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RESUMO

O soro lacteo apresenta importante aspecto nutricional, ambiental e econOmico para as
industrias de laticinios. O aumento de sua utilizagdo ¢ também associado a incorporagao de
novas tecnologias envolvendo o seu processamento. Dentre elas tem-se a crioconcentragdo em
blocos que apresenta como vantagem manter a qualidade nutricional dos alimentos através da
recuperagdo de um soluto por meio da separagdo de cristais de gelo. Esta técnica possui
aplicagdes bastante promissoras em relagdo ao valor nutritivo de seu concentrado quando
comparada a outros processos tradicionais de concentragdo, os quais utilizam temperaturas
maiores do que a de congelamento. Desta forma, este trabalho teve como objetivo avaliar a
técnica de crioconcentragdo em blocos do soro lacteo, visando a escolha do melhor concentrado
para substituir diferentes proporcdes de leite (0, 25, 50, 75 e 100%) na elaboracdo de gelados
comestiveis, sendo estes avaliados quanto as suas propriedades fisicas, quimicas, reoldgicas e
microestruturais. Além disso, um gelado comestivel de soro lacteo concentrado e outro a base
de leite foram elaborados, ambos adicionados de microrganismo probiotico (Bifidobacterium
BB-12), a fim de comparar o efeito protetor da Bifidobacterium BB-12 quando exposta as
condi¢cdes gastrointestinais in vitro. Na primeira parte deste estudo, foi possivel obter um soro
lacteo concentrado com trés vezes mais solidos totais, este proveniente do segundo estagio da
crioconcentragdo, o qual foi escolhido para a elaboragdo dos gelados comestiveis devido ao
maior (P <0,05) fator de concentracdo. Os resultados mostraram aumento nos solidos totais e
na acidez bem como a diminui¢do do pH. Os valores de overrun variaram de 27 a 44%, sendo
considerado aceitavel. No teste de derretimento, os gelados comestiveis com soro concentrado
mantiveram sua forma original por mais tempo. O soro concentrado utilizado nao interferiu nos
parametros: tamanho dos cristais de gelo, globulos de gordura e diametro das bolhas de ar. Os
gelados comestiveis com leite apresentaram maior luminosidade e exibiram uma coloragdo
amarelo esverdeada. Os modelos da Lei da Poténcia e Casson descreveram bem o fluxo dos
gelados comestiveis, que se comportaram de forma similar a fluidos newtonianos. A adi¢do do
soro lacteo concentrado contribuiu no aumento da viscosidade, bem como no indice de
consisténcia e na area de histerese. O alto teor dos solidos totais conferiu uma textura suave e
cremosa ao produto. Os resultados destacam a aplicagdo do soro lacteo concentrado em um
nivel de 50% de substituigdo do leite. Apos as condigdes gastrointestinais simuladas, foi
possivel verificar que ambos os gelados comestiveis mostraram contagens de células viaveis de
bifidobactérias acima da quantidade recomendada para ser considerado como um produto
probidtico (> 8 log UFC/g). Observou-se que o gelado com soro lacteo concentrado ofereceu
um melhor efeito protetor para as bactérias probioticas, destacando-se pela recuperagao das
bactérias probioticas lesionadas nas etapas mais adversas do trato gastrointestinal (eso6fago-
estbmago e duodeno), uma vez que demonstrou taxas de sobrevivéncia maiores que 90%,
permitindo assim uma maior concentracao de microrganismos probiodticos no colon.

Palavras-chave: Soro concentrado. Crioconcentragdo. Propriedades fisicas. Gelado comestivel
probiotico. Simulagdo gastrointestinal.



ABSTRACT

Whey has an important nutritional, environmental and economic aspect for dairy
industries. Its increasing use is also associated with the incorporation of new technologies
involving its processing. Among them, there is the block freeze concentration, which has the
advantage of maintaining the nutritional quality of the food by the recovery of a solute through
the separation of ice crystals. This technique has very promising applications concerning the
nutritional value of its concentrate when compared to other traditional concentration processes,
which use higher temperatures than that of freezing. Thus, the objective of this work was to
evaluate the use of block freeze concentration technique in whey, choosing the best concentrate
to substitute different proportions of milk (0, 25, 50, 75 and 100%) in the production of ice
cream, which was evaluated regarding its physical, chemical, rheological and microstructural
properties. Two ice creams, one made from concentrated whey and a milk-based one were
elaborated and both were added with a probiotic microorganism (Bifidobacterium BB-12),
aiming to compare the protective effect of Bifidobacterium BB-12 when exposed to in vitro
gastrointestinal conditions. In the first part of this study, it was possible to obtain a concentrated
whey with three times more total solids, provenient from the second stage of freeze
concentration, which was chosen for the ice creams preparation due to the higher (P <0.05)
concentration factor. The results showed an increase in total solids and acidity as well as a
decrease in pH. The overrun values ranged from 27 to 44%, which were considered acceptable.
In the melting test, ice cream with concentrated whey maintained its original shape for a longer
time. The concentrated whey used did not interfere in the parameters: ice crystals size, fat
globules and air bubbles diameter. The milk-based ice creams showed greater luminosity and
exhibited a greenish yellow color. The Power Law and Casson models well described the flow
of ice cream, which behaved similarly to Newtonian fluids. The addition of concentrated whey
contributed to the increase in viscosity, as well to the consistency index and hysteresis area.
The high content of total solids gave the product a smooth and creamy texture. The results
highlight the application of concentrated whey at a 50% level of milk substitution. After the
simulated gastrointestinal conditions, it was possible to verify that both ice creams showed
viable cell counts of bifidobacteria above the recommended amount to be considered as a
probiotic product (> 8 log CFU/g). It was observed that the ice cream with concentrated whey
offered a better protective effect for the probiotic bacteria, enhancing the recovery of the injured
probiotic bacteria in the most adverse stages of the gastrointestinal tract (esophagus-stomach
and duodenum), since it was demonstrated survival rates greater than 90%, allowing a greater
concentration of probiotic microorganisms in the colon.

Keywords: Concentrated whey. Freeze concentration. Physical properties. Probiotic ice cream.

Gastrointestinal simulation.
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INTRODUCAO

Segundo a Agéncia Nacional de Vigilancia Sanitaria, os gelados comestiveis sdo
classificados como produtos alimenticios obtido a partir de uma emulsdo de gordura e proteinas,
com uma mistura pasteurizada e homogeneizada de leite com a adigdo de outros ingredientes,
como o soro lacteo, dgua, aclcares e outros ingredientes que tenham sido submetidos ao
congelamento, em condigdes que garantam a conservacao do produto. O gelado comestivel ¢
uma fonte rica em macroelementos e € caracterizado por sua alta digestibilidade. Possui textura
macia e sabor doce, este produto € aceito por todas as faixas etarias dos consumidores (CRUZ
et al., 2009). Nos ultimos anos, houve um aumento consideravel de sua produgdo e consumo,
atrelado a isto, alternativas para incrementar ¢ melhorar a oferta desse produto estdo sendo
estudadas. Na fabrica¢do do gelado comestivel, destaca a incorporacao de solidos do soro lacteo
como substituto do leite, possibilitando uma melhoria em suas propriedades funcionais e
nutricionais, auxiliando na viscosidade, emulsificacdo ¢ estabilidade, além de reduzir o custo
do produto (DANESH; GOUDARZI; JOOYANDEH, 2017; SILVA; BOLINE, 2006).

No processo de fabricagdo do queijo as enzimas especificas modificam a proteina do
leite, que separam as fracOes de caseina e proteina do soro. Essa separacdo, ocorre mediante a
precipitacdo acida ou a coagulacdo, ou seja, separacdo do leite em coagulos (gorduras,
proteinas, solidos do leite) e soro (REMON; GARCIA; ARAUZO, 2016). O soro resultante é
considerado um produto secundério rico em agua, proteinas, lactose e minerais, possui um
potencial consideravel de utilizagdo em outros processos, ja que tem alta funcionalidade e
importante valor nutricional. O soro lacteo se descartado, precisa passar por um processo de
tratamento de efluentes pelas industrias do setor lacteo (GIRALDO et al., 2017). Para reduzir
o custo desse processo, muitas dessas empresas optam por transformar o que seria um problema
numa solucao viavel e rentdvel, objetivando gerar impactos econdomicos € ambientais positivos.
Desta forma, € necessario o gerenciamento adequado deste produto secundario, principalmente
através do estudo de suas propriedades tecnologicas, a fim de torna-lo adequado nas aplicagdes
especificas (MASOTTI et al., 2017). A concentracdo do soro lacteo foi investigada por
(CHABAROV:; AIDER, 2014; AIDER; HALLEUX; MELNIKOVA, 2009; SANCHEZ et al.,
2011; CANELLA et al., 2018), como uma alternativa tecnoldgica para o uso desse produto
secundario da industria de laticinios. Dentre os métodos tradicionalmente utilizados para

concentrar o soro lacteo, a crioconcentracdo em blocos ¢ o método mais promissor. A
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combina¢do do soro lacteo crioconcentrado e o gelado comestivel pode ser um veiculo
promissor para a protecao dos microrganismos probidticos.

Ingredientes funcionais podem ser adicionados aos alimentos, com a finalidade de
melhorar sua qualidade, proporcionar beneficios a satide ou garantir as caracteristicas desejadas
da estrutura do produto (ZUIDAM; VELIKOV, 2018). Probidticos sao microrganismos vivos
que trazem beneficios a saude do hospedeiro quando administrados em quantidade adequada
(HILL et al., 2014) e, logo, pertencem a uma area de grande interesse cientifico. Ao longo de
varios estudos, tem-se verificado que as matrizes lacteas sao os alimentos com maior
potencialidade para aplicagdo de microrganismos probioticos. Embora, o leite fermentado seja
o alimento com maior aplicacdo industrial de bacteria probiotica, os gelados comestiveis se
apresentam como veiculo de sucesso para adi¢do dessas bacterias ao ser humano. Seu pH ¢
basico e maior do que o do leite fermentado, além disso, possui alta concentragao de substancias
solidas o que torna o gelado comestivel um alimento apropriado para o desenvolvimento e a
sobrevivéncia de bactérias probidticas (DE FARIAS e al., 2019). A adicdo de novos
ingredientes ao gelado comestivel o torna um alimento ainda mais atrativo e com potencial para
promover a satde através de mecanismos nao previstos na nutricdo convencional.

Apesar dos relatos de aplicacao dos probidticos em gelados comestiveis apresentarem
resultados promissores para a sobrevivéncia do probidtico durante o processamento,
armazenamento e passagem pelo trato gastrointestinal (Pankiewicz, et al., 2019; Kalicka et al.,
2019; de Farias ef al., 2019), ndo ha estudos avaliando o gelado comestivel elaborado de soro
lacteo concentrado pela crioconcentragdo, como uma matriz protetora de Bifidobacterium BB-
12. Além disso, o uso do soro lacteo combinado com o processo de crioconcentracao em blocos
como ingrediente de substituicdo do leite na fabricagdo do gelado comestivel, sua
caracterizagao fisica, quimica, assim como, suas propriedades reoldgicas e microestruturais nao
foram relatadas na literatura, sendo esta uma abordagem inovadora.

Esta dissertacdo ¢ apresentada em capitulos, sendo o primeiro referente a revisao
bibliografica e os demais referentes aos resultados experimentais obtidos, os quais estdo
expostos na forma de artigos cientificos.

No Capitulo 1, de revisao bibliografica, sao abordados os principais temas envolvidos
no trabalho. Soro lacteo; gelado comestivel; probidtico; crioconcentragao e propriedades fisicas
(andlise de cor; andlise instrumental do perfil de textura (TPA); overrun e derretimento;

microscopia e analise reoldgica).
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O Capitulo 2 apresenta o estudo da crioconcentragdo em blocos de soro lacteo assim
como a escolha do melhor concentrado do soro para a elaboracdo de gelados comestiveis com
diferentes niveis deste concentrado. Estes gelados comestiveis foram avaliados quanto as suas
propriedades quimicas, fisicas, reologicas e microestruturais.

O Capitulo 3 apresenta o emprego do gelado comestivel obtido do crioconcentrado de
soro lacteo, assim como o gelado a base de leite, ambos como matriz protetora de
Bifidobacterium BB-12 exposta a condi¢des gastrointestinais in vitro. Através dos resultados
obtidos com a simulacdo in vitro foi possivel avaliar a influéncia das matrizes dos gelados

comestiveis produzidos na sobrevivéncia das bifidobactérias.
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1 REVISAO BIBLIOGRAFICA

1.1 O SORO LACTEO

O soro lacteo, também conhecido como soro de leite, soro de queijo ou lactossoro ¢
um liquido amarelado produzido durante o processo de fabricagdo do queijo ou durante a
coagulagio do processo de caseina do leite como subproduto (REMON; GARCIA; ARAUZO,
2016). E média, 10L de leite se produz apenas 1 kg de queijo, 9L se resulta em soro lacteo, o
que corresponde a uma producao mundial de 5 milhdes de toneladas por ano. Cerca de 50% dos
solidos do leite estdo presentes no soro lacteo (FOX et al., 2017), incluindo as proteinas, sendo
20% da proteina total, a maior parte de lactose, minerais e vitaminas (BALDASSO; BARROS;
TESSARO, 2011), realcando a importancia do soro lacteo como um recurso Util de nutrientes.

O tipo e a composi¢do do soro dependem das técnicas utilizadas para a separagdo das
caseinas do leite. Dois tipos de soro fluido podem ser obtidos na fabricagdo de queijo: o soro
doce e o soro acido, que sdo obtidos de acordo com o tipo de queijo produzido. As diferentes
composicdes estdo ilustradas na Figura 1.1. Suas composi¢des variam de acordo com a
qualidade do leite (GHALY; KAMAL, 2004), o tratamento térmico, o manuseio, € o tipo de
leite utilizado na fabricacdo do queijo (cabra, vaca, bufala entre outros) (CARVALHO;
PRAZERES; RIVAS, 2013). Dos tipos de queijos produzidos, o predominio ¢ dos que derivam
o soro doce, provenientes da manufatura de queijos duros, semi-duros ou macios (Cheddar,
Sui¢o, Provolone, Mugarela, etc.). Sdo denominados doce, o soro obtido pela coagulacdo da
caseina por coalho (um complexo enzimatico industrial de coagulacdo da caseina contendo
quimosina ou outras enzimas coagulantes de caseina), eles desestabilizam as micelas de caseina
durante o tratamento enzimatico, obtendo assim soro com pH ligeiramente menor do que o do
leite fresco, variando entre 5,9 a 6,6 (ZADOW, 1992). Ja o soro 4cido (pH inferior a 5) ¢ gerado
quando a coagulacdo da caseina ¢ obtida através da adi¢ao de acidos minerais ou organicos,
com consequéncia da desestabilizacdo das micelas de caseina (YADAV et al., 2015).

O soro lacteo possui uma fracao proteica correspondente de aproximadamente 50% de
B-lactoglobulina, 25% de a-lactoalbumina e 25 % de outras fragdes proteicas como as
imunoglobulinas. O soro € rico em vitaminas hidrossoliveis, como tiamina, riboflavina, acido
pantoténico, vitamina B6 ¢ B12 e sais minerais, como calcio, magnésio, zinco, potassio e
fosforo (VENTURINI FILHO, 2010). Além disso, ¢ reconhecido pelas suas propriedades

funcionais, nutricionais e pelo alto valor bioldgico de suas proteinas (SINHA et al., 2007). Os
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aminoacidos essenciais respondem cerca de 60 % do teor proteico total do soro, representados
pela leucina e lisina, além de constituir uma boa fonte de aminodacidos sulfurados como cisteina

e metionina (BURRINGTON, 2000).

Figura 1.1- Variagao da composicao do soro lacteo doce e acido.

Agua e 93 .509%%

Gordura  0.04%

Q
§ Minerais 1 0.80%
g Proteinas 1 0.70%
“ Lactose ™ 4.40%

Soélidos Totais mmm 6.35%

Agua 93.00%

o Gordura = 0.20%
é Minerais | 0.50%
g Proteinas 1 0.80%
75

Lactose 4.90%

Sélidos Totais 6.35%
Fonte: Adaptado de Leindecker, (2011).

A composic¢do proteica de ambos os soros ¢ semelhante, no que se refere a maioria das
proteinas. Vale destacar que a maior parte dos produtos a base de soro ¢ derivada de soro doce,
ele possui uma ampla aplicagdo para a industria de alimentos em relacdo ao soro acido fato este
atribuido ao sabor caracteristico do mesmo (KILARA; VAGHELA, 2018; MADUREIRA et
al., 2007; SMITHERS, 2008).

O soro lacteo representa cerca de 70 a 90% do volume original de leite (WALSTRA;
WOUTERS; GEURTS, 2006), sua produgao estd aumentando globalmente, sendo estimada em
cerca de 180 a 190 milhdes de toneladas / ano (MOLLEA et al., 2013). Este crescimento e o
alto contetido organico do soro lacteo criam importantes questdes ambientais e de saude. O soro
¢ considerado um poluente ambiental devido as suas altas concentragdes da demanda
bioquimica de oxigénio (DBO) e da demanda quimica de oxigénio (DQO). O alto conteudo
organico do soro lacteo surge da presenca de nutrientes residuais no leite (lactose, proteinas,
lipidios e vitaminas). A medida que aumenta a demanda por produtos derivados do leite,

aumenta a producdo de soro lacteo, o que representa um sério problema de gerenciamento



21

(YADAV et al., 2015). E dificil degradar os componentes presentes no soro lacteo e isso criar
um grande problema para qualquer estagcdo de tratamento de dguas residuais que trate outros
efluentes. Deste modo, o gerenciamento adequado se faz necessario (tratamento ou
reutilizagdo), que seria mais econdmico e ecologico. Por outro lado, a presenca de nutrientes do
soro lacteo (orgénicos e inorganicos) € considerada um grande potencial para a producao de
varios produtos de alto valor agregado. No entanto, apenas uma pequena por¢ao ¢ utilizada,
sendo para racdo animal ou na producao de alimentos, ¢ uma quantidade significativa
permanece nao utilizada. Assim, o soro lacteo deve ser processado e reaproveitado a fim de
obter seus beneficios maximos e limitar seu impacto na poluicdo ambiental (CARVALHO et
al.,2013; PRAZERES et al., 2012; PANESAR et al., 2007).

A utilizagdo do soro lacteo pela industria de alimentos, € uma solugao interessante, que
leva em conta seu alto custo de descarte e sua excelente composi¢do nutricional (MIZUBUTI,
1994). O soro tem se mostrado bem versatil e adaptavel, justificando o aumento de sua
utilizagdo em muitos produtos processados (VENTURINI FILHO, 2010). O soro lacteo como
ingrediente pode substituir com eficiéncia os solidos do leite e dar origem a novas formulagdes
de diversos alimentos (ZAVAREZE; MORAES; SALASMELLADO, 2010). Os gelados
comestiveis sdo produtos que pode ser reaproveitado o soro lacteo, ele pode atuar como
emulsificante e estabilizante, prevenindo a aglomeragao dos globulos de gordura e permitindo

a estabilidade durante o congelamento (EVANS, 1982).
1.2 GELADOS COMESTIVEIS

Os gelados comestiveis sdo definidos como complexos sistemas coloidais que
consistem em células de ar, cristais de gelo e globulos de gordura parcialmente desestabilizados
e dispersos em uma fase aquosa continua com polissacarideos, lactose, agiicares e sais minerais
dissolvidos (GOFF, 1997). Sao alimentos aerados e congelados elaborados a partir de uma
mistura de produtos lacteos pasteurizados (soro lacteo, creme de leite, manteiga, leite e entre
outros) com outros ingredientes ndo lacteos (carboidratos, estabilizantes, emulsificantes,
esséncias e corantes) de forma a obter-se um percentual desejado de gordura lactea e solidos
nao gordurosos do leite (SNGL) (ANDREASSEN; NIELSEN, 1992). O termo "mistura" ¢
empregado para definir o conjunto de todos os ingredientes do gelado comestivel com exce¢ao

do ar. Os Gelados comestiveis sdo produtos populares em todo o mundo, conquistam os
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consumidores pela sensagdo refrescante, seu sabor doce e aroma agradavel (KILARA;
CHANDAN, 2009).

De acordo com a RDC 266 da Agéncia Nacional de Vigilancia Sanitaria gelado
comestivel ¢ definido como “ um produto alimenticio obtido a partir de uma emulsdo de gordura
e proteinas, com ou sem a adi¢@o de outros ingredientes e substancias, ou uma mistura de dgua,
agucares e outros ingredientes e substancias que tenham sido submetidas a congelamento, em
condigdes que garantam a conservacao do produto em estado congelado ou parcialmente
congelado, durante a armazenagem, o transporte e a entrega ao consumidor” (BRASIL, 2005).

A composi¢ao do gelado comestivel ¢ bastante variada e sua estrutura complexa,
podendo produzir diversos tipos de gelados comestiveis a partir de varias combinagdes de
ingredientes em diferentes proporgdes. Tradicionalmente, o principal ingrediente do gelado
comestivel ¢ o leite em todas as formas, representando cerca de 60% da mistura. Os agucares
(12 a 17%), as gorduras (10 a 17%), os estabilizantes e emulsificantes (0,2 a 0,5%), sélidos
totais entre (32 a 45%) entre outros ingredientes, seguem como ordem de importancia para a
formagdo da estrutura dos gelados comestiveis (ORDONEZ, 2005). Em relagdo as
caracteristicas fisico quimicas devem seguir os parametros apresentados pela legislacao,
condig¢des de conservagdo: temperatura maxima de conservacao no produto -18°C, temperatura
no produto de -12°C (BRASIL, 2005).

No Quadro 1.1 estdo apresentadas as principais fungdes e caracteristicas de alguns
ingredientes utilizado na elaboracdo de gelados comestiveis.

Segundo Oliveira ef al. (2008) e Fiol ef al. (2017) a composicao do gelado comestivel
interfere em suas caracteristicas fisicas, influenciando diretamente a agregacao dos globulos de
gordura, a quantidade de ar incorporada e o tamanho das bolhas de ar. O tipo de estrutura tdo
particular do gelado comestivel ¢ obtido durante batimento vigoroso e congelamento
simultaneo de uma emulsdo de 6leo em dgua pela presenca de proteinas do leite, emulsificantes
e estabilizantes.

Quanto ao processo de elaboragdo dos gelados comestiveis, este ¢ submetido a
diferentes operacdes unitarias onde sdo geradas propriedades fisicas, mecanicas e sensoriais:
pesagem, mistura e pré-aquecimento, pasteurizagao, homogeneizagdo, maturacao, batimento,

envase e endurecimento conforme o fluxograma apresentado na Figura 1.2.
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Quadro 1.1 - Fungdes e caracteristicas dos principais componentes utilizados na produgao dos

gelados comestiveis.

Ingrediente

Funcao/Caracteristica

Agua/Leite

Unico componente que congela, solubiliza os ingredientes e hidrata os
estabilizantes.

Soro Lacteo

Auxilia na viscosidade, solubilidade, emulsificagdo ¢ estabilidade.

Gordura

Contribui para melhoria da textura proporcionando cremosidade e
suavidade ao produto. O aumento do teor de gordura diminui o
tamanho dos cristais de gelo e interrompe o espago em que os cristais
podem se formar.

Acticares

Diminuem o ponto de congelamento, proporciona aumento da
viscosidade da calda e cremosidade, além de conferir o dulgor
caracteristico, fixam os compostos aromaticos.

Proteinas

Auxilia na retencdo de agua devido as caracteristicas emulsificantes,
auxiliam na estabilidade da espuma, reforcam a estrutura que aprisiona
as células de ar no gelado comestivel.

Estabilizantes

Sao o elo de ligacao de todos os ingredientes. Melhoram o corpo, pois
auxiliam na incorporagdo do ar. Diminuem a velocidade de
derretimento, protegem contra choques térmicos.

Emulsificantes

Formam uma pelicula protetora evitando a desestabilizacdo da calda.
Agem diretamente na etapa de incorporagdo do ar, ndo possuem efeito
sobre o ponto de congelamento impedindo a forma¢do de grandes
cristais de gelo.

Aromas, corantes e
acidulantes

Real¢am o sabor e cor conferindo o aspecto desejado ao produto.

Fonte: Adaptado Correia; Pedrini; Magalhaes, (2007).

A descri¢ao do processo de elaboragdo dos gelados comestiveis segue as orientagdes

propostas por Cruz et al. (2018) e Goff; Hartel (2013). O processamento se inicia pela

formulagdo da mistura dos gelados comestiveis, chamada de calda. A mistura e pré-

aquecimento sdo as etapas em que os ingredientes, apos a pesagem, iniciam o processo de

fabricagdo. Agregam-se solidos aos liquidos e a gordura se funde. Na pasteurizagdo, as

temperaturas sdo alcangadas pelo sistema que garantem a solubilizagdo de proteinas e

estabilizantes, assegurando a qualidade microbiologica do produto. E importante destacar que

a legislacdo brasileira vigente exige a pasteurizagao da calda, para garantir a seguranca dos

gelados comestiveis no que se refere a destruicdo de microrganismos, a definicao do bindmio

tempo/temperatura depende do tipo de processo a ser empregado (batelada ou continuo).
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Figura 1.2- Fluxograma de processamento dos gelados comestiveis.
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Fonte: Adaptado de Goff e Hartel (2013).

A etapa de homogeneizagao visa a redugdo do tamanho dos gldébulos de gordura e o
aumento da area superficial, proporcionando uma emulsao fina e estavel. Tem inicio a formacao
da gordura, ja que apds o pré-aquecimento € a pasteurizacdo a temperatura da mistura €
suficiente para que este ingrediente esteja completamente fundido ao atravessar o
homogeneizador, onde os globulos sdo reduzidos a tamanhos que vao de 0,5 a 0,2 um. No final
da etapa de homogeneizacao sao adicionados os emulsificantes, saborizantes e acidulantes que
sdo sensiveis ao tratamento térmico. Iniciando a etapa de maturacdo, com o processo de
solidificagdo das gorduras, aumento da viscosidade, em fun¢do da hidratagdo das proteinas a
calda ¢ resfriada entre 2 a 4°C por, no minimo 4 h, antes do congelamento (GOFF; HARTEL,
2013).

Finalizada a etapa de maturacdo a calda passa pelo processo simultineo de
congelamento, batimento e incorporacao de ar. Inimeras mudangas fisicas envolvem esta etapa,
dentre elas: acdo das proteinas e emulsificantes na formagdo e estabilizagdo de espuma;
coalescéncia parcial da gordura em sequéncia de absor¢ao na interface gordura/ar estabilizando

as lamelas entre as bolhas de ar; concentragdo da mistura pela remog¢ao da agua, em forma de
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gelo (GOFF, 2002). Depois do congelamento em trocador de calor de superficie raspada o
produto segue para o envase, endurecimento e armazenamento em temperaturas em torno de -
30°C. A estrutura fisica final dos gelados comestiveis ¢ constituida de ar, gelo, uma fase nao
congelada contendo proteinas, gordura, emulsificantes, estabilizantes, sais lacteos, lactose e
adocantes, além de agua em estado liquido (DREWETT; HARTEL, 2007).

O gelado comestivel ¢ uma matriz complexa que contém varias fases fisicas. Remover
ou adicionar um ingrediente pode afetar ndo apenas suas propriedades fisicas, mais também
caracteristicas sensoriais que podem ou ndo ser importante para os consumidores. A seguir
algumas aplicagdes do soro lacteo em gelados comestiveis.

Segundo Danesh, Goudarzi e Jooyandeh, (2017) além da gordura utilizada as proteinas
do soro lacteo simulam o papel da gordura em relagdo a textura, sabor e aumento da viscosidade
dos gelados comestiveis.

Silva e Boline (2006), destacam a incorporacdo de sélidos do soro lacteo como
substituto do leite em gelados comestiveis devido a melhoria das propriedades funcionais
(viscosidade, solubilidade, gelificagdo, emulsificacdo, formacdo de espuma, estabilidade). Vale
ressaltar que a legislacdo brasileira ndo faz referéncia quanto a aplicacdo de ingredientes
proteicos de soro lacteo em gelados comestiveis. Porém a adicdo excessiva de soro lacteo
provocaria caracteristicas indesejaveis, como arenosidade ou gostos residuais.

Estudos demonstram que gelados comestiveis formulados pela incorporagdo de
diferentes ingredientes proteicos de soro lacteo, como substituto do leite em p6 desnatado, tém
caracteristicas tdo boas quanto o sorvete padrao (CORREIA et al., 2008).

Patel et al. (2006) avaliou as caracteristicas sensoriais de formulagdes de gelados
comestiveis com adi¢cao de concentrados proteicos de soro lacteo em relagdo ao leite em po, e
obteve resultados similares para o atributo textura para as formulagdes contento o CPS em
relacdo ao tradicional, demostrando a eficicia do soro lacteo em formulacdes de gelados

comestiveis.

1.3 PROBIOTICOS

O termo probidtico foi introduzido pela primeira vez em 1965. A palavra de origem
grega, que significa “para vida”, foi usada para descrever uma substidncia microbiana que
estimulava o crescimento de outros microrganismos (LILLEY; STILLWELL, 1965). A

primeira experiéncia realizada com o uso de microrganismos em alimentos foi em 1907, por
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Elie Metchnikoff, cientista russo e professor do Instituto Pasteur, que recebeu em 1908 o Prémio
Nobel de Medicina, este fez observagdes relevantes sobre o papel positivo desempenhado por
algumas espécies de bactérias. Ele relatou que o consumo regular de leite fermentado contendo
Lactobacillus acidophilus poderia trazer beneficios a saide (FIORAMONTI; THEODOROU;
BUENO, 2003). Desde entdo, pesquisas relacionadas aos probioticos e seus beneficios ao
organismo se faz cada vez mais necessaria.

Segundo Hill et al. (2014), probidticos sdo definidos como microrganismos vivos que
quando consumidos regularmente e em quantidades adequadas conferem beneficios a saude do
hospedeiro. Eles carreiam na forma viavel, bactérias de origem intestinal humana (ou animal),
possuem a finalidade principal de repor a microbiota intestinal que foi de algum modo,
desbalanceada por tratamentos com antibidticos, quimioterapia, radioterapia ou por situacdes
de estresse (TANNOCK, 1998). Para se obter o maximo de beneficios dos probidticos ¢
necessario que os mesmos estejam vidveis no momento da ingestdo, e disponiveis em
concentragdes superiores a (> 6 log UFC/g ou mL de produto). Além de conter concentragdes
suficientes de microrganismos capazes de sobreviver e aderir a mucosa intestinal, ¢ importante
que os microrganismos resistam a valores baixos de pH, aos sais biliares e aos fatores
antimicrobianos existentes no trato gastrintestinal (FERREIRA, 1998; FULLER, 1989). Vale
destacar que a maioria das culturas utilizadas em alimentos e relatadas como probidticas sao de
origem humana, entretanto pode ser utilizada a de animais (ZIELINSKA; KOLOZYN-
KRAJEWSKA, 2018). A (Figura 1.3) mostra as caracteristicas para uma cultura ser considerada
probiodtica, funcionalidade e tecnologia.

Os probioticos tem grande potencial de promogao a saude, e se destacam por algumas
acdes ao organismo, como exemplo, regulagdo do transito intestinal, normaliza¢do da
microbiota desestabilizada e efeito protetivo através da supressdo competitiva de patogenos.
Algumas espécies especificas ainda causam alguns efeitos, como: sintese de vitaminas,
atividade enzimatica e neutralizagdo de agentes cancerigenos (HILL et al., 2014; KERRY et
al., 2018). Lembrando que para a funcionalidade dos probidticos em alimentos, a Agéncia
Nacional de Vigilancia Sanitaria do Brasil exige que seja comprovada sua seguranga para o uso
em alimentos. A comprovagao se da através do historico de uma aplicagao segura, inexisténcia
de a¢des adversas, nao produzir substancias ou metabdlitos que causem injaria a saude, nao
possuir resisténcia e ser sensivel a pelo menos dois tipos diferentes de antibioticos (ANVISA,

2018).



27

Figura 1.3- Segurancga e funcionalidade da selecdo de microrganismos probidticos.
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Fonte: Adaptado de Santos, (2012).

As bactérias pertencentes aos géneros Bifidobacterium e Lactobacillus sdo os
microrganismos mais empregados em alimentos (BOYLSTON et al., 2004; SOLANKI et al.,
2013). Elas tém sido isoladas de porcdes do trato gastrintestinal de humanos saudaveis. O
intestino delgado e o cdlon sdo os locais preferidos de colonizagdo intestinal desses
microrganismos (BIELECKA; BIEDRZYCKA; MAJKOWSKA, 2002). O género
Bifidobacterium se destaca por ser um dos probidticos mais utilizados em produtos lacteos
funcionais (VERRUCK et al., 2015). Estes sdo definidos como bacilos anaerdbios,
heterofermentativos, ndo moéveis, nao formadores de esporos e gram-positivos, que pode ser
isolado do trato gastrointestinal humano ou da cavidade oral (WILSON; ONG, 2017), ¢
caracterizado por habitar naturalmente o célon humano, sendo que cerca de 3 % do total da
microbiota pertence ao ecossistema intestinal humano (JENA et al., 2017). Porém, fatores
como: elevados niveis de oxigénio, pH, acidez, processamento, tempo e temperatura de
armazenamento causam sensibilidade e afetam a viabilidade das bifidobactérias quando
inseridas ao produto (HOLKEM et al., 2016).

A escolha de uma matriz alimentar adequada para a adigdo de probioticos ¢é
fundamental para potencializar sua eficicia (RANADHEERA et al., 2015). Visto isso, as

matrizes lacteas sdo consideradas veiculo de maior sucesso para carregar os microrganismos
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probioticos, principalmente por favorecer estas bactérias, devido a estrutura de suas matrizes,
como: teor de gordura, proteinas, agucares, atividade de 4gua e pH (RANADHEERA ; BAINES;
ADAMS, 2010).

Em virtude disso, o gelado comestivel pode ser uma alternativa de inclusao de
probidticos na dieta humana, se apresentado como um veiculo adequado para esse tipo de
microrganismo. Alguns estudos t€ém demonstrado que ¢ possivel a producdo de gelado
comestivel inoculado e Frozen iogurte (LEANDRO, et al., 2006).

De acordo com Cruz et al. (2009) a incorporacdo de microrganismos probidticos na
formulagdo de gelados comestiveis ndo afeta a qualidade global do produto quando comparado
com um gelado comestivel convencional.

A viabilidade do probidtico em uma matriz alimentar depende de varios fatores, como:
0 processamento, o tipo de cultura a ser adicionada ao produto, sua interacdo com outros
microrganismos existentes no alimento, a producdo de hidroxido de hidrogénio durante o
metabolismo bacteriano e a acidez final do produto (VASILJEVIC, 2008). Um dos maiores
obstaculos de sobrevivéncia do probiotico no gelado comestivel diz respeito as etapas de
processamento do produto. Entretanto, varios estudos estdao sendo realizados e seus resultados
demonstram que as culturas probidticas sdo capazes de se manter viaveis durante o
processamento do gelado comestivel (CRUZ et al., 2009).

Andrighetto e Gomes, (2003) em sua pesquisa, elaborou um gelado comestivel
adicionado de Lactobacillus acidophilus, e observou que pode ser armazenado durante 60 dias,
a—25°C, sem ter suas caracteristicas sensoriais € microbiologicas alteradas. No estudo, o gelado
comestivel apresentou uma contagem de 8,3 x 10" UFC/g apds 60 dias de armazenamento.
Kebary e Hussein, (1998) evidenciaram que o Bifidobacterium ssp conseguiu sobreviver em
frozen iogurtes elaborados com alginatos. Goral, et al. (2018a) reportaram em seu estudo que
as bactérias probioticas das linhagens L. rhamnosus B 442, L. rhamnosus1937 e L. lactisJBB
500 sao boas transportadoras de magnésio, € podem ser usadas para a producao de gelado
comestivel suplementado com magnésio, sem alterar seus parametros quimicos. Koztowicz, et
al. (2019) demonstraram a possibilidade de produzir um gelado comestivel adicionado
de Lactobacillus rhamnosus B 442 enriquecido com ions de zinco e perceberam que sdo
facilmente absorviveis, e que o produto permanece adequado em armazenamento por 90 dias.

Por fim, nessa perspectiva, o gelado comestivel tem demonstrado grande potencial

como produto alimenticio probidtico.
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1.4 CRIOCONCENTRACAO

A crioconcentragdo ¢ uma técnica utilizada para remogdo parcial da agua dos
alimentos. A crioconcentracdo ¢ uma operacao unitdria de separacdo capaz de concentrar
liquidos por meio do congelamento e posterior separacao de uma fragao de agua congelada. Do
ponto de vista da qualidade, minimiza perdas de compostos volateis e termolabeis,
proporcionando um produto final com uma qualidade que nao ¢ obtida através de processos
convencionais de concentragio (SANCHEZ et al., 2010). Além disso, a crioconcentragio
possibilita preservar o méaximo de qualidades organolépticas e nutricionais dos alimentos
liquidos (MORENO et al., 2015; ROBLES et al., 2016), principalmente por nao dispor de alta
temperatura (AIDER; HALLEUX, 2009; PETZOLD; AGUILERA, 2013). Ela dispde de
vantagens devido ao fato de que as reagdes quimicas e bioquimicas, responsaveis pela
deterioracdo da qualidade do produto, sdo muito lentas a baixas temperaturas (AIDER;
HALLEUX; AKBACHE, 2007). Esta tecnologia assegura maior qualidade do produto
concentrado (AIDER; HALLEUX, 2009).

Segundo BELEN ez al. (2012) um sistema basico de crioconcentragio compreende em
duas etapas principais: congelamento da solugdo, que ocorre através da cristalizagdo da agua e
separacao de uma fragdo liquida concentrada e outra de gelo. Reducao da temperatura da
solucdo, onde se inicia o processo de cristalizagdo da agua. A partir desta etapa, cristais de gelo
sdo formados e separados da solugdo concentrada. A crioconcentragdo, ¢ composta por trés
diferentes métodos de aplicagdo: a crioconcentragdo em suspensdo, crioconcentracao em
camada e crioconcentracao em blocos. Tendo como principal mecanismo a formacao de cristais
de gelo na solucao de alimentagao.

O processo de crioconcentragdo em suspensdo ¢ o mais utilizado na industria
(ROBLES et al., 2016), porém ¢ um método de alto custo para investimento, porque utiliza
trocadores de calor de superficie raspada para nucleagdo do gelo, recristalizadores para
aumentar o crescimento dos cristais de gelo e colunas de lavagem pressurizada para separar o
gelo do liquido concentrado. No processo de crioconcentragdo em camada ocorre a formagao
de um unico cristal de gelo sob uma superficie fria, a qual fica em contato direto com a solugdo
a ser concentrada (AIDER; HALLEUX, 2008; AIDER; HALLEUX, 2009; GULFO et al.,
2013). Ja o método de crioconcentracdo em blocos ¢ considerado o mais promissor e eficaz
entre os métodos (AIDER; HALLEUX, 2008; SANCHEZ et al., 2011; MORENO et al., 2014).

Ele permite obter produtos alimenticios de alto valor nutricional, preserva as propriedades
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sensoriais, além disso, reduz de trés a quatro vezes os custos operacionais totais (incluindo
capital, limpeza e energia). Okawa et al. (2009) relatam também sua importancia na redugao
dos custos de transporte, manuseio € armazenamento, uma vez que esses custos sao baseados
na massa do produto.

No processo de crioconcentracdo em blocos a solu¢do ¢ congelada totalmente e
descongelada parcialmente (50%) para recuperar a fracdo liquida concentrada (Figura 1.4). Esta
técnica € composta por trés etapas: congelamento, descongelamento e separacao das fracdes
(concentrado e gelo). A solucdo ¢ totalmente congelada, e a fracdo concentrada ¢ entdo separada
da fragdo de gelo através do descongelamento gravitacional parcial do bloco (NAKAGAWA et
al., 2010; MORENO et al., 2013; PETZOLD et al., 2015), resultando nas duas fragdes. O
processo pode ser realizado em ciclos sucessivos para aumentar a eficiéncia da concentragao
(AIDER; OUNIS, 2012). Segundo Aider; Halleux e Akbache, (2007) a eficiéncia do processo
depende da taxa de impurezas na fracdo de gelo. Neste método o controle da temperatura de
descongelamento ¢ importante, pois possibilita que a quantidade de sélidos retidos no gelo seja
minimizada (AIDER; HALLEUX, 2009).

Para a industria de derivados lacteos, o emprego da crioconcentragdo em blocos se
torna interessante, principalmente em termos de manutencdo e sabor. Ela vem sendo aplicada
com eficiéncia na industria de laticinios, especialmente na concentracao de soro lacteo (AIDER;
HALLEUX; AKBACHE, 2007; AIDER; HALLEUX; MELNIKOVA, 2009; SANCHEZ et al.,
2011; CANELLA et al., 2018), leite de vaca (BALDE; AIDER, 2016; MUNOZ et al., 2018),
leite de cabra (CANELLA et al., 2019) e soro de leite de cabra (LIZ et al., 2020).
Particularmente, a concentracdo de soro lacteo foi consolidada como uma alternativa
tecnologica para uso desse produto secundario. Aider, Halleux e Akbache (2007) aplicaram a
crioconcentragdo em blocos no soro lacteo e observaram que ela preservou a composicao

nutricional, obtendo um produto final com, aproximadamente, 35% de solidos totais.
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Figura 1.4- Esquema do processo de crioconcentragao em blocos.
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Fonte: O Autor.

1.5 PROPRIEDADES FISICAS
1.5.1 Analise de cor

A cor ¢ responsavel por determinar a qualidade e identidade dos alimentos, ela possui
um papel importante em sua aceitagdo, influenciando inclusive na forma que o consumidor
percebe o sabor. Existe uma tendéncia de se associar a cor com o sabor dos alimentos, criando
assim uma expectativa no consumidor (WADHWANI; MCMAHON, 2012). Ha diversas
formas de determinar e especificar a cor dos alimentos, que pode ser analisada tanto por
inspecio (analises sensoriais) ou por métodos instrumentais. E possivel citar quatro categorias
de instrumentos de deteccdo de cor: Calorimetros, densiOmetros, cdmaras espectrais e
espectrofotometro. Porém o mais utilizado sdo os calorimetros, especialmente o calorimetro

triestimulo. Eles avaliam a cor utilizando de trés a quatro filtros que corresponde aos receptores
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do olho humano. Segundo Wu e Sun, (2013) este método visa a tradu¢do numérica da percepgao
visual humana da cor para a linguagem de computadores.

O sistema CIELab é o mais comum e o mais utilizado, em 1976, a Commission
Internationale de L’Eclairage Commission (CIE), definiu o sistema CIELab, a fim de,
padronizar as analises de cor. O espaco CIE L*a*b*, é representado por uma esfera
(Figura 1.5), com trés eixos tridimensionais, representando os parametros luminosidade (L*)
eixo Y, que varia numa escala de escala 1-100 (preto a branco), o eixo X representa o parametro
cromatico b* do amarelo (+) ao azul (-); o eixo Z representa o parametro cromatico a * que
varia do vermelho (+) ao verde (-) e o AE * que representa a diferenca total de cor (GORAL et
al.,2018a; GORAL et al., 201 8b). A escala CIELAB ¢ usada como medigao de cor de alimentos
devido sua distribui¢do uniforme de cor e por ser perceptivelmente uniforme, a combinagao de

suas coordenadas resulta em uma posi¢ao que expressa a cor.

Figura 1.5- Escala tridimensional de medida instrumental da cor do sistema CIELAB.
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Fonte: O Autor.

1.5.2 Analise instrumental do perfil de textura (TPA)

Textura foi definida por Souza ef al. (2011) como uma percepgao sensorial e funcional
envolvendo os sentidos de tato, visdo, audi¢do e sinestésicos das propriedades de superficie,
mecanica e estrutural do alimento, ela influencia diretamente na qualidade e,
consequentemente, na aceitagdo do produto pelo consumidor. Conhecer as caracteristicas

texturais de um produto ¢ fundamental para melhoria de sua qualidade. Com esse intuito, a
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industria de alimentos visa conhecer as necessidades dos consumidores e atender sua satisfagao
por meio de sua percepg¢do positiva acerca de um produto.

De acordo com Truong e Daubert (2000) a textura de um alimento pode ser avaliada
através da analise instrumental do perfil de textura (TPA). A submissdao de uma amostra de
alimento a um ensaio de TPA permite gerar um grafico de forga versus tempo, cada tipo de
alimento resulta em uma curva especifica. A partir desta curva € possivel mensurar parametros
mecanicos, estes sdo diferenciados como primarios e secundarios, sendo os primarios: dureza,
coesividade, elasticidade, resiliéncia e adesividade e os secundarios: gomosidade,
mastigabilidade e fraturabilidade (FOGACA, 2014).

Na determinacdo das propriedades de textura, os métodos instrumentais podem ser
utilizados em substituicao a analise sensorial. Desta forma, a TPA simula formas de deformacao
que ocorrem pela compressdo e corte dos dentes no alimento. A escolha da metodologia
instrumental frente a sensorial se dd pelo menor tempo de resposta e facilidade de execugdo
(SOUZA et al., 2011).

Os parametros texturais mais utilizados em amostras de gelados comestiveis sdo a
firmeza e a adesividade. A firmeza ¢ medida como o pico da for¢ca maxima (g) necessaria ao
cisalhamento requerido para “cortar” o gelado comestivel, simulando uma colher. Ela indica a
rigidez estrutural do produto, quanto mais firme a amostra maior a for¢a necessaria para cisalha-
la. A leveza no gelado comestivel ¢ desejada e pode ser relacionada com sua firmeza, o produto
mais leve, apresentard menor firmeza, ou seja, menor for¢ca necessaria para seu cisalhamento
(AIME et al., 2001; SILVA; BOLINE, 2006). Ja a adesividade no gelado comestivel consiste

na forca que une o gelado comestivel a lingua e o palato.

1.5.3 Overrun e Derretimento

O overrum e o derretimento sdo os principais parametros de qualidade dos gelados
comestiveis, eles influenciam em seus aspectos fisicos e estruturais. Cruz et al. (2011) definiram
overrun como aumento percentual do volume do gelado comestivel (produto final) em relagdo
a calda ou mistura (produto inicial), ou seja, a quantidade de ar incorporado durante o processo
de batimento e congelamento simultaneo da calda. O overrun ¢ importante no rendimento do
produto final, e deve ser mantido nos padrdes da legislacdo, que esta atrelado a densidade do
produto, 475g/L (BRASIL, 2005). A quantidade de ar nos gelados comestiveis, além de

promover uma textura leve e agradavel, também controla as propriedades fisicas e a dureza do
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produto. Uma pequena quantidade de ar incorporada no gelado comestivel torna-o muito denso.
A aeracao ¢ um recurso que diminui o custo desses produtos. Durante o processo de batimento
e aeracao do gelado comestivel, o desenvolvimento das células de ar ¢ influenciado por fatores
relacionados a formulagdo como a rede de gordura, proteinas, emulsificantes e cristais de gelo
(GOFF; HARTEL,2013).

A aparéncia global do gelado comestivel a medida que ele derrete ¢ importante na
percepgao global do consumidor e esta relacionada a qualidade do produto. Segundo Barbosa
et al. (2010) durante o derretimento, dois eventos principais acontecem, o derretimento dos
cristais de gelo e o colapso da estrutura espumosa lipidica estabilizada. Mesmo apds o
derretimento do gelo, o gelado comestivel ndo derrete completamente até que sua estrutura
entre em colapso. Sofjan e Hartel (2004) observaram diversos fatores que podem influenciar no
processo de derretimento, entre eles estdo a saturagdo, caracteristicas emulsionantes e
concentragdo de lipideos. Além disso, a observa¢ao do processo de derretimento pode trazer
informagdes quanto a outros fatores de variagao da qualidade, tais como estabilidade da proteina

e aglomeracao de gordura que afetam a cremosidade, suavidade e riqueza do produto (THARP,

2008).

1.5.4 Microscopia

As técnicas de microscopia sdo amplamente utilizadas para determinar tamanho e
formas de estruturas cristalinas. Goff et al. (1989), Hartel (1996), Berger (1997) e Goff (1997)
recomendam a microscopia como técnica de fundamental relevancia para a realizacdo de
andlises qualitativa e quantitativa em amostras de gelados comestiveis, com o objetivo de
visualizar e analisar o tamanho e a distribui¢do dos cristais de gelo e de demais particulas
presentes no gelado comestivel.

O exame da microestrutura do gelado comestivel ¢ bastante complicado devido ao seu
alto conteudo de 4dgua e gordura, e a alta dependéncia de sua estrutura com a temperatura
(CALDWELL et al., 1992). A informagao sobre tamanhos de cristais de gelo e bolhas de ar e
suas distribui¢des, obtidas da observagdo das amostras intactas, ¢ importante para a
compreensdo das propriedades sensoriais dos gelados comestiveis (CALDWELL et al., 1992).

Segundo Caillet et al. (2003), atualmente, existem diversas técnicas microscopicas
usadas para caracterizar a estrutura dos gelados comestiveis. Os principais métodos
microscopicos usados para controle de qualidade sao os métodos destrutivos, indireto e direto.

O método destrutivo ¢ baseado na observagao 6tica da fase dispersa da amostra (cristais de gelo
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e bolhas de ar) misturada e dissolvida em meio adequado. As vantagens desta técnica estdo no
curto tempo de andlise do experimento, pois, as informagdes sdo coletadas diretamente da
amostra. A desvantagem ¢ que, com a dissolu¢cdo da amostra, ndo ¢ possivel saber o volume ¢
a posi¢ao das diferentes fases obtidas. Além disso, como a amostra ¢ totalmente derretida ou
destruida, as imagens obtidas podem ndo representar toda morfologia e textura do
congelamento.

O método indireto utiliza técnicas de microscopia eletronica, fornecendo imagens da
estrutura das amostras do gelado comestivel parcialmente destruidas pela criosubstituigdo,
criofixac¢do e congelamento. As vantagens desta técnica estdo na alta resolugao do equipamento
que pode observar detalhes da fina estrutura das amostras. A desvantagem ¢ que a microscopia
eletronica € muito cara e a preparacdo da amostra ¢ longa (Caillet ef al., 2003).

O método direto ¢ o mais utilizado pelos laboratdrios industriais, ele caracteriza a
estrutura de alimentos congelados, é considerado um método rapido, efetivo e de baixo custo.
Esta técnica utiliza a microscopia fotonica com dispositivo coaxial iluminado, preservando
melhor a textura original da amostra congelada. E baseado na reflexdo direta da luz na face da
amostra de gelado comestivel. Em comparagdo com a microscopia eletronica, a desvantagem ¢

a baixa resolucao (Caillet et al., 2003).
1.5.5 Reologia

A reologia € considerada a ciéncia da deformacdo e fluxo da matéria, ela estuda a
maneira como os materiais respondem a uma tensdo ou a um estresse aplicado. Seu foco
principal € avaliar a forma como os materiais respondem quando aplicada uma forca. Todos os
materiais possuem propriedades reoldgicas, de modo que a reologia pode ser aplicada em
diversas areas de estudo (SU, 2012; OLIVEIRA, 2005; TONELI; MURR; PARK, 2005). As
propriedades de interesse em materiais solidos ¢ a elasticidade e para materiais liquidos a
viscosidade (GALLO, 2013).

A analise reologica abrange diferentes propriedades associadas & deformagdo da
matéria (VRIESMANN, 2008). A viscosidade ¢ a principal propriedade fisica de um liquido
de resistir ao fluxo induzido pela tensao aplicada (cisalhamento). A viscosidade de uma mistura
¢ afetada pela composicdo (principalmente gordura e estabilizante), tipo e qualidade dos
ingredientes, processamento ¢ manuseio da mistura. Nos gelados comestiveis, quando aumenta

a viscosidade, a uma maior resisténcia ao derretimento, € a cremosidade do produto aumenta.
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Entdo, a viscosidade desejada pode ser assegurada controlando a composi¢do da mistura
(ARBUCKLE, 1977).

A reologia na area de alimentos possui muitas aplicagcdes no que diz respeito a
aceitabilidade do consumidor para o desenvolvimento de novos produtos. Os alimentos sdao
materiais estruturalmente e reologicamente complexos, consistindo, muitas vezes, de misturas
de solidos e liquidos (TABILO-MUNIZAGA; BARBOSA-CANOVAS, 2005), o
conhecimento de seu comportamento reoldgico € util ndo somente para o controle de qualidade,
mas principalmente para o dimensionamento de sistemas de tubulagdo, trocadores de calor,
filtros, bombas, entre outros (VASQUES, 2003). O comportamento dos fluidos ¢ descrito

através de modelos reologicos (Figura 1.6), que relacionam tensdo de cisalhamento com a taxa

de deformacao.

Figura 1.6- Curva de fluxo de fluidos com comportamento reoldgico independente do
tempo.
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Fonte: Toneli; Murr e Park, (2005).

O modelo reoldgico mais simples ¢ o newtoniano, que apresenta uma relagao linear
entre tensdo de cisalhamento e taxa de deformagdo, independente do tipo de escoamento,
dependendo apenas da temperatura e da composi¢ao do fluido. Os fluidos ndo-newtonianos,

com temperatura € composi¢do constantes, a viscosidade aparente depende da taxa de
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cisalhamento ou da tensdo de cisalhamento (RAO, 1986). Dentre os fluidos independentes do
tempo estdo os fluidos pseudoplasticos (shear thinning), nos quais a viscosidade aparente
diminui com o aumento da taxa de deformagdo e os fluidos dilatantes (shear thickening),
quando a viscosidade aparente aumenta com o aumento da taxa de deformagao (HOLDSWORTH,
1993; MACHADO, 2002; TABILO-MUNIZAGA; BARBOSACANOVAS, 2005). Os fluidos ndo-
newtonianos também podem ser classificados como o plastico de Bingham, que necessita de
uma tensao de cisalhamento inicial para escoar, chamada limite de escoamento e, depois de
atingida essa tensdo, comporta-se como newtoniano (MACHADO, 2002). A escolha do modelo
a ser utilizado € uma fungao das caracteristicas do fluido (RAO; ANANTHESWARAN, 1982).
Os modelos mais utilizados sdo: Ostwald-de Waele (Lei da Poténcia), Plastico de Bingham,

Hershel-Bulkley e Casson.
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CAPITULO 2 -

* Este Artigo sera submetido na revista International Journal of Food Science &
Technology — Wiley.
*Parte do estudo deste capitulo foi apresentado como resumo em evento cientifico (Anexo A).
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ABSTRACT

This study aimed to use different proportions of concentrated whey by block freeze
concentration in the elaboration of an ice cream and the characterization of their physical,
chemical and rheological properties. Five formulations of ice cream elaborated with 0, 25, 50,
75 and 100% of freeze concentrate whey (CW) were developed. It was observed that the
addition of concentrated whey increased total solids content, acidity and decreased pH values.
All ice creams exhibited Newtonian flow behaviors. The Power and Casson Law model
adequately explained the flow properties. The viscosity and hysteresis area increased as CW
was added. The formulations containing milk showed higher brightness, negative values of a*
and positive values of b* indicate that the ice creams were considered greenish yellow,
characteristic of whey presence. The values found for the overrun were in the range of 27 to
44% (p> 0.05).The ice cream with partial substitution of milk by concentrated whey showed a
higher melt resistance. The addition of concentrated whey did not influence the size of ice
crystals, fat globules and air bubble diameters. The higher total solids content resulted in
smoother and creamy ice creams. These results highlight the application of concentrate whey
on the 50% substitution level.

Keywords: Ice cream, Whey, Freeze Concentration, Physical properties
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1 INTRODUCTION

The use of secondary products such as whey has been increasingly studied because is
a cheap and available product. The proteins from whey confer improvement in some properties,
such as helping in the emulsification, foaming and stability of food (Silva & Boline 2006). The
high content of organic matter present in whey is responsible for causing serious pollution
problems, especially when improperly discarded (Yadav et al., 2015). By studying the
technological whey properties, new ways of using this product can be developed (Masotti et
al., 2017). Using advanced technologies such as block freeze concentration can be the solution
to the problem of whey management, aiming to add value and reduce the volume and disposal
costs. According to Sanchez, ef al. (2011a), this technology is capable of concentrating liquids
by freezing and removing part of the water without causing damage to thermally sensitive
compounds. The process is based on recover a food solute by the separation of pure ice crystals
from a freezing concentrated aqueous phase. In addition, Sanchez, et al. (2011a) highlights that
the operating cost of the block freeze concentration process is three times cheaper compared to
other processes such as evaporation or reverse osmosis, considering costs, cleaning and energy.
The freeze concentrated has already been applied to whey (Chabarov & Aider, 2014; Sanchez
et al.,2011a; Canella et al., 2018), however, no replacement of milk by concentrated whey was
reported in ice cream until now.

The ice cream consists in a food complex system, consisting of a frozen matrix
containing air bubbles, fat globules, ice crystals, and an unfrozen whey phase. Can be
considered a nutritious food due to the presence of milk or other ingredients in its formulation,
which represents a source of protein, vitamins, and minerals due, mostly, of the milk presence
(Bahram-Parvar ef al., 2015). It has a significant market, because pleases many consumers, but
the acceptance depends greatly on its quality, flavor and texture. Chemical and physical
properties are essential to the structure of ice cream and differ depending on formulation and
processing conditions (Balthazar et al., 2017a). These structural attributes and the composition
are the key of ice cream behavior (Muse & Hartel, 2004). Preparation of ice cream with added
whey can be performed aiming an improvement in structural properties, such as improving
viscosity, emulsification and stability as well as reducing product costs by replacing milk with

whey.
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This study aimed to investigate the potential use of concentrated whey as a milk
substitute in the preparation of ice creams, as well to evaluate its influence on the

physicochemical, color, rheological and microstructural properties.

2 MATERIAL AND METHODS

2.1 MATERIAL

Pasteurized whole milk (Holandés®, Papenborg Laticinios, Biguacu-SC, Brazil) with
12.03 g/100g of total solids, 3.35 g/100g of lipids, 3.15 g/100g of protein, 0.78 g/100g of ash,
and 4.75 g/100g of carbohydrate and commercial rennet, a chymosin produced by Aspergillus
niger var. awamorii (with a force of 1: 3000, Ha La®, CHR HANSEN, Valinhos, Brazil) were
used for obtaining the cheese whey. The ice creams were elaborated using as ingredients:
pasteurized whole milk (Holandés®, Papenborg Laticinios, Biguacu-SC, Brazil), fresh milk
cream (45g/100g of fat, Tirol, Treze Tilias, Brazil), sodium chloride (Cristalino®, Ciasal
Industria Salineira, Areia Branca, Brazil), and sucrose (Camil Alimentos, Sao Paulo, Brazil).

All reagents used were of analytical grade.

2.2 CHEESE WHEY MANUFACTURE

The whey was obtained by the manufacture of a Minas Frescal cheese. The cheese was
prepared using a 30 L container of pasteurized whole milk heated to 37 + 1 °C, sequentially
was added a commercial rennet in a concentration of 0,9 mL/L and incubated at 37 + 1 °C for
40 minutes. The resulting gel was cut, drained, and placed in perforated cylindrical packages
with a capacity of 500g each, in view of maximum whey release. The cheese whey obtained

was filtered and frozen at -20 + 1 °C until the freeze concentration process.

2.3 PROTOCOL OF CHEESE WHEY FREEZE CONCENTRATION PROCESS

The block freeze concentration method was used for the whey concentration,
according to the methodology described by Canella et al. (2018). At each stage of the block
freeze concentration process, two fractions, named freeze concentrated whey (CW) and ice (I)
were obtained (Fig. 2.1). Initially a 25 L volume of whey was distributed in portions of
approximately 200 mL, which were subjected to freezing - 20 & 2 °C (Electrolux, FE 18, Sao

Carlos, Brazil). In the first stage, 50% of the frozen volume was initially thawed at controlled
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temperature (20 &+ 2 °C). This thawed freeze concentrated fraction consisted in the first freeze
concentrated stage (CW1), the same procedure was repeated, which again was frozen at - 20 +
2 °C and used as feeding in the second stage. The process occurs until the third stage of freeze
concentration. A portion of each freeze concentrate and ice fractions of the freeze concentration

process stages were stored at -20 = 2 ° C for further analysis.

Figure 2.1- Block freeze concentration process of cheese whey.

Cheese whey
25L

Concentrated whey
(CW 1)
12,50 L of CW 1

________

* STAGE 1 tteteelat :
Concentrated whey
(CW2)
6,25 Lof CW2

* STAGE 2

Concentrated whey
(CW 3)
3,12Lof CW3

2.4 TOTAL SOLIDS CONTENT

For calculations of concentration factor and process efficiency, the whey concentrates
(CW1, CW2, and CW3), and ices (I1, 12, and I3) were evaluated in relation to the total solids
content (g/100g). The analysis was performed by drying the samples at 105 + 1°C until constant
weight, as described in IDF (IDF, 2013).

2.5 CONCENTRATION FACTOR
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The concentration factor (CF) was calculated for each stage of freeze concentration,

according to methodology presented by Aider & Ounis (2012), using Eq. (1):

SW c

TS,

CF (%) = X 100 (1)

where, TS, is the total solids content (g/100g) of the concentrate whey at each stage of freeze

concentration and TS, is the total solids content (g/100g) of the initial cheese whey.
2.6 PROCESS EFFICIENCY

The process efficiency (PE) of freeze concentration was calculated by the following

equation (Eq. 2):

TS; — TS
PE (%) =C?CG X 100 )

where, it was determined by the increase in total solids content (TS) in the concentrated (T'S. )
(g/100g) in relation to the total solids content (TS) remaining in the ice (T'S;) (g/100g) of each
stage of the freeze concentration process.

The concentrated whey used in the preparation of the ice creams was chosen from the

evaluated results of the process efficiency (PE) and the concentration factor (CF).
2.7 VALIDATION OF EXPERIMENTAL RESULTS

To evaluate the experimental results the mass balance was calculated, following the
methodology described by Sanchez et al. (2011b). It was made a comparison between the mass
balance and the theoretical data by calculation of the predicted ice mass ratio (Wpred) (kg of
ice per kg of cheese whey), according to Eq. (3).

TSs — TS
W(pred) = TS,l——TSCW (3)
cw
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where, TSg; is the initial content of total solids (g/100g) of whey, TS,, the content total solids
(g/100g) of concentrated whey (CW) and T'S; is the total solids content of the ice fraction (I).
The deviation between experimental and theoretical data was expressed as root mean

square (RMS) deviation, using Eq. (4).

Wexp — W, Wexp)?
RMS(%)=\/( EXP I\I;red/ EXP) x 100 (4)

where Wexp and Wpred represent the experimental and predicted proportions from the mass of

ice, respectively, while N is the number of repetitions performed.
2.8 ICE CREAM ELABORATION

Five formulations of ice creams were elaborated according to methodology described
by Silva et al. (2015), with modifications. The ice cream denominated ice cream 1 is the control
sample, prepared with pasteurized milk, and the ice cream denominated ice cream 2, ice cream
3, ice cream 4, and ice cream 5 were prepared with different proportion of concentrate whey.
The ingredients used in the composition of ice creams were described in Table 2.1. The
ingredients of each ice creams were mixed and subjected to heat treatment for 30 minutes at 70
+ 1 °C, posteriorly were cooled and taken to the ice cream maker (Cuisinart ICE 21, New Jersey,
USA), where they went through the process of beating and freezing. Finally, the ice creams
were stored at -20 + 2 °C until analysis. All formulation of ice creams were produced in

triplicate.

Table 2.1- Ice cream composition

Sample Concentrated  Pasteurized  Fresh milk Sodium Sucrose
milk whey milk cream Chloride g/100g
g/100g 2/100g 2/100g 2/100g
Ice cream 1 - 280 72.8 0.28 100.8
Ice cream 2 280 - 72.8 0.28 100.8
Ice cream 3 70 210 72.8 0.28 100.8
Ice cream 4 140 140 72.8 0.28 100.8

Ice cream 5 210 70 72.8 0.28 100.8
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2.9 ICE CREAM ANALYSIS

2.9.1 Physicochemical analysis

The ice creams samples (1, 2, 3, 4 and 5) were analyzed for their physicochemical
characteristics. The acidity were determined according to AOAC (AOAC, 2019), total solids
as described in IDF (IDF, 2013), and the pH was determined using pHmeter (PHS-3 BW, BEL,

Piracicaba, Sao Paulo, Brazil).

2.9.2 Overrun

The incorporation of air of the ice cream samples was determined according to the
methodology described by Pinto et al. (2012). A certain amount of ice cream syrup mass (S;.)
and other amount of mass of frozen ice cream (F;.) were weighed and the excess was calculated

using Eq. 5. The analysis was performed in duplicate.

S. _ F.
Overrum (% ) = (wF—lC) x 100 (5
ic

2.9.3 Melting behavior

The melting behavior was measured as proposed by Silva et al. (2015), with some
modifications. In one week of frozen storage, 50 g of the ice cream samples were left to melt at
25+ 1 °C on a 2.0 mm wire mesh screen over a graduated cylinder. The dripped volume was
recorded every 5 min. The time (min) was plotted against the melted mass (g), aiming at
obtaining a sigmoidal curve representing the kinetics of the melting process. The slope of the

curve was taken as the melting rate (g / min). The analysis was performed in triplicate.

2.9.4 Color analysis

The color analysis of ice cream samples was determined using colorimeter (Minolta
Chroma Meter CR-400, Osaka, Japan), adjusted to operate with illuminant D65 and angle of
observation of 10 °, previously calibrated. The total color difference (AE *) between the
measured values in the control ice cream (ice cream 1) in relation to ice creams (2, 3, 4 and 5)

was calculated as described by (Okpala, Piggott & Schaschke 2010). The CIELab color scale
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was used to calculate the parameters L*, b* and a*, which L* is the brightness of the ice cream
(scale 1-100), chromatic parameter a* is the red and green balance, chromatic parameter b* is

the yellow and blue balance. The analysis was performed in triplicate.
2.9.5 Distribution of ice crystals, air bubbles size and fat particle

The distribution of ice crystals, air bubbles size and fat particles were assessed at —4
°C by optical light microscopy (AXIO Image. A2m, Carl Zeiss, Germany) using 50%
magnification, according to Balthazar ef al. (2017b). The samples were moved directly from
the freezer to the glove box (—4 °C) for preparation. A drop of chilled kerosene was added to
aid in dispersing the ice crystals and to increase the resolution of the generated image. Ice
crystals, fat particles and air bubbles images were captured by a digital camera (AxioCamMRc
5, Zeiss, Germany) and edited using the AXIO Vision Rel. 4.8 software (Microscope Software
AxioVision LE, Zeiss, Germany). For each sample, 20 structures were measured (um) in 10

microscope spots.
2.9.6 Texture parameters

The texture of the ice creams samples were evaluated using a texturometer
TA.HD.plusTexture Analyser (Stable Micro Systems, Godalming, Inited Kingdom)
accompanied by the Exponent program version 6.1.1.0 (Stable Micro Systems, Godalming,
Inited Kingdom). The samples were maintained in temperature of -20 + 2 °C during the time of
analysis. For each sample, five measures were realized and the following parameters were
employed: test speed of 2.0 mm/s; distance of 10.0 mm; height of 20 mm and a proof body
(probe) of aluminum of 490 mm. From the TPA curve they were obtained the following

parameters: firmness (N) and adhesiveness (N.s).
2.9.7 Rheological measures

The ice creams samples were submitted to the rheological measures using a concentric
cylinder rotational rheometer (Brookfield Engeneering Laboratories model DV-III Ultra,
Stoughton, MA, USA) with spindle ULA, and were collected through the Rheocalc® 32
software version 3.2 (Brookfield Engineering Laboratories, Inc., Middleboro, MA, USA). The
rheometer was thermostatically controlled by a circulating water bath (TECNAL model TE-

184, Sao Paulo, Brazil) at 4.0 £ 0.1 °C, to ensure temperature stability the samples were allowed
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to stand for 10 min. The flow and viscosity curves were generated by the linear increase of the
strain rate from 125 s™! the 269 s! in the first 4 minutes (upward curve) and returned to 125 s™!
in the following 4 minutes (downward curve). The speed of rotation was increased from 1 rpm
to 130 rpm, increasing 1 rpm each 2 s. The flow behavior was explained through the Power

Law and the Casson model, according to Equations 6 and 7 respectively:

o=K@)" (6)

005 = 085 + ()3 9

where, o is the shear stress (Pa), ¥ is the strain rate (s), K is the Consistency index
(Pa s!), n is the flow behavior index, gy is yield limit (Pa) and 1, is the Casson viscosity (Pa
s). The behavior of the samples was evaluated by hysteresis area calculation between the

upward and downward flow curves.

2.10 STATISTICAL ANALYSIS

The results were expressed as mean and standard deviation. The one-way analysis of
variance (ANOVA) and Tukey test (P <0.05) were used to determine the significant differences
between the samples. The validity of the Power Law and Casson models were evaluated based
on the coefficient of determination (R?). The data were obtained using STATISTICA 13.3
(TIBCO Software Inc., Palo Alto, CA).

3 RESULTS AND DISCUSSION

3.1 BLOCK FREEZE CONCENTRATION PROCESS

The Table 2.2 shows the performance of the block freeze concentration process
obtained from the total solids content of the concentrates and ice fractions. An increase (P
<0.05) of the concentration factor (CF) was observed according to the evolution of the freeze
concentration stages. This result is expected since the CF is directly related to the total solids
content, increasing the value as the total solids increase. Canella et al. (2019a), Mufioz ef al.

(2019), Aider, Halleux & Akbache, (2007) observed similar behavior in the freeze
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concentration of skim goat milk, skim milk and whey, respectively. Regarding the process
efficiency (PE), there was a decrease (P <0.05) in the value with the evolution of the freeze
concentration stages, noting that the PE depends directly on the total solids content in the ice
fraction. As the total solids content retained in the ice fraction increases the process efficiency
decreases. Canella ef al. (2019a), Aider, Halleux & Melnikova (2009), Balde & Aider (2016)
observed similar performance during the block freeze concentration process of skim goat milk,
whey and skim milk, respectively.

For the validation of the results of the freeze concentration process, the comparison of
the mass balance data, theoretical and experimental data showed a good agreement (Fig. 2.2).
The root mean square deviation defined the deviation between theoretical and experimental
assumptions. A good process adjustment was observed, where the RSME (%) values ranged
from 2.97% to 19.04%. All values were below 25%, showing an acceptable fit, as described by
Canella et al. (2019b), Petzold et al. (2015), Belén et al. (2012) and Hernandez et al. (2010)

who also observed similar results to those presented in this study.

Table 2.2- Total whey solids, concentrated whey (CW) and ice fractions (I) of each freeze
concentrated stage and the concentration factor (CF) and process efficiency (PE) in relation to
the total solids content.

Total solids (g /100 g) CF (%) PE (%)

Whey 6.55 + 0.06%8 - -

Stage 1 CW1 11.29 + 0.09° 172.28 + 3.09* 93.35+ 0.26*
I1 0.75+0.02P - -

Stage 2 CW2 18.61 + 1.26° 284.04 £21.91*  92.65+0.90*
2 1.37 £ 0.04€ - -

Stage 3 CW3 29.02 + 1.06% 442.77+£19.90°  68.53 £2.72%
13 9.12 +0.564 - -

Results expressed as mean + standard deviation, among three batches performed in triplicate for each freeze
concentrated stage, with three replications for total solids, CF and PE.

abe For the same column, means + standard deviations with different superscript lowercase letters indicate
significant differences (P <0.05) between whey and CW at each freeze concentrated stage.

AB.LC For the same column, means + standard deviations with different superscript capital letters indicate significant
differences (P <0.05) between whey and the I of each freeze concentrated stage.

*** In the same column, means + standard deviations with different symbols indicate significant differences (P
<0.05) in CF and PE of each freeze concentrated stage.
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Figure 2.2- Experimental ((J) and theoretical (-4 -) results of ice mass as a function of freeze
concentration stages.
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Based on these results, the freeze concentrate whey of the second stage (CW 2) was

used in ice creams preparation.

3.2 ICE CREAM ANALYSIS

The results of the physicochemical parameters of the ice creams are presented in the
Table 2.3. It was observed that the total solids content of ice creams increased (P <0.05) with
the increase of concentrate whey in the ice cream formulations. Canella ef al. (2018) obtained
similar results in their symbiotic fermented milk drink elaborated with block freeze
concentrated whey.

The ice creams showed a decrease in pH and an increase in titratable acidity with the
addition of concentrate whey, being that ice cream 2 presented higher acidity and lower pH
value. As noted by Canella et al. (2019b) in the freeze concentration process, the high
concentration of total solids improved the high inclusion of proteins. According to Rodrigues
et al. (2011), high amounts of protein have the ability to increase buffering in dairy products

and cause variations in acidity and pH.
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The overrun expresses the expansion of ice cream resulting of the air incorporation.
According to Balthazar et al. (2017b) air incorporation is a very important physical feature that
affects ice cream quality and interferes in texture, softness and stability. Karaca et al. (2009)
observed that this physical parameter may vary according to different elaboration procedures
and ingredients of an ice cream. The air incorporation results obtained in this study are
presented in the (Table 2.3). The ice creams (3, 4 and 5) presented the highest values of overrun.
Besides, there were no significant difference on overrun values between the ice cream 1 and ice
cream 2. In general, low levels of air incorporation are observed in the samples of this study
and this could be attributed to the low amount of partially coalesced fat globules that failed to
prevent air loss or the poor foaming ability of whey. Levin, et al. (2016) reported that the
formation of foam directly influences ice creams aeration. Rossa ef al. (2012) highlighted that
milk proteins in ice cream mixtures are known to emulsify fat and may contribute to partial
coalescence and fat structure formation. However, Barfod et al.(1991) and Schmidt, (2004)
stated that changes in these emulsification capacities such as amphiphilic properties can alter
the interactions between components in the cell-air interfaces of the ice cream mixture and
result in different values of overrum. As suggested by Bahram-Parvar & Goff, (2013) and
Bahram-Parvar ef al. (2015) the reduction in air incorporation is also correlated with increases
in formulation viscosities of the ice cream. The high viscosity does not favor the foaming
formation. Relkin & Sourdet (2005) reported that the whey proteins present, in their denatured
state, interact with themselves and casein micelles, increasing the viscosity of the ice cream
formulations. The overrun values found in this study are in accordance with the acceptable
range for traditional ice creams and were similar to the results observed by Kurt & Atalar,

(2018) for quince seed ice cream.



Table 2.3- Physical and chemical parameters of the ice creams.
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Ice cream 1 Ice cream 2 Ice cream 3 Ice cream 4 Ice cream 5
Total solids (g/ 100 g) 34.75+0.37° 40.82 + 0.36% 34.59 + 1.10° 36.98 + 0.00° 40.38 + 1.52°
Titratable acidity (g /100 g) 0.17 +0.01¢ 0.39+0.012 0.19 +0.014 0.27 +0.03¢ 0.33+0.01°
pH 6.73 + 0.022 6.49 +0.01¢ 6.65+0.01° 6.59 +0.01¢ 6.53 +0.014
Overrun 27.49 + 1.60° 27.28 +2.18° 42.30 + 0.65° 43.85+2.51? 33.51 + 6.85%
L* 86.38 + 1.37° 82.45 +0.52° 86.14 + 0.04 86.85 + 0.90° 87.65 + (.94
b* 14.49 +0.26° 17.65+0.312 16.27 £ 0.63° 17.78 + 0.422 18.02 + 0.442
a* -3.34£0.11° -4.32 +0.15¢ -3.67£0.14° -3.98+£0.17¢ -4.05+0.10°
AE* - 4.84 +0.34° 2.15 +0.84¢ 3.45+0.33b 3.94 + 0.48°

abe Within a line, means + standard deviations with different superscript lowercase letters denote significant differences (P< 0.05) between the ice creams
samples. Ice cream 1: ice cream produced with pasteurized whole milk. Ice cream 2: ice cream produced with freeze concentrated whey. Ice cream 3: ice cream
produced with 25% of freeze concentrated whey and 75% of pasteurized whole milk. Ice cream 4: ice cream produced with 50% of freeze concentrated whey

and 50% of pasteurized whole milk. Ice cream 5: ice cream produced with 75% of freeze concentrated whey and 25% of pasteurized whole milk.
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In addition to air incorporation, melting characteristics are important ice cream
quality parameters (Erkaya, Dagdemir & Sengul, 2012). The Fig. 2.3 shows the evolution
of the melted ice cream mass over time, in the form of sigmoidal curves. The control ice
cream (ice cream 1) lost its shape faster than the ice creams elaborated with concentrate
whey (3, 4 and 5), which retained his original shape longer. As reported by Kirtil & Oztop
(2016) and Ritzoulis et al. (2014) this effect was probably a result of the total solids
content of milk whey and consequently of the protein content present, since proteins delay
melting of ice cream due to its emulsifying property. It was observed that ice cream 2
showed similar behavior to control ice cream (ice cream 1), which is explained by their
amount of air incorporated. According to Balthazar et al. (2018) overrun is important in
determining the melting rate. The ice creams that exhibit low overrun also have a lower
melting rate. In addition, Akbari et al. (2016) observed that the fat globules could
clustered stabilizing the air bubbles in the ice cream structure and consequently decreased
melting rate.

Pathare, Opara & Al-Said, (2013) affirmed that the color parameters have an
important influence on product quality and consumers' food choices. The values for the
color parameters in are presented in Table 2.3. The ice cream 2 presented the lower (P
<0.05) whiteness between the samples, once the presence of milk contributes to an
increase in the whiteness of the ice creams. As reported by Scarso, et al. (2017) the
presence of tiny fat globules together with colloidal casein particles and calcium
phosphate are responsible for the white color of milk. Negative values of a* and positives
values of b* indicate that the ice creams have a tendency to green and yellow color,
respectively. However, the highest intensity of green and yellow color was observed in
the ice creams with concentrate whey addition. This is consistent with the literature,
according Yadav et al. (2015) whey is considered a greenish yellow liquid. According to
the values of the total color difference (AE *), the ice creams with the higher addition of
concentrated whey were more affected. The replacement of milk by whey in 50, 75 and
100% were visible to the human eye. According to Martinez-Cervera et al. (2011), the
total color difference (AE *) values can be visually perceived by the human eye when the

values were greater than 3.
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Figure 2.3- Melting behavior of ice cream produced with pasteurized whole milk (Ice
cream 1) (£\); freeze concentrated whey — Ice cream 2 (O); 25% of freeze concentrated
whey and 75% of pasteurized whole milk - Ice cream 3 (A\ ); 50% of freeze concentrat
whey and 50% of pasteurized whole milk - Ice cream 4 (§2) and 75% of freeze
concentrated whey and 25% of pasteurized whole milk - Ice cream 5 (CJ).
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The distribution of fat globules after freezing is another very important structural
feature in ice cream (Goff & Hartel, 2013). Fig. 2.4 shows the structure of the ice creams
observed by the direct microscopy method. It was verified that the addition of concentrate
whey exerted changes in the ice cream structures, however were not of great impact. Fat
globule size ranged from 1.60 = 0.42 (ice cream 1) to 2.29 + 0.46 pum (ice cream 2)
showing no significant difference (P <0.05) between ice creams. According to
Wildmoser, et al. (2004), fat may influence saturation, due to the aggregation induced by
the presence of air bubbles when the size of fat globules is larger than 2 pm. Goff &
Jordan (1989), stated that the addition of whey increases the viscosity of the mixture and

influences the destabilization of fat in frozen ice cream.
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Figure 2.4- Structure of ice creams containing: pasteurized whole milk (Ice cream 1), freeze concentrated whey (Ice cream 2), 25% of freeze
concentrated whey and 75% of pasteurized whole milk (Ice cream 3), 50% of freeze concentrated whey and 50% of pasteurized whole milk (Ice
cream 4) and 75% of freeze concentrated whey and 25% of pasteurized whole milk (Ice cream 5) observed by direct microscopy method (50 x).

Air bubble (—), ice crystal (—) and fat globules (—>).
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The size distribution of ice crystals (Fig. 2.4) is another very important aspect
for ice cream quality, reflecting directly on its textual properties. All ice creams samples
presented similar average ice crystal sizes (<50 um2). According Goff & Hartel (2013),
most crystals must be bottom than 50 pm in size, as ice creams with ice crystals greater
than 100 um can cause consumer rejection as it has rough and coarse sensory aspect.
Kozlowicz et al. (2019) stated that the amount of total solids is another factor that can
have a major impact on the growth and quantity of ice crystals, the scarcity of total solids
leads to the increase of ice crystals. Thus, it suggests that the addition of concentrate whey
did not influence (P <0.05) the size of the ice crystals.

The mean air bubbles diameter ranged from 2.58 + 0.59 um (ice cream 1) to 3.78
+ 0.68 um (ice cream 2). Thus, the addition of freeze concentrate whey did not influence
the air bubble diameter (P <0.05). Fat may have played a role around air bubbles along
with whey proteins present, separating air cells and preventing coalescence, as noted by
Chang & Hartel, (2002). According Warren & Hartel, (2014) air bubbles are important
as they help to prevent shrinkage in ice creams, since that their size associated with global
stability of foam may affect ice cream structure.

Table 2.4 presents the firmness and adhesiveness results of the ice creams
samples. Regarding the firmness attribute, the control sample (ice cream 1) appeared
more firmer, differing from the other ice creams containing freeze concentrate whey (P
<0.05). It is important to highlight that the ice cream elaborate only with concentrate whey
(ice cream 2) was the one that presented the lowest firmness (P <0.05). The addition of
concentrate whey had an effect on the firmness of the ice cream, which decreased with
the addition of concentrate whey. This behavior is related to the increase in total solids
content. The higher the total solids content, less water to be frozen causing a smoother
and creamy texture, a firmer ice cream and with a higher nutritional value. Turnbow et
al. (1947) and Bodyfelt et al. (1988) obtained similar results in their study. These
differences in firmness may also be related to whey proteins, since, according to Ruger et
al. (2002), the water retention properties of whey proteins may prevent the increasing ice

phase volume of the ice cream and improving the texture.
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Table 2.4- Firmness and adhesiveness analysis of the ice creams.

Sample Firmness (N) Adhesiveness (N.s)
Ice cream 1 33.36 +1.10° -8.03 +0.85°
Ice cream 2 1.47 +0.10¢ -1.42 + 0.40?
Ice cream 3 7.15 +£2.68° -2.64 + 0.53?
Ice cream 4 8.16 +1.30° -1.81+0.32?
Ice cream 5 7.06 +£0.27° -2.31 +0.60?

abe For the same column, means + standard deviations with different superscript
lowercase letters denote significant differences (P< 0.05) between the ice creams
samples. Ice cream 1: ice cream produced with pasteurized whole milk. Ice cream
2: ice cream produced with freeze concentrated whey. Ice cream 3: ice cream
produced with 25% of freeze concentrated whey and 75% of pasteurized whole
milk. Ice cream 4: ice cream produced with 50% of freeze concentrated whey and
50% of pasteurized whole milk. Ice cream 5: ice cream produced with 75% of
freeze concentrated whey and 25% of pasteurized whole milk.

Adhesiveness in ice creams is the force that binds the tongue and the palate. The
addition of freeze concentrate whey also contributed to ice creams with higher values (P
<0.05) of adhesiveness. It is believed that the total solids content had a positive influence
on the adhesiveness increase. This behavior is in agreement with Kozlowicz et al. (2019),
who also observed a correlation between the adhesiveness and the total solids content in
ice cream with addition of zinc ions. Prindiville et al. (2000) also suggested this behavior
occurs because the whey proteins may have simulated the role of fat with regarding the
texture of the ice creams, this is attributed to their ability to interact with water, proteins
and flavor compounds. The increasing in the viscosities of ice creams also contribute to
greater adhesiveness.

The results of the rheological parameters of the ice creams (1, 2, 3, 4 and 5) are
presented in Table 2.5. It can be observed that the addition of freeze concentrate whey (P
<0.05) significantly affected the rheological behavior of the ice creams, improving the
viscosity (Fig. 2.5). It was observed that the viscosity of the ice creams samples remained
constant with increasing strain rate, indicating a Newtonian fluid behavior (Fig. 2.5). The
ice creams added with freeze concentrate whey showed higher viscosity than the control
ice cream, being higher the viscosity with addition of whey. This behavior occurs due to
the higher total solids content of samples added with concentrate whey. Besides that,
according to Goff & Hartel (2013) and Pinto ef al. (2012) conditions such as processing
and temperature may increase the viscosity of ice creams mixtures. Rossa ef al. (2012)

noted that whey protein thermally unfolds in the ice cream mixture and leads to the
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formation of protein polymers, which can behave like hard spheres, showing high flow

resistance, thereby increasing the viscosity of the ice cream.

Figure 2.5- Effect of shear rate on viscosity of ice creams samples. Ice cream 1 (@) ice
cream produced with pasteurized whole milk, freeze concentrated whey - Ice cream 2
(X)), 25% of freeze concentrated whey and 75% of pasteurized whole milk - Ice cream
3 (&), 50% of freeze concentrated whey and 50% of pasteurized whole milk - Ice cream
4 (4@p) and 75% of freeze concentrated whey and 25% of pasteurized whole milk - Ice
cream 5 ().
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The power law model described well the flow behavior of ice cream with the
high correlation coefficient (Table 2.5), being (n = 1), confirming the Newtonian
behavior, which means a linear relationship between strain rate and stress shear (Fig. 2.6).
The consistency index value was indicative of the flow properties of the ice cream. It was
observed that freeze concentrate whey increased the consistency index from (0.013 Pa.s")
ice cream 1 to (0.035 Pa.s") ice cream 2, and consequently, increased the viscosity of ice
creams, as, according to Karaca et al. (2009) the consistency index is based on shear rate
variation and indicates the fluid viscosity. This behavior can be attributed to the increase
in protein content which tends to increase consistency index and viscosity. According to
Damodaran (1997), this may be attributed to the large dispersion of denatured protein
colloidal particles and casein micelles in the structure of ice cream so different protein

sources would impact at the consistency, as protein content increased
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Table 2.5- Rheological parameters of the ice creams using the Power Law, Casson model and thixotropic index.

Power Law Model Casson Model
Sample K (Pa.s™) n R? oo (Pa) ne (Pa s) R? Hysteresis
Icecream 1 0.013 + 0.003¢ 0.991 +0.039* 0.994 0.003 £0.001°  0.012+£0.001°  0.998 2.875+0.898¢
Ice cream 2 0.035 + 0.008? 0.907 £ 0.029°  0.996 0.035+0.003*  0.018£0.001*°  0.998 28.268 +6.552°
Ice cream 3 0.019 % 0.002° 0.957 +£0.048*  0.994 0.004+£0.001°  0.013+0.001°  0.999 1.034+0.325°
Ice cream 4 0.024 +0.004® 0923 +£0.034* 0.996 0.009+ 0.001°  0.014£0.001*  0.998 14.321 + 0.460°
Icecream 5 0.021 £0.005*  0.961 £0.005° 0.995 0.010£0.001°  0.016 £0.001™® 0996 11.071 +2.322°

Results expressed as means + standard deviation, among three lots performed in triplicate for each ice cream sample, with three replications for each
rheological parameter.
abe For the same column, different superscript lowercase letters denote significant differences (P< 0.05) between the ice creams samples. Ice cream 1:
ice cream produced with pasteurized whole milk. Ice cream 2: ice cream produced with freeze concentrated whey. Ice cream 3: ice cream produced with
25% of freeze concentrated whey and 75% of pasteurized whole milk. Ice cream 4: ice cream produced with 50% of freeze concentrated whey and 50%
of pasteurized whole milk. Ice cream 5: ice cream produced with 75% of freeze concentrated whey and 25% of pasteurized whole milk.

K = consistency index; n = flow behavior index; R? = correlation coefficients; oo = yield limit; 1. = Casson viscosity.
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Casson model was adjusted to calculate casson yield limit (co) and casson
viscosity (1¢) (Table 2.5). In general, all ice creams samples showed an increase in Casson
yield limit. This behavior could occurs due to the increased viscosity of ice creams,
caused by the water retention properties of whey proteins. Pinto et al. (2012) and Rezaei
et al. (2011) observed similar results for frozen yogurts. Casson viscosity values were
higher in ice creams added with concentrate whey, increasing with the addition of
concentrate whey. This increase is associated with the higher total solids content of freeze
concentrate whey ice creams samples. Pinto et al. (2012) obtained similar results in their
frozen yogurts.

The hysteresis of ice creams (1, 2, 3, 4 and 5) are showed in the Fig. 2.6. The ice
cream 2 presented a larger (P <0.05) (Table 2.5) hysteresis area, indicating a change in
the system structure. According to Toneli et al. (2005) the formation of the hysteresis
curve reflects changes in the rheological behavior of products. Rossa et al. (2012)
observed that the samples with higher values of hysteresis needed more energy to break
the ice cream structure formed from the protein polymerization, providing a firmer
product. The same behavior was observed in this study for the freeze concentrate whey
ice cream. The ice cream 2 was the sample that had the highest consistency index and
highest viscosity and the largest hysteresis area (P <0.05), as shown in Fig. 2.6. According
to Holdsworth (1993), this demonstrates a correlation with thixotropy. Herndndez (1996)
and Téarrega et al. (2004) state that a higher viscosity thixotropic fluid may show a larger
hysteresis area than a lower viscosity fluid, even if this one suffers a breakdown of the
less viscous product structure. The largest hysteresis area of ice cream added with
concentrate whey is also related to the high amount of total solids, as shown in Table 2.3.
Debon, Prudencio & Petrus (2010) and Mohameed et al. (2004) related the concentration
of solids with changes in rheological properties of some food matrix. Rossa et al. (2012),
Gonzalez-Thomas et al. (2008) and Karaca et al. (2009) also observed the presence of

hysteresis in studies with ice cream.
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Figure 2.6- Flow curves, shear stress versus shear rate, for ice cream produced with
pasteurized whole milk - Ice cream 1 (), freeze concentrated whey - Ice cream 2 (‘)
25% of freeze concentrated whey and 75% of pasteurized whole milk - Ice cream 3 (),
50% of freeze concentrated whey and 50% of pasteurized whole milk - Ice cream 4 (A)
and 75% of freeze concentrated whey and 25% of pasteurized whole milk - Ice cream 5

(X).
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Finally, the results obtained in this study showed that the use of freeze
concentrate whey in the preparation of ice creams is an attractive alternative for the food
industry, once the ice cream is a product of expressive market that pleases several

consumers and have significant nutritional qualities.
4 CONCLUSION

The use of block freeze concentrated technology applied in the whey has
contributed to an economical and natural ingredient with a high nutritional value that can
be added in the ice cream preparation. The freeze concentrate whey of the second stage
was chosen for the preparation of the ice cream. In general, all ice creams samples showed
increase in total solids and in titratable acidity, and a decrease in pH values. Overrun
ranged from 27 to 44% and were considered acceptable. Ice creams with replacements of
concentrate whey retained their original shape longer. All the ice creams had crystal ice
sizes, fat globules and diameter of air bubbles similar. The ice creams with milk as

ingredient showed higher whiteness, while the ice creams with concentrate whey addition
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presented higher tendency to yellow and greenish color. The Power Law and Casson
models described well the flow of all ice creams, which presented behavior of Newtonian
fluids. The addition of concentrated whey contributed to an increase in viscosity,
consistency index and hysteresis area of ice creams. Therefore, it was observed that
replacing 50% of whole milk with concentrate whey provides a better formulation,

choosing ice cream 4 due to its higher overrun and better structure.
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ABSTRACT

The first novelty about the present study is the use of concentrated whey from the second
step of the freeze concentration process in the ice cream manufacturer, classified a
byproduct of the dairy industry with representative total solids content (> 18 g/100g of
total). The second highlight of this work aimed to compare Bifidobacterium BB-12
protective effect of concentrated whey and milk-based ice creams under in vitro simulated
gastrointestinal conditions, as occurs in the human mouth, oesophagus-stomach,
duodenum, ileum, and colon phases. It was observed that both ice creams showed
bifidobacteria viable cells count (> 8 log colony-forming units per gram, log CFU/g)
above than recommended amount to be considered as a probiotic product.
Bifidobacterium BB-12 incorporated in both ice creams showed the most important
characteristic of probiotic microorganisms since it demonstrated survival rates > 90 %
passing by the upper digestive tract to reach the colon. However, the best protective effect
was found to concentrated whey-based ice cream. The above statements show that ice
cream with the addition of potentially probiotic bacteria and concentrated whey could be
regarded as functional food which has a beneficial effect on the human body.

Keywords: Probiotic ice cream, bifidobacteria, cheese whey, concentrated,
gastrointestinal simulation.
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1 INTRODUCTION

The ice cream has been described as a complex frozen colloid that consists of a
continuous aqueous phase with ice crystals dispersed in a semi-frozen solution (Akbari,
Escandari, & Davoudi, 2019, Saremnezhad, Zargarchi, & Kalantari, 2020). The
formulation of the original ice cream mix is given the majority by milk, and sometimes
with functional elements addition. However, in the light of our knowledge, the total
substitution of milk by concentrated whey from the freeze concentration process still was
not employed in the ice cream manufacture.

Cheese whey is a liquid resulting from the precipitation and removal of milk
casein in cheese-making processes (Remoén, Garcia, & Arauzo, 2016). According to
Hausjell et al. (2019), every year worldwide around 190 million tons of cheese whey is
generated resulting in a huge environmental. The volume of effluents produced in the
cheese manufacturing industry has increased as a result of increase demand and
production. It is pointed out that in the context of mass production, 1 kg of cheese requires
roughly 10 kg of milk and yields 9 kg of whey. The cheese whey is a by-product that
represents a significant environmental impact in the dairy industry because of their
physicochemical characteristics, which is represented by the following proteins -
lactoglobulin, a-lactoalbumin, immunoglobulin, serum albumin, and lactoferrin. From
this valorization point of view, cheese whey is a nutrient-rich effluent, which cannot be
directly discharged to the environment without adequate treatment and/or valorization
(Prazeres, Carvalho, & Rivas, 2012, Hausjell et al., 2019). Due to the low solids content,
concentration techniques can facilitate the cheese whey usage, further processing. The
concentration of cheese whey is typically achieved by thermal evaporation under vacuum,
which is an energy-intensive operation that also causes undesirable sensory and nutrition
changes in the concentrated (Menchi & Moraru, 2019). For this reason, the non-thermal
concentration of liquid foods, by the block freeze concentration process has been gaining
increasing interest in recent years. This process is based on the fractional crystallization
of water to ice and its sequential separation from the concentrated liquid by gravitational
thawing (Petzold, Moreno, Lastra, Rojas, & Orellana, 2015). The advantages that have
been also reported by Petzold et al. (2015) for this process are the simplicity of the
separation step, and the reduction of the heat abusive on sensitive food components. The
block freeze concentration process is considered environmentally friendly, has high

effectiveness and low energy consumption, preserve the sensory and nutritional qualities
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of the product, not require expensive maintenances (Aider & Halleux, 2008). Muiioz et
al. (2018) stated that the energy required during the freezing concentration process is
considered relatively low, while the evaporation requires a high amount of energy to
remove water.

Substitution of milk by the concentrated whey from the second step of the freeze
concentration process was employed with success by Canella et al. (2018), in the
development of a probiotic fermented lactic beverage. Silva, Bezerra, Santos, and Correia
(2015) stated that the despite the dairy products constitute one of the most development
segments, and represent a major branch of the functional foods industry, studies still are
necessary about functional ice creams. Within functional foods are those classified as
probiotics, live microorganisms that regularly consumed are able to offer a variety of
benefits for the health of the host, such as the maintenance of normal intestinal microbiota
(Hill et al., 2014). Bifidobacteria are the most commons probiotic species of bacteria
within a normal human intestinal community (Hadad, Zakareya, Al-Hejin, Aldahlawi, &
Alharbi, 2019). The probiotic strain Bifidobacterium animalis subsp. lactis BB-12 (BB-
12) has beneficial effects on gastrointestinal health and immune function (Liu, Bhandari,
& Zhang, 2020). Some studies have shown the ice cream as a good carrier of probiotic
bacteria (Champagne, Raymond, Guertin, & Bélanger, 2015, Akalin et al., 2018,
Balthazar et al., 2018, Calligaris, Marino, Maifreni, & Innocente, 2018, Goral,
Koztowicz, Pankiewicz, & Goral, 2018). However, Koztowicz, Goral, Goral, Pankiewicz,
and Bronowicka-Mielniczuk (2019) related that the ice cream composition can lead to
serious damage to probiotic bacterial cells. In this regard, probiotic microorganisms
should survive not only during the food processing but also the passage through the
gastrointestinal tract (Soares et al., 2019). The integrity of the cell membrane, intracellular
pH and functional enzymes of the probiotic cells can be constantly challenged by stress
factors such as gastric acidity, bile acids, and digestive enzymes during their journey
through the digestive tract (Rodrigues, Silva, Simabuco, Venema, & Venema, 2019).
Therefore, studies should focus on how probiotic cells respond to all in vitro
gastrointestinal conditions. Gastric acid and bile play an important role in the body’s
defense against ingested microorganisms, capable of killing and controlling
gastrointestinal exposure to many pathogens. However, this same defense mechanism can
also disable potentially beneficial microbes, such as those classified as probiotics. For

probiotic effects that are dependent on viability and physiological activity in the intestine,
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the survival of the probiotic in the presence of gastric acid and bile of the upper
gastrointestinal tract is critical (Jungersen et al., 2014). Therefore, the substitution of milk
by concentrated whey in ice cream elaboration reported as a suitable way to develop a
functional ice cream. The present work aimed to provide an opportunity for direct whey
valorization by the use of concentrated whey, offering this cheap substrate for production
of probiotic ice cream, by bifidobacteria survival rate evaluation after exposure to

different in vitro gastrointestinal phases.

2 MATERIAL AND METHODS

2.1 MATERIAL

Two ice creams were manufactured using 61.70 g/100g of pasteurized whole
milk (12.03 g/100g of total solids) (Papenborg, Biguacu, Brazil) and concentrated whey
(18.61 g/100g of total solids) from the second stage of block freeze concentration process,
respectively. The principle of block freeze concentration process was based on total
freezing of whey followed by a partial defrosting procedure under simple gravitational
separation. Once the whey was frozen, 50 % of the initial volume was defrosted at room
temperature (20 = 2 °C), resulting in two fractions denoted as concentrated whey and ice.
In the elaboration of both ice creams, denoted ice cream 1 (with whole milk) and ice
cream 2 (with concentrated whey) were used the following ingredients: 16.03 g/100g of
cream (Tirol, Treze Tilias, Brazil) with 45 g/100g of fat content; 0.06 g/100g of sodium
chloride (Ciasal, Areia Branca, Brazil); and 22.21 g/100g of sucrose (Camil, Sdo Paulo,
Brazil). A probiotic culture composed of Bifidobacterium BB-12 (Bifidobacterium
animalis subsp. lactis, Chr. Hansen, Honsholm, Denmark) was added at end of ice creams
preparations. For the in vitro gastrointestinal conditions were used following enzymes: a-
amylase (28.75 U/mg protein), pepsin from porcine gastric mucosa (400 U/mg protein),
and pancreatin from porcine pancreas (digestive power - 8 X USP specifications); besides
the bovine bile salt (28.75 U/mg protein), all purchased from Sigma-Aldrich (St. Louis,
MO, USA). A suitable medium containing the major compounds present in the colon
phase (large intestine) were prepared using bacteriological peptone, yeast extract,
tryptone, and Tween 80 acquired from Oxoid (Hampshire, UK). To mimic colon
conditions were also employed NaCl, KH,PO4, MgSO4-7H>0, KCl, citrus pectin, casein,
starch, and L-cysteine, which were purchased from Sigma-Aldrich (St. Louis, MO, USA).
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Such as the MRS broth (Difco, Sparks, USA) supplies an excellent base for comparison
of bacterial strain behavior, it was used as a control sample after the exposition to in vitro
gastrointestinal conditions, as well as in the preparation of bifidobacteria suspension.
MRS agar (Difco, Sparks, USA), sodium propionate (Fluka, Neu-Ulm, Germany), lithium
chloride (Vetec, Rio de Janeiro, Brazil), and AnaeroGen (Oxoid, Hampshire, UK) were

used to determine bifidobacteria viable cell count.

2.2 PREPARATION OF BIFIDOBACTERIA SUSPENSION

The freeze-dried culture of Bifidobacterium BB-12 was rehydrated in sterile
whole milk pasteurized according to the procedure described by Fritzen-Freire et al.
(2012), denoted as a stock solution, and stored in sterile glass vials at - 18 £2 °C. In the
sequence, bifidobacteria cell suspension preparation was realized according to the
procedures described by Rodrigues et al. (2011), with some modifications. Thus, the stock
solution was added to the MRS broth modified with 0.2 g/100 g of lithium chloride and
0.3 g/100 g of sodium propionate additions, followed by incubation in anaerobic jars with
AnaeroGen® at 37 + 1 °C for 48 h. After this incubation period, bifidobacteria cells were
harvested by centrifugation (1,000 x g) (centrifuge from Nova Técnica, Sdo Paulo,
Brazil), using the temperature equal to 25 £ 1 °C for 10 min. The supernatant was
discarded, while bifidobacteria cells were washed twice with a saline solution
(0.85/100g). Bifidobacteria cells pallet were suspended in 20 mL of MRS broth, 20 mL
of whole milk pasteurized and 20 mL of concentrated whey, respectively. Final
Bifidobacterium BB-12 viable cells counts in each one suspension prepared were equal
to 9.81 log CFU/mL (colony-forming units per mL), 10.04 log CFU/mL, and 9.64 log
CFU/mL, for MRS broth (control), whole milk and concentrated whey, respectively.

2.3. ICE CREAM PREPARATION

The ice cream mix consisted initially of pasteurized whole milk or concentrated
whey from the second stage of the freeze concentration process; for the ice cream 1 and
ice cream 2, respectively. In both, milk or concentrated whey, were also mixed cream,
sodium chloride, and sucrose, using quantities previously described in the 2.1 section.

The mixes were pasteurized at 75 £+ 2 °C for 30 min using a water bath (Model DI950M,
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Dist, Floriandpolis, SC, Brazil), and cooled to 4 + 1 °C. After these steps, bifidobacteria
cell suspensions (20 mL/L) were added into ice cream mixes. Ice creams were produced
in the batch freezer (Model ICE 21, Cuisinart, New Jersey, USA), resulting in samples
denoted as ice cream 1 and ice cream 2. Both ice creams were added in plastic containers
with around 100 g and hardened in the freezer before further analysis. Three replicates

were prepared for each ice cream.

2.4. IN VITRO GASTROINTESTINAL EXPERIMENT

In vitro gastrointestinal experiments were all performed in triplicate, and
consisted under typical conditions present in the human mouth, oesophagus-stomach,
duodenum, ileum, and colon phases, sequentially, as the protocol established by Barretta
et al. (2019), and demonstrated in Figure 3.1. In the colon phase, samples were collected
after 12 h (ascending colon), 24 h (transverse colon), and 48 h (descending colon). In
vitro gastrointestinal experiments were done with 25 g of each ice cream sample (ice
cream 1 and ice cream 2). As realized for the ice creams samples, 25 mL of the MRS
broth (control) with 20 mL/L bifidobacteria suspension addition was also submitted to
the in vitro gastrointestinal experiment. Briefly, were evaluated the following three
samples during in vitro gastrointestinal phases: ice cream 1, ice cream 2, and control
(MRS broth). Before use, all enzyme solutions were filter-sterilized by 0.22 pm
membrane filter (MF-Millipore, Billerica, MA, USA), and during in vitro gastrointestinal
phases maintained in an ice bath. The temperature (37 = 1 °C) and peristaltic movement
intensity of the human body were simulated using a water bath (Model DI950M, Dist,
Florianopolis, SC, Brazil). As occurs in human gastrointestinal conditions, the overall

volume increased during in vitro gastrointestinal phases.


https://www.sciencedirect.com/science/article/pii/S0023643818306613?via%3Dihub#bib22
https://www.sciencedirect.com/science/article/pii/S0023643818306613?via%3Dihub#bib22
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Figure 3.1- Protocol used during gastrointestinal in vitro digestion phases.
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2.5. BIFIDOBACTERIUM BB-12 VIABLE CELLS COUNT

At the end of each one in vitro gastrointestinal phase, samples were evaluated in
relation to bifidobacteria viable cells count. Each sample dilution was corrected with
peptone water (0.1 g/100 g) until 225 mL/25 g of each ice cream or 225 mL/25 mL of
MRS broth. The samples were blended in a bag mixer 400 (Interscience, St. Nom,
France), serially diluted with peptone water (0.1 g/100 g) and plated in triplicate on MRS
agar modified with the addition of lithium chloride (0.2 g/100 g) and sodium propionate
(0.3 g/100 g), as described by Vinderola and Reinhemer (2000). The plates were
incubated in anaerobic jars with AnaeroGen® at 37 + 1 °C for 72 h. Bifidobacteria viable
cell count was carried out in triplicate and expressed as log colony-forming units per gram

(log CFU/g).
2.5.1 Survival rate

Bifidobacteria performance under in vitro gastrointestinal phases was calculated

in survival rate (Eq. 1), as described by Guo et al. (2009).

Survival rate (%)=5* x100 (1)
0

Where N is the Bifidobacterium BB-12 viable cells count (log CFU/g) after exposure to
each in vitro gastrointestinal phase, and No is bifidobacteria viable cells count (log

CFU/g) before in vitro gastrointestinal phases.

2.6. DATA ANALYSIS

All data were expressed as mean + standard deviation of the measurements
carried out in triplicate on three samples for each batch. Statistical analysis was applied
to microbiological data through the analysis of variance (ANOVA) followed by Tukey’s
test. Statistical significance was attributed when P < 0.05. Results were processed in

software STATISTICA 13.3 (TIBCO Software Inc., Palo Alto, CA).



86

3 RESULTS AND DISCUSSION

Figure 3.2 and Table 3.1 show Bifidobacterium BB-12 viable cells count and its
survival rate after exposure to each in vitro gastrointestinal phase, respectively. As MRS
broth, both ice cream samples could be considered a good vehicle for Bifidobacterium
BB-12, because the probiotic viable cell count was above the recommended by a product
to be considered probiotic. Hill et al. (2014) affirmed that a given probiotic might exert
several health-promoting on the host if the probiotic viable cell count is > 6 log UFC/g or
mL, enhancing gastrointestinal homeostasis through positively affecting the intestinal
microbiota balance. This occurrence is in accordance with Akalin et al. (2018) and
Kozlowicz et al. (2019), which classified the ice cream as a good potential for use as a
probiotic vehicle because of its composition in frozen systems includes nutritive
constituents such as total solids composed by proteins, fat, and lactose. Koztowicz et al.
(2019) also stated that the ice cream pH is higher than that of fermented milk, which has
a positive impact on the survival of probiotic bacteria. Soares et al. (2019) confirmed that
species of the genus Bifidobacterium are notoriously more sensitive to foods with acid
(4.5-5.0) and alkaline pH (8.0-8.5). Silva et al. (2015) affirmed that the aeration and
freezing of the ice cream mix can lead to serious damage to the bacterial cells. However,
these authors also cited that the use of an appropriate inoculum amount of the probiotic
bacterial strain can contribute to the high bacteria abundance. Other factors involved in
maintaining probiotic viable cell count could be related to the ice cream mix composition.
Rodrigues et al. (2019) reported that milk is currently the main probiotic vehicles used by
the food industry worldwide. Silva et al. (2015) verified that goat’s milk ice cream was

an adequate delivery vehicle for bifidobacteria.
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Figure 3.2- Bifidobacterium BB-12 viable cells count data mean from a) control sample
(MRS broth); b) ice cream 1 sample, prepared with whole milk; and ¢) ice cream 2 sample,
using concentrated whey, after exposure to each one gastrointestinal in vitro digestion
phase. The bars represent the standard deviation (T ).

11

a) =
)5
S 10
& el
2
= 9
g % 7:5\\ >
8 h 4
= 8
D
@}
2
< 7
- > A > $ & > > >
A7 S J J J
Q\ OQ' ,&‘b' 600 x\,@Q' QO QO\ Qé\
S S s 5 .
S Ny & o &Qo
Q Qb' & Qﬁ
< @& o
Nad 2\ ©
11 o
b) =
=)
5 10
% l .
< T
=
= )Y
3
o T
2 8
=
=
>
7
. > X < & & > &
& » 9
& © & ¢© ¢ & & &
N o 2
9 & &
< @& Rox
\ad S N
c) 11
Lo
=)
3
e 10
= i $ —5—
g /
8 9 I// ® I <
E I & S— |
= 8
S
=
7
> > > S NS > > >
D S S S S S S
& W %\o&b OBQ'Q ¥ %Q& QQO\ %OQ\
& & &
RN &



88

Madureira, Amorim, Gomes, Pintado, and Malcata (2011) affirmed that the
behavior of probiotic bacteria in the MRS broth provides an excellent base for
comparison, assessing the protective effect of the ice cream with different mix
compositions. Therefore, in our study, it was possible to note that the ice cream 2 sample,
which employed the concentrated whey, demonstrated to be a good probiotic vehicle.
Yasmin, Saeed, Pasha, and Zia (2018) also observed a protective effect of
Bifidobacterium longum BL-05 in simulated gastrointestinal conditions, when it was used
a mix composed by whey proteins. These authors concluded that the protective effect was
because of the abundance in specific amino acid residues from whey, which provide a
protective environment for probiotics. Etchepare et al. (2020) noted that the buffering
effect presented by higher whey protein presence contributed to higher rates of probiotics
survival, during gastrointestinal tests. These authors also observed that the use of whey
proteins provided substantially better protection for probiotic bacteria Lactobacillus
acidophilus La-14. Therefore, it was expected that, if probiotics incorporated into the
food system, they should remain stable during the processing of the food products until
consumption. Furthermore, it was also expected that probiotics, which have been ingested
orally, should survive the harsh acidic condition of the gastrointestinal tract, passing
through the upper digestive tract to reach the colon phases. For this reason, our study
focused on Bifidobacterium BB-12 survival rate under in vitro gastrointestinal phases,
when incorporated in the ice cream matrices, produced with whole milk or concentrated
whey, respectively. Bifidobacterium BB-12 added into ice creams 1 and 2 samples, and
submitted to the in vitro gastrointestinal phases were realized sequentially, according to
established by our research group. However, in the present work, the novelty is also
related to the study of colon phases, where samples were collected after 12 h (ascending
colon), 24 h (transverse colon), and 48 h (descending colon).

The passage through the gastrointestinal tract includes different challenges for
bifidobacteria added into MRS broth, ice cream 1 and ice cream 2 samples. Overall, in
the mouth, oesophagus/stomach, duodenum, and ileum phases, it was possible to note that
for all samples bifidobacteria survival rates remained high (> 90 %) (Table 3.1). The high
Bifidobacterium BB-12 survival rate found in all samples could be because this
microorganism contains the gene coding for bile salt hydrolase, an enzyme that is
important for coping with the high bile salt concentrations in the small intestine. This

enzyme is present and active in Bifidobacterium BB-12 at all times, a fact that was
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described by Jungersen et al. (2014). Sanchez et al. (2007) stated that studies with
Bifidobacterium BB-12 indicating that several genes involved in fatty acid biosynthesis
were down-regulated in the presence of bile salts, and suggested that bile salts could
induce changes in bifidobacteria cytoplasmic membrane composition. These authors also
revealed that the deep metabolic reorganization of bifidobacteria is also correlated to the
changes in the preferential branch through the glycolytic pathway, and hence in the
manner of energy production. Sanchez et al. (2007) also cited others changes of
bifidobacteria which are associated with its resistance after exposure to gastrointestinal
conditions, such as the occurrence of the fatty acid biosynthesis; the increase of molecular
chaperones amount; the modification of redox balance of the cell; and the nitrogen
metabolism, which could be involved with a sigma factor. Zhang et al. (2019) reported
that the sigma factor is responsible for the major gene transcription that allows bacteria
to respond to environmental changes. According to these authors, sigma factors are multi-
domain subunits of bacterial RNA polymerase, which play vital roles in the transcription
initiation process and have great effects on many important cellular activities, such as
growth and stress tolerance with the environmental changes. However, it should be
pointed out that the best performance (P < 0.05) for the bifidobacteria survival rate was
found for the ice cream 2. This fact confirms that even though well-equipped to endure
this critical passage in the gastrointestinal tract, Bifidobacterium BB-12 may suffer
several damages, resulting in a survival rate decrease, as verified by Muioz et al. (2018).
As in our study, these authors also noted a better bifidobacteria protective effect in soft
fresh cheese from freeze concentrated milk, and therefore, with more cheese whey
protein, when compared with the MRS broth. This fact makes us believe that the increase
of total solids by the whey proteins in the ice cream sample mix composition was
responsible for a more stable and protective food matrix for bifidobacteria. Tamime,
Saarela, Sendergaard, Mistry, and Shah (2005) reported that the addition of whey proteins
increases the buffering capacity, contributing to a better survival rate of probiotic
microorganisms. Because these authors emphasized that the freezing stress during ice
cream manufacture must be considered a limiting factor with respect to the probiotic
survival rate, we also consider that the protective effect of bifidobacteria is related to the

concentrated whey used in the elaboration of ice cream 2.
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Table 3.1- Bifidobacterium BB-12 survival rate (%) results expressed as mean + standard deviation, after exposure to each gastrointestinal in vitro
phase from control (MRS broth), ice cream 1 (with whole milk), and ice cream 2 (with concentrated whey) samples.

Phase Sample
Control Ice cream 1 Ice cream 2

Mouth 98.36 + 0.90°B 92.63 + 2.464€ 101.85 + 0.70°A
Oesophagus/Stomach 96.34 + 0.224¢ 97.88 + 0.68"B 100.03 + 0.86"<A
Duodenum 97.40 + 0.99%4B 95.17 + 0.44%9C 99.67 + 0.86°A
Ileum 97.73 + 0.52¢B 96.96 + (0.980<B 101.03 + (0.840<A

Ascending 111.08 £ 0.56*B 103.85 + 3.31%¢ 112.79 £ 0.68*
Colon Transverse 109.11 & 1.04%bB 107.25 + 3.04%8 112.04 £ 1.67*

Descending 109.25 +0.13%8 106.56 + 0.39%€ 112.57 £0.74*

A~C Within a row, different superscript uppercase letters denote significant differences (P < 0.05) between samples among the same step of the gastrointestinal in vitro phase.
=4 Within a column, different superscript lowercase letters denote significant differences (P < 0.05), for same sample among the different step of the gastrointestinal in vitro
phase.
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Just like the survival of the probiotic in the presence of gastric acid and bile of

the upper gastrointestinal tract is critical, it is also crucial bifidobacteria survival in the
colon phase (large intestine). Jungersen et al. (2014) affirmed that the human large
intestine is host to a wide variety of bacteria, with bifidobacteria being prominent
members of this complex ecosystem. Presumably, Hadad, Zakareya, Al-Hejin,
Aldahlawi, and Alharbi (2019) stated that the reduction in oxygen levels from colon
phases enables anaerobic bacteria to grow, like bifidobacteria. This fact was confirmed
for our results, which are demonstrated by the highest (P < 0.05) bifidobacteria survival
rate (Table 3.1) detected in the colon phases (ascending, transverse, descending). Shu et
al. (2020) observed an increase of probiotic survival when their environment changes
from strong acid to a suitable one (pH > 6). These same authors assert that the cause of
this increase is associated with an acidic environment. In this case, probiotics strengthen
the cell walls and the cell membrane permeability change. Therefore, the H+ is isolated
outside of the cells and this protects the cells, which is an important reaction caused by
bacteria in the acid environment of DNA damage repair and acid-induced protein (Shu et
al., 2020). It is noteworthy that the probiotic effects are dependent on viability and
physiological activity in the intestine after the probiotic survival presence of gastric acid
and bile of the critical upper gastrointestinal tract. Therefore, the use of whey
concentrated by a non-thermal and cheaper process (block freeze concentration), in the
ice cream elaboration, as matrix protective of Bifidobacterium BB-12, increased the
functional value of ice cream since this probiotic bacteria showed a higher survival after

in vitro gastrointestinal phases in comparison with milk-based ice cream.

4 CONCLUSION

In both ice creams, from milk or concentrated whey from the second step of the
block freeze concentration process, after exposure in vitro gastrointestinal phases,
bifidobacteria viable cells count were maintained above than recommended amount to be
considered as a probiotic product. It is evident that Bifidobacterium BB-12 incorporated
in both ice creams showed the most important characteristic of probiotic microorganisms
since it demonstrated the ability to survive passing through the upper digestive tract to
reach the large intestine. The ice cream manufactured with concentrated whey showed

the best bifidobacteria protective effect, after exposure to in vitro gastrointestinal phases.
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This occurrence could be credit to stress tolerance of Bifidobacterium BB-12 with the
environmental changes, and to the higher total solids content of concentrated whey, also

represented by the largest amount of whey proteins.
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CONSIDERACOES FINAIS

Os resultados obtidos neste estudo mostraram que o uso do soro lacteo como
matéria-prima para elaboragdo de gelados comestiveis ¢ promissor, representando uma
alternativa para a valoriza¢do desse produto. O método de crioconcentragdo em blocos
estudado para concentrar o soro lacteo contribuiu para um ingrediente natural econémico
de alto valor nutritivo. A aplicagdo do soro concentrado em substitui¢ao ao leite na
elaboragdo de gelados comestiveis se mostrou eficaz em relagdo as suas propriedades
estruturais. Dentre os cinco gelados comestiveis elaborados, destaca-se o gelado
comestivel 4 com substituicdo de 50% de leite por soro concentrado, devido ao maior
valor de overrun, pois remete diretamente no rendimento e consequentemente nos lucros
do produto.

A capacidade de protecao dos gelados comestiveis produzidos com o concentrado
de soro lacteo e produzido a base de leite foram observados para Bifidobacterium BB-12
nas condi¢des gastrintestinais simuladas in vitro. Todas as amostras apresentaram
contagens superior a 6 log UFC/g acima do recomendado para o produto ser considerado
probidtico. Em todas as fases, foi possivel observar que, para todas as amostras, as taxas
de sobrevivéncia das bifidobactérias permaneceram altas (> 90%). Verificou-se que o
gelado comestivel de soro concentrado do segundo estagio da crioconcentragdo serviu
como melhor matriz protetora de Bifidobacterium BB-12 seguido pelo gelado de leite
apos as fases gastrointestinais simuladas in vitro.

Os gelados comestiveis produzidos de soro concentrado mostram ser uma
alternativa atraente para a industria, principalmente, pela possibilidade de redugao do
preco e utilizagdo desse produto secundario altamente poluente. Entretanto, sugere-se a
realizagdo de mais estudos que permitam avaliar a viabilidade da bactéria probidtica no
produto durante seu armazenamento congelado. Além disso, recomenda-se avaliar as
caracteristicas sensoriais das formulagdes de gelados comestiveis com adi¢do de soro

lacteo concentrado em relacdo ao adicionado de leite.
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REGIONAL SUL DE CIENCIA E TECNOLOGIA DE ALIMENTOS-2019.

REVISTA ACADEMICA CIENCIA ANIMAL OPEN ACCESS

PROCESSOS DE SEPARAGAO E TRANSFORMAGAO NA INDUSTRIA DE ALIMENTOS

Propriedades fisicas de soro lacteo concentrado
pela crioconcentracao em blocos

Euldlia Lopes da Silva Barros*, Callebe Camelo Silva, Silvani Verruck, Maria Helena Machado Canella,
Amanda Alves Prestes, Elane Schwinden Prudéncio

Universidade Federal de Santa Catarina (UFSC)

A crioconcentra¢do em blocos é uma técnica de concentracdo que apresenta a vantagem de
manter a qualidade nutricional de alimentos através da recuperacdo de um soluto por
meio da separagdo de cristais de gelo. Esta técnica possui aplicacbes bastante
promissoras em relagdo ao valor nutritivo de seu concentrado quando comparada com os
processos tradicionais de concentragdo, os quais utilizam temperaturas maiores do que
a de congelamento. Para a realiza¢io de dois estagios da crioconcentragio, o soro lacteo
foi primeiramente congelado em blocos (200 g) a -20°C. Depois do congelamento, 50% da
massa inicial (g) foi descongelada gravitacionalmente em temperatura ambiente (21 °C).
Assim, o liquido descongelado constituiu o concentrado do primeiro estiagio de
crioconcentragdo (C1). Como no primeiro estagio da crioconcentracio, este concentrado
(C1) foi congelado e descongelado novamente até 50% da massa inicial, resultando no
concentrado do segundo estdgio (C2) e numa fragio de gelo. Como a fracdo concentrada
apresenta maior valor nutritivo determinou- se além de suas propriedades fisicas, o seu
teor de sélidos totais. Este teor foi também determinado, a fim de avaliar a sua
interferéncia sobre as propriedades fisicas das fra¢des concentradas do soro lacteo. Desta
forma, o objetivo deste trabalho foi determinar o teor de sélidos totais do soro lacteo e
das suas fragdes concentradasresultantes do primeiro (C1) e do segundo estagio (C2), bem
como os seus valores de viscosidade e densidade. A viscosidade dindmica foi obtida pelo
viscosimetro de bolas, enquanto a densidade empregando o densimetro portatil. Todas as
analises foram realizadas em triplicata e os resultados expressos como média e desvio
padrao. Com os resultados obtidos verificou-se que C2 apresentou maior (p < 0,05) teor
de sdlidos totais (18,95 + 0,99 g 100 g*), seguido por C1 (11,88 +0,15g100 g*) e pelo soro
lacteo (6,55 + 0,06 g 100 g*). O mesmo comportamento foi verificado para a viscosidade
e para a densidade do soro lacteo, C1 e C2, cujos valores aumentaram (P < 0,05) com o
aumento do estagio de crioconcentracao e foram iguais a 1,883 + 0,182 mPase 1,17 *
0,00gcm?;2,491+0,121 mPase 1,19+ 0,00 gcm? e 3,180+ 0,192 mPase 1,23+0,00 g
cm?, respectivamente. Verificou-se que o comportamento das propriedades fisicas
(viscosidade e densidade) esta relacionado ao aumento do teor de soélidos totais
observado no processo de crioconcentragio do soro lacteo.

Palavras-chave: Concentragao. Soro Lacteo. Viscosidade. Densidade.
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