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RESUMO

A 4gua de coco é uma bebida isotonica natural que tem apresentado relevante
e crescente demanda no mercado. A dgua de coco é atualmente processada por meio de
processos térmicos, que, apesar de serem capazes de inativar enzimas e
microrganismos, provocam efeitos deletérios nas propriedades sensoriais e nutricionais
dos alimentos especialmente dos alimentos termosensiveis, que é o caso da agua de
coco. Desta forma, é necessario buscar novos métodos de processamento da agua de
coco a fim de aumentar a qualidade deste produto. O processamento por alta pressao
isostatica (HIP - High Isostatic Pressure) é um método de grande potencial para o caso
de alimentos termosensiveis e consiste em colocar o alimento em uma camara cuja
pressao é elevada até o nivel desejado por injecdo de fluido ou compressao da camara
por acdo de um pistdo. A agua de coco foi processada em um equipamento com camara
de 2 litros em diferentes condi¢des de pressao (100-600 MPa), temperatura (25-60°C) e
tempo (3-30min) para investigar o efeito da HIP nas enzimas polifenoloxidase (PPO -
Polyphenoloxidase) e peroxidase (POD - Peroxydase). Também foi investigada
inativacdo dos microrganismos Lactobacillus fructivorans, Saccharomyces cerevisiae e
Escherichia coli em diferentes pressdes (200-500 MPa) por 2 min a 25 °C. Os resultados
mostram que as trés variaveis (pressao, tempo e temperatura) tem um efeito positivo na
atividade relativa da POD, demonstrando que quanto maior a pressao, temperatura e
tempo de processo, maior a ativacao da POD. A PPO apresentou alteragdes de atividade
imediatamente ap6s o processamento, mas estes efeito foram reversiveis dentro de 24
horas de estocagem. Os diferentes microrganismos estudados apresentaram diferentes
niveis de resisténcia a pressao. Contudo, ndo foi observado crescimento microbiano no
teste de vida de prateleira com amostras processadas a 600MPa, 25°C, 3min. Além disso,
o teste de analise sensorial ndo revelou qualquer diferenca entre as amostras controle e
processada, demostrando o alto potencial da tecnologia HIP para processamento de

agua de coco.



ABSTRACT

Conut water is a natural isotonic beverage which shows a relevant and
growing market demand. Coconut water is currently processed by thermal processes.
Although thermal processes are efficient in the inactivation of enzymes and
microorganisms, they cause deleterious effects on sensory and nutritional properties of
foods, especially thermal sensitive foods, which is the case of coconut water. Hence, it is
necessary to search for new processing methods for coconut water in order to improve
this products quality. One interesting method for food processing is high isostatic
pressure processing (HIP), which consists in placing the product in a fluid-filled
chamber whose pressure is elevated either by fluid injection or reduction of the
chamber volume by a piston. Coconut water was processed in a 2 litter high pressure
equipment in different conditions of pressure (100-600 MPa), temperature (25-60 °C)
and processing time (3-30 min) in order to investigate the effect of HIP on the enzymes
polyphenoloxidase (PPO) and peroxidase (POD). Also, microbiologic inactivation was
tested for the microorganisms Lactobacillus fructivorans, Saccharomyces cerevisiae and
Escherichia coli in the pressure range of 200 to 500 MPa for 2 min at 25 °C. Results show
that all three variables (pressure, time and temperature) have a positive effect on
relative activity of POD, showing that the higher the pressure and temperature and the
longer the time, the higher the relative activity. PPO showed activity modifications
immediately after processing, but this effects were reversible within 24 hour storage.
The studied microorganisms showed different pressure resistance levels. However, shelf
life testing showed no microorganism growth for a 600 MPa, 25 °C, 3min processing.
Also, sensory analysis results indicates no difference between control and processed

samples, showing a high potential for HIP processing of coconut water.
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INTRODUCAO GERAL

Agua de coco é a parte liquida do fruto do coqueiro (Cocos nucifera), excluido o
endosperma, ndo diluido, ndo fermentado, ndo concentrado e obtido por processo
tecnolégico adequado. (BRASIL, 2009). Na Reunido do Codex Alimentarius, a agua de
coco foi enquadrada nos padrdes para suco de fruta, sendo portanto, regularizada

através dos Padrdes Gerais para Sucos e Néctares de Frutas (FAO/WHO, 2005).

A agua de coco verde tem apresentado um grande apelo popular para ser
usada na alimentacdo, nutricdo e saide humana, na medicina e na biotecnologia
(EMBRAPA, 2002). A demanda nacional para o consumo de agua de coco é bastante
significativa, tendo a comercializacdo do produto crescido de 94 milhdes de litros/ano
em 2011 para 152 milhdes de litros/ano em 2014 (DATAMARK, 2015). A demanda para
exportacdo do produto para os EUA, Comunidade Europeia e Japdo também tem
crescido, dado que a agua de coco tem grande potencial para competir no mercado das

bebidas isotonicas (ARAGAO et al., 2001).

Tradicionalmente, a agua-de-coco é comercializada dentro do préprio fruto, o que
implica em dificuldades relacionadas ao transporte, armazenamento e perecibilidade do
produto. Para que a comercializagdo da agua de coco seja possivel em locais afastados
das regides produtoras, é necessdaria a industrializacdo desta a fim de reduzir o volume e
peso de transporte e estender sua vida de prateleira (ROSA et al.,, 2000; OLIVEIRA et al,,
2003).

O prolongamento da vida de prateleira da agua de coco depende da
estabilizacdo da mesma a partir de métodos de conservacao. Tais métodos devem levar
em consideracdo a inibicdo da atividade enzimatica e a garantia da estabilidade
microbiologica da agua ap6s abertura do fruto, além de manter, o maximo possivel, suas

caracteristicas sensoriais originais (ARAGAO etal, 2001; ROSA et al., 2000).

Um dos processos de conservacdao mais amplamente utilizados é o tratamento
térmico. No entanto, ao mesmo tempo em que oferece beneficios quanto ao aumento de
estabilidade e vida de prateleira, o tratamento térmico pode causar alteracdes quimicas
e fisicas que refletem em alteracoes de propriedades sensoriais e nutricionais dos
alimentos (CAMPOS et al., 2003). No caso de sucos de frutas, o tratamento térmico tende

a gerar alteracdes indesejadas de cor e perda de aromas e vitaminas (CHOI et al., 2005).
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O processamento térmico da agua de coco € particularmente problematico pelo fato de a

agua de coco ser um produto termosensivel.

Atualmente, a tendéncia no consumo de alimentos estd cada vez mais
direcionada a produtos naturais, saudaveis e minimamente processados. No caso de
suco de frutas, por exemplo, a tendéncia é na direcdo de sucos com sabor fresco e
integridade de sabor e vitaminas, o mais proximo possivel dos sucos feitos em casa

(TEREFE, 2014; CAMPOS et al., 2003).

Considerando as altera¢des causadas pelo processamento térmico e a
preferéncia do consumidor por produtos que conservem suas propriedades sensoriais e
nutricionais originais (produto fresco), tecnologias de processamento ndo térmico tem

recebido grande atencdo (WEEMAES et al. (A), 1998; CAMPOS et al., 2003).

O processamento de alimentos por tecnologia de alta pressao isostatica (HIP -
High Isostatic Pressure) é um processo nao térmico que consiste em submeter o produto
a altas pressodes (acima de 100 MPa) com o objetivo de inativar micro-organismos e
enzimas. A vantagem do processamento a alta pressao é que, ao mesmo tempo em que é
capaz de reduzir/eliminar a atividade microbiana e enzimadtica, preserva moléculas
pequenas como vitaminas e compostos volateis, responsaveis por sabor, aroma e valor

nutricional dos alimentos (CAMPOS et al., 2003).

Tendo em vista as potencialidades do tratamento a alta pressao no
processamento para inativacdo de microrganismos e enzimas em alimentos
termosensiveis e que, até o presente momento, ndo foram publicados trabalhos
explorando a aplicacdo do processamento HIP em agua de coco, o objetivo deste projeto
foi estudar o efeito de diferentes condi¢des de pressao, tempo e temperatura durante o
processamento a alta pressdo isostatica da agua de coco em relacdo a inativacao das
enzimas POD e PPO e reducido de contagem dos microrganismos L. fructivorans, S.
cerevisiae e Escherichia coli. Além disso, foram investigados os efeitos sobre

propriedades sensoriais do produto e sua vida de prateleira.



cariTuLO 1

Revisao Bibliografica e Objetivos
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1.1 INTRODUCAO

A agua-de-coco é uma solucao isot6nica natural, acida, estéril, de baixo valor calérico

e contém sais minerais, aglcares, vitaminas e proteinas em sua composicao. A agua de
coco tem apresentado um grande apelo popular para ser usada na alimentacdo, nutricao
e saude humana, na medicina e na biotecnologia (EMBRAPA, 2002).
A demanda nacional para o consumo de dgua de coco é bastante significativa, tendo

a comercializagcao do produto crescido de 94 milhdes de litros/ano em 2011 para 152
milhdes de litros/ano em 2014 (DATAMARK, 2015). A demanda para exportacdo do
produto para os EUA, Comunidade Europeia e Japao, tem crescido, dado que a dgua de
coco apresenta grande potencial para competir no mercado das bebidas isotonicas

(ARAGAO etal., 2001).

Tradicionalmente, a 4gua-de-coco é comercializada dentro do préprio fruto, o
que implica em dificuldades relacionadas ao transporte, armazenamento e
perecibilidade do produto. Para que a comercializacao da 4gua de coco seja possivel em
locais afastados das regides produtoras, é necessaria a industrializagcdo desta a fim de
reduzir o volume e peso de transporte e estender sua vida de prateleira (ROSA et al,,

2000; OLIVEIRA et al., 2003).

O prolongamento da vida de prateleira da agua de coco depende da
estabilizacdo da mesma a partir de métodos de conservacao. Tais métodos devem levar
em consideracdo a inibicdo da atividade enzimdatica e a garantia da estabilidade
microbioldgica da d4gua ap6s abertura do fruto, além de manter, o maximo possivel, suas

caracteristicas sensoriais originais (ARAGAO etal, 2001; ROSA etal., 2000).

Um dos processos de conservacdo mais amplamente utilizados é o tratamento
térmico por ser capaz de aumentar a estabilidade do alimento, eliminando micro-
organismos e inativando enzimas que possam catalisar reacdes bioquimicas indesejadas.
No entanto, ao mesmo tempo em que oferece beneficios quanto ao aumento de
estabilidade e vida de prateleira, o tratamento térmico pode causar alteracdes quimicas
e fisicas que refletem em alteracoes de propriedades sensoriais e nutricionais dos
alimentos (CAMPOS et al., 2003). No caso de sucos de frutas, o tratamento térmico tende

a gerar alteracoes indesejadas de cor e perda de aromas e vitaminas (CHOI et al., 2005).
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O processamento térmico da agua de coco é particularmente problematico
pelo fato de a agua de coco ser um produto termosensivel e do valor z (diferenca de
temperatura necessaria para produzir uma variacdo de dez vezes na velocidade de
destruicdo de referéncia) da degradacdo quimica (sensorial) ser menor que o z da
inativacdo das enzimas POD e PPO. Com isso, procura-se utilizar processos que
empreguem menor temperatura e maior tempo de retencao para esterilizagdo comercial

da 4gua de coco (informagdo verbal)l.

Atualmente, a tendéncia no consumo de alimentos estd cada vez mais
direcionada a produtos naturais, saudaveis e minimamente processados. No caso de
suco de frutas, por exemplo, a tendéncia é na dire¢do de sucos com sabor fresco e
integridade de sabor e vitaminas, o mais préoximo possivel dos sucos feitos em casa

(TEREFE, 2014; CAMPOS et al., 2003).

Considerando as alteragdes causadas pelo processamento térmico e a
preferéncia do consumidor por produtos que conservem suas propriedades sensoriais e
nutricionais originais (produto fresco), tecnologias de processamento nao térmico tem
recebido grande atengcdo (WEEMAES et al. (A), 1998; CAMPOS et al,, 2003). Podemos
citar como exemplos de métodos alternativos de conservagdo, o uso de radiacao
(MATSUI, 2006), pulso elétrico (RAMOS et al., 2006), alta pressao (RASTOGI et al., 2007)
e microfiltracdo (CABRAL et al., 2002).

O processamento de alimentos por tecnologia de alta pressao isostatica (HIP -
High Isostatic Pressure) é um processo ndo térmico que consiste em submeter o produto
a altas pressoes (acima de 100 MPa) com o objetivo de inativar micro-organismos e
enzimas. A vantagem do processamento a alta pressdo é que, ao mesmo tempo em que é
capaz de reduzir/eliminar a atividade microbiana e enzimadtica, preserva moléculas
pequenas como vitaminas e compostos volateis, responsaveis por sabor, aroma e valor

nutricional dos alimentos (CAMPOS et al., 2003).

O processamento a alta pressdo é especialmente interessante para produtos
derivados de frutas (sucos, pastas e geleias) como alternativa ao tratamento térmico

devido a presenca de ac¢uicares nos sucos de fruta que, durante o processamento térmico,

1 Marcio Scucuglia - Campinas (2014)
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podem caramelizar ou participar de reagdes de escurecimento ndo-enzimatico

(DOSUALDO, 2007).

Tendo em vista as potencialidades do tratamento a alta pressdao no
processamento para inativagdo de microrganismos e enzimas em alimentos
termosensiveis e que, até o presente momento, ndo foram publicados trabalhos
explorando a aplicagdo do processamento HIP em agua de coco, o objetivo deste projeto
foi estudar o efeito de diferentes condi¢des de pressao, tempo e temperatura durante o
processamento a alta pressao isostatica da agua de coco em relacdo a inativacdo das
enzimas POD e PPO e reducdo de contagem dos microrganismos L. fructivorans, S.
cerevisiae e Escherichia coli. Além disso, foram investigados os efeitos sobre

propriedades sensoriais do produto e sua vida de prateleira.
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1.2 AcGua DE Coco: PROPRIEDADES, MERCADO E PROCESSAMENTO

Agua de coco é a parte liquida do fruto do coqueiro (Cocos nucifera), excluido o
endosperma, ndo diluido, ndo fermentado, ndo concentrado e obtido por processo
tecnolégico adequado (BRASIL, 2009). Na Reunido do Codex Alimentarius, a agua de coco
foi enquadrada nos padroes para suco de fruta, sendo portanto, regularizada através dos

Padrdes Gerais para Sucos e Néctares de Frutas (FAO/WHO, 2005).

A agua de coco verde tem apresentado um grande apelo popular para ser
usada na alimentacdo, nutricio e saide humana, na medicina e na biotecnologia
(EMBRAPA, 2002). A demanda nacional para o consumo de agua de coco é bastante
significativa, tendo a comercializacdo do produto crescido de 94 milhdes de litros/ano
em 2011 para 152 milhdes de litros/ano em 2014 (DATAMARK, 2015). A demanda para
exportacdo do produto para os EUA, Comunidade Europeia e Japdo também tem
crescido, dado que a agua de coco tem grande potencial para competir no mercado das
bebidas isotdnicas (ARAGAO et al., 2001). No Brasil, a cultura do coqueiro é empregada
quase que exclusivamente para a alimentacdo humana e o consumo do produto dobrou
do ano 2000 a 2006. Em funcdo dessa tendéncia de crescimento do mercado, grandes
empresas tem investido em agua de coco. A PepsiCo e a Coca-Cola, por exemplo,
adquiriram, respectivamente, as empresas Amacoco e ZICO beverages, produtoras de

agua de coco (CARVALHO et al.,, 2006).

A maturagdo completa do coco geralmente se da dentro de 11 a 12 meses e a
adgua de coco comeca a se formar em torno do 22 més apds a abertura natural da
inflorescéncia, atingindo valor maximo por volta do 52 ao 72 més, sendo este o periodo
recomendado para a colheita (ROSA et al, 2000). Apés a colheita, o fruto deve ser
estocado em local fresco e seco, podendo ser consumido dentro de um periodo maximo
de dez dias, ap6s o qual se iniciam processos de deterioragdo que comprometem,
principalmente, a fracdo liquida (ROSA et al.; ABREU et al,, 2000). A Figura 1.1 ilustra as

etapas de desenvolvimento do coco.
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3 6 9 1" 13 Month

Figura 1.1 Etapas de desenvolvimento do fruto do coqueiro (Fonte: PAIN, 2012).

O coco verde com 6 a 7 meses de idade contém, por fruto, cerca de 400 mL de

agua, que apresenta propriedades nutritivas, tendo destaque seu alto teor de potassio.

A composicdo e as propriedades fisico-quimicas da agua de coco sdo
dependentes tanto de seu grau de maturacdo como de condi¢des geograficas (clima e
solo) (LUKAS, 2013). Em compara¢do com outros componentes da agua de coco, a

composicdo de aglcares representa a maior variagdo quimica durante a maturagao.

Os niveis de agucares e sélidos totais, bem como a acidez total, aumentam até o
sexto més de desenvolvimento e depois diminuem (MURASAKI, 2005). No inicio da
maturacdo, a dgua de coco apresenta predominantemente agtcares redutores, com a
glicose e frutose representando 40 % e 55 % do conteido de aglcares totais,
respectivamente. Ao longo da maturacdo, aumenta o conteddo de acglcares nao
redutores, sendo que a sacarose representa, ao fim da maturacdo, cerca de 40 % do

contelido de agucares totais (PAIN, 2012).

Além da variedade do coco e seu grau de maturagao, as condi¢des de cultivo
também afetam a composicdo da dgua de coco. Como exemplo de condi¢des de cultivo
que afetam a composi¢do da dgua de coco, podemos citar suplementagdo nitrogénio-
fésforo-potassio, grau de salinidade da 4gua de irrigagdo e condig¢des climaticas

(MARINHO, 2006; PAIN, 2012;SILVA, 2006; TEIXEIRA, 2005).

A Tabela 1.1 ilustra as principais propriedades fisico-quimicas da agua de coco
verde da variedade andao verde com 7 meses de idade. Sabe-se, no entanto, que os
valores estdo sujeitos a uma variacdo natural. O pH da agua de coco, por exemplo, pode

variar na faixa de 4,0 a 5,6 em func¢do da maturacio (MAGALHAES et al., 2005).
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Tabela 1.1Caracterizagdo fisico-quimica da dgua-de-coco ando verde com 7 meses de

idade
Sacarose (mg/100mL) 280
Glicose (mg/100mL) 2378
Frutose (mg/100mL) 2400
P (mng/100g) 740
Ca (mg/100g) 17,10
Na (mg/100g) 7,05
Mg (mg/100g) b7
Mn (mg/100g) 0,52
Fe (mg/100g) 0,04
K (mg/100g) 156,86
Acidez (%v/p) L1
pH 4,91
Sélidos totais (g/100g) >84
Total soluble solids content (°B) >,00
Vitamina C (mg/100mL) L2
Proteina (mg/100g) 370
27,51

Valor calérico (Kcal/100g)

Fonte: Adaptado de ROSA et al,, 2000

Tradicionalmente, a 4gua-de-coco é comercializada dentro do préprio fruto, o
que implica em dificuldades relacionadas ao transporte, armazenamento, perecibilidade
e padronizacdo do produto. Para que a comercializacao da agua de coco seja possivel em
locais afastados das regides produtoras, é necessaria a industrializacdo desta a fim de
reduzir o volume e peso de transporte e estender sua vida de prateleira (ROSA et al,,

2000; OLIVEIRA et al., 2003).

A agua existente no interior do fruto € estéril e se mantém assim contanto que
o fruto ndo apresente nenhuma lesdo que possibilite a entrada de microrganismos.

Contudo, durante o processo de extracdo e envase desse liquido, podem ocorrer
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contaminag¢des microbioldgicas e alteracdes bioquimicas, que inviabilizam sua posterior
comercializagcdo. Além disso, quando exposta ao oxigénio (ao ar), a agua de coco
desenvolve uma cor rosada, atribuida a presen¢a das enzimas polifenoloxidase e
peroxidases presentes, que podem causar, além de alteracbes sensoriais, perdas

nutricionais nessa bebida (EMBRAPA, 2005).

Os cocos, ap6s serem removidos das arvores, podem ser mantidos por até dez
dias em temperatura ambiente ser haver deterioracdo. Depois disto, o produto se torna
improprio para consumo devido a fermentagdo. Porém, quando a agua é retirada do
fruto, ela se deteriora em apenas um dia se houver contato com a parte externa
contaminada por microrganismos. Reddy et al. (2007) reportaram contaminac¢des de até

106 UFC/mL em um método tradicional de extracao da agua.

Assim, o problema de conservacdo da agua de coco inicia-se logo apés a
abertura do fruto e o prolongamento da vida de prateleira do produto depende da
estabilizacdo do mesmo a partir de métodos de conservacao que levem em consideragao
a inibicdo da acdo enzimadtica e a garantia da estabilidade microbiolégica, além de
manter, 0 maximo possivel, suas caracteristicas sensoriais originais (ARAGAO et al,

2001; ROSA etal., 2000).

Ha diversos métodos de conservagdo da dgua de coco. Entre as mais utilizadas
destacam-se a refrigeracdo, congelamento, pasteurizacdo e esterilizacao. Todos esses
métodos envolvem uma etapa de tratamento térmico, exceto o envase direto sob
refrigeracdo, que proporciona ao produto uma vida de prateleira curta (maximo de trés

dias) (EMBRAPA, 2000).

A 4gua de coco envasada é obtida a partir de processos tecnoldgicos que
preservam, tanto quanto possivel, as caracteristicas naturais da bebida. Podem ser feitas
as corregoes dos parametros como teor de solidos soluveis totais e acidez, podendo-se
também usar aditivos que prolongam a vida de prateleira. Podem ser aplicados
tratamentos térmicos a médias e altas temperaturas, refrigeracio ou congelamento

(ARAGAO et al., 2001; ROSA et al, 2002).

A agua de coco esterilizada, segundo o Regulamento Técnico do Ministério da
Agricultura, é a bebida obtida da parte liquida do fruto do coqueiro (Cocos nucifera), por
meio de processo tecnoldgico, que foi submetida a um processo adequado de

esterilizacdo “comercial” (BRASIL, 2002).
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No caso da agua de coco envasada refrigerada podem ser aplicados
tratamentos auxiliares (formulacao e pasteurizacdo) capazes de aumentar a vida de
prateleira do produto, permitindo maior flexibilidade na comercializagdo do produto. A
aplicacdo de tratamentos auxiliares permite estender a vida de prateleira do produto
para até seis meses, como € o caso da pasteurizacdo, recomendada no caso da agua de

coco envasada refrigerada para maior seguran¢a microbiologica (EMBRAPA, 2000).

A conservacdo da agua de coco por congelamento ainda é bastante
representativa. Assim como no caso da 4agua de coco envasada refrigerada, é
recomendada a pasteurizacdo para reduzir os niveis de contamina¢do, embora seja
comercializada a agua de coco congelada sem prévio tratamento térmico (EMBRAPA,

2000).

A Unica forma de processamento empregada atualmente que permite a
conservacdo da agua de coco em temperatura ambiente é a esterilizacdo. Na etapa de
esterilizacdo, o produto é submetido a temperaturas na faixa de 140 °C a fim de atingir
esterilidade comercial. Embora o tempo de tratamento térmico nesta faixa de
temperatura seja curto (poucos segundos), ocorrem efeitos deletérios sobre as

caracteristicas de sabor e aroma da dgua de coco (EMBRAPA, 2000).

Campos et al. (1996) relatam que o tratamento térmico para inativagdo das
enzimas polifenoloxidase e peroxidase, na d4gua de coco verde, sé é eficiente acima de 90
°C e que a partir de 90 segundos de exposi¢ao do produto a esta temperatura ocorrem
problemas sensoriais relacionados as mudangas no aroma e sabor da agua de coco.
Como sdo necessarios tempos de 550 e 310 segundos a 90 °C para completa inativagdo
da polifenoloxidase e peroxidase, respectivamente, o tratamento térmico a 90 °C

possivelmente causara alteragdes sensoriais a agua de coco.

E importante destacar que o sabor da 4gua de coco comercializada esterilizada
em temperatura ambiente é bastante diferente da agua de coco verde in natura, nao
somente devido ao tratamento térmico, mas pelo fato de ser proveniente de cocos
maduros de variedades gigantes e/ou hibridos, subproduto das atividades de exploracao

da améndoa de cocos secos e ndo de coco verde (EMBRAPA, 2000).

Considerando, portanto, o aumento da demanda por agua de coco verde, a
consequente necessidade de industrializacdo/conservacdo da mesma e os efeitos

negativos sobre as propriedades sensoriais da agua de coco, é um tema de grande
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interesse a busca por métodos de processamento ndo térmicos para processamento de

agua de coco.

1.3 TECNOLOGIAS DE PROCESSAMENTO NA0o-TERMICO

O prolongamento da vida de prateleira de produtos alimenticios depende da
aplicacdo de processos de conservacdo tais como congelamento, desidratacdo ou

pasteurizacdo (MATSER et al,, 2004).

Ha diversos métodos de conservagdo atualmente aplicados a dgua de coco.
Entre as mais utilizadas destacam-se a refrigeracao, congelamento e esterilizagdo. Todos

esses métodos envolvem uma etapa de tratamento térmico (EMBRAPA, 2000).

O processamento térmico é um dos métodos mais utilizados para preservagao
de produtos alimenticios por ser capaz de aumentar a estabilidade destes, eliminando
micro-organismos e inativando enzimas que possam catalisar rea¢des bioquimicas
indesejadas. No entanto, ao mesmo tempo em que oferece beneficios quanto ao aumento
de estabilidade e vida de prateleira, o tratamento térmico pode causar alteragdes
quimicas e fisicas que refletem em alteracdes de propriedades sensoriais e nutricionais
dos alimentos (CAMPOS et al, 2003). No caso de sucos de fruta, por exemplo, o
tratamento térmico tende a gerar alteragdes de cor e perda de aromas e vitaminas (CHOI
et al,, 2005). Entre os sucos de fruta, a 4gua de coco é particularmente termosensivel

(REDDY etal.,, 2007; CAMPOS et al,, 1996).

Considerando os efeitos indesejaveis causados pelo processamento térmico e a
preferéncia do consumidor por produtos minimamente processados que conservem
propriedades sensoriais e nutricionais originais (BIGGNON, 1997; MARTIN et al., 2002),
tecnologias de processamento ndo térmico que apresentem impacto reduzido sobre a
qualidade dos alimentos se destacam como métodos de processamento alternativos

(MATSER et al,, 2004; WEEMAES et al., 1998; CAMPOS et al., 2003).

Podemos citar como exemplos de métodos alternativos de conservag¢ao o uso
de radiagdao (MATSUI, 2006), microfiltracio (CABRAL et al, 20002) e pulso elétrico
(RAMOS et al,, 2006).
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No caso especifico da aplicacdo de métodos de processamento nao térmicos
em agua de coco, podemos citar o estudo do uso da filtracdo por membrana para
reducdo de atividade enzimatica realizada por Magalhdes et al. (2005) no qual foi obtida
atividade relativa de 23 % para PPO e 0 % da POD apds filtragdo em membrana de 20
kDa. Também foi estudada a aplicagdo do processamento nao térmico DPDC (Dense
Phase Carbon Dioxide) para agua de coco e obtido um produto com propriedades
sensoriais indistinguiveis do produto fresco e com vida de prateleira de nove semanas

em temperatura de 4°C (DAMAR et al., 2006).

1.4 PROCESSAMENTO POR ALTA PRESSAO ISOSTATICA

O processamento de alimentos por tecnologia de alta pressdo isostatica
consiste em submeter o produto a altas pressdes (acima de 100 MPa) durante poucos
segundos com o objetivo de inativar microrganismos e enzimas (CAMPOS et al,, 2003). A
pressurizacdo é feita em um espago confinado onde um fluido (usualmente agua) age
como meio transmissor de pressdo. Tal pressao é aplicada isostaticamente, permitindo

que a forma original de alimentos s6lidos seja mantida (MARTIN et al., 2006).

O tratamento HIP pode ser aplicado por compressdo direta ou indireta. No
processo de compressao direta, o volume da camara de tratamento é reduzido pela agdo
de um pistdo. No caso da compressado indireta, uma bomba injeta fluido na camara de
compressio, elevando a pressao até o valor desejado. Em ambos os processos de

pressurizacao é possivel o controle de temperatura (MARTIN et al., 2006).

O uso de altas pressdoes para processamento de alimentos foi proposto
inicialmente por Hite em 1899, que demonstrou que a deterioracdo do leite podia ser

retardada pela aplicacao de alta pressao (HITE, 1899).

A primeira linha de produtos produzidos por tecnologia de alta pressao foi
lancada no Japdo em 1990 pela companhia Meidi-Ya. A linha de produtos incluia geleias
de morango, kiwi e maca (HORI et al., 1992; DUMOULIN, 1998). As geleias, ja embaladas
nos recipientes plasticos finais eram tratadas em uma prensa Mitsubishi Heavy Industry

(Japan) de 50 L a 400 MPa por 20 min.
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A companhia francesa Ulti em 1994 foi a pioneira européia no uso da
tecnologia HIP lancando sucos citricos pasteurizados a 400MPa em prensa de 15L

produzida pela ACB Alstom.

Em 1997, a companhia americana Fresherized Foods (antiga Avomex) - hoje a
maior industria de produtos tratados por HIP em ndmero de equipamentos e volume de
produg¢do - iniciou com uma planta no México a produc¢do de produtos de abacate

(TONELLO, 2011).

Atualmente, o método HIP ja é aplicado em escala comercial para
pasteurizacdo de uma grande variedade de produtos alimenticios, como ostras,
presunto, sucos e produtos a base de abacate (MATSER et al., 2004; MARTIN et al,,
2002). Até 2011, eram 60 as industrias comercializando mais de 250 produtos tratados
por HIP. Desses produtos, 14% eram representados por sucos e bebidas (TONELLO
2011) - Figura 1.2.

5% = Qutrgs produtoes

Sucos @ bebidas
1%

" Peixes ¢ frutos do mar

& Produtos cérmeos

Produtos vegetoic

Figura 1.2 Distribui¢do de equipamentos industriais de alta pressdo isostdtica
em fungdo da classe de produto processado (Fonte: Adaptado de BALA, 2008; TONELLO,
2011).

Equipamentos de alta pressao comerciais tem volumes de cimara variando de
30 até mais de 600 L e podem custar de USD$500.000 a USD$2,5 milhdes dependendo
da capacidade do equipamento e grau de automacao. Desta forma, a amortizacdo do
equipamento é responsavel por cerca de 60% do custo de processamento. Em 2008, o
custo de produgdo girava em torno de USD$0,8/kg a USD$2,2/kg, incluindo custo e
depreciacdo (TONELLO et al.,, 2011).

Avangos técnicos permitiram que o custo de investimento de um equipamento
de 600 MPa fosse reduzido a um ter¢co em 10 anos. Ainda assim, o processamento por

HIP apresenta alto custo em comparagdo com outros métodos de processamento
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disponiveis para pasteurizacdo/esterilizacdo. Entretanto, sua aplicacdo é viavel para a
produgdo de produtos de alto valor agregado e no caso de produtos que sdao degradados

pelo processamento convencional, térmico (MARTIN et al., 2002; PURROY et al., 2011).

A elevacdo de pressao até 600 MPa se da em torno de 2,5 min. Um ciclo tipico
(sem “holding time”) é de cerca de 4 min, incluindo entrada do produto, fechamento,
enchimento e pressurizacdo da camara, despressurizagdo e retirada do produto.
Considerando um holding time de 3 min (resultando em um ciclo de 7 min, ou seja, 8
ciclos por hora), conclui-se que um equipamento de 55 L é capaz de processor 440 L/h e
um equipamento de 420 L capaz de processor 3360 L/h. Contudo, deve-se levar em
consideracdo que o volume de producdo por hora dependera da eficiéncia volumétrica,
isto é, da porcentagem do volume da camara que é possivel preencher, efetivamente,

dependendo principalmente das propriedades da embalagem (TONELLO et al., 2011).

A Figura 1.3 apresenta estimativas de custos de processamento para diferentes

tipos de produtos alimenticios comparando equipamentos de 55 e 420L.
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Figura 1.3 Custos de produgdo de diferentes tipos de produtos alimenticios em
equipamentos de alta pressdo de (a) 420L e (b) 55L (Fonte: Adaptado de TONELLO et al.,
2011).
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Diferente do tratamento térmico, o processamento por alta pressdo é
homogéneo, quase instantaneo e independente da geometria do produto ou
equipamento, facilitando o aumento de escala laboratorial para escala de produgdo

(TORRES et al., 2004).

Além de ser capaz de eliminar micro-organismos deterioradores e patogénicos
(TORRES et al., 2004; CONSIDINE et al., 2008) e inativar enzimas (MATSER et al., 2004;
CAMPOS et al., 2003), o tratamento a alta pressao isostatica apresenta um baixo nivel de
alteracdes sensoriais (cor, textura e sabor) em comparagdo com tecnologias
convencionais de processamento por aplicar temperaturas reduzidas por curtos
intervalos de tempo durante o processamento (MATSER et al, 2004). Estudos de
avaliacdo sensorial comprovaram que produtos processados por HIP frequentemente
apresentam propriedades sensoriais indistinguiveis do produto original fresco (TORRES

etal, 2004).

Devido a alta barorresisténcia apresentada por esporos bacterianos e algumas
enzimas, a combinacdo do tratamento HIP com outras tecnologias de conservagao se
tornou uma tendéncia na area (WEEMAES et al, 1998). Exemplos de técnicas
combinadas a alta pressdo para inativacdo enzimatica ou de microrganismos seriam a
adicao de bacteriocinas (JOFRE, 2008; GARRIGA, 2002), lactato de potassio (JOFRE et al.,
2008), a alteracdo de pH (LOPEZ et al, 2008) e o tratamento térmico brando
(ZIMMERMANN et al., 2013; TEREFE et al., 2009).

A combinacao de alta pressao isostatica com altas temperaturas ja foi estudada
para inativacdo de microrganismos resistentes (BARRAUD et al,, 2004; ROBERTS et al,,
1996) assim como para inativacdo de enzimas, como, por exemplo, a pectinesterase
(NIENABER et al, 2001), lipoxigenase (INDRAWATI et al., 2000), poligalacturonase
(FACHIN et al., 2002) e também polifenoloxidase (BUCKOW et al., 2009).

1.5 INATIVACAO ENZIMATICA POR HIP

Quando exposta ao oxigénio, a agua de coco desenvolve uma cor rosada,

atribuida a presenca das enzimas polifenoloxidase (PPO) e peroxidases (POD) presentes,
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que podem causar, além de alteragdes sensoriais, perdas nutricionais nessa bebida

(EMBRAPA, 2005).

A polifenoloxidase (o-difenol oxigénio oxidorredutase (E.C.1.10.3.1)) pertence
ao grupo das enzimas oxidorredutases e possui em seu centro ativo ions cobre que agem
como cofatores capazes de catalisar duas reagdes distintas em presenca de oxigénio: A
hidroxilagdo de monofendis a difendis e a oxidacdo de o-difendis a orto-quinonas. A
reacdo de escurecimento prossegue através da oxidacdo ndo enzimatica, ocorrendo, por
fim, a polimerizacdo das quinonas a pigmentos de coloragdo escura. Quimicamente sdo
polimeros amorfos, insoltveis e altamente estaveis, que podem interagir com outros
constituintes do meio, particularmente proteinas, formando complexos coloridos
(MATSUI et al., 2006; CARVALHO et al., 2006). A PPO de agua de coco apresenta peso
molecular de 73,8 kDa e temperatura e pH 6timos de 25°C e 6,0, respectivamente

(CAMPOS et al.,, 1996; MAGALHAES et al., 2005).

Devido as reacdes secundarias nas quais as quinonas estdo envolvidas,
formando cadeias poliméricas complexas, a determinac¢do da atividade da PPO se torna
um desafio. Além das moléculas poliméricas formadas por reagdes secunddrias, outras
enzimas com propriedades semelhantes a PPO também podem interferir na andlise de

atividade da PPO (MURASAKI, 2004).

As peroxidases (hidrogénio peréxido oxidorredutase (E.C.1.11.1.7)) sdo
enzimas catalisadoras de reagdes de oxirredugdo que utilizam o peréxido de hidrogénio
como aceptor de elétrons para catalisar a oxidacdo de compostos fenélicos (DUARTE et
al,, 2002). A peroxidase (POD) catalisa reacdes que estdo associadas a deterioracdo de
diversos nutrientes como o acido ascorbico e também com o sabor dos alimentos
(CARVALHO et al,, 2006). A POD de 4gua de coco tem peso molecular estimado de 49,2
kDa e temperatura e pH 6timos de 35°C e 5,5, respectivamente (CAMPOS et al., 1996;
MAGALHAES et al., 2005).

E interessante destacar que o pH da 4gua de coco é favoravel a atividade das
enzimas POD e PPO ja que os pHs 6timos de atividade dessas enzimas situam-se

proximos da faixa de variacao de pH da agua de coco (5,0 -5,2) (CAMPOS et al., 1996).

As peroxidases sao frequentemente encontradas na forma de isoenzimas nos

tecidos vegetais. Murasaki (2004) estudou a cinética de inativa¢do térmica da POD e PPO
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da 4gua de coco verde e sugere a presenca de, no minimo, duas isoenzimas de POD e PPO

com diferentes termoestabilidades.

A inativacdo enzimdtica durante o processamento HIP ocorre em funcao de
alteracdes nas estruturas tercidrias e quaternarias das proteinas, que sao mantidas por
interagdes hidrofébicas, hidrofilicas e i6nicas. As estruturas secundarias, mantidas por
pontes de hidrogénio, somente sao afetadas em pressdes maiores do que 700 MPa. No
caso de perda da estrutura secundaria, a desnaturacdo proteica é irreversivel. As
estruturas primarias (ligacdes covalentes) praticamente ndo sdo afetadas pela aplicagao

de pressao (TEREFE, 2014).

As alteragoes nas estruturas proteicas promovidas pelo processamento a alta
pressao sdo governadas pela lei de Le Chatelier, onde reacdes acompanhadas de reducao

de volume sado favorecidas em condi¢des de alta pressao.

Como a pressurizacao é capaz de alterar a estrutura de enzimas, o tratamento
HIP pode tanto inativar quanto ativar as enzimas. Matser et al. (2000), por exemplo,
descrevem aumento de atividade da polifenoloxidase em cogumelos mediante
tratamento a 600 MPa. O aumento da atividade da PPO em fung¢do do tratamento HIP
também ja foi descrito para macga e cenoura a pressdes intermediarias (300 a 500 MPa)

(ANESE et al,, 1999).

Embora possa ocorrer a ativacdo enzimdatica em decorréncia do
processamento a alta pressdo isostdtica, a inativacdo enzimatica é muito mais
recorrente. O estudo da inativacdo de PPOs por meio do tratamento a alta pressao ja foi
realizado para diversas frutas. PPOs de magd, uva, abacate e pera, por exemplo,
apresentaram redugdo de atividade, em temperatura ambiente, a partir de 600, 700, 800
e 900 MPa, respectivamente (WEEMAES et al, 1998 - A). Palazon et al. (2004)
estudaram a inativacdo de PPO de morango, conseguindo inativacdao da enzima por
tratamento a 400 MPa por 15 min a temperaturas na faixa de 18-222C. Para o puré de
tomate, um processamento a 200 MPa e 20 °C por 15 min levou a reducao de 10% na

atividade da PPO (CANO et al., 1998).

PPOs de diferentes origens vegetais apresentam diferentes niveis de
resisténcia a pressao apos o tratamento HIP (BUCKOW et al., 2009; PALOU et al., 1999).
No entanto, as PPOs tendem a apresentar alta barorresisténcia: Palou et al. (2000)

observaram uma atividade relativa de 70% em PPO de banana utilizando pressao de 689
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MPa por 10 min a 21°C. Palazon et al. obtiveram uma atividade relativa de 70% para
PPO de framboesa mediante tratamento a temperatura ambiente de 800 MPa por 15
min. Para o caso da batata, Gomes et al. (1996) descreveram uma atividade relativa de

40% da PPO apds tratamento a 800 MPa por 10 min a temperatura ambiente.

A aplicagdo do processamento HIP ja foi bastante estudada também para as
POD, tendo em vista, assim como no caso das PPO, a reducdo de escurecimento
enzimdatico em frutas e produtos de frutas. Cano et al. ainda em 1998, modelaram o
comportamento da interacdo de pressao (50-400 MPa) e temperatura (20-60°C) em
puré de morango e suco de laranja, buscando determinar condi¢des Otimas de
processamento. Observou-se reducdo da atividade da POD em puré de morango em
processos até 300 MPa (20°C, 15 min). No entanto, o processamento em pressoes
maiores que 300 MPa promoveu um ligeiro aumento de atividade da POD nas condigdes
ja citadas de temperatura e tempo. Ainda em relacao a POD de puré de morango, notou-
se que o aumento de temperatura até 45°C e de pressdo até 280 MPa levam a reducdo da
atividade da enzima. Em temperaturas abaixo de 452C, porém, foram obtidas taxas de
inativagdo menores para as mesmas pressoes. O processamento utilizando 230 MPa e
43°C resultou na maior inativagdo encontrada dentre das condi¢des testadas (CANO et

al, 1998).

No caso da POD em suco de laranja, observou-se reducao da atividade quando
aplicadas pressoes até 400 MPa (temperatura ambiente por 15 min). Nessas condigdes,
obteve-se reducdo de 25% da atividade inicial. Quanto a combinacdo de pressdo e
temperatura, observou-se que a inativacdo enzimatica até 400 MPa foi potencializada
pela temperatura (32°C). No entanto, temperaturas de 32 a 60°C causaram reducao da

inativacao (efeito antagonico) (CANO et al., 1998).

Palazon et al. (2004) também estudaram a inativacdo da peroxidase de
morangos utilizando diferentes condi¢des de pressao (400, 600 e 800 MPa) e tempo (0,
5, 10 e 15 min). Seus resultados mostram que nem sempre o aumento de temperatura
ou tempo de processo levam a uma maior inativacdo. Da mesma forma, Anese et al.
(1994), estudando a inativacdo da POD de cenouras por alta pressdo em diferentes
condicoes de pressio e pH, demonstraram que nao ha proporcionalidade entre
intensidade da pressao aplicada e a inativacdo enzimatica, além de haver influéncia do

pH nas taxas de inativacdo obtidas para uma mesma pressao.
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Para o caso de enzimas barorresistentes, assim como para o caso de
microrganismos, é interessante combinar o tratamento a alta pressdo com outros
métodos de inativagdo, como, por exemplo, tratamentos térmicos brandos (WEEMAES et
al,, 1998(C)) A combinacdo de pressao e temperatura ja foi utilizada para a inativacao de
polifenoloxidases de diversas origens vegetais. Buckow et al. (2009), por exemplo,
estudaram a cinética de inativagdo de PPOs de ma¢d em diversas condigdes de pressao
(0,1-700 MPa) e temperatura (20-80°C). Terefe et al. (2009) também combinam
tratamentos térmicos brandos (20 - 60°C) com o uso de alta pressdo isostatica (300 -
600 MPa), modelando o comportamento da PPO de morango em tais condi¢des a fim de
obter condi¢des para reducdo da atividade da PPO em morango sem levar a perdas

sensoriais e nutricionais.

Além das PPOs, o tratamento HIP, em conjunto com um tratamento térmico
brando (até 602C) é capaz de inativar outras enzimas indesejaveis em alimentos como,
por exemplo, pectinesterases (NIENABER et al., 2001), lipoxigenases (INDRAWATI et al.,
2000) e poligalacturonases (FACHIN, 2002).

Conforme mostrado por Anese e colaboradores (1995), pode haver varia¢do
da atividade relative de polifenoloxidase e peroxidase de macds e cenouras,
respectivamente, apds processamento HIP, podendo ser observada maior ou menor
atividade do que a observada logo apds o processamento. Este mesmo efeito de
alteracdo da atividade relative enzimatica durante o armazenamento também foi
observado por Gibriel et al. (1997) no caso de tratamento térmico de peroxidases de

cenoura, espinafre e damasco.

1.6 INATIVACAO DE MICRORGANISMOS POR HIP

A aplicacao de pressdes elevadas em células microbianas é capaz de causar
diversas alteracdes estruturais e fisioldgicas tais como inibi¢do de enzimas e da sintese
proteica, alteracdo da estrutura da parede e membrana celular (CONSIDINE et al., 2008),
compressao dos vacuolos gasosos, separacdo da membrana e parede celulares

(PATTERSON, 2005) e dissociacdo das subunidades ribossomais (ABE, 2007). Os danos
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a membrana celular alteram sua permeabilidade, causando alteragdes do pH (MATSER

et al,, 2004) e vazamento de material intracelular (CONSIDINE et al., 2008).

O efeito do processamento a alta pressdo sobre micro-organismos é

dependente de propriedades tanto do meio quanto dos préprios micro-organismos:

Coloracdo-gram: Em geral, as bactérias gram-positivas sao mais resistentes a

pressao do que bactérias gram-negativas (SMELT, 1998). Tal fato se deve a maior rigidez

da parede celular das bactérias gram-positivas (CAMPOS et al., 2003).

Fase de crescimento: Bactérias nas fases de crescimento estacionaria e lag

apresentam maior resisténcia a pressdo do que bactérias em fase log (CONSIDINE et al.,

2008; CAMPOS et al., 2003).

Composicdo do meio: Os substratos disponiveis no meio podem ter grandes

efeitos sobre a resposta dos micro-organismos ao tratamento por alta pressao. Meios
mais ricos proporcionam maior protecdo por serem capazes de fornecer vitaminas

essenciais e aminoacidos (BLACK et al., 2007).

Forma esporulada: Bactérias na forma vegetativa apresentam maior

sensibilidade a pressdo do que na forma esporulada, podendo resistir a tratamentos de
até 1000 MPa (CAMPOS et al., 2003). Sabe-se que a germina¢do de esporos pode ser
induzida por aumentos em temperatura (BLACK et al., 2005) ou tratamentos a pressoes
brandas (200-400 MPa) (WEEMAES et al., 1998 (C); SMELT et al., 1998), reduzindo sua

resisténcia a pressao e temperatura em tratamentos subsequentes.

pH: Baixos pHs tendem a aumentar a sensibilidade de patégenos ao
tratamento por alta pressao (ALPAS et al., 2000). Sabe-se que o pH de uma solucao acida
decresce em fun¢do do aumento de pressdo. Assim, quando a pressao é liberada, ocorre
a reversdao para o pH original. O papel da reversdao do pH na morte dos micro-
organismos durante o tratamento por alta pressao ainda nao esta definido (CONSIDINE

etal.,, 2008).

Atividade de agua (aw): quase sempre, baixas atividades de agua (aw)

proporcionam as células um efeito protetor contra a pressao. Porém, microrganismos
injuriados pela pressdao sdo geralmente mais sensiveis em baixas atividades de agua

(CAMPOS et al., 2003).
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Temperatura: A temperatura empregada durante o HIP tem grande impacto na
eficacia do método para eliminacao de micro-organismos (HOGAN et al., 2005). Uma
maior inativacdo é observada quando sdo usadas temperaturas diferentes da

temperatura ambiente (mais altas ou mais baixas) (CONSIDINE et al., 2008).

Apesar das variagoes de resisténcia dependentes de condigdes celulares e do
meio, é possivel determinar faixas de pressdo capazes de eliminar classes distintas de
micro-organismos. Pressoes entre 200 e 300 MPa sao capazes de eliminar formas
vegetativas de eucariotos, como leveduras e fungos. Para eliminacdo de células
bacterianas vegetativas, sdo necessarias pressoes na faixa de 300 a 600 MPa. A maioria
dos esporos de leveduras e fungos sdo facilmente inativados por pressdes de 400 MPa.
Contudo, no caso de esporos bacterianos podem ser necessarias pressdes maiores que
1000 MPa para inativagdo (SMELT, 1998). A Tabela 1.2 ilustra os diferentes perfis de
resisténcia a alta pressao isostatica apresentada por alguns microrganismos de interesse

em alimentos.
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Tabela 1.2 Barorresisténcia de diferentes microrganismos de interesse em

alimentos

Pressao D

Microrganismo (MPa) P T(°C) Substrato Referéncia
Clostridium pasteurianum 700 24 60°C n.i. Maggi et al., 1995
Clostridium pasteurianum 800 34 60°C n.i. Magai et al., 1995
Citrobacter freundii 230 147 20°C n.i. Charles et al_,1992a
Listeria monocytogenes' 414 217 35°%C n.i. Ananth et al., 1998
Salmonella senftenberg 414 148 25 n.i. Ananth et al_, 1998
Listeria innocua? 400 3,12 2°C n.i. Gervilla et al., 1997
Listeria innocua?® 400 4 25°C n.i. Gervilla et al., 1997
Staphylococeus aureus® 200 2118  20°C n.i. Erkmen et al_ 1997
Staphylococcus aureus® 250 15 20°%C n.i. Erkmen et al. 1997
Staphylococcus aureus® 300 37 20°C n.i. Erkmen et al_ 1997
Staphylococcus aureus® 350 26 20°C n.i. Erkmen et al., 1997
Listeria innocua 400 7,35 2°C n.i. Fonce et al. 19938
Listeria innocua 400 823 20°C n.i. Fonce et al., 1998
Listeria monocytogenes' 150 B84 4 4°C leite cri Mussa et al., 1999
Listeria monocytogenes' 250 46,0 4°C leite cru Mussa et al., 1999
Listeria monocytogenes' 300 26,6 4°C leite cru Mussa et al., 1999
Listeria monocytogenes' 350 13,9 4°C leite cru Mussa et al., 1999
Sacharomyces cerevisiae 500 0,02* n.i. suco de laranja  Parnish, 19983
Sacharomyces cerevisiae 350 064" n.i. suco de laranja  Parnsh, 1998a
Sacharomyces cerevisae* 500 0,07**  n.i suco de laranja  Parish, 1998a
Sacharomyces cerevisae® 350 1,27 ni. suco de laranja  Parish, 1998a

_" Scott A ‘_‘ascoporos n.i.: ndo informado

<910 CECT z= 106 MPa * apud Tewari et al, 1999

*ATCC 27690 "z=123 MPa

Fonte: DOSUALDO, 2007

Diversos trabalhos ja foram realizados com a aplicagdo de alta pressdo em
sucos para reducdo da carga microbiana. Bull e colaboradores (2004) estudaram a
aplicacdo de alta pressao em suco de laranja, obtendo reducdo da carga microbiana
(bactérias aerobias, fungos e leveduras) a niveis ndo detectaveis processando o suco a
600 MPa a 20 °C por 1 min. Ja Bayindirli et al. (2004), estudaram a eliminacdo de
microrganismos patogénicos (S. aureus, E. coli 0157:H7 e S. enteritidis FDA) em sucos de
maca, laranja, damasco e amarena, obtendo reducdo da contagem a niveis nao
detectaveis em todos os sucos utilizando as condi¢cdoes de pressdao de 350 MPa e

temperatura de 40 °C durante 5 min de processamento.

Zimmermann et al. (2013) exploraram a combina¢ao do processamento HIP
com tratamentos térmicos brandos buscando modelar a inativacdo do microrganismo B.
coagulans. Em seu trabalho, os autores utilizaram pressdes entre 300 e 600 MPa e
temperaturas de 50 a 60°C. Processos de 300 MPa combinados com temperaturas de 50

e 60°C apresentaram reducoes de 2 e 2,4 ciclos logaritmicos, respectivamente apos 15
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min de tratamento. Para processos de 600 MPa e 50 ou 60°C, também por 15 min, foram

obtidas reduc¢des logaritmicas de 3,1 e 5,7, respectivamente.

Como a agua existente no interior do coco é estéril, sua contaminacdo ocorre
apés abertura do fruto, pelo contato com ambiente, equipamentos e manipuladores. Por
isso, os principais microrganismos contaminantes da agua de coco sdo bolores,
leveduras e bactérias presentes no ambiente de produgdo (DOSUALDO, 2007). E
importante ressaltar que, uma vez contaminada, a dgua de coco é rapidamente
degradada, ndo s6 por conter pH, osmolaridade e teor de aglcares adequados, mas
também por conter substancias que promovem o crescimento e divisdo celular, como
por exemplo mio-inositol e diversas citocininas, uma grande classe de fitormonios (PAIN

2012).

Entre as leveduras mais frequentemente associadas a degradacdo de sucos de
fruta esta a Saccharomyces cerevisiae (BELTRAN et al., 2005) Além deste microrganismo,
bactérias do género Lactobacillus sao encontradas frequentemente como contaminantes

de diversos produtos alimenticios e em produtos derivados de frutas, em especial.

Dada a importancia da S. cerevisiae como contaminante em sucos e outros
produtos de frutas, diversos estudos investigam a eliminacdo deste contaminante por
alta pressdo isostatica. Basak et al. (2002) estudaram a redu¢do da contagem de S.
cerevisiae em suco de laranja natural e concentrado, observando maiores taxas de
Inativacdo para o suco natural do que para o concentrado (confirmando a importancia
do meio na barorresisténcia de microrganismos) e apresentando a cinética de
inativacdo desse microrganismo em pressdes variando de 100 a 400 MPa. O autor
obteve reducdo de 3 ciclos logaritmicos na contagem de S. cerevisiae com tratamento a

250 MPa por 20 min em temperatura de 20 °C.

Da mesma forma que as leveduras (em especifico a S. cerevisiae), a inativacao
de Lactobacillus por alta pressado isostatica também tem sido bastante estudada. Ulmer
et al. (2000) investigaram a ocorréncia de injurias sub-letais, atividade metabdlica e
contagem do microrganismo L. plantarum TMW1.460 em cerveja mediante
processamento a alta pressao isostatica (200 - 600 MPa). A 600 MPa, apenas o tempo de
pressurizacdo (rampa de pressurizacao) ja foi suficiente para levar a contagem inicial

(102 UFC/mL) a niveis abaixo do detectavel.
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Como diferentes matrizes podem proporcionar aos microrganismos maior ou
menor protecdo ao tratamento a alta pressdo isostatica, € importante investigar a
inativacao dos microrganismos na matriz de interesse. O Unico estudo publicado até o
momento sobre a inativagdo de microrganismos em agua de coco foi feito por Lukas et
al. (2013). Neste trabalho, foi estudada a inativacdo de trés microrganismos patogénicos
em agua de coco (Escherichia coli 0157:H7, Salmonella enterica e Listeria
monocytogenes) ap0s tratamentos de 400, 500 e 600MPa por 120s e temperatura inicial
de 4°C. Lukas et al. observaram que nas condi¢cdes de 500 e 600 MPa obtém-se 6 ciclos
de reducdo logaritmica dos 3 microrganismos, mas a 400MPa atinge-se 4 ciclos de

reducdo para E. coli e S. typhimurium e 3 ciclos para L. monocytogenes.
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1.7 OBJETIVOS

OBJETIVO GERAL

O objetivo do presente estudo foi estudar o efeito do processamento de agua
de coco verde sob alta pressdo isostatica em diferentes condi¢des de pressao, tempo e

temperatura.

OBJETIVOS ESPECIFICOS

e Enzimas: Avaliar o efeito do processamento a alta pressao isostatica sobre
a atividade das enzimas polifenoloxidase (PPO) e peroxidase (POD) por meio da
construcdo de superficies de resposta. O modelo experimental foi construido utilizando
pressoes de 100 a 600 MPa, tempos de 3 a 30 min e temperaturas de 25 a 60 °C.

e Microrganismos: Avaliar a inativacdao dos microrganismos Lactobacillus
fructivorans, Saccharomyces cerevisiae e Escherichia coli durante o processamento a alta
pressao isostatica mediante diferentes condi¢des de pressdo (200-600 MPa) por 2 min a
25°C.

e Vida de prateleira: Estudar a vida de prateleira por avaliagdo de pH,
acidez, teor de solidos totais, contagem de coliformes termorresistentes, bolores e

leveduras e contagem total de meséfilos aerdbios, a cada 15 dias por 3 meses.

e Andlise sensorial: Avaliar, por meio de teste afetivo, as diferencas
significativas (em relacao aos parametros dulcor, acidez e aspecto global) e qual o grau

destas diferengas entre as amostras fresca e processada a alta pressao.
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ABSTRACT

Coconut water is a juice whose demand has been growing quickly for being
naturally isotonic. Current processing of coconut water involves thermal processes,
which are effective in the inactivation of enzymes and microorganisms. However,
thermal process also causes deleterious effects on sensory and nutritional properties of
foods, especially thermal sensitive foods, which is the case of coconut water. Therefore,
investigating the application of non-thermal methods of processing is interesting in the
case of coconut water, in order to improve this products quality. High isostatic pressure
processing (HIP) is a non-thermic processing method which consists in pressurizing the
product in a chamber filled with fluid. Pressure may be elevated by fluid injection or
reduction of the chamber volume by a piston. Coconut water was processed in a 2 litter
high pressure equipment in different conditions of pressure (100-600MPa),
temperature (25-60°C) and processing time (3-30min). Response surface methodology
was used to determine the effects of these parameters on relative activity of the
enzymes polyphenoloxidase (PPO) and peroxidase (POD), which are of great technologic
relevance. Results show that all three variables (pressure, time and temperature) have a
positive effect on relative activity of POD in the studied range, showing that the higher
the pressure and temperature and the longer the time, the higher the relative activity.
PPO showed activity modifications after the HIP processing which were reversible
within 24 hours storage. The conditions of higher predicted activation of PPO and POD
were, respectively, P=600MPa, T=28°C, t=30 min and P=600, T=60°C, t=30min, with
relative activity of 120% for PPO and 208.7% for POD.

Keywords: Coconut water; High pressure; Enzymes
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RESUMO

A agua de coco é uma bebida isotonica natural que tem apresentado relevante
e crescente demanda no mercado. A agua de coco é atualmente processada por meio de
processos térmicos, que, apesar de serem capazes de inativar enzimas e
microrganismos, provocam efeitos deletérios nas propriedades sensoriais e nutricionais
dos alimentos especialmente dos alimentos termosensiveis - que é o caso da agua de
coco. Desta forma, é necessario buscar novos métodos de processamento da agua de
coco a fim de aumentar a qualidade deste produto. O processamento por alta pressdo
isostatica (HIP) é um método de grande potencial para o caso de alimentos
termosensiveis e consiste em colocar o alimento em uma camara cuja pressao é elevada
até o nivel desejado por injecdo de fluido ou compressdo da camara por acdo de um
pistdo. A agua de coco foi processada em um equipamento com camara de 2 litros em
diferentes condi¢cdes de pressao (100-600 MPa), temperatura (25-60°C) e tempo (3-
30min). A metodologia de superficie de resposta foi utilizada para determinar o efeito
dos parametros pressdo, temperatura e tempo na atividade relativa das enzimas
polifenoloxidase (PFO) e peroxidase (POD), que sdo de grande importancia tecnolégica.
Os resultados mostram que as trés varidveis (pressdo, tempo e temperatura) tem um
efeito positivo na atividade relative da POD na regido estudada, demonstrando que
quanto maior a pressao, temperatura e tempo de processo, maior a ativagao da POD. A
PPO apresentou alteragdes de atividade em func¢ao do processamento a alta pressdo que
foram reversiveis ap6s 24 horas de estocagem. As condi¢des de maior ativacao da PPO e
POD foram, respectivamente, P=600MPa, T=28°C, t=30 min e P=600, T=60°C, t=30min,
com atividades residuais de 120% para PPO e 208.7% para POD.

Palavras-Chave: Agua de coco; Alta pressao; Enzimas
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2.1 INTRODUCTION

Coconut water (CW) is a natural isotonic beverage composed mainly of sugars
and minerals. CW national and international demand has been growing rapidly,

especially in the sector of isotonic beverages (ARAGAO et al., 2001, DATAMARK, 2015).

The liquid inside the coconut shell is sterile and isolated from any contact with
oxygen. Nevertheless, from the moment the coconut is opened, coconut water is exposed
to oxygen and to microorganisms. The contact of coconut water with oxygen implies in
rapid oxidation due to two natural enzymes, polyphenoloxidase (PPO) and peroxidase

(POD), which promotes color, flavor and nutritional value losses (EMBRAPA, 2005).

Polyphenoloxidase (E.C.1.10.3.1) is classified as oxidorredutase and is capable
of catalysing 2 distinct reactions in presence of oxygen: Hydroxylation of monophenols
to diphenols and oxidation of o-diphenols to ortho-quinones. The browning reaction
continues by non-enzymatic oxidation, leading to quinones polymerization and
generating dark coloured pigments (MATSUI et al, 2006; CARVALHO et al.,, 2006).
Coconut water PPO has molecular weight of 73.8 kDa and ideal temperature and pH of

25°C and 6.0, respectively (CAMPOS et al., 1996; MAGALHAES et al., 2005).

Peroxidase (E.C.1.11.1.7) catalyses redox reactions in the presence of
hydrogen peroxide, oxidizing phenolic compounds in coconut water (DUARTE et al,
2002). Peroxidase is associated to deterioration of nutrients, such as ascorbic acid, and
foods flavor (CARVALHO et al., 2006). Coconut water POD has an estimated molecular
weight of 49.2 kDa and ideal temperature and pH of 35°C and 5.5, respectively (CAMPOS
etal, 1996; MAGALHAES et al,, 2005).

Because of the natural oxidative effects PPO and POD and of the
microbiological contamination, coconut water must undergo industrial processing in

order to achieve product’s stability. Besides, industrialization allows volume and weight

reduction (ROSA et al., 2000; OLIVEIRA et al., 2003).

The currently applied methods to extend CW shelf life are thermal processes.
Although thermal processing is effective in inactivating microorganisms and enzymes,
thermos-sensitive products such as CW may undergo negative chemical alterations
which have an impact on products sensory and nutritional properties (CAMPOS et al,,

2003; MAGALHAES et al., 2005).
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Non thermal processing technologies arise as an option for processing of
thermo-sensitive products. High Isostatic Pressure (HIP) processing is an alternative
non-thermal method where the product is placed in a fluid-filled chamber and subjected
to high pressure. This technology is capable of inactivating microorganisms and
enzymes causing minimum alteration on flavour, aroma and nutritional value (CAMPOS

etal, 2003).

Considering the potential of HIP for processing of thermo-sensitive products,
such as CW, the present paper investigated the effect of the parameters pressure (P),
temperature (T) and time (t) on relative activity of the enzymes PPO and POD during

HIP processing using response surface methodology.
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2.2 MATERIALS AND METHODS

2.2.1 COCONUT WATER SAMPLES

Coconut water was extracted from 6 coconuts with 7-month maturation
originated from the Espirito Santo state of Brazil, using an inox coconut opener. Water
from the 6 coconuts were blended, filtered in plastic strainer and stored in 60mL
fractions in a vacuum sealed flexible plastic bag (Solupack® FCYVEDA - Coextruded
multilayer film from polyolefin and polyamides, EVOH and its copolymers - Oxygen
barrier = 3 cm3/m2/day / water vapour barrier = 8 g/m2/day) at -18°C for no more

than 1 month.

The obtained coconut water blend was characterized by measurement of pH
(4.9+0.02), total soluble solids content (5.6+0.07 °B) and total titratable acidity (5.3+0.4)

according to the below described methodologies.

Coconuts were from dwarf coconut palms (Cocos nucifera) originally from

Espirito Santo State (Brazil), harvested after 7 month maturation.

2.2.2 HIP EQUIPMENT AND PROCESSING CONDITIONS

HIP process was carried in 2L HIP equipment with temperature control and
maximum operation pressure of 690MPa (Avure Technologies, UK). Water was used as

pressure conducting media and compression was indirect, by fluid injection.

A three variable central composite rotational design was used to determine
the effects of pressure (100-600MPa), processing time (3-30 min) and temperature (25-
60°C) on the activity of POD and PPO. The variables levels used in the experimental

design are specified in Table 2.1.
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Table 2.1: Levels used in the central composite rotational experimental design

Levels

Variables -1.68 -1 0 1 1.68

Pressure (MPa) 100.0 201.4 350.0 499.0 600.0

Temperature (°C) 25.0 32.1 425 529 60.0

Time (min) 3.0 8.5 16.5 245 30.0

For each point in the experimental design, the enzyme activities of POD and
PPO were accessed 0, 24 and 48 hours after processing to determine if there were any
alterations in measured activities. Samples were stored at 4°C. Central point testing was
performed in triplicate. All conditions analysed and the results obtained for each

enzyme are shown in “Appendix III” section.

An adiabatic heating of 3°C each 100MPa was considered in order to reach the
desired temperature in the moment the chamber and samples achieved the

programmed pressure.

The duration of the process was defined as the interval where pressure
reached the desired pressure. That is, intervals of pressurization and depressurization
are not considered as part of process duration. Intervals of pressurization can be found
on the “Appendix II” section of this thesis. Depressurization intervals were negligible (in

the order of 5 seconds).

2.2.3 ENZYMATIC ACTIVITY

For both POD and PPO, 1 unit of enzymatic activity (U) was defined as the
amount of enzyme needed to increase absorbance in a rate of 0.001 per minute

(DUARTE, 2002).
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Relative activity was defined 100*A/Ao where A is the relative activity after

processing and Ao the activity of the non-processed control sample.

e Polyphenoloxidase (PPO)

PPO activity was assayed spectrophotometrically by Ponting (1948) adapted

method.

A tube containing 2.3 mL phosphate buffer 0.2 mol/L (pH 6.0) and 0.7 mL
catechol aqueous solution 0.2 mol/L had its temperature stabilized at 25 °C for 10 min. A
tube with 2mL of coconut water was also stabilized at 25 °C for 10 min. After
temperature stabilization, 1 mL of coconut water was added to the first tube and

absorbance was measured at 425 nm in 15 seconds intervals for 8 min.

The analysis was performed in triplicate for each sample and the activity
calculated by Equation 1, where o is the slope of the plotted curve with A425 against
time in the range of 1 to 4 min and DF is the dilution factor of coconut water in the
reaction (DF=4).

a
0,001

Activity = * DF Equation 1

e Peroxidase (POD)

POD activity was assayed spectrophotometrically by Fehrmann (1948)
adapted method.

A tube containing 2.3 mL phosphate buffer 0.2 mol/L (pH 5.5) and 0.2 mL of
hydrogen peroxide (0.1 %) had its temperature stabilized at 352C for 10 min. Other two
tubes, one containing 2 mL of coconut water and other 2mL of alcoholic guaiacol
solution (0.05 %) were also stabilised at 35 °C for 10 min. After temperature
stabilization, 0.5 mL of the guaiacol solution and 1 mL of coconut water were added to

the first tube and absorbance was measured at 470 nm in 15 sec intervals for 8 min.

The analysis was performed in triplicate for each sample and the activity

calculated by equation 2, where 3 is the slope of the plotted curve of absorbance against
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time in the range of 6 to 9 min and DF is the dilution factor of coconut water in the

reaction (DF=4).

Activity = ﬁ * DF Equation 2

2.2.4 STATISTICAL ANALYSIS

The obtained results were analysed in the software STATISTICA™ and the
effects of the variables and their interactions on the relative activity of POD and PPO

were estimated considering a level of significance of 5%.

A variance analysis (ANOVA) was also performed to validate the obtained

models by the F-test.

2.3 RESULTS AND DISCUSSION

A table showing the measurements of PPO and POD activities in the
experimental points is available in the “Appendix III“ section.

Results show that all three variables (pressure, time and temperature) have a
positive effect on relative activity of POD Oh after processing (within the studied range),
meaning that the higher the pressure and temperature and the longer the time, the

higher the relative activity.

Generally, pressure leads to enzymes inactivation. A 600MPa, 5 min process at
room temperature, for example, was capable of inactivating up to 35% of Camarosa
strawberry PPO (SILVA et al,, 2003) while the inactivation of PPO from apple, grape,
avocado and pear at room temperature became noticeable only at 600, 700, 800 and 900
MPa respectively (WEEMAES et al., 1998). However, pressure-induced activation of
enzymes has also been observed. Matser et al., for example, observed increase in PPO
activity of mushrooms in a 600MPa process at room temperature. Authors attribute
enzyme activation to two different phenomena: Transition from latent form to active
form and/or pressure-induced membrane damage and resulting leakage of enzyme and

substrate from vegetable tissues (MATSER, 2000; SONG 2002).

Among the experimental points, the highest POD activation (relative
activity=164%) was achieved at the condition where P=499 MPa; T=52.59 °C; t=24.5
min, and the maximum inactivation (relative activity=92.45%) at P=350 MPa; T=42.5 °C;
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t=3 min. However, the constructed model allows the prediction of the points with
maximum activation and inactivation in the whole modelled interval, and not only
among the experimental points. The condition of higher predicted activation was P=600
MPa; T= 60°C; t=30 min, with relative activity of 208.7% and the condition with
minimum predicted inactivation was an experimental point at P=350 MPa; T=42.5 °C;
t=3 min, with relative activity of 96%. The obtained surfaces for POD relative activity at
Oh (immediately after processing) are illustrated in Figures 2.1, 2.2 and 2.3 and are valid

within a 95% level of statistical significance.

The surface in Figure 2.1 clearly shows the second order effects of pressure
and temperature on POD relative activity, which are also shown in the Pareto chart in
Figure 2.4. The interaction effect of time and temperature is interestingly observed in
Figure 2.3 by the change in the slope of the line segment joining the points of minimum

and maximum times at 25 °C and the slope of the line segment joining the points of

minimum and maximum times at 60 °C.

lory Ry MY BREBTR

Figure 2.1. Response surface of the relative activity of POD Oh after processing as a

function of pressure and temperature with fixed time of 16.5 min (central point).



Figure 2.2. Response surface of the relative activity of POD Oh after processing as a

function of pressure and time with fixed temperature of 42.5°C (central point).
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Figure 2.3. Response surface of the relative activity of POD Oh after processing as a

function of temperature and time with fixed pressure of 350MPa (central point).
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The ANOVA table obtained for the modelling of POD relative activity Oh after

processing is given in Table 2.2.

Table 2.2. ANOVA table for the modelling of POD relative activity Oh after
processing (SQ: Sum of squares; DF: Degrees of freedom; MS: Mean square; Fcal: Calculated
value of F) - R*=0.92129

SQ DF MS Fcalc p-value
Regression  5583.21 2 2791.60 73.37 3.8E-08
Residue 532.69 14 38.05 4.14
Lack of fit 512.07 12 42.66

Pure error 20.61 2 10.31
TOTAL 6115.89 16

The tabled F value for a 5% significance level is 3.74, indicating the model is

valid for a 5% significance level.

The Pareto Chart for this model can be seen in Figure 2.4 and shows the
standardized effects of the different variables that had a statistically valid effect. The
linear effect of temperature is the highest among the observed effects and is followed by
linear pressure and time effects, in this order of importance. Second order effect of
pressure and temperature and combined effect of time and temperature are the lowest

among the identified significative effects.
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Figure 2.4. Pareto Chart showing standardized effects of the variables considered for
modelling the relative activity of POD 0h after processing. The red line is the t-value for
a=5%

The plotting of predicted versus observed values is of great use for observing
the accuracy of the obtained model. From Figure 2.5 it can be noted that the line fitting
the points is very close to the function x=y (that is, predicted value=observed value),

indicating a good prediction of the experimental model.

Figure 2.5. Plot of observed (points) vs. predicted (line) values of POD relative activities Oh

after processing.

At 24h after processing, the modelling of relative activities of POD resulted in
surfaces similar to the ones obtained for Oh, where all three variables (pressure,
temperature and time) show positive effects on POD relative activity. Surfaces are valid

within a 95% statistical significance and are shown in Figures 2.6, 2.7 and 2.8.
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Figure 2.6. Response surface of the relative activity of POD 24h after processing as a

function of temperature and pressure with fixed time of 16.5 min (central point).

gy FRREN @ NORATS

Figure 2.7. Response surface of the relative activity of POD 24h after processing as a

function of pressure and time with fixed temperature of 42.5°C (central point).
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Figure 2.8. Response surface of the relative activity of POD 24h after processing as a

function of time and temperature with fixed pressure of 350MPa (central point).

The ANOVA table for the modelling of POD relative activity 24h after
processing is given in Table 2.3.

Table 2.3. ANOVA table for the modelling of POD relative activity 24h after processing (SQ:
Sum of squares; DF: Degrees of freedom; MS: Mean square; Fcal: Calculated value of F) -

R?=0.88899
SQ DF MS Fcal p-value
Regression 4356,204 3 1452.068 34.70323 1.8E-06
Residues 543,952 13 41.84245 0.165749
Lack of fit 259,401 11 23.58195
Pure error 284,550 2 142.2752
TOTAL 4900,156 16
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It can be noticed from the surfaces in Figures 2.6, 2.7 and 2.8 and from the
Pareto charts (Figures 2.4 and 2.10) that alterations in the magnitude of variables effects
occurred in a small scale, not sufficient to promote great differences between the models
at time 0 and 24. This indicates the alterations caused by these variables during the

process were not reversible within 24 hours.

The chart of predicted vs observed value for POD activity 24h after processing
is illustrated in Figure 2.9 and the Pareto Chart on Figure 2.10, showing the effects of

standardized variables considered by the model.

90 100 110 120 130 140 150 160 170
Observed Values

Figure 2.9. Plot of observed (points) vs. predicted (line) values of POD relative activities
24h after processing.

On Figure 2.9 it is observed that the curve fitting the predicted vs observed
points approaches the x=y curve, indicating the model has high predictive capacity. The
model R? equals 0.88899, which is another indicator of the model high predictive

capacity.
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Pressure (linear) 20,36119

Temperature (linear) 10,62665

Pressure (quadratic) 9,514013

Time (linear) 6.492501

Pressure x Temp

3495824

Temperature (quadratic)

Figure 2.10. Pareto Chart showing standardized effects of the variables considered for
modelling the relative activity of POD 24h after processing. The red line is the t-value for
a=5%

The Pareto Chart illustrated on Figure 2.10 shows that pressure affects POD
activity 24h after processing linearly and is the most important effect when compared to
other statistically valid effects considered in the modelling. Second order effect of

temperature is the less influent effect on POD activity 24h after processing.

Surfaces obtained for POD activity 48 hours after processing are shown in
figures 2.11, 2.12 and 2.13. The ANOVA table and the chart of predicted vs observed
value for this model are shown respectively in Table 2.4 and in Figure 2.14. In figure
2.15 the Pareto Chart is shown for the 48h after processing model with the standardized

effects of statistically significant variables.
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Figure 2.11. Response surface of the relative activity of POD 48h after processing as a

function of temperature and pressure with fixed time of 16.5 min (central point).
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Figure 2.12. Response surface of the relative activity of POD 48h after processing as a

function of pressure and time with fixed temperature of 42.5°C (central point).
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Figure 2.13. Response surface of the relative activity of POD 48h after processing as a

function of time and temperature with fixed pressure of 350MPa (central point).

Table 2.4. ANOVA table for the modelling of POD relative activity 48h after processing (SQ:
Sum of squares; DF: Degrees of freedom; MS: Mean square; Fcal: Calculated value of F) -

R?=0.88899
SQ DF MS Fcal p-value
Regression 5966.41 2 2483.20 27.63 1,4E-05
Residues 1511.32 14 107.95 44.50
Lack of fit 1505.69 12 125.47
Pure error 5.639 2 2.82
TOTAL 7477.74 16
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Figure 2.14. Plot of observed (points) vs. predicted (line) values of POD relative activities
48h after processing.
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Figure 2.15. Pareto Chart showing standardized effects of the variables considered for
modelling the relative activity of POD 48h after processing. The red line is the t-value for
a=5%

The ANOVA analysis for POD activity 48 hours after processing gives an
R?=0.88899. This observation, together with the plot of observed vs. predicted values
(Figure 2.14) confirms the obtained model is valid. On Figure 2.15, the Pareto chart
shows there are three major effects: First order effect of pressure, first order effect of

time and combined effect of pressure and temperature, in this order of importance.
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Linear effects of pressure, time and temperature appeared between the 4 most
relevant effects of the three built models (0, 24 and 48h after processing), indicating this

effects are not only the most relevant but also not time-reversible during storage.

It is interesting to notice also that the first order effect of pressure increases

with storage time, assuming the values 14.2 ; 20.4 and 27.1 at times 0, 24 and 48h,
respectively.

Regarding the effects of HIP processing on PPO relative activity Oh after
processing, a valid model was obtained in a 5% level of significance and obtained
surfaces are shown in Figures 2.16, 2.17 and 2.18. This Figures shows that the effect of
pressure on PPO relative activity is always positive and also that there is a synergistic
effect of pressure and time. The effects of temperature and time, however, show a

second order behaviour, resulting in a more complex surface.

The ANOVA table is given in Table 2.5, the constructed surfaces on Figures
2.16, 2.17 and 2.18 and the plotting of predicted vs observed value on Figure 2.19.
Figure 2.20 is the Pareto Chart showing the standardized effects of the variables

considered for modelling PPO relative activity Oh after processing.
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Figure 2.16. Response surface of the relative activity of PPO 0Oh after processing as a

function of pressure and temperature with fixed time of 16.5 min (central point).
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Figure 2.17. Response surface of the relative activity of PPO 0Oh after processing as a

function of pressure and time with fixed temperature of 42.5°C (central point).
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Figure 2.18. Response surface of the relative activity of PPO Oh after processing as a

function of temperature and time with fixed temperature of 350MPa (central point).
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Figure 2.19. Plot of observed (points) vs. predicted (line) values of PPO relative activities

Oh after processing.

Table 2.5. ANOVA table for the modelling of PPO relative activity Oh after processing (SQ:

Sum of squares; DF: Degrees of freedom; MS: Mean square; Fcal: Calculated value of F) -

R?=0.68126
SQ DF MS Fcal p-value
Regression 256.06 2 128.03 4.67 2,79E-02
Resiues 383.64 14 27.40 2.22
Lack of fit 356.85 12 29.74
Pure error 26.78 2 13.39
TOTAL 639.70 16
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Figure 2.20. Pareto Chart showing standardized effects of the variables considered for
modelling the relative activity of PPO 0h after processing. The red line is the t-value for
a=5%

Due to secondary reactions where quinones take part, forming complex
polymeric chains, methodology for PPO activity measurement is challenging. Also, other
enzymes with similar properties and the occurrence of isoenzymes can interfere with
PPO activity measurement. (MURASAKI, 2004). This can explain the low R* obtained for

PPO relative activity model, implying in a low model predictability.

Although the model of PPO relative activity for Oh after processing shows
differences in enzyme activity, the analysis of the obtained data for relative activity 24
and 48 hours after processing shows no effect of pressure on PPO relative activity,
meaning the pressure-induced alterations are reversible within 24 hours during storage

in the studied range.

The results obtained for PPO are in accordance with Lukas (2013) that found
no significant difference in the activity of coconut water PPO processed at 400, 500 and

600 MPa for 2 min at starting temperature of 4 °C.
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2.4 CONCLUSIONS

HIP processing is capable of altering enzymes activity. However, not always in
the direction of inactivation. In the case of coconut water, most of the tested HIP process
conditions resulted in activation of POD and PPO. In fact, results show that all three
variables (pressure, time and temperature) had a positive effect on the relative activity
of POD, showing that the higher the pressure and temperature and the longer the time,
the higher the relative activity. The conditions of higher predicted activation of PPO and
POD were, respectively, P=600MPa, T=28°C, t=30 min and P=600, T=60°C, t=30min,
with relative activity of 120% and 208.7%, respectively.

It is also important to emphasize that some of the effects of the process on
enzymes are reversible during storage, especially in the case of PPO. This reversibility is
most likely due to reassembly of enzyme structure. Considering this reversibility effect,
the values obtained for enzyme activity immediately after processing must not be

considered as a fixed product parameter.

Due to POD activation during HIP processing, the use of HIP for coconut water
processing must be accompanied by a secondary hurdle to avoid product quality
degradation by POD - An example would be a high oxygen barrier package. Also, it
would be interesting from the enzymatic perspective to adopt low-pressure, low-

temperature, short processes.
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ABSTRACT

Coconut water is an isotonic beverage with growing demand. Coconut water
processing is currently carried out by thermal methods. These methods are efficient in
the inactivation of enzymes and microorganisms but also promote loss of products
sensory and nutritional properties, especially in thermal sensitive foods, which is the
case of coconut water. For this reason, searching for non-thermal processing
technologies has become a trend for thermal sensitive foods. A non-thermal processing
technology with high potential for coconut water processing is high isostatic pressure
processing (HIP). The inactivation of 3 microorganisms (Lactobacillus fructivorans,
Saccharomyces cerevisiae and Escherichia coli) was investigated in coconut water in
different pressure conditions (200, 300, 400 and 500 MPa) at 25 °C for 2 min. Results
showed that S. cerevisiae count was reduced in more than 9 log cycles in the 500MPa
process, being the least resistant of the 3 tested microorganisms, followed by E. coli and
L. fructivorans, whose counts were reduced, respectively, in more than 9.26 and 7.85 log
cycles in the same process conditions. The shelf life test showed no growth in processed
samples (600 MPa, 25 °C, 3 min) for 66 days, confirming no sub-lethal injuries were

caused by the process.

Keywords: Coconut water; High pressure; Microogranisms



70

RESUMO

A agua de coco é uma bebida isotonica natural que tem apresentado relevante
e crescente demanda no mercado. A agua de coco é atualmente processada por meio de
processos térmicos, que, apesar de serem capazes de inativar enzimas e
microrganismos, provocam efeitos deletérios nas propriedades sensoriais e nutricionais
dos alimentos especialmente dos alimentos termosensiveis - que é o caso da agua de
coco. Desta forma, é necessario buscar novos métodos de processamento da agua de
coco a fim de aumentar a qualidade deste produto. O processamento por alta pressdo
isostatica (HIP) é um método de grande potencial para o caso de alimentos
termosensiveis e consiste em colocar o alimento em uma camara cuja pressao é elevada
até o nivel desejado por injecdo de fluido ou compressdo da camara por acdo de um
pistdo. A inativacdo de 3 microrganismos (Lactobacillus fructivorans, Saccharomyces
cerevisiae e Escherichia coli) foi investigada em dgua de coco em diferentes condigdes de
pressao (200, 300, 400 e 500 MPa) a 25 °C por 2 min. Os resultados mostram que a
contagem de S. cerevisiae foi reduzida em mais de 9 ciclos logaritmicos ap6s processo de
300MPa, sendo o menos resistente entre os microrganismos testados, seguida pela E.
coli e L. fructivorans, cujas contagens foram reduzidas em 9,26 e 7,85 ciclos logaritmicos,
respectivamente. O teste de vida de prateleira ndao acusou crescimento de
microrganismos nas amostras processadas (600 MPa, 25 °C, 3 min), confirmando que o

processo utilizado ndo causou injurias sub-letais.

Palavras-Chave: Agua de coco; Alta pressido; Microogranismos
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3.1 INTRODUCTION

Coconut water (CW) is a natural isotonic beverage composed mainly of sugars
and minerals. CW national and international demand has been growing rapidly,

especially in the sector of isotonic beverages (ARAGAO et al., 2001; DATAMARK, 2015).

Large scale commercialization of CW requires the product industrialization in
order to reduce volume and weight and extend shelf life (ROSA et al., 2000; OLIVEIRA et
al, 2003). The extension of CW shelf life depends, among other factors, on the
inactivation of microorganisms that are naturally present in the product. The main
classes of microorganisms that commonly contaminate CW are the lactobacillus genus

and yeasts.

The currently applied methods to extend shelf life are thermal processes.
However, it is known that thermal processing may promote deleterious effects on both
sensory and nutritional properties of CW (CAMPOS et al., 2003; MAGALHAES et al,
2005).

New processing methods that are not based on heat are very interesting
options for processing of thermo-sensitive products. High Isostatic Pressure (HIP)
processing consists in placing the product in a fluid-filled chamber whose pressure is
elevated either by fluid injection or reduction of the chamber volume by a piston and is
capable of inactivating microorganisms causing minimum alteration on flavour, aroma

and nutritional value (CAMPOS et al., 2003).

Elevated pressure is capable of altering microorganisms structure and
physiology such as inhibition of protein synthesis and disruption of cell wall and
membrane (CONSIDINE et al.,, 2008), compression of gas vacuoles, separation of cell
membrane from cell wall (PATTERSON, 2005) and dissociation of ribosomal subunits
(ABE, 2007). Cell membrane damages alter its permeability, implying in intracellular pH
and permeability variation (MATSER et al, 2004) and leakage of intracellular
components (CONSIDINE et al., 2008).

The effect of high pressure on microorganisms is dependent both on the
matrix where the microorganism is located and on microorganism itself. Parameters
affecting microorganisms baroresistance include growth phase, gram stain, sporulated

form matrix composition, pH, water activity and temperature.
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Many studies have been developed testing the effects of high pressure on
microbial load reduction in juices. Bull et al. (2004) applied a 600MPa pressure for 1
minute at 20°C on orange juice, reducing microbial load in more than 7 log cycles,
reaching non-detectable levels. Bayindirli et al. (2004) also reached non-detectable
levels of microorganisms when investigating the inactivation of pathogens (S. aureus, E.
coli 0157:H7 and S. enteritidis FDA) in apple, orange, apricot and sour cherry juices,

after HIP processing of 350 MPa and 40°C during 5 min.

Zimmermann et al. (2013) explored the combination of HIP with mild
temperatures aiming at modelling the inactivation of B. coagulans in this conditions. The
applied pressures were in the range of 300 to 600 MPa, temperatures between 50 and
60 °C. 300 MPa processes at 50 and 60 °C showed 2 and 2.4 log reduction, respectively,
after 15 min processing. 600 MPa processes at 50 and 60 °C, for 15 min, reached

reductions of 3.1 and 5.7 log, respectively.

As the coconut water, when inside the nut, is sterile, all contamination occurs
after the opening of the fruit, due to contact with the environment, equipment and
handlers. Therefore, the main contaminants of coconut water are moulds, yeasts and
bacteria found in the production environment (DOSUALDO, 2007). It is important to
highlight that, once contaminated, coconut water follows a rapid spoilage process, not
only for having ideal pH and sugar levels for microorganism growth, but also for
containing substances that stimulates growth and cell division such as myo-inositol and

diverse cytokinins (PAIN 2012).

Among the yeasts most frequently associated to juice spoilage is
Saccharomyces cerevisiae (BELTRAN et al., 2005). Given the relevance of S. cerevisiae as a
juice and fruit products contaminant, many studies investigates the effects of HIP on this
yeast. Basak et al. (2002) tested the effects of HIP on S. cerevisiae in natural and
concentrated orange juice. Higher inactivation was observed in natural juice than in
concentrated juice (confirming the importance of the matrix on microorganism
baroresistance). The author obtained a 3-log reduction on S. cerevisiae count after a 250

MPa processing at 20°C for 20 min.

Besides S. cerevisiae, other microorganisms, such as Lactobacillus sp, are
commonly identified as contaminants in diverse food products, especially fruit products.

Hence, the inactivation of Lactobacillus sp using HIP is of extreme relevance. Ulmer et al.



73

(2000), for example, studied the inactivation of L. plantarum in beer in a pressure range
of 200 to 600 MPa and found that HIP processing at 600MPa with no holding time could

reduce L. plantarum count to non-detectable levels from an initial count of 102 CFU/mL.

As different matrices can provide higher or lower protection to
microorganisms during HIP, it is important to study the inactivation of microorganisms
in the matrix of interest. So far there is only one published article regarding the
inactivation of microorganisms in coconut water. In this work, Lukas et al. (2013)
investigated the inactivation of three pathogens on coconut water (Escherichia coli
0157:H7, Salmonella enterica e Listeria monocytogenes) after treatments of 400, 500 and
600MPa for 120s and initial temperature of 4°C. The authors observed that a 6-log
reduction was achieved for the 3 tested microorganisms after processing at 500 and 600
MPa. Differently, at 400MPa, a 4-log reduction was achieved for E. coli and S.

typhimurium and only 3-log reduction for L. monocytogenes.

Considering the potential of HIP for processing of thermo-sensitive products,
such as CW, the present paper investigates the inactivation of 3 common spoilage
microorganisms (Lactobacillus fructivorans, Saccharomyces cerevisiae and Escherichia
coli) on coconut water under different high pressure processing conditions: 200, 300,

400 and 500 MPa for 2 min at 25 °C.

A shelf life study was designed to assure no viable cells were left in a count

below detection limit after processing
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3.2 MATERIALS AND METHODS

3.2.1 COCONUT WATER SAMPLES

A total of 10 coconuts with 7-month maturation originated from the Espirito
Santo state of Brazil were, washed with water to remove gross contaminants and then
sprayed with a 70% w/v aqueous ethanol solution until completely covered by the
ethanol in a biological safety cabinet and allowed to dry under UV-light for 15 min. A
hole was bored into the center of the stem scar of the coconuts with a sterile metal
coconut opener and coconut water from the 10 coconuts drained into a sterile beaker,
blended and immediately inoculated with the desired microorganism. Inoculated
samples were distributed in 50mL aliquots in vacuum sealed sterile flexible plastic bags
(LDPE-Nylon-LDPE, 16 um thickness- TecMagq, Brasil) to be processed or used as control

sample.

The obtained coconut water blend was characterized by measurement of pH
(5.0+£0.04), total soluble solids content (5.6+0.06 °B) and total titratable acidity

(5.3+0.42) according to the below described methodologies.

Coconuts were from dwarf coconut palms (Cocos nucifera) originally from

Espirito Santo State (Brazil), harvested after 7 month maturation.

Extracted coconut water was tested for L. fructivorans, E. coli and S. cerevisiae

and no growth was detected.

3.2.2 MICROBIOLOGY METHODS

e Lactobacillus fructivorans

Liquid media cultivation: Cultivation was performed in 150 mL MRS broth at

35 °C for 24 hours (static). The incubation time was determined in order to achieve

stationary phase, where microorganisms present higher pressure resistance.
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Solid media culture (count): All counts of L. fructivorans were made by

successive dilution and pour-plating in MRS-agar. Plates incubation was carried out for

48 hours at 35 °C.

Glycerol preservation: After liquid media cultivation, inoculum content was

centrifuged in 1mL aliquots, in eppendorfs, at 5478G (7000 rpm) for 15 min. The
obtained pellet was washed with 0.85 % saline solution and ressuspended in 1 mL MRS

broth with 10 % glycerol and stored at -7° C.

e Saccharomyces cerevisiae:

Liquid media cultivation: Cultivation was performed in 200mL BHI broth at

23°C for 72 hours (static). The incubation time was determined in order to achieve

stationary phase, where microorganisms present higher pressure resistance.

Solid media culture (count): All counts of S. cerevisiae were made by successive

dilution and spread-plating in MEA (malt extract agar). Plates incubation was carried

out for 72 hours at 23°C.

Glycerol preservation: After performing liquid media cultivation, inoculum

content was centrifuged in 1 mL aliquots, in eppendorfs, at 5478G (7000 rpm) for 15
min. The obtained pellet was washed with 0.85 % saline solution and ressuspended in 1

mL BHI broth with 20 % glycerol and stored at -7 °C.

° Escherichia coli:

Liquid media cultivation: Cultivation was performed in 150mL BHI broth at

35°C for 18 hours (static). The incubation time was determined in order to achieve

stationary phase, where microorganisms present higher pressure resistance.

Solid media culture (count): All counts of E. coli were made by successive

dilution and pour-plating in VRBGA. Plates incubation was carried out for 48 hours at

35°C.

Glycerol preservation: After performing liquid media cultivation, inoculum

content was centrifuged in 1mLaliquots, in eppendorfs, at 5478G (7000 rpm) for 15 min.
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The obtained pellet was washed with 0.85 % saline solution and ressuspended in 1 mL

BHI broth with 20 % glycerol and stored at -7 °C.

3.2.3 HIP EQUIPMENT AND PROCESSING CONDITIONS

HIP process was carried in 2L HIP equipment with temperature control and
maximum operation pressure of 690MPa (Avure Technologies, UK). Water was used as

pressure conducting media and compression was indirect, by fluid injection.

Coconut water inoculated with the 3 microorganisms, individually, was
processed at 25 °C for 2 min at different pressure conditions (200, 300, 400 and 500
MPa). The duration of the process was defined as the interval in which pressure reached
the desired pressure. That is, intervals of pressurization and depressurization are not
considered as part of process duration. Intervals of pressurization can be found on the
“Appendix II” section of this thesis. Depressurization intervals were negligible (in the

order of 5 seconds).

For inoculation of coconut water, liquid culture was centrifuged at 5478G
(7000 rpm) for 15 min, the pellet washed with PBS and ressuspended in 50mL of
coconut water. Different microorganisms were inoculated separately in different

coconut water samples.

To test the microorganisms baroresistance, the whole liquid culture was
centrifuged, washed and inoculated, to assure coconut water high initial count (From

108 to 1010 CFU/mL).

For the shelf life test, only a fraction of the liquid culture was centrifuged,
washed and inoculated, in order to achieve a count in the order of 104 to 10°CFU/mL,

aiming at simulating a more realistic contamination.
The shelf life samples were processed at 600 MPa for 3 min at 25 °C.

All processes and analysis were performed in duplicates and microorganism
counts were carried out 24 hours after processing. In the meanwhile, samples were kept

refrigerated at 7 °C,
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An adiabatic heating of 3°C each 100MPa was considered in order to reach the
desired temperature in the moment the chamber and samples achieved the

programmed pressure.

3.3 RESULTS AND DISCUSSION

Figures 3.1, 3.2 and 3.3 present the results of high pressure processing of

coconut water inoculated with S. cerevisiae, L. fructivorans and E. coli.
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Figure 3.1. Log reduction of S. cerevisiae in coconut water in different pressure conditions
for 2 min at 25 °C with corresponding error bars. (*) Count of processed samples below

detection limit
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Figure 3.2. Log reduction of L. fructivorans in coconut water in different pressure

conditions for 2 min at 25 °C. (*)Count of processed samples below detection limit
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Figure 3.3. Log reduction of E. coli in coconut water in different pressure conditions for 2

min at 25 °C. (*)Count of processed samples below detection limit

Samples processed at 500MPa reached counts below detectable limit for the
three studied microorganisms. For S. cerevisiae, pressures of 300, 400 and 500 MPa led
to counts below detection limit (200 CFU/mL). This means that the number of log
reduction illustrated for the three microorganisms at 500 MPa and the number of log
reduction illustrated for S. cerevisiae at 300, 400 and 500 are merely the log of the count

obtained for the inoculated sample, before processing. That is the reason why some of
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the bars in the histograms of Figures 3.1, 3.2 and 3.3 have no error bars. In these cases,
the error bars would not represent the reproducibility of the process, but the

reproducibility of the inoculum.

The pressure inactivation of different microorganisms in coconut water show
different inactivation responses, indicating distinct pressure resistances among
microorganisms. From the three microorganisms, S. cerevisiae was the least resistant,
showing the highest log reduction for all pressures applied. On the other hand, L.
fructivorans was the most resistant of all 3 studied microorganisms, showing the lower
log reduction for all pressures applied. These results are in accordance with other
authors, showing that gram positive bacteria are more resistant to pressure than gram
negative and that bacteria are generally more baroresistant than yeasts (CAMPOS et al,,

2003; SMELT 1998)

The FDA juice guidelines states that a 5-log10 CFU/mL reduction of pathogens
must be achieved for a process to be approved (FDA, 2001). Considering the FDA
regulation, only the processes at or above 500MPa (19°C, 2min) would be accepted, once

they can reduce 5-log of pathogens (LUKAS, 2013).

It can be concluded from the previous results that L. fructivorans, E. coli and S.
cerevisiae can be reduced in more than 7 log cycles in a 500 MPa process at 25 °C for 2

min, being, therefore, in accordance to the FDA guidelines.

Although processed samples from the 3 microorganisms showed no growth at
500MPa, a shelf life test was designed to assure no viable cells were left in a count below
detection limit after processing of inoculated samples. Samples inoculated separately
with S. cerevisiae, L. fructivorans and E. coli were processed at 500 MPa for 2 min at 25 °C
were kept under refrigeration (7°C) and plated each 15 days to verify if growth of S.
cerevisiae, L. fructivorans and E. coli was detected in their respective processed samples
during refrigerated storage. On the 15% day of storage, the growth of the 3

microorganisms was detected in the respective processed samples.

Given the process of 500MPa at 25 °C for 2 min could not inactivate all cells in
the inoculated samples, a second test was designed with different processing conditions

(600 MPa for 3 min at 25 °C).
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Figures 3.4, 3.5 and 3.6 show the counts of the 3 tested microorganisms in

control samples and samples processed in the above mentioned conditions during

refrigerated storage.
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Figure 3.4. E. coli count (CFU/mL) of control and processed coconut water samples

(600MPa/3 min/25C) evaluated during refrigerated shelf life (7°C) - (Detection limit = 30

CFU/mL)
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Figure 3.5. L. fructivorans count (CFU/mL) of control and processed coconut water

samples (600MPa/3 min/25C) evaluated during refrigerated shelf life (7°C) - (Detection

limit = 30 CFU/mL)
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Figure 3.6. S. cerevisiae count (CFU/mL) of control and processed coconut water samples
(600MPa/3 min/25C) evaluated during refrigerated shelf life ( 7°C) - (Detection limit =
200 CFU/mL)

It can be observed from Figures 3.4, 3.5 and 3.6 that microorganism growth
occurred only in control samples and not in the processed samples for 66 days. Counts
of control samples were either zero or below the methods detection limit. This indicates
the applied process (600 MPa/3 min/25 °C) can completely inactivate the 3 tested
microorganisms without causing sub-lethal injuries from which microorganisms could
recover during shelf life. Similar results were obtained by Lavinas et al. (2008), who
observed that neither natural micropopulation growth nor E. coli repair was observed in

post-processed (400 MPa for 3 min) cashew apple juice kept under refrigerated storage

(at 4 © C). Also, Bull et al. (2004) found that HPP (600MPa, 20°C, 60sec) kept the

microbial load of refrigerated-stored (4°C) orange juice below the limit of detection for

at least 4 weeks.

It was also observed that the behaviour of the control samples differs from one
microorganism to another. E. coli grew rapidly during the first 10 days, entered a short
stationary phase for about 14 days and finally reached a death phase lasting for the final
42 days. L. fructivorans control curve described a 1-log growth in the first 24 days and

stabilized in a stationary phase lasting for the last 42 days. S. cerevisiae showed a very
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discrete growth in the first 10 days followed by considerable count reduction on the

next 28 days and finally reached a stationary phase lasting for 28 days.

The distinct behaviour of the 3 microorganisms control samples can be
attributed to differences in metabolism and replication velocities and microorganism

resistance and ability to grow in low temperatures.
3.4 CONCLUSIONS

Results showed that different microorganisms react distinctly to the same HIP
process. From the three microorganisms, S. cerevisiae was the least resistant, showing
the highest log reduction for all processes applied in coconut water. On the other hand,
L. fructivorans was the most resistant of all 3 studied microorganisms, showing the
lower log reduction for all processes applied. These results are in accordance with other
authors, showing that gram positive bacteria are more resistant to pressure than gram

negative and that bacteria are generally more baroresistant than yeasts

It can be concluded from the previous results that L. fructivorans, E. coli and S.
cerevisiae can be reduced in more than 7 log cycles in a 500 MPa process at 25 °C for 2

min.

Shelf life study did not show any growth of none of the studied
microorganisms in processed samples (600 MPa, 25 °C, 3 min) when stored at 7 °C for

66 days, confirming no sub-lethal injuries were caused by the process.
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ABSTRACT

Coconut water has been showing increasing market demand due to its natural isotonic
properties. Industrialization of coconut water relies nowadays on thermal processing
methods. Although this methods are known for its effectiveness on inactivation of
enzymes and microorganisms, they induce the loss of nutrients and sensory properties
of foods, especially thermal sensitive foods, which is the case of coconut water.
Therefore, research and application of non-thermal processing technologies has been
made in order to improve this products quality. One of the current studied non-thermal
processing technology is high isostatic pressure processing (HIP), which is based on
products pressurization in a fluid-filled chamber. Inside the chamber, pressure may be
elevated either by fluid injection or reduction of the chamber volume by a piston.
Sensory analysis and shelf life tests were performed in order to investigate effects and
potential of HIP technology for processing of coconut water. Coconut water was
processed at 600MPa, 25°C, 3 min and compared to control samples. Results showed
consumers were unable to distinguish control and processed samples in terms of
flavour, appearance, aroma, consistency, sweetness and global acceptance and that
microbial growth occurred in control samples but not on processed samples during 66
day refrigerated storage, at 7°C. From a safety perspective, coconut water processed at
600 MPa for 3 min at 25 °C and stored at 7 °C achieved satisfactory results for the whole
tested shelf life (66 days).

Keywords: Coconut water; High pressure; Sensory Analysis; Shelf Life .
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RESUMO
A agua de coco é uma bebida isotOnica natural que tem apresentado relevante e
crescente demanda no mercado. A dgua de coco é atualmente processada por meio de
processos térmicos, que, apesar de serem capazes de inativar enzimas e
microrganismos, provocam efeitos deletérios nas propriedades sensoriais e nutricionais
dos alimentos especialmente dos alimentos termosensiveis - que é o caso da agua de
coco. Desta forma, é necessario buscar novos métodos de processamento da agua de
coco a fim de aumentar a qualidade deste produto. O processamento por alta pressao
isostatica (HIP) é um método de grande potencial para o caso de alimentos
termosensiveis e consiste em colocar o alimento em uma camara cuja pressao é elevada
até o nivel desejado por injecdo de fluido ou compressdo da camara por a¢cdo de um
pistdo. Neste estudo foram realizados testes de andlise sensorial e vida de prateleira
para investigar os efeitos e potencialidades do processamento de agua de coco por
tecnologia HIP. Os resultados mostram que os consumidores ndo foram capazes de
distinguir entre a agua de coco controle e processada em termos de sabor, aroma,
aparéncia, consisténcia e aceitacdo global e que durante a vida de prateleira de 66 dias
sob refrigeracdo (7°C) ndo foi observado crescimento microbiano nas amostras

processadas enquanto a contagem foi expressiva nas amostras controle.

Palavras-Chave: Agua de coco; Alta pressao; Analise Sensorial; Vida de Prateleira.
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4.1 INTRODUCTION

Coconut water (CW) is a natural isotonic beverage composed mainly of sugars
and minerals. CW national and international demand has been growing rapidly,
especially in the sector of isotonic beverages (ARAGAO et al., 2001, DATAMARK, 2015).

Currently, CW undergoes thermal processes in industries in order to extend
shelf-life. However, it is known that the enzymatic and microbiological stability achieved
by thermal processes is accompanied by alteration of sensory and nutritional qualities of
CW (CAMPOS et al., 2003; MAGALHAES et al., 2005).

Considering nutritional and sensory losses induced by thermal processes and
that market trends are heading in the direction of minimally processed and natural
products, non-thermal process technologies have been growing rapidly (WEEMAES et
al,, 1998; CAMPOS et al., 2003). New processing methods that are not based on heat are
especially interesting options for processing of thermo-sensitive products.

High Isostatic Pressure (HIP) processing is a non-thermal process which
consists in placing the product in a fluid-filled chamber whose pressure is elevated
either by fluid injection or reduction of the chamber volume by a piston and is capable of
inactivating microorganisms causing minimum alteration on flavour, aroma and
nutritional value (CAMPOS et al., 2003).

HIP Processing can be a very good option for processing of fruit products such
as juices and purees due to the presence of sugars that might undergo caramelization
and Maillard reaction during thermal processing (DOSUALDO, 2007)

Sensory analysis studies have shown that high pressure process products
frequently are indistinguishable from the fresh, non-processed product (TORRES et al,,
2004). Shellhammer et al. (2003) examined chemical and sensory changes in pressure-
pasteurized apple and pulp-free orange juice and observed no significant differences
between pressure-treated and control samples. Palou et al. (2000) studied the effect of
HIP on guacamole and concluded sensory acceptability and colour of HIP guacamole
were not significantly different (P=0.05) from that of guacamole controls.

Besides the effects of the HIP technology, it is important to investigate the shelf
life of the processed products given the final goal of industrial processing of food is to
extend shelf life. WU et al. (2003) studied the effect of HIP processing on cloudy
pomegranate juice and shelf life of HIP and HTST processed samples. During the storage

at 4 °C, both HIP and HTST treatment guaranteed microbiological safety, but in general,
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HIP treatment preserved the nutrient composition better. Effectiveness of HIP
processing to guarantee microbiological stability was also confirmed by LAVINAS et al.
(2008), that observed no microorganism growth in 8 week refrigerated storage of HIP
processed cashew apple juice (400 MPa for 3 min).

Considering the potential of HIP for processing of thermo-sensitive products,
such as CW, the present paper investigates the effect of HIP technology on sensory

properties and shelf life of coconut water.
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4.2 MATERIALS AND METHODS

4.2.1 HIP EQUIPMENT

HIP process was carried in 2L HIP equipment with temperature control and
maximum operation pressure of 690 MPa (Avure Technologies, UK). Water was used as

pressure conducting media and compression was indirect, by fluid injection.

For both shelf-life and sensory analysis tests, coconut water was processed at

600 MPa for 3 min at 25 °C.

An adiabatic heating of 3°C each 100MPa was considered in order to reach the
desired temperature in the moment the chamber and samples achieved the

programmed pressure.

4.2.2 COCONUT WATER SAMPLES AND PROCESS CONDITIONS

For the sensory test, 20 coconuts with 7-month maturation originated from
the Espirito Santo state of Brazil were washed with water to remove gross contaminants
and then sprayed with a 70% w/v aqueous ethanol solution until completely covered by
the ethanol in a biological safety cabinet and allowed to dry under UV-light for 15 min. A
hole was bored into the center of the stem scar of the coconut with a sterile metal
coconut opener) and coconut water drained into a sterile beaker. Half of the obtained
volume was distributed in 1L aliquots in vacuum sealed flexible plastic bags (LDPE-
Nylon-LDPE, 16 um thickness- TecMagq, Brasil) to be processed (600 MPa, 25 °C, 3 min).
The unprocessed volume was kept at refrigerated temperature (7 °C) in the same
package used for HPP processing and used as control sample. The sensory test was
performed on the same day coconut was extracted and processed. The flexible plastic

bags used for samples storage and processing were sanitized with ethanol (99.8%

purity).

For the shelf life test 6 coconuts with 7-month maturation originated from the
Espirito Santo state of Brazil were washed with water to remove gross contaminants. A
hole was bored into the center of the stem scar of the coconut with a metal coconut

opener) and coconut water drained into a beaker. Half of the samples were processed
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(600 MPa, 25 °C, 3 min) and the rest kept as control samples. Both processed and
control samples were stored under refrigeration (7 °C). The duration of the process was
defined as the interval where pressure reached the desired pressure. That is, intervals of
pressurization and depressurization are not considered as part of process duration.
Intervals of pressurization can be found on the “Appendix II” section of this thesis.

Depressurization intervals were negligible (in the order of 5 seconds).

The obtained coconut water blends (sensory/shelf life test) were
characterized by measurement of pH (5,0+0,05), total soluble solids content (5,3+0,03
°B) and total titratable acidity (5,5%0,2) according to the below described

methodologies.

Coconuts were from dwarf coconut palms (Cocos nucifera) originally from

Espirito Santo State (Brazil) harvested after 7 month maturation.

An adiabatic heating of 3°C each 100MPa was considered in order to reach the
desired temperature in the moment the chamber and samples achieved the

programmed pressure.

The duration of the process was defined as the interval where pressure
reached the desired pressure. That is, intervals of pressurization and depressurization
are not considered as part of process duration. Intervals of pressurization can be found
on the “Appendix II” section of this thesis. Depressurization intervals were negligible (in

the order of 5 seconds).

4.2.3 SENSORY ANALYSIS

Samples were organized in balanced complete blocks and served at room
temperature in 30 mL portions in plastic cups coded with 3 random digits. Panellists had
water on their disposal at all times to drink between samples. The test was performed in

individual cabins.

120 panellists were asked to mark their perception about the samples
regarding appearance, aroma, flavour, consistency, sweetness and global impression on

9 cm hedonic scales correspondent to each attribute.
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A copy of the form handed to the panellists to perform the sensory analysis can

be find attached at the end of this thesis, in the section “Appendix I”.

This project was approved by the ethics committee of the School of Medicine

(UNICAMP) - Number 794.065 (18/09/2014).

4.2.4 SHELF LIFE

Shelf life was evaluated for a 66 day period. Each 10-14 days, control and
processed samples were tested for coliforms, moulds and yeasts, total aerobic
mesophilic plate count, pH, total soluble solids (°B) and total titratable acidity according
to the methods described next. Sample processing was performed in duplicates and

analysis in triplicates.

4.2.5 PHYSICO-CHEMICAL ANALYSIS

pH: A.0.A.C. no 42.1.04 Official Method no 981.12 (1997).

Total Soluble Solids(°B):A.0.A.C. no 37.1.12 Official Method no 920.151 (1997).

Total titratable acidity: A.0.A.C. no 37.1.37 Official Method no 942.15 (1997).

4.2.6 MICROBIOLOGY METHODS

e Microorganism counts:

Yeasts and molds: Analysis of yeasts and moulds was performed by

spread-plate of samples in different dilutions in PDA (potato dextrose agar) with pH 3.5
(correction made by addition of 10% tartaric acid), according to Normative Instruction

n° 62 of august 26th, 2003 (BRASIL, 2003).

Total aerobic mesophilic plate count: Coconut water samples in different

dilutions were spread-plated in PCA (plate count agar) and incubated at 35°C for 48
hours, according to Normative Instruction n° 62 of august 26th, 2003 (BRASIL, 2003).
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Coliforms: Total coliform and thermotolerant coliform counts were
accessed by the MPN technique (most probable number)according to Normative

Instruction n°® 62 of august 26th, 2003 (BRASIL, 2003).

4.2.7 STATISTIC ANALYSIS

To evaluate statistical differences among average values obtained for the

evaluated sensory parameters, student t-test was applied considering a=0,01.
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4.3 RESULTS AND DISCUSSION

4.3.1 SENSORY ANALYISIS

Figure 4.1 shows the average grade given by panellists to the attributes
appearance, aroma, flavour, consistency, sweetness and global aspect of HIP processed

and control coconut samples.

From the Student’s t-test, it can be concluded there are no statistic differences
between control and HIP processed samples regarding the analysed sensory properties

(appearance, aroma, flavour, consistency, sweetness and global aspect).

Sensory studies comparing acceptance of freshly extracted and commercial
brands of processed coconut water revealed thermally processed coconut water
available today is much inferior in sensory terms than freshly extracted coconut water
(NOGUEIRA et al. 2004). Therefore, HIP technology has showed to have a high potential

for coconut water processing.

. : | - LT

M Control

OHIP

0 T T T T T T 1
Appearance Aroma Flavor  Consistency Sweetness  Global

Figure 4.1. Average grade given by testers in a 0-9 scale regarding different
attributes of coconut water control and HIP processed (600MPa, 3min, 25°C) samples.

A similar result was obtained by Laboissiere et al. (2007) when investigating
the effects of HIP process on passion fruit juice. The author observed that a trained panel

was able to distinguish HIP processed (300MPa, 5 min, 25°C) and control samples.
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However, the sensory profile of HIP processed samples was much closer to the fresh

juice than thermally processed juice.

It is generally assumed that the fresh flavour of fruits and vegetables is not
altered by high-pressure processing, since the structure of small molecular flavour
compounds is not directly affected by high pressure. However, it is important to state
that, as HIP processing can enhance and/or retard enzymatic and chemical reactions, it

could indirectly lead to flavour alterations (OEYA, 2008).

Fernandez Garcia (2001) and Parish (1998) showed that the flavour of HIP
processed (room temperature, 500-800 MPa, 1.5-5 min) orange juice was not as fresh as
the flavour of untreated orange juice (FERNANDEZ GARCIA et al,, 2001; PARISH, 1998).
Nevertheless, the taste of HIP processed orange juice was judged better than traditional

heat pasteurized orange juice (PARISH, 1998; POLYDERA et al. 2005).

Results obtained in this work for sensory characteristics of coconut water
processed by HIP show that the technology is suitable once it maintained the same

characteristics of the fresh when analysed by the consumers.

4.3.2 SHELF LIFE

Figure 4.2 shows the measurements of total titratable acidity in control and

HIP processed samples during shelf life.

Total titratable acidity on control samples increased until the 38t day,
remaining stable from the 38t day until the end of shelf life test. During the same period,
processed samples showed no alterations in acidity. The acidity curve described by
control samples is similar to a traditional microorganism growth curve, indicating

microorganism growth occurred in control, but not in processed samples.
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Figure 4.2. Acidity of control and HIP processed samples (600MPa, 25°C, 3min) during
refrigerated shelf life (7°C).

Although results show increase in acidity of control samples during shelf life
(Figure 4.2), pH was not affected to the same extent (Figure 4.3). Probably, the increase
in acidity occurred as a consequence of weak acids production (organic acids) by
microorganisms, which do not alter pH significantly and could promote a buffering

effect.
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Figure 4.3. pH of control and HIP processed samples (600MPa, 25°C, 3min) during
refrigerated shelf life (7°C).
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Another physico-chemical parameter that was affected by microorganism
growth during shelf life was total soluble solids content (°B). It can be observed from
Figure 4.4 that control samples showed gradual reduction of soluble solids content
during shelf life due to sugar consumption by microorganisms. At the same time,
processed samples showed no soluble solids content reduction, once no microbial

growth occurred in these samples.

Total soluble solids content

[ ® Control

mHIP

Days

Figure 4.4. Total soluble solids of control and HIP processed samples (600MPa, 25°C,
3min) during refrigerated shelf life (7°C).

Regarding the behaviour of phyisico-chemical parameters of HIP processed
samples, similar results were obtained by Varela-Santos et al. (2012), that observed no
alteration of pH, total soluble solids content and acidity during 35-day refrigerated (4°C)

shelf life of HIP processed pomegranate juice.

Except for pH, all the physico-chemical data measured during shelf life
indicated microorganism growth on control samples but not on processed samples. This
indication of microbial growth on control samples is confirmed by further

microbiological analysis.
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Total aerobic mesophilic plate count
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Figure 4.5. Microorganism total aerobic mesophilic plate count of control and HIP
processed samples (600MPa, 25°C, 3min) during refrigerated shelf life (7°C) - (Detection
limit = 30 CFU/mL)

Figure 4.5 shows total microorganism count during shelf life on both HIP
processed and control samples. Total aerobic mesophilic plate count of control samples
increased rapidly during the first 24 days and then stabilized in a 107 CFU/ml average,
while in HIP processed samples the total count remained stable during the whole shelf
life period. The low total aerobic mesophilic plate count observed in processed samples
is below the methods detection limit (30 CFU/mL) and could be due to contamination
during analysis or to resistant microorganism populations that are unable to grow in

storage conditions, given no increase in count was observed during shelf life.

Varela-Santos (2007) studied the shelf life of HIP processed pomegranate juice
and observed that in pressurized samples at or above 350 MPa for 150 s, aerobic

mesophilic bacteria count remained below the detection limit.
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Figure 4.6. Yeasts and moulds count of control and HIP processed samples (600MPa, 25°C,
3min) during refrigerated shelf life (7°C) - (Detection limit = 200 CFU/mL)

Figure 4.6 illustrates the results for yeasts and mould count during shelf life. It
can be observed yeasts and moulds count of control samples showed growth until the
24t day, followed by a death phase while yeasts and moulds count of HIP processed
samples remained belolow the detection limit and stable, indicating possible
contamination during analysis or presence of a resistant population that is unable to

grow in storage conditions.

Similarly, Varela-Santos (2007) observed moulds and yeasts were not detected
in pomegranate juice after pressure treatment at or above 350 MPa for 150 s, and

survivors were kept below the detection limit throughout the cold storage period.

Yeast and moulds counts are very close to total microorganism count in all
points, indicating they are the predominant class of microorganisms that grows in

coconut water under the tested storage conditions.
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Figure 4.7. Coliforms total count of control and HIP processed samples (600MPa,
25°C, 3min) during refrigerated shelf life (7°C).

Figure 4.7 shows the results of total coliforms MPN (most probable number)
during shelf life for control and HIP processed samples, even though MPN for processed
samples was zero during all tested shelf life. On control samples, however, an increase of
MPN is observed until the 24th day, from when a death phase can be observed, until the

66t day, on the end of the tested shelf life.
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Counts of thermotolerant coliforms were zero on both control and processed

samples during shelf life.

Comparable microbiology results were obtained by Lavinas et al. (2008), that
did not observe growth of microorganisms (below detection limit) in cashew apple juice
treated with HIP at 350 MPa for 7 min or 400 MPa for 3 min and stored at 4 °C for 8

weeks.

4.4 CONCLUSIONS

As consumers were unable to distinguish control and processed samples, HIP
technology was shown to be adequate for the processing of coconut water from a

sensory perspective, considering the studied parameters.

From a safety perspective, coconut water processed at 600 MPa for 3 min at
25 °C and stored at 7 °C achieved satisfactory results for the whole tested shelf life (66

days).
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DISCUSSAO GERAL

Quanto aos efeitos da tecnologia de alta pressao isostatica (HIP - High Isostatic
Pressure) na enzima POD (peroxidase), observou-se efeito positivo das trés variaveis
testadas (pressdo tempo e temperatura) na atividade relativa da POD Oh apés
processamento, o que significa que quanto maior o tempo, pressao e temperatura de
processo, maior a ativacdo da POD. Entre os pontos experimentais, a maior ativacdo de
POD (164%) foi atingida na condigdo P=499 MPa, T=52,59 °C e t= 24,5 min e a maior
inativacao (92,45%) na condigao P=350 MPa, T=42.5 °C e t=3 min. Imediatamente apds
o processamento (0h), as varidveis do modelo construido com maiores efeitos na

atividade relativa da POD sdo a temperatura, pressao e tempo, nesta ordem.

Apébs 24h de estocagem (7°C) do produto processado, o novo modelo construido
ndo apresentou grandes alteragdes em comparacdo com o modelo de Oh, indicando que

os efeitos do processamento nao foram reversiveis dentro de 24h.

Geralmente, a pressdo resulta em inativagdo enzimatica. Contudo, exemplos de
ativacdo tem sido descritos na literatura e atribuidos a dois fendmenos: Transicao de
forma latente para forma ativa ou danos a membrana do tecido vegetal induzidos por

pressao, no caso do processamento de vegetais inteiros.

Os efeitos lineares de pressao, tempo e temperatura se apresentaram entre os 4
maiores efeitos nos trés modelos construidos (0, 24 e 48h), indicando que nao s6 sdo os
efeitos mais relevantes para a atividade relativa de POD, mas também que ndo sdo

tempo-reversiveis em até 48h de estocagem a 7°C.

Também é interessante observar que o efeito de primeira ordem da pressao
aumenta com o tempo de estocagem, assumindo os valores 14.2 ; 20.4 e 27.1 nos tempos

0, 24 e 48h, respectivamente.

Quanto aos efeitos da tecnologia HIP na atividade relativa da PPO, também foram
obtidos efeitos positivos para todas as variaveis. No caso da PPO, efeitos de segunda
ordem apresentam valores maiores que no caso da POD, resultando em superficies mais
complexas. Devido a reagdes secundarias em que as quinonas participam, formando
cadeias poliméricas complexas, a metodologia para medicao da atividade da PPO é
desafiadora. Além disso, outras enzimas com propriedades semelhantes e a ocorréncia

de isoenzimas podem interferir com a metodologia. Esta situacdo pode justificar o R?
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baixo obtido no modelo de Oh da PPO, implicando em baixa preditibilidade do modelo

obtido.

Apesar de terem sido identificados efeitos positivos das varidveis estudadas na
atividade relativa da PPO imediatamente ap6s processamento (Oh), os modelos obtidos
para 24h e 48h de estocagem ndo apresentam efeito da pressao na atividade relativa da
PPO, indicando reversibilidade dos efeitos da pressdo na atividade relativa da PPO

dentro de 24 horas nas condi¢des de estocagem.

A aplicacdo de tecnologia de alta pressdo a diferentes microrganismos em agua de
coco apontou diferentes respostas de inativa¢do, indicando que a resisténcia a pressao é
particular de cada microrganismo. Entre os trés microrganismos estudados, a S.
cerevisiae foi 0 menos resistente, apresentando a maior reducdo de contagem em todas
as condic¢oes testadas. Em comparacao, o L. fructivorans foi o mais resistente dos trés
microrganismos estudados, apresentando as menores reducdes de contagem em todas

as condicoes testadas.

Apesar do processamento a 500 MPa a 25 °C por 2 min ter reduzido a contagem a
zero, o teste de estocagem refrigerada (7 °C) para esta condi¢do apontou crescimento
dos trés microrganismos em suas respectivas amostras no 15° dia de estocagem. Em um
segundo ensaio (600 MPa, 3 min, 25 °C) ndo foi observado crescimento dos
microrganismos inoculados ap6s processamento por todo o tempo de estocagem (66
dias). Com isso, conclui-se que a condi¢do de 600MPa a 25°C por 3 min é capaz de
inativar completamente os microrganismos estudados sem causar injurias subletais das

quais os microrganismos podem se recuperar nas condi¢des de estocagem.

Em relacdo aos efeitos da tecnologia HIP nas propriedades organolépticas do
produto, os resultados ndao apontam diferencas estatisticamente significativas para
nenhum dos parametros sensoriais testados, indicando que o processo de alta pressao
isostatica, nas condi¢des estudadas (600 MPa, 25 °C, 3 min), preserva as propriedades
sensoriais da agua de coco. Com isso, do ponto de vista sensorial, a tecnologia HIP pode

ser considerada adequada para o processamento de agua de coco.

Durante o ensaio de vida de prateleira das amostras processadas (600 MPa, 25 °C,
3 min) e respectivos controles, observou-se reduc¢do de so6lidos soluveis e aumento de

acidez somente nas amostras controle.



108

Tais alteracdes fisico-quimicas podem ser atribuidas ao desenvolvimento de
microrganismos. Foi observado aumento da contagem total, de bolores e leveduras e de
coliformes totais somente nas amostras controle. As amostras processadas
permaneceram com contagens abaixo do limite de deteccdo por todo o periodo

analisado (66 dias)

A contagem de bolores e leveduras permaneceu sempre proxima a contagem total,
indicando que sdo a classe de microrganismo predominante que se desenvolveu nas

amostras controle durante o ensaio de vida de prateleira.

A contagem de coliformes termo-tolerantes foi zero tanto nas amostras controle

quanto nas processadas durante todo o periodo de testes.
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CONCLUSAO GERAL

Do ponto de vista microbiolégico e de seguranca, a tecnologia de alta pressao
isostatica aplicada a agua de coco apresentou bons resultados, reduzindo mais de 7
ciclos logaritmicos dos trés microrganismos testados na condi¢do de 500MPa a 25°C por
2 minutos. Além disso, ndo foi detectado crescimento dos microrganismos inativados
durante estocagem, indicando auséncia de injurias subletais. Na avaliacao de vida de
prateleira (600 MPa a 25°C por 3 min) com estocagem a 7 °C por 66 dias, resultados
satisfatdrios foram obtidos, com a qualidade do produto por todo o periodo testado.

Além de atingir padroes de qualidade microbiolégica e seguranga aceitaveis, a agua
de coco processada obteve resultados positivos em teste de aceitagcdo sensorial, sendo
indistinguivel da agua de coco fresca para os consumidores considerando os parametros
avaliados (aparéncia, aroma, sabor, consisténcia, dulgor e impressao global).

Quanto aos efeitos da aplicagdo da tecnologia nas enzimas POD e PPO da agua de
coco, a maior parte das condi¢des de processo avaliadas e modeladas resulta em
ativacdo das enzimas de até 120% e 208% nos casos da PPO e POD, respectivamente.
Esta ativacdo se mostrou reversivel no caso da PPO, mas nao reversivel no caso da POD.
Com isso, o uso da tecnologia de alta pressdo isostatica para processamento da dgua de
coco deve ser acompanhado por uma barreira secundaria a fim de evitar degradac¢ado do
produto pela POD. Uma alternativa seria o uso de embalagem com barreira a oxigénio.
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APENDICE /APPENDIX



Appendix |

Form (Sensory Analysis) — Form handed to penellists for performing sensory analysis test.

Nome:

Idade:

111

Vocé estd recebendo uma amostra codificada de agua de coco. Por favor, prove a

amostra e em seguida, avalie a amostra usando as escalas abaixo para indicar o quanto vocé

gostou da amostra em relacdo aos atributos aparéncia, aroma, sabor, consisténcia e

impressado global e o quao préoximo do ideal estd o dulgor da amostra.

Por favor, identifique a amostra:

Aparéncia: |

Desgostei extremamente

Gostei Extremamente

Aroma

Desgostei extremamente

Gostei Extremamente

Sabor

Desgostei extremamente

Gostei Extremamente

Consisténcia

Desgostei extremamente

Gostei Extremamente

Impressao global

Desgostei extremamente

Gostei Extremamente

Dulcor

Desgostei extremamente

Gostei Extremamente
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Appendix Il

Pressurization intervals: Intervals of pressurization for each target pressure

Pressure Interval

(MPa) (min:sec)
100 00:35
200 00:51
300 01:06
400 01:23
500 01:39

600 01:58
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Enzymes activity: Measured enzymes activities (POD / PPO) for each point of the

rotational central composite design at 0, 24 and 48h after processing.

Pressure Temperature Time POD Oh POD24h POD48h PPO Oh PPO24h PPO 48h
-1,00 -1,00 -1,00 | 102,73 101,43 97,88 102,45 105,47 92,11
-1,00 1,00 1,00 | 136,24 124,27 114,89 86,71 93,65 93,37
1,00 -1,00 1,00 | 122,01 133,98 137,01 104,05 106,05 110,17
1,00 1,00 -1,00 | 137,30 144,76 144,02 101,51 100,41 102,34
0,00 0,00 0,00 | 117,05 111,30 126,39 100,07 98,00 98,00
-1,00 -1,00 1,00 | 106,42 115,83 162,13 96,30 97,04 99,72
-1,00 1,00 -1,00 | 105,57 106,95 112,94 101,30 97,67 93,50
1,00 -1,00 -1,00 | 100,71 128,21 119,38 108,82 104,63 113,67

1,00 1,00 1,00 | 164,40 161,32 181,83 110,26 90,21 99,87
0,00 0,00 0,00 | 115,89 116,50 125,02 101,51 99,00 99,00
-1,68 0,00 0,00 | 103,22 113,92 111,61 99,31 99,42 102,32
1,68 0,00 0,00 | 148,55 161,60 155,62 100,97 95,45 97,20
0,00 -1,68 0,00 | 102,57 111,07 111,89 97,80 109,27 103,54
0,00 1,68 0,00 | 136,23 138,75 142,42 88,24 87,16 93,61
0,00 0,00 -1,68 92,46 119,14 113,45 104,58 101,35 99,40
0,00 0,00 1,68 116,51 124,86 126,28 106,35 98,10 102,34
0,00 0,00 0,00 | 111,00 114,89 123,05 102,28 101,20 101,20




