13.88 + 0.13< 15.90 + 0.134 15.08 + 0.1182
14 15.39 £ 0.13 14.94 + 0.14%¢ 15.18 + 0.52%2
28 14.53 +£0.13%® 17.12 + 0.09% 15.86 + 0.2382

Formulations: CRC — Control ricota cream; RCLM — Ricotta cream with Lactobacillus mucosae CNPC007; RCLA
— Ricotta cream with Lactobacillus acidophilus La-5.
A-C: different capital letters in the same row denote differences (p < 0.05) between the formulations in
the the same time during storage, according to the Tukey’s test.
a-c: diferente superscript letters in the same column denote diferences (p < 0.05) between the same
formulation in different times during storage, according to the Tukey’s test.
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Tabela 3. Mean values + standard deviation for lactose and organic acids of goat ricotta cream

formulations stored for 28 days under refrigeration.

Parameters Time Formulations
(days) CRC RCLM RCLA

Lactose 1 2.42 +0.43782 2.50 £ 0.14% 2.32+0.118
14 0.93 £0.107 0.83 £0.074 0.52 £0.117
28 0.79 £0.017 0.30 + 0.02¢¢ 0.48 £ 0.028°

Acetic acid 1 0.01 £ 0.007 0.02 + 0.00" 0.02 £ 0.014
14 0.05 £ 0.02" 0.01 £ 0.00% 0.02 £ 0.014
28 0.06 +0.0% 0.01 +£0.007 0.03+0.024

Citric acid 1 0.02 £ 0.00* 0.07 £ 0.00* 0.03 £ 0.00*
14 <LOD <LOD <LOD
28 <LOD <LOD <LOD

Lactic acid 1 0.47 + 0.00%° 0.15 +0.03%° 0.05 £ 0.02¢
14 0.93 +0.017° 0.92 £ 0.7 0.62 + 0.2182
28 1.44 £0.01% 0.61+0.178 1.30 £0.37%

Propionic acid 1 0.68 + 0.30" 0.74 £0.177 0.53 £ 0.024
14 0.21 + 0.00%2 0.37 £0.10%%® 0.13 £ 0.03%
28 0.53 £ 0.02" 0.13 £ 0.05%° 0.33+£0.174

Formulations: CRC — Control ricota cream; RCLM — Ricotta cream with Lactobacillus mucosae CNPC007; RCLA
— Ricotta cream with Lactobacillus acidophilus La-5.

A-C: different capital letters in the same row denote differences (p < 0.05) between the formulations in
the the same time during storage, according to the Tukey’s test.

a-c: diferente superscript letters in the same column denote diferences (p < 0.05) between the same
formulation in different times during storage, according to the Tukey’s test.
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Tabela 4. Mean values + standard deviation for soluble protein, EPI, and DPI of goat ricotta

cream formulations stored for 28 days under refrigeration.

Parameters Time Formulations

(days) CRC RCLM RCLA
Soluble protein 1 4.18 +0.01B 4.35 + 0.08" 2.82 +0.05°
(Hg/mg) 28 3.14 +0.01 3.91 +0.078° 4.21 +0.08%a
EPI (Extent of the 1 3.01+0.13% 1.98 +0.01¢° 2.31 +£0.02B¢
proteolysis index) 14 2.96 + 0.0182 2.11 +0.10°° 2.85 + 0.084

28 2.82 £ 0.04¢ 3.16 £ 0.0982 4.29 +0.02"
DPI (Depth of the 1 1.75 + 0.08%° 1.92 +0.018° 3.39 £ 0.03%°
proteolysis index) 14 1.96 + 0.0252 2.06 + 0.108° 3.52+0.017

28 2.02 £ 0.01B 5.24 +0.16" 5.32 £ 0.03%

Formulations: CRC — Control ricota cream; RCLM — Ricotta cream with Lactobacillus mucosae CNPC007; RCLA
— Ricotta cream with Lactobacillus acidophilus La-5.
A-C: different capital letters in the same row denote differences (p < 0.05) between the formulations in
the the same time during storage, according to the Tukey’s test.
a-c: diferente superscript letters in the same column denote diferences (p < 0.05) between the same
formulation in different times during storage, according to the Student’s t-test ou Tukey.
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Tabela 5. Mean values * standard deviation for free amino acids of goat ricotta cream

formulations stored for 28 days under refrigeration.

Amino&cidos Livres Tempo

Formulacdes

(dias) CRC RCLA RCLM
Ac. Aspartico 1 20.44 +0.174° 1.41 +0.2182 1.63 +0.0182
14 24.18 £ 0.837 0.54 +0.01¢ 1.19 £ 0.278°
28 18.72 + 0.384¢ 0.27 +0.08¢ 1.03 + 0.048°
Ac. Glutamico 1 11.19 + 0.0142 0.78 +0.11¢ 10.69 + 0.098¢
14 7.66 +0.70¢P 16.18 +0.95%2 11.97 + 0.058b
28 2.22 +0.08¢¢ 15.40 +0.15B2 18.35 + 0.4942
Serina 1 11.68 + 0.0142 3.34 +0.47% 4.67 +0.3082
14 7.74 £ 0.07A 2.63 + 0.508b 2.97 + 0.058b
28 6.91 + 0.044¢ 2.20 + 0.308° 2.09 +0.138¢
Glicina 1 10.52 + 0.5982 2.71 +0.16% 13.01 + 0.202
14 10.06 + 0.03B2 3.27 £ 0.63¢ 12.97 + 0.0442
28 3.26 + 0.01Bb 3.42 +0.2882 12.01 £ 0.014°
Histidina 1 31.35 + 0.4982 47.85 + 0.4972 <LOD
14 29.13 + 0.71BP 38.48 +0.224b <LOD
28 28.84 + 0.026BP 38.16 + 0.08”° <LOD
Arginina 1 1.97 +0.16% 16.44 + 0.08B2 17.34 + 0.83%¢
14 13.48 £ 0.74%b 16.78 + 0.4582 19.28 + 0.394°
28 15.42 + 0.118 15.14 + 0.208° 21.79 + 0.30"2
Treonina 1 11.10 + 0.1382 13.81 + 0.6442 6.39 + 0.04¢
14 10.15 + 0.068° 12.47 £ 0.31AP 4.81 +0.28¢
28 9.95 + 0.068° 12.26 +£ 0.21AP 4.88 +0.17¢
Alanina 1 5.96 + 0.2582 0.81 £ 0.01¢ 7.05 + 0.1942
14 2.40 + 0.06¢P 4.30 +0.1882 6.20 + 0.28A°
28 1.44 +0.01¢ 4.38 + 0.06%2 6.03 = 0.04AP
Prolina 1 8.81 + 0.0280 1.89 +0.13¢¢ 19.34 + 0.77A2
14 10.63 + 0.4652 6.55 + 0.08¢P 18.06 + 0.17AP
28 11.30 + 0.148 6.83 £ 0.07¢ 16.34 + 0.374¢
Tirosina 1 9.54 +(.11¢ 29.81 + 0.55% 0.75 + 0.19¢¢
14 8.37 £ 0.088b 29.93 +£ 0.59% 8.16 + 0.258b
28 7.72 £ 0.148¢ 31.67£3.177 10.70 + 0.22B2
Valina 1 4,12 +0.5742 1.53+0.118 3.50 £ 0.25A2
14 2.55 + (0.15AP 1.44 +0.1082 2.12 £ 0.17Ab
28 <LOD 0.59 + 0.028b 1.29 + 0.014¢
Metionina 1 4.04 + 0.98B2 7.15 + 0.0442 0.73 £ 0.19¢
14 0.16 + 0.05¢P 4.44 +0.3470 0.88 + 0.178
28 0.07 £ 0.018b 0.83 £ 0.174¢ 1.00 £ 0.13A2
Cistina 1 5.54 + 0.388B2 4.60 + 0.14% 10.37 + 0.0842
14 5.97 + 0.04B2 2.34 +0.08¢ 10.26 + 0.36”2
28 0.88 + 0.02¢0 2.11 +£0.178b 10.17 £ 0.23A2
Isoleucina 1 3.41 +£0.43% 1.13 +£0.39% <LOD
14 1.66 + 0.01AP 1.15+0.12A2 <LOD
28 0.89 +0.32AP 1.52 £ 0.12A2 <LOD
Leucina 1 7.40 £ 0.47A2 5.72 + 0.258 2.21 +0.28¢
14 0.72 £ 0.03¢ 3.76 £ 0.23AP 2.00 + 0.01Bs
28 0.12 + 0.018b 0.47 £ 0.074¢ 0.03 +0.04¢
Fenilalanina 1 6.59 + 0.1142 3.58 + 0.408 1.38 + 0.08¢
14 2.56 + 0.01¢P 4.12 + 0.54A72 3.06 + 0.088P
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28 1.87 £ 0.048° 4.49 +0.174 4.46 + 0.14"
Lisina 1 4.01 +£0.64% 10.80 + 0.20% 6.10 +£0.135
14 2.31+0.20%° 5.88 + 0.72A 6.22 +0.30"
28 1.01 £0.01¢ 6.58 + 0.197 4.90 + 0.148"

Formulations: CRC — Control ricota cream; RCLM — Ricotta cream with Lactobacillus mucosae CNPC007; RCLA
— Ricotta cream with Lactobacillus acidophilus La-5.

A-C: different capital letters in the same row denote differences (p < 0.05) between the formulations in
the the same time during storage, according to the Tukey’s test.

a-c: diferente superscript letters in the same column denote diferences (p < 0.05) between the same
formulation in different times during storage, according to the Student’s t-test ou Tukey.
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APENDICE E - ARTIGO 2

Impact of supplementation with probiotic strains of Limosilactobacillus mucosae
CNPCO007 and Lactobacillus acidophilus La-5 on the concentration of volatile compounds

and the sensory characteristics of goat ricotta cream during refrigerated storage

Running Title: Aromatic and sensorial characterization of goat ricotta cream supplemented

with probiotic strains of Lactobacillus spp.

Abstract

This study aimed to evaluate the effect of the indigenous strain Limosilactobacillus mucosae
CNPCO007, and commercial strain Lactobacillus acidophilus La-5 addition on volatile profile,
and sensory characteristics of goat ricotta cream during refrigerated storage (1, 7 and 14 days).
Three formulations of goat ricotta cream were elaborated, as follows: CRC — control ricotta
cream, without probiotic, RCLM — ricotta cream added of Limosilactobacillus mucosae
CNPCO007, RCLA - ricotta cream added of Lactobacillus acidophilus La-5. In addition to
volatile profile determination, the samples were submitted to sensory evaluation. A total of 17
volatile compounds were identified in the three ricotta cream formulations: 7 ketones, 2
aldehydes, 4 acids, 2 esters, 1 hydrocarbon, and 1 terpene. The global acceptance and purchase
intention were not influenced by probiotic strain presence. In ranking test, the formulations
added with probiotic strains (RCLA and RCLM) were more preferred than control (CRC). In
JAR test, regarding to goat aroma, RCLA and RCLM samples were considered ideal. The PCA
results corroborate the others results of sensory tests. The RCLA and RCLM showed lower goat
aroma, and a fermented and acid aroma most outstanding. The incorporation of probiotic strains
improved the volatile profile and sensory characteristics of goat ricotta cream.

Keywords: Cream cheeses, JAR, PAE, volatile profile, acceptance tests.

1. Introduction

Probiotics are defined as living microorganisms, which when ingested in adequate

amounts, are capable of conferring health benefits to the consumer (Hill et al., 2014). There are

many health benefits associated with the consumption of probiotics, such as: fighting poor

nutrient absorption and food intolerance side effects (Maske et al., 2021), diminished risk of



91

postoperative infection (Liu et al., 2022), auxiliary treatment of viral infections through
intestinal modulation (Sadiq, 2021), and blood glucose reduction in diabetic patients due to
glucose metabolism alteration (Wang et al., 2021), among others.

The diversity of probiotic dairy derivatives is increasing; an industry response to
consumer demand for healthy foods (Soares et al., 2019). Among dairy products, cheeses
(including cream cheeses) are good carriers of probiotic microorganisms. This characteristic is
associated with their high pH, and lipid contents, and low oxygen contents (Silva et al., 2022;
Soares et al., 2019). In particular, ricotta cream (obtained from the homogenization of ricotta
cheese with other ingredients), presents a smooth consistency, and can potentially serve as a
food matrix to carry probiotic bacteria for human consumption (Buriti et al., 2007). In fact, it
has been previously shown that goat ricotta cheese is a good carrier of probiotics, with good
counts of these microorganisms during cold storage, and the ability to protect probiotic bacteria
during in vitro digestion processing (Meira et al., 2015).

Lactobacillus (recently with altered taxonomy, Zheng et al., 2020) and Bifidobacterium
are genera frequently used as probiotics in food matrices and associated with favorable effects
on consumer health (Silva et al., 2022). The Bifidobacterium strains lactis BB12 and
Lactobacillus acidophilus La-5 are the commercially available strains most commonly used in
the fermentation of dairy products (Amiri et al., 2020), with effects already well documented
in the literature.

In a recent study, strains of Limosilactobacillus mucosae were isolated from samples of
goat's milk, and in vitro tests revealed their probiotic potential, especially Limosilactobacillus
mucosae CNPCO007 (Moraes et al., 2017). This raised interest in using the strain in development
of new goat industry dairy products (Dantas et al., 2022; Moraes et al., 2018; Morais et al.,
2022). It is noteworthy that the development of new formulations for goat dairy products is a

useful strategy towards greater diversification and acceptance of goat milk by consumers
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(Souza and Dias, 2017; Cais - Sokolinska and Walkowiak-Tomczak, 2021). Goat flavor and
aroma are known for their lower sensory acceptance as food (Fazilah et al., 2018).

Probiotic cultures often produce volatile compounds that can contribute to product
aroma, resulting in goat dairy products with minimized intensities of the typically unpleasant
aroma of these foods (Ranadheera et al., 2019). The sensory perception of consumers in relation
to dairy products is influenced by the aromatic profile of the product (Bezerra et al., 2017;
Bezerril et al., 2022). Addition of probiotic cultures can directly impact this profile to promote
sensory changes (Kavas et al., 2021). We therefore evaluated the effects (during storage) of
goat ricotta cream supplementation with Limosilactobacillus mucosae CNPCO007 and

Lactobacillus acidophilus La-5.

2. Material and Methods
2.1 Raw materials

Goat milk and butter used to produce goat ricotta cream were obtained from a
cooperative in Monteiro, Paraiba, Brazil. The goat milk and butter were previously pasteurized
(65°C/30 min) and stored under freezing (- 18 °C £ 1 °C)) until be used to whey obtention. The
commercial coagulating agent (0.9 mL L?) used to whey obtainment was HA-LA liquid
coagulante (microbial chemosin - Aspergillus niger var awamori), from Christian Hansen®
(Valinhos, Minas Gerais, Brazil) and Calcium chloride (CaCly) P.A, from FMaia® Ltda. (Cotia,
Séo Paulo, Brazil), both were commercialy acquired. The indigenous culture
Limosilactobacillus mucosae CNPC007 was obtained from the "Collection of Microorganisms
of Interest to the Food and Agroenergy Industry” of Embrapa Agroindustry Tropical (Fortaleza,
Ceard, Brazil), and was cultivated according to Moraes et al. (2017). The comercial probiotic

strain Lactobacillus acidophilus La-5 from Christian Hansen® was commercialy acquired.
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2.2 Preparation of the inoculum and obtaining goat's milk whey

The L. acidophilus La-5 and L. mucosae CNPCOQO07 strains (freeze dried) were weighed,
and we considered a concentration of 0.1%, equivalent to 0.05g of inoculum for each liter of
milk used in the preparation of the ricotta creams. The microorganisms were first separately
inoculated into goat milk powders (reconstituted with sterile water) (Caprilat® Nova Friburgo,
Rio de Janeiro, Brazil). These were then incubated at 37°C in aerobiosis, for approximately 22
h after inoculation (stationary phase), in a BOD incubator (Biochemical Oxygen Demand —
Marconi, MA415, Piracicaba/SP, Brazil). After this multiplication period (to obtain the final
inoculum), they were inoculated directly into the ricotta cream, together with the other
ingredients, before final homogenization. The cell counts of L. acidophilus La-5, and L.
mucosae CNPCO007 in the inoculum varied between 8.5 and 9 log colony forming units per
milliliter — CFU/ mL. The counts of L. acidophilus La-5, and L. mucosae CNPC007 were
confirmed by serially diluting the inoculum in peptone water at a concentration of 0.1 g/100
mL (Sigma-Aldrich, St. Louis, MA, USA). For this, 10 pL aliquots of the dilutions (10 *to 10
®) were seeded on MRS agar (Oxoid Ltd., Basigstoke, UK), for L. acidophilus La-5, and on
MRS agar (Oxoid Ltd., Basigstoke, UK) acidified to pH 5 (IDF, 1995), for L. mucosae
CNPCO007, using microdrop technique. The plates were then incubated at 37°C - respectively
for 72 and 48 hours, and in anaerobic and aerobic conditions for counting L. acidophilus La-5
and L. mucosae CNPCO007. The results were expressed in colony forming units per milliliter —

CFU/ mL.

2.3 Elaboration of goat ricotta cream formulations
After whey goat whey obtainment, the steps to formulate the goat ricotta cream were
followed as presented in Fig.1, according to methodology adapted from Meira et al. (2015)

and Fritzen-Freire et al. (2013).
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The inoculum containing the probiotic strains was added during the final step of mixing
the ingredients. The formulations were packed in glass containers with lids, properly sanitized,
and stored under refrigeration (4 + 0.5°C) for 28 days. Characterizations were performed in

triplicate at 1, 14, and 28 days of cold storage.

2.4 Profile of volatile compounds

Volatile compounds from the goat ricotta cream formulations were extracted using the
HS-SPME technique (Bezerra et al.,, 2017). The fiber used was 50/30 pum
Divinylbenzene/Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) (Supelco, Bellafonte,
Pennsylvania, USA), and was packaged according to the manufacturer's instructions prior to
extraction. First, 20 g of cheese was transferred to a 100 mL flat-bottomed headspace flask,
with a PTFE/silicone septa magnetic seal and cap. The volatile compounds were then extracted
by placing the flask in a water bath at 40°C with internal magnetic stirring. The sample reached
equilibrium in 20 minutes and was then exposed to the fiber for 40 minutes. A 7890B gas
chromatograph (GC), coupled to an Agilent® Technologies 5977B mass spectrometer (Little
Falls, DE, USA), and a VF-5MS column (30 m x 0.25 mm x 0.25 um) was used to separate
and identify the volatiles collected by SPME.

The GC inlet temperature was set to 240°C; the helium carrying gas flow rate was 1.2
mL /min. The initial oven temperature was 40°C, which was maintained for 1 min, followed by
rising temperature steps of 2°C/min until reaching 220°C, and remaining so for 30 min. The
mass spectrometer was operated in electronic impact mode at 70 eV. The GC transfer line, ion
source, and quadrupole analyzer temperatures were respectively set to 250, 230, and 150°C, the
mass range of 25-500 m/z was recorded in full scan mode. Data were acquired and analyzed
using the Mass Hunter (Agilent) software program. The linear retention index (LRI) of each

compound was calculated using the retention times of a homologous series of C6-C25 n-
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alkanes. The volatile components were identified by comparing their mass spectra and LRI

values with the NIST 2014 computer database (Version 2.2 2014).

2.5 Sensory analysis

The research was approved by the Research Ethics Committee of the Health Sciences
Center of the Federal University of Paraiba, under protocol No. 3,853,726; which is recognized
by the National Research Ethics Commission (CONEP).

The ricotta cream formulations were subjected to JAR (Just about right) or Ideal
Scaling, sensory acceptance tests, and purchase intent and ordering-preference tests at 7 days
of cold storage (Faria; Yotsuyanagi, 2002; Nguyen; Wismer, 2019). The PAE (Preferred
Attribute Elicitation), a descriptive sensory test method which uses untrained consumers as
judges (Silva et al., 2021); was performed with the formulations at 1, 7, and 14 days of
refrigerated storage.

Untrained persons (60) participated in the study, using the JAR tests, sensory
acceptance, purchase intention, and preference ordering, these "tasters™ were selected based on
their habits and interest in consuming goat dairy products, made up of both males and females,
whose ages ranged from 18 to 45 years of age, who did not have any health problems involving
allergy to milk protein and/or lactose intolerance, or physical disability that might compromise
sensory evaluation of the products, or specifically related to one of the three human senses:
smell, taste, and vision. For the PAE methodology, the consumer panel was composed of 5
women and 2 men, between 30 and 45 years of age, being selected according to their habit of
consuming goat cheese.

The JAR (Just about right) test, or Ideal Scale were performed to measure the ideal

amount of a certain component that should be present in this dairy product. Consumers
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evaluated the samples by recording their responses on specific scales (Ideal Scale), identifying
how ideal such a sample was in relation to a given attribute under study (Vickers, 1988).

Sensory acceptance tests were also carried out, in which the appearance, color, aroma,
flavor, texture, and global acceptance were analyzed. The tasters assigned values to the samples,
in a structured hedonistic scale with nine points (1 = disliked very much; 5 = neither liked nor
disliked; 9 = liked very much). The forms intended for this test contained fields that allowed
the panelists to write down descriptions they considered important. Formulations were
considered accepted when they obtained a mean > 5.0 (equivalent to the hedonic term “I
moderately liked it”).

At the same time, purchase intention was also evaluated. For this, a structured hedonic
scale with five points was used (1 = would never buy; 3 = maybe would buy/maybe not buy; 5
= would buy). The relative preference among the cheese samples was conducted according to
an ordering design in randomized blocks of 60 untrained tasters, using a preference test, with
scores ranging from 1 (“most preferred sample”) to 5 (“least preferred sample”).

The PAE methodology was conducted according to Grygorczyk et al. (2013) and
Bezerril et al. (2022). This test was performed in analysis cabins and a room (for discussion),
in three PAE sessions, where each taster received 25 g of each sample at 5°C in a plastic

container.

2.6 Statistical analysis

The experiment was completely randomized and repeated three times. The
determination of the volatile profile was carried out in triplicate and the results were submitted
to the Student 's t test (between storage times) and analysis of variance (ANOVA) followed by

Tukey 's mean comparison test (between formulations) and considering p < 0.05. The sensory
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acceptance and purchase intention test results were expressed as mean and standard deviation.
Analysis of variance (ANOVA) was applied followed by Tukey 's test of means comparison
(between the formulations) considering p < 0.05. To calculate the data, the Sigma Stat 3.5
software package was used (Jandel Scientific Software, San Jose, California) (SIGMASTAT,
2006).

The data obtained in the Ideal Scale affective test were evaluated by penalty analysis.
This type of analysis is used to show "penalties” (average drops in overall taste) for each non-
JAR attribute in each sample. Non-JAR attributes with statistically significant penalties are
highlighted with an “*” in the penalty analysis graphs (Nguyen; Wismer, 2019). The results of
the ordering-preference sensory tests were analyzed according to the Friedman test, using the
Newell Mac Farlane Table (Faria and Yotsuyanagi, 2002).

Sensory data obtained by the PAE method were treated using principal component
analysis (PCA), where the objective was to evaluate the correlation matrix of the evaluators'
perception in relation to a specific characteristics of the ricotta cream samples, this at 1, 7, and
14 days of cold storage. The samples were evaluated in relation to aroma (fermented, goat,
normal, and dairy) and flavor (acid, salty, goaty, and normal) characteristics. Statistical analyses
were performed using GraphPad Prism 9.0 software (GraphPad Software Inc., San Diego, CA,

USA).

3. Results and discussion

3.1 Profile of volatile compounds

A total of 17 volatile compounds were identified in the three ricotta cream formulations
at 14 days: 7 ketones, 2 aldehydes, 4 acids, 2 esters, 1 hydrocarbon, and 1 terpene (Table 1).

Interestingly, only the ricotta cream supplemented with the autochthonous strain L. mucosae
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CNPCO007 (RCLM) presented 2,3-butanedione (at both storage times) and did not present ethyl-
decanoate in any detectable amount. Variations in the amounts of volatile compounds at 14
days of storage were also highlighted in the RCLM formulation, with a reduction in the
concentration of 2-pentanone, nonanal, 1-decyne, and caryophyllene; and increases in 2,3-

butanedione, acetic, and octanoic acid (p < 0.05).

When compared to other studies that also evaluated the aromatic profile of goat cheeses
stored for periods of 28 to 60 days (Bezerraetal., 2017; Jiaetal., 2021), few volatile compounds
were identified. The microorganisms present in cheese are essential to formation of volatile
compounds, which are nothing more than metabolites resulting from the microbial enzymatic
breakdown of molecules such as proteins, lactose, lipids, lactate, and citrate, (by different
mechanisms) (Kavas et al., 2021). These reactions continue to occur during the cheese
maturation and storage period (Ramirez-Lopez and Velez-Ruiz, 2018), and therefore, matured
cheeses or those stored for long periods tend to present a greater variety of volatile compounds.
This explains the lower number of compounds identified in the present study as compared to
other studies, considering that fresh cheese (without maturation) stored for a short period of

time (up to 14 days) was evaluated.

From the ketone group, the compounds 2-nonanone (58.64 to 83.85 AU x 10 ¥, 2-
heptanone (38.25 to 47.00 AU x 10 %, and 2-pentanone (1.50 to 7.40 AU x 10  appeared in
higher amounts in goat ricotta cream formulations. The compound 2-heptanone contributes to
the herbaceous aroma of some cheeses (Bezerra et al., 2016). In yogurts and fermented milks,
2-nonanone together with 2-heptanone are cited as responsible for fresh creamy aromas (Dan
etal., 2017; Jiaet al., 2022), which may justify their presence in fresh un-ripened cheeses, such
as those studied in this research. The pyruvate derivative 2,3-butanedione appeared only in the

RCLM sample and showed a significant increase during storage. 2,3-butanedione comes from
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the fermentative metabolism of glucose and citrate (Dan et al., 2017), and is associated with
butter flavor (Ranadheera et al., 2019).

Two compounds were identified from the aldehyde group, benzaldehyde (2.40 to 3.39
AU x 10 ®), and nonanal (0.30 to 2.97 AU x 10 °). In most of the formulations these remained
constant during storage (p > 0.05), except nonanal in the RCLM formulations which after 14
days of storage presented a reduction (p < 0.05). Aldehydes are of great importance for the
aroma and flavor of foods (Dabaj et al., 2020). During maturation, there is a general tendency
for reduction in the amounts of aldehyde compounds, since they are converted into acids or
alcohols (Bezerra et al., 2016). This was not observed for all the formulations studied, likely
due to the cheese being fresh (un-ripened) with short storage times, insufficient for complete
conversion of aldehydes into their metabolite derivatives, such as acids and alcohols.

In total, four acid compounds were identified, though in these goat ricotta cream
formulations, octanoic acid (14.73 to 33.79 AU x 10 °), decanoic acid (8.39 to 19.95 AU x 10
%), and acetic acid (2.69 to 12.42 AU x 10 °) were found in greater quantities (p < 0.05). In our
study, we observed that at 14 days of cold storage, there was an increase in octanoic acid (from
16.78 t0 33.79 AU x 10 °) in the RCLM formulation alone (p < 0.05). The characteristic aroma
of goat cheese is attributed to octanoic acid. In general, due to lipolysis during
maturation/storage, there is a tendency to increase acid concentrations, including octanoic acid
(Bontinis et al., 2012). Hexanoic acid is associated with the typical goat milk aroma, and the
sickening, sweet, and rancid cheese-like aroma (Ranadheera et al., 2019). The reduced hexanoic
acid concentrations found in our study, as compared to the other acids detected, are essential
for reduced goat aroma.

Acetic acid can result from the catabolism of lactose, citrate, and amino acids, or from
propionic fermentation (Faccia et al., 2018), during maturation and storage. In our study, we

noted that after 14 days of storage, the formulations containing the probiotic microorganisms
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presented higher concentration of acetic acid (p < 0.05), this can be explained by the higher
catabolism of acetic acid precursors by these bacteria, as well as via propionic fermentation
also performed by these microorganisms. Only 2 esters were identified, ethyl octanoate (1.16
to 1.53 AU x 10 °) and ethyl decanoate (1.47 to 2.17 AU x 10 °). Esters contribute floral and
fruity notes to dairy products (Dabaj et al., 2020). This group of compounds is characterized by
volatility at room temperature and is responsible for fruity and fermented aromas, which can
mask unwanted odors, such as those characteristic of lipolysis (Evert-Arriagada et al., 2013).
This feature may be interesting in goat dairy products, since it would minimize the perception
of the characteristic and more distinct goat odors, attributable to the presence of medium-chain
fatty acids, such as capric, caprylic, and caproic acid (Costa et al., 2017).

From the hydrocarbon group, only 1-decyne was detected in all formulations, at 14 days
of refrigerated storage, the concentration had increased in RCLA (from 1.79 to 2.95 AU x 10°),
and decreased in RCLM (from 3.34 to 0.74 AU x 10 °) (p < 0.05). Due to high detection
thresholds, this group of compounds normally has little influence on aroma. Still, they act as
precursors for other volatile compounds (Bezerra et al., 2017). Terpene derivatives come from
vegetables in the animal's diet and are transferred to the milk (Bezerril et al., 2022). The only
compound identified which belonged to this group was caryophyllene, present only in the
probiotic supplemented samples.

It was also observed that the addition of probiotic bacteria contributed to increases in
the amounts of certain compounds which can have a positive influence on aroma and flavor.
For example, in the presence of L. mucosae (RCLM) there was an increase in the amount of
2,3-butanedione and octanoic acid, which are responsible for the characteristic odor of

fermented milk, and have a positive impact on dairy product flavor (Dan et al., 2017).

3.2 Sensory analysis
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For the sensory attributes, evaluated using a 9-point hedonic scale, all formulations were
well accepted (Table 2), the scores were higher than 5, which corresponds to the hedonic term
“neither liked/neither disliked”. The goat ricotta cream formulations presented no significant
differences (p > 0.05) in sensory terms for appearance, color, consistency, aroma, global
acceptance, or purchase intent. For flavor, the RCLA formulation presented a lower score than
the CRC formulation (p <0.05), while the RCLM sample did not differ significantly from either
(p > 0.05). Even so, the hedonic term for RCLA flavor acceptance ranged from “liked
moderately” to “liked very much”. It is thus possible to affirm that supplementation with
probiotic strains did not interfere negatively in sensorial acceptance or purchase intentions for
the goat ricotta cream formulations.

According to the general preference ranking test, the RCLA and RCLM samples were
equally preferred (p > 0.05), significantly differing from the CRC sample, which was the least
preferred (p <0.05).

Regarding JAR parsing (Just About Right) or Ideal Scaling, any attribute that 70% or
more of the respondents consider ideal exerts a strong influence on global acceptance.
According to the data presented in Figure 2, the attributes of color, consistency, and texture
presented the greatest impact on the global impression for goat ricotta cream formulations.
Regarding saltiness, the RCLM formulation was considered by 71.7% of the tasters as ideal,
followed by the CRC formulation with 65% and RCLA, considered by 31.7% to be above ideal
for salty taste. The data corroborate the results for sensory acceptance of flavor, whose score
for this formulation was lower than the score attributed to CRC (p < 0.05).

Using the ideal scale for the goat flavor attributes, no formulation presented a negative
impact for sensory evaluations. In relation to goat aroma, the RCLA and RCLM formulations
were identified as ideal. However, we noted that there was no statistical difference (p > 0.05)

for aroma when the formulations were evaluated in sensory acceptance testing (Table 2).
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In the PAE method, 4 aroma attributes (fermented, goat, typical, and dairy) and 4 flavor
attributes (acid, salty, goat, and typical) were defined and considered important for consumers.
The correlation between aroma and flavor attributes in the evaluators' perceptions was analyzed
at 1, 7, and 14 days of cold storage, and is presented in Figure 3, which is the PCA map. The
data variation is 99.90% explained by PC1, and 0.07% by PC2. This result is essential, as
untrained consumers were used as evaluators in the PAE methodology.

In accordance with the PCA map, the RCLA and RCLM samples were identified by the
evaluators, principally at 7 and 14 days of storage, as the samples with the most outstanding
acidic and fermented aromas and characteristic product flavor. These results corroborate those
found in the volatiles profiling, where it was observed that the samples supplemented with
probiotic microorganisms presented higher acid concentrations, especially at the end of the
storage period (14 days). The Control Ricotta Cream (CRC) formulations, at different storage
times (1, 7, and 14 days), were those most associated with goat flavor and aroma. This result is
important; since it appears that the probiotic strain supplementations minimized perceptions of
these common attributes.

Still, as illustrated in Figure 3, the CRC and RCLM samples, from days 7 to 14, were
identified with salty tastes. However, perception of a more salty taste in these formulations did
not negatively impact the sensory evaluations. According to the JAR results presented in Figure
2, the RCLM and CRC formulations were considered as ideal in terms of saltiness by a great

percentage of evaluators.

4 Conclusions

This is the first study evaluating the effects of Limosilactobacillus mucosae CNPCO007
supplementation on volatilomic profile and sensory parameters of goat ricotta cream during a

14 day cold storage period. In the volatilomic profile, the presence of L. mucosae CNPCO007
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influenced the concentration of compounds responsible for characteristic flavors in fermented
dairy products. As to the sensory analyses, the presence of the microorganisms did not affect
the overall acceptance or purchase intention of the products. In the preference ranking tests, the
formulations RCLA and RCLM were preferred more than the CRC formulation. In the JAR
test, the RCLA and RCLM formulations were identified as ideal in terms of goat aroma. These
results were reinforced by principal component analysis, from which it was seen that the RCLA
and RCLM formulations presented less goat aroma, with acidic fermentation aromas as the

most outstanding flavor characteristic of the product.
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Figure Captions

Figure 1. Flowchart of the processes for manufacturing goat ricotta cream containing or not
containing the probiotic bacterium Limosilactobacillus mucosae CNPC 007 or Lactobacillus

acidophilus La-5.

Figure 2. Comparation of JAR results for different attributes between the goat ricotta cream

formulations.

Figura 3. Principal component analysis (PCA) of correlation between evaluators' perception of
some specific characteristics of goat ricotta cream formulations (n=3) during times 1, 7 and 14
days of refrigerated storage.

Formulations: CRC — Control ricotta cream; RCLA — Ricotta cream with the addition of
Lactobacillus acidophilus LA-5; RCLM - Ricotta cream with the addition of

Limosilactobacillus mucosae CNPCO007.
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Table 1. Volatile profile (AU x 10° of goat ricotta cream formulations stored under

refrigeration for 14 days.

Class Compounds IR IR Storage CRC RCLA RCLM
Lit (Days)
Cetone 2,3-Butanedione 595 <800 1 nd nd 7.00 +0.48°
14 nd nd 26.50 £3.602
Cetone 2-Pentanone 655 <800 1 5.92 +2.3042 7.40 £0.0742 5.90 £0.2742
14 4.60 +2.507Ba 7.20 +0.86A2 1.50 +0.5380
Cetone 2-Octanone 990 994 1 0.68 +0.06A2 0.67 +£0.03Aa 0.80 +0.11Aa
14 0.91 +0.41Aa 1.10 +0.18%a 0.67 +£0.14Aa
Cetone 8-Nonen-2-one 1085 1085 1 0.46 +0.09A2 0.54 +0.08AP 0.69 +0.1642
14 0.76 +0.3542 0.92 +0.1042 0.72 £0.0742
Cetone 2-Nonanone 1092 1094 1 59.30 +2.4842 70.13 £9.4742 83.85 +16.662
14 65.04 £18.1942 70.88 +8.4242 58.64 +3.1842
Cetone 2-Undecanone 1294 1295 1 1.86 +0.0552 2.34 +0.10780 2.60 +0.40A2
14 2.63 +0.88A2 3.18 +0.1042 2.16 +0.18Aa
Cetone 2-Heptanone 891 890 1 41.70 £1.4072 41.42 +4.6172 47.00 £6.43A2
14 42.30 +6.84 A2 45.48 +8.26"2 38.25 +2.04A2
Aldehyde Benzaldehyde 962 962 1 2.52 +0.30A2 2.87 +0.3342 2.99 +0.32Aa
14 2.50 +0.6142 3.39 £1.124a 2.40 +0.48A2
Aldehyde Nonanal 1104 1105 1 2.36 +0.0642 2.39 £0.214a 2.73 £0.3042
14 2.97 £0.9742 2.53 #0.5042 0.30 +0.058°
Acid Acid acetic 660 <800 1 4.26 +0.9042 5.64 +0.4042 3.90 +0.74Ab
14 2.69 +1.6082 9.68 4,254 12.42 +0.48A2
Acid Hexanoic acid 1001 1003 1 3.33 +0.65A2 2.10 +0.3542 3.09 +1.0342
14 2.29 +1.05A2 2.95 +1.41Aa 1.64 +0.73Aa
Acid Octanoic acid 1192 1191 1 14.73 +1.36"2 22.34 +3.55A2 16.78 +4.12Ab
14 18.74 +6.55Ba 22.57 +2.0988 33.79 +2.51Aa
Acid Decanoic acid 1373 1376 1 8.39 +1.43Aa 15.35 +1.34A2 13.84 +5.62Ab
14 12.01 +5.99Aa 15.04 +0.91A2 19.95 +2.78A2
Ester Ethyl octanoate 1196 1199 1 1.17 +0.0642 1.44 +0.32A2 1.52 +0.24A2
14 1.53 +0.494a 1.56 +0.194a 1.16 +0.68A2
Ester Ethyl decanoate 1396 1397 1 1.47 +£0.0452 1.88 +0.18A2 Nd
14 1.81 +0.86%2 2.17 £0.0342 Nd
Hydrocarbon  1-Decyne - 1027 1 1.40 +£0.1252 1.79 +0.5380 3.34 +0.182
14 2.57 +1.84A2 2.95 +0.4942 0.74 £ 0.27/0
Terpene Caryophyllene 1419 1423 1 nd 1.06 +0.054° 1.17 £0.07 A2
14 nd 1.37 +0.13A2 0.80 +0.13Bb

A-CMean + standard deviation with different capital letters on the same line differed by the Student’s t-test or

Tukey's test (p < 0.05) between formulations (n=9).

&b Mean + standard deviation with different lowercase letters in the same column differed by Student’s t-test

(p <0.05) over storage time (n=9).

Formulations: CRC — Control ricotta cream; RCLA — Ricotta cream with the addition of Lactobacillus acidophilus
LA-5; RCLM — Ricotta cream with the addition of Limosilactobacillus mucosae CNPCO00Q7.

IR Lit: Literature retention index.

IR: Calculated retention index.
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Table 2. Sensory acceptance of goat ricotta cream formulations at day 7 of refrigerated storage.

Sensory attributes

Goat ricotta cream formulations

CRC RCLA RCLM
Appearance 8.30 +0.56" 8.37 +0.69* 8.53 +0.60*
Color 8.55 +0.544 8.48 +0.60" 8.48 +0.524
Texture 8.40 +0.76" 8.05 +0.96" 8.17 +0.69”
Aroma 8.30 +0.93* 8.06 +0.76" 8.01 +0.67A
Taste 8.38 +0.88" 7.85+1.188 8.22 +0.80"8
Global acceptance 8.30 +0.65" 7.98 £0.94* 8.08 +0.65"
Purchase intention 4.45 +0.68" 4.28 +0.70" 4.35 +0.66"

Results are expressed as average (n = 180 panelists) + standard deviation.

A-B Mean + standard deviation with different capital letters on the same line differed by the Tukey's test (p < 0.05)

between formulations.

Formulations: CRC — Control ricotta cream; RCLA — Ricotta cream with the addition of Lactobacillus

acidophilus LA-5; RCLM — Ricotta cream with the add
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