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RESUMO

A 4gua de coco verde é uma bebida refrescante e bastante consumida, ndo apenas por suas
qualidades sensoriais, mas também pelas suas fungbes nutricionais e terapéuticas. Sua
composicdo rica em acUcares e sais minerais a torna um produto perecivel, sujeito a
contaminagfes microbianas e alteracBes bioquimicas durante a extracdo e envase do liquido.
O aumento da escala produtiva do produto envasado estimula o desenvolvimento de processos
que permitam aumentar sua vida de prateleira, minimizando as perdas sensoriais e
nutricionais. Porém, o processamento industrial e/ou armazenamento da agua de coco por um
tempo prolongado podem resultar no desenvolvimento de uma coloragéo rosada impactando
negativamente o seu valor comercial. Dessa forma, as anélises de NMR, GC-MS e LC-MS
aliadas a quimiometria foram aplicadas para entender as variagfes na composi¢do quimica da
agua de coco fresca (controle) e processada termicamente. A &gua foi extraida de cocos da
variedade ana e cultivar verde no estagio de maturacdo entre 6 e 7 meses. Dois tratamentos
foram aplicados a agua de coco e analisados: amostra controle e amostra processada
termicamente por esterilizacdo UHT a 110 °C por 8 s. A amostra processada apresentou cor
rosa sob armazenamento. De acordo com a quimiometria, dimero do tipo-A e trimero de
procianidinas, &cido palmitico, &cido esteérico, sacarose, a-glicose, B-glicose, frutose, etanol,
valina, &cidos acético, malico e latico e outros seis compostos desconhecidos foram
responsaveis pelas diferencas observadas entre os tratamentos. Esses compostos podem ser 0S
responsaveis pelo desenvolvimento da cor rosa apds o processamento e armazenamento da
agua de coco. Futuros isolamentos com a elucidacéo estrutural dos compostos que absorvem a
520nm e o entendimento dos mecanismos de acdo envolvidos na formacdo da cor irdo

esclarecer este problema encontrado no processamento da dgua de coco.

Palavras-chave: Cocos nucifera. Processamento térmico. Quimiometria. Metabolitos.



ABSTRACT

Green coconut water is a refreshing beverage that is consumed not only by its sensory
qualities but also by its nutritional and therapeutic properties. Its composition rich in sugars
and minerals becomes a perishable product, subject to microbiological contaminations and
biochemical changes during the extraction and filling of the liquid. The increase in the
productive scale of the product stimulates the development of processes that increase its shelf
life, minimizing the sensorial and nutritional losses. However, industrial processing and / or
prolonged storage of the coconut water can result in the development of a pink coloration
adversely impacting its commercial value. Thus, NMR, GC-MS and UPLC-HRMS coupled to
chemometrics were applied to understand variations in the chemical composition of fresh
(control) and thermally processed coconut water. The water was extracted from the coconuts
dwarf variety and green cultivar in the maturation stage between 6 and 7 months. Two
samples were analyzed: one control and one sample thermally processed by UHT sterilization
at 110°C for 8s. Samples processed presented pink color under storage. According to
chemometrics, procyanidin A-type dimer and trimer, palmitic acid, stearic acid, sucrose, o-
glucose, B-glucose, fructose, ethanol, valine, acetic, malic and lactic acids and six other
unknown compounds were responsible for the differences observed between treatments.
These compounds may be responsible for the pink color development after processing and
storage of coconut water. Future isolations with the structural elucidation of the 520nm
absorbing compounds and the understanding of the mechanisms action involved in color

formation will clarify this problem found in processed coconut water

Keywords: Cocos nucifera. Sterilization. Chemometrics. Metabolites.
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1 INTRODUCAO

A agua de coco é uma bebida tropical, natural e bastante consumida devido as
suas propriedades benéficas a saude. Oriunda de frutos imaturos de dificil comercializacdo, a
agua de coco apo6s extraida do fruto é mais facil de manusear, porém sensivel a modificacfes
biolégicas e quimicas (FROEHLICH, 2015). Dessa forma, os tratamentos poés-colheita
permitem prolongar o tempo de vida util da bebida, sendo um deles o processamento térmico
por esterilizaggio UHT (do inglés, “Ultra Hight Temperature”) eficaz no controle
microbiolégico e enzimatico, mas capaz de promover alteraces nas propriedades
organolépticas como sabor, aroma e cor do liquido (AWUAH; RAMASWAMY;
ECONOMIDES, 2007).

A mudanca de coloracdo que ocorre ap0s 0 processamento e/ou armazenamento
da &gua de coco tem sido atribuida a reacGes enzimaticas apds a abertura do fruto, mas
trabalhos relatam que as inativacdes das enzimas PFO (Polifenol oxidase) e POD (Peroxidase)
apenas atrasam a ocorréncia da mudanca de cor, sendo um grande problema encontrado pelos
envasadores e exportadores de agua de coco, permanecendo ndo elucidados os compostos
responsaveis por essa alteracdo (DONSINGHA; ASSATARAKUL, 2018; PRADES et al.
2012b).

O processamento térmico produz um classe de compostos conhecidos por AGEs
(do inglés “Advanced Glycation End-Products”), produtos finais da glicagdo avangada, que
sdo compostos complexos produzidos por uma série de reagdes, durante a reacdo de Maillard
(LUEVANO-CONTRERAS; CHAPMAN-NOVAKOFSHI, 2010). A formagdo dessas
substancias nos alimentos estd relacionada com a composi¢cdo quimica (acucares,
aminoéacidos, acidos graxos, etc), métodos de armazenamento e processamento, porém as
complexas composicdes alimentares e as complicadas reacGes quimicas de formacdo desses
compostos dificultam a deteccdo de AGEs em alimentos (ASSAR et al. 2009; ZHANG et al.
2011).

Outra classe de compostos que podem ser responsaveis pela mudanca de cor séo
as quinonas. O contato com o ar atmosférico durante o processamento da agua de coco faz
com que os fendlicos sejam oxidados a quinonas por reacdes enzimaticas ou ndo. Esses
produtos sdo altamente reativos e podem estar produzindo compostos com coloragéo rosada
(MURATA et al. 2002).
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Assim, o presente estudo teve como objetivo identificar os compostos
possivelmente associados a mudanca de coloragdo para um tom rosado da agua de coco

processada termicamente por meio de analises quimicas associadas a quimiometria.
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2 CAPITULO I: REVISAO DE LITERATURA

2.1 A cultura do Coco

Cocos nucifera (L.) é uma espécie pertencente a familia das Arecaceae e trata-se
de uma planta ndo endémica do Brasil, todavia encontrada nas regifes norte, nordeste e
sudeste do pais (LEITMAN et al. 2015). Originéaria de ilhas do Sudeste Asiatico (Malasia,
Indonésia e Filipinas) entre os oceanos indico e Pacifico, acredita-se que o fruto do coqueiro
tenha sido levado para a india e, em sequida, para a Africa Oriental. Ap6s a descoberta do
Cabo da Boa Esperanca, esta planta foi introduzida na Africa Ocidental, dispersando-se para o
continente americano e outras regides tropicais do globo (FOALE; HARRIES, 2009).

Hoje, apesar de cultivado em mais de 90 paises, a producdo mundial do coco esta
concentrada na Asia e regifo do Pacifico, Filipinas, Indonésia, india, Sri Lanka, Tailandia,
Malasia e Papua-Nova Guiné, os quais juntos perfazem 80% da area total plantada (PHAM,
2016; SURIYA, 2016). A Indonésia é destacada como o maior produtor mundial de coco,
seguido por Filipinas e india, apesar da Filipinas possuir uma maior area (Tabela 1) (FAO,
2018).

Tabela 1 — Produgdo e &rea colhida dos principais produtores de coco, em 2016.

1° Indonésia 3.105.259 17.722.429
2° Filipinas 3.565.059 13.825.080
3° india 2.155.749 11.127.898
4° Brasil 234.012 2.649.246
Sri Lanka 408.918 2.520.095
Tailandia 177.063 815.406
México 183.637 1.157.481
Vietnd 146.835 1.469.960
Papua Nova Guiné 207.679 1.191.438
Malésia 84.609 504.773
Outros 1.899.984 6.026.829
Mundo | 12.168.804] 59.010.635)|

Fonte: FAO (2018).

De acordo com a Food and Agriculture Organization (FAO) (2018), o Brasil é o
quarto maior produtor mundial de coco com uma producdo aproximada de 2,7 milhdes de

toneladas, em uma area colhida de 234 mil ha de coqueiros. Mesmo sendo pequena em
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relacdo aos paises asiaticos, a producdo brasileira do fruto predomina na regido litoranea
nordestina e € de fundamental importancia na vida e na economia das popula¢des nordestinas,
principalmente nos estados do Ceard, Rio Grande do Norte, Paraiba, Pernambuco, Alagoas,
Sergipe e Bahia. Sendo o estado da Bahia (542 mil frutos), seguido de Sergipe (231 mil
frutos) e Ceard (262 mil frutos) os maiores produtores nacionais (IBGE, 2016).

O produtor brasileiro procurando sobreviver perante essa concorréncia buscou
encontrar uma alternativa viavel, como o uso do coqueiro-ando como matéria-prima para a
extracdo de agua de coco. A partir de entdo, ocorreu um forte crescimento da cultura do
coqueiro-ando visando suprir um mercado crescente de bebidas naturais (CABRAL; PENHA,
MATTA, 2005).

O coqueiro-ando trata-se de uma variedade precoce gue inicia o florescimento em
torno de trés anos de idade e seu pequeno porte facilita a colheita do fruto. Produz, em média,
de 130 a 150 frutos/planta/ano e embora, produza mais cedo que 0s gigantes e tenha boa
producdo, a polpa é mais macia e de qualidade inferior a dos coqueiros gigantes, e portanto, é
empregado exclusivamente para a producdo de agua de coco. Essa variedade and é composta
pelas cultivares amarela, verde e vermelha, sendo a and verde a mais empregada para
consumo de &gua seja in natura ou industrializada (ROSA; ABREU, 2000).

Botanicamente o coqueiro tem como fruto o coco, uma drupa que compreende um
epicarpo, formado por uma camada mais externa da casca, um mesocarpo fibroso e um
endocarpo lenhoso. Este Gltimo suporta o endosperma, porcdo comestivel do coco, composto
pelo albumen solido e branco de espessura variada, dependendo da idade do fruto, e pelo
albumen liquido, chamado de &4gua de coco (Figura 1) (LEBER; FARIA, 2003).

Figura 1 — Componentes do fruto do coqueiro.

ENDOSPERMA
(ALBUMEN)

MESOCARPO

Fonte: Istock photo



18

2.1.1 A agua de coco

A é&gua do coco verde é uma bebida refrescante, doce e levemente adstringente,
apresentando um valor de pH na faixa de 4,6 a 5,6, que depende, principalmente, da variedade
e do grau de maturacdo do coco. O produto sofre mudancas na sua composi¢do durante o
desenvolvimento do fruto e além do grau de maturacdo e variedade, outros fatores como
regido e época do ano também influenciam as caracteristicas fisico-quimicas da dgua (YONG
et al. 2009).

Rica em nutrientes de facil assimilacéo, a &gua do coco verde representa 25% do
peso do fruto com volume médio de 400 mL e é composta de agua, carboidratos, vitaminas,
sais minerais, enzimas, aminoacidos, acidos graxos, acidos organicos e fitormonios, conforme
a Tabela 2 (MAGALHAES et al. 2005; ARAGAO, 2000; YONG et al. 2009; LIMA et al.
2015).

Dentre os componentes mais importantes da dgua de coco estdo os agucares que,
no inicio da maturacdo, apresentam-se na forma de redutores (glicose e frutose) com
concentracdes que alcangam niveis maximos de 5% entre 0 6° e 7° més de desenvolvimento,
periodo em que a quantidade de &gua também é maior e com melhor aceitagdo de sabor.
Normalmente, o liquido comega a se formar em torno do 2° més apds a abertura da
inflorescéncia, atingindo volume méximo por volta do 5° ao 7° més, sendo este o periodo
recomendado para a colheita. Com a maturacgdo, a concentracao de acucares redutores diminui
para até 1%, com a formacao de aclcares ndo-redutores (sacarose) e de modo que, ao final da
maturacdo, o teor de agUcares totais é aproximadamente 2% (JAYALEKSHMY et al. 1984;
CAMPOS et al. 1996a; ROSA; ABREU, 2000).

O conteldo balanceado de aclcares e a composi¢do mineral isoténica torna a agua
de coco uma alternativa para a reidratacdo do organismo humano (PRADES et al. 2012a).
Estudos comprovam que ndo s6 a agua de coco, mas outras partes do fruto podem conter
moléculas com importantes atividades biolégicas e farmacol6gicas tais como; anti-
hipertensiva, anti-inflamatdria, anti-oxidante, anti-osteoporose, anti-diabética, anti-neoplasica,
anti-helmintica, bactericida, leishmanicida, antifangica, antiviral, analgésica, vasodilatadora e
protetora dos rins, coracdo, figado e estdbmago (AKINPELU et al. 2015; RINALDI et al.
2009; SILVA et al 2013; JOSE; SHARMA; SHANTARAM, 2011; JOSE et al. 2014).

Apesar das inumeras funcbes atribuidas & &gua de coco, contaminagdes
microbianas e alteracGes bioquimicas podem ocorrer durante a extracdo e envase do liquido

dificultando sua conservagdo apés a abertura do fruto. No interior desses frutos, a 4gua de
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coco encontra-se estéril e estavel e torna-se instavel quando extraida, podendo ser armazenada
por apenas poucos dias a temperatura de 4°C (AWUA; DOE; AGYARE, 2011; ROSA,;

ABREU, 2000)

Tabela 2 — Composi¢do quimica da agua do coco verde no 6° més de desenvolvimento do fruto.

(9/100g) (mg/g)
CARBOIDRATOS Sac_arose 0,06 Alarnha 1,13
Glicose 2,61 Arginina 0,13
Frutose 2,55 Acido aspartico 1,6
(mg/100g) Acido glutamico 3,44
Ca 27,35 Glicina 0,43
Fe 0,02 Histidina 0,39
Mg 6,4 AMINOACIDOS Isoleuth:ina 0,26
P 4,66 Leucina 0,66
K 203,7 Lisina 4,72
SAIS MINERAIS Na 1,75 Metionina 0,22
Zn 0,07 Fenilalanina 0,26
Cu 0,01 Prolina 0,52
Mn 0,12 Serina 0,64
S 0,58 Treonina 0,2
Al 0,07 Valina 0,91
B 0,05 (Mg/100DM)**
(mg/100dm®) Tartarico 1,6
VITAMINAS C 7,41 ACIDOS ORGANICOS Maélico 317
B1 -
B2 0,01
(g9/100g)
Céprico 0,0007
Laurico 0,002
SATURADOS Mirl's'ti-co 0,0023
Palmitico 0,0219
Margérico 0,0009
ACIDOS GRAXOS Esteérico 0,0039
Araquidico 0,0016
MONOINSATURADOS e 0,0011
Elaidico 0,0194
Linoléico 0,0114 Fosfatase acida
ORI aeie s Araquidonico 0,0014 Catalase
(nM) Desidrogenase
AUXINA Acido indol-3-acético 150,6 ENZIMAS* Dlast_ase
RNA polimerase
Ns—isopenteniladenina 0,26 Peroxidase
dihidrozeatina 0,14 Polifenol oxidase
trans-zeatina 0,09
cinetina 0,31
FITORMONIOS CITOCININAS Gl i
dihidrozeatina O-glucosideo 46,6
trans-zeatina O-glucosideo 48,7
trans-zeatina ribosideo 76,2
cinetina ribosideo 0,33
trans-zeatina ribosideo- 5'-monofosfato 10,2
GIBERELINAS G?berel?na ! 167
Giberelina 3 37,8
ACIDO ABCISICO 65,5

Fonte: SANTOSO et al. (1996), ARDITTI (2008), YONG et al. (2009) e LIMA et al. (2015).

* Dados ndo quantificados. ** massa seca.
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3 PRESERVACAO E PROCESSAMENTO DA AGUA DE COCO

O mercado da agua de coco aumenta ao longo dos anos e essa demanda pressiona
as industrias para converter a matéria-prima perecivel em um produto de prateleira estavel e
seguro. Porém, para competir no mercado internacional de bebidas, ela precisa ser
cuidadosamente processada, embalada, transportada e armazenada, observando-se a
manutencdo, 0 quanto possivel, das caracteristicas sensoriais originais e de sua composicao
bioquimica (ALAVE, 2011).

Tradicionalmente a agua de coco é comercializada dentro do proprio fruto, porém
essa pratica envolve diversos problemas relativos ao transporte, armazenamento e
perecibilidade do produto. Isso justificou o desenvolvimento de técnicas de processamento
que permitem o envase da dgua de coco verde, viabilizando a sua comercializacdo para locais
distantes de sua origem, com melhor conservacdo e menor exigéncia de espago para O
transporte (MAGALHAES et al. 2005). No Brasil e na Asia, estdo disponiveis para venda
4gua de coco enlatada, engarrafada e em embalagem Tetra Pak®, todavia os consumidores que
tém experimentado estes produtos estdo cientes que eles diferem da agua de coco in natura.
Portanto, prolongar a vida de prateleira da agua de coco, sem modificar o seu sabor e as
propriedades nutritivas permanece um desafio (PRADES et al. 2012b).

Dentre as tecnologias desenvolvidas, destacam-se os tratamentos térmicos e nao
térmicos, combinados ou ndo a aditivos quimicos. Dentre os tratamentos térmicos, o
resfriamento e congelamento sdo os processos atualmente mais utilizados pela industria.
Quando estes sdo realizados sem tratamentos auxiliares, a vida de prateleira da agua de coco
refrigerada a 6 °C é de aproximadamente trés dias, dependendo das condicBes de higiene
utilizadas no processamento, do tempo decorrido entre a abertura do coco e o0 envase e do
grau de maturacdo dos frutos utilizados como matéria-prima (CABRAL; PENHA; MATTA,
2005).

A manipulagdo inadequada torna-a um veiculo transmissor de doencas por
alimentos, como observado por Soares et al. (2017) que avaliou a qualidade das dguas de coco
in natura, resfriadas, extraidas artesanalmente por ambulantes da localidade de Mossoro, Rio
Grande do Norte, verificando elevada contaminacdo por micro-organismos deteriorantes,
além de 58% das amostras estarem contaminadas com micro-organismos patogénicos.

Uma outra tecnologia, emprega a pasteurizacdo da agua de coco, tem como
finalidade reduzir os niveis de contaminagdo microbiana. A temperatura do processo deve

situar-se na faixa de 75 a 90°C e tanto a temperatura quanto o tempo de pasteurizacdo devem
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ser otimizados, considerando o0s atributos sensoriais do produto e o tipo de equipamento
utilizado (ROSA; ABREU, 2000).

Ja no processo de esterilizagdo por UHT, a agua de coco é submetida a
temperatura de 140 °C por poucos segundos. Apesar deste curto tempo, esse processo térmico
tem como desvantagem alteracdes indesejadas no contetido nutricional e no sabor, limitando a
sua comercializacdo (ROSA; ABREU, 2002; AGRICULTURA 21, 2003).

O uso em conjunto das formulagdes com os tratamentos térmicos minimiza as
alteracdes indesejaveis geradas pelo aquecimento, com correcdo de parametros como °Brix e
acidez utilizando para isso frutose e o acidulante organico acido citrico, respectivamente. Ja o
uso de aditivos como o conservador metabissulfito de sodio e o antioxidante &cido ascérbico
também sdo comumente utilizados comercialmente e tém a finalidade de prolongar a vida de
prateleira da agua de coco, uma vez que esses tratamentos auxiliares permitem estender a vida
de prateleira do produto para até seis meses. Porém o uso do metabissulfito de sodio acarreta
perda sensorial e nutricional do produto, além de indicios de que pode causar reagdes
alérgicas em individuos sensiveis aos sulfitos (ROSA; ABREU, 2002; ABREU; FARIA,
2007; SAPERS, 1993).

O grande problema encontrado pelos envasadores e exportadores de &gua de coco
€ que os tratamentos térmicos intensos aceleram as reacdes de alteracdo de cor que ja séo
naturais da agua de coco, resultando em uma coloracdo rosada que é comum em aguas de
coco in natura, ou quando armazenadas por alguns dias sob refrigeracdo. Essas alteracdes na
cor da agua de coco para amarelo, marrom ou rosa tém sido relacionadas na literatura com a
atividade das enzimas polifenoloxidase (PFO) e peroxidase (POD), sendo dificil controlar os
fatores (temperatura, pH e concentracdo de oxigénio) que alteram o nivel de atividade dessas
enzimas ap0s a abertura do coco. Embora essas enzimas sejam termoestaveis, € possivel
inativa-las por tratamentos térmicos, uma vez que pequenas exposicdes a 70-90°C sdo
suficientes para desnaturacdo e consequente perda da sua funcéo catalilica (WEEMAES et al.
1998; PRADES et al. 2012b). O trabalho de Campos et al. (1996b) mostraram a inativacéo
total a 90°C para PFO apds 550s e para POD ap6s 310s de tratamento e Abreu e Faria (2007)
evidenciaram a inativacdo da PFO nas temperaturas de 138 e 144°C ap06s 10s de tratamento,
conferindo uma coloragdo rosada a agua de coco imediatamente ap0s a aplicacdo do
tratamento térmico.

A micro e a ultra-filtracdo sdo tratamentos ndo térmicos de filtragem em
membranas que surgem como alternativas para estabilizar o aroma natural da agua de coco,

uma vez que esteriliza o produto a temperatura ambiente, enquanto preserva suas
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caracteristicas arométicas. Além disso, a ultra-filtracdo é capaz de separar enzimas como POD
e PFO, cujas massas moleculares sdo 49,2 e 73,8 kDa, respectivamente (DUARTE;
COELHO; LEITE, 2002). Logo, ha diversos métodos de conservacdo da dgua de coco verde e

o fluxograma da Figura 2 apresenta as diferentes vias de processamento.

Figura 2- Fluxograma de diferentes métodos de processamento da agua de coco verde.
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Fonte: PRADES et al. (2012b). *Pasteurizacao rapida em condicfes de alta temperatura e curto

intervalo de tempo.

Em qualquer um dos métodos citados, deve-se otimizar o tempo de processo e
minimizar a exposi¢cdo ao ar, a fim de solucionar problemas sensoriais relacionados as
mudangas no aroma, sabor e coloracdo da agua de coco. Portanto, com a finalidade de

minimizar as alteracfes indesejaveis que acarretam no desenvolvimento da cor rosea em agua
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de coco, varias tecnologias foram empregadas como as que almejavam a inativa¢do das
enzimas POD e PFO por tratamentos térmicos convencionais como a pasteurizacao
(Murasaki-Aliberti et al. 2009), uso de microondas (Matsui et al. 2007) e esterilizacdo (Awua
et al. 2011) e os metodos ndo-convencionais de ultra-filtracdo (Jayanti et al. 2010),
homogeneizacéo a alta pressdo (Dosualdo, 2007), CO, em fase densa (Damar; Balaban; Sims,
2009) e y-irradiacdo (Awua et al. 2011).

O estudo realizado por Augusto et al. (2015) evidenciou que atraves da aplicacéo
da radiacéo ultravioleta (UV) em agua de coco houve reducdo na atividade de enzimas como
POD e PFO responsaveis pela oxidacdo de fendlicos e sua subsequente interacdo com
proteinas. Os resultados mostraram que as enzimas foram continuamente inativadas, de modo
que a atividade da POD foi reduzida para 1% apds 30 min, ja a atividade da PPO decresceu
para 2% ap6s 30 min. Entretanto, a radiacdo UV apenas atrasou a ocorréncia da mudanca de
cor. De fato, Donsingha e Assatarakul (2018) observaram que a 4gua de coco tratada com UV
nas doses de 4,8, 3,2 e 1,6 J / mL mostraram 100% de descoloragéo rosa (escala visual) nos
dias 8, 10 e 18, respectivamente, de armazenamento a 4°C.

Embora essas tecnologias possam ser utilizadas pela industria de alimentos, o
surgimento de uma coloragdo rosada durante a estocagem € um grande problema encontrado
pelos envasadores e exportadores de agua de coco, permanecendo ndo elucidados os
compostos responsaveis por essa alteracdo (PRADES et al. 2012b).
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4 DESENVOLVIMENTO DE COR EM PRODUTOS AGRICOLAS
INDUSTRIALIZADOS

O aumento do consumo de produtos industrializados que sofreram processamento
térmico aumentou nas Ultimas décadas. Todavia, o processamento pode interferir na formacao
de compostos volateis como cetonas e aldeidos, que conferem o aroma caracteristico aos
produtos, além de substancias responsaveis pela cor e sabor dos alimentos, e assim prejudicar
ou contribuir para a melhoria dos atributos de qualidade (BOURVELLEC, 2013).

O aparecimento da cor rosa em produtos industrializados é um problema comum
que ocorre no processamento. Essa mudanca de cor é dependente de varios fatores utilizados
no processamento, tais como pH, temperatura, tempo de tratamento e armazenamento, sendo
a temperatura o principal fator que conduz a um aumento no aparecimento da cor rosa. Esse
fendbmeno é pouco conhecido e afeta o valor comercial de frutos como peras, marmelos,
macas, bananas, groselhas, goiabas, péssegos e lichias (BOURVELLEC et al. 2013; WU,
FANG, 1993).

Em peras enlatadas, essa mudanca de cor para um tom rosado que ocorre no
processamento térmico estd associada a despolimerizacdo de taninos condensados e sua
conversdo em antocianidinas. J& em suco de cebola o mecanismo da descolaracéo rosa foi
explicado pela reagdo de compostos volateis com a enzima alinase e aminoacidos
(BOURVELLEC et al. 2013; LEE; YOO; PATIL, 2010).

Compostos denominados de produtos finais da glicacdo avancada (do inglés
advanced glycation end-products-AGEs) séo gerados em alimentos processados termicamente
e/ou armazenados por um tempo prolongado por meio da reacdo de Maillard, que é uma
reacao de escurecimento ndo enzimatico. Essa reacdo ocorre entre produtos da degradacédo de
proteinas, lipidios, acidos nucléicos e acUcares e podem também ser formados da peroxidacéao
lipidica, recebendo o nome de produtos finais da lipoxidacdo avancada (do inglés advanced
lipoxidation end-products -ALEs) (MIYATA et al. 2000; BAYNES, 2002; CHUYEN, 2006;
SHIBAO; BASTOS, 2011).

Didaticamente, a reacdo de Maillard ¢é dividida em trés fases, conforme esquema
inicialmente proposto por Hodge (1953) e citado por Nursten (2005). Na fase inicial, pode
ocorrer a condensagdo da carbonila de um agUcar redutor com um grupamento amina
proveniente de aminoacidos livres ou de proteinas, levando & formacdo de
glicosil/frutosilaminas N-substituidas. Esse primeiro produto estavel da reacdo é chamado de

produto de Amadori e ndo possui cor, fluorescéncia ou absorcdo na regido UV. Na etapa
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sequinte, prolongando-se 0 aquecimento ou armazenamento, 0s produtos de Amadori d&o
origem a uma série de reacOes (desidratacdo, enolizacdo e retroaldolizacdo), resultando em
compostos dicarbonilicos (glioxal, metilglioxal e 3-deoxiglucosona), redutonas, derivados do
furfural ou em produtos da degradacao de Strecker (produtos de degradagdo de aminoéacidos).
Nesta fase, & observada a formacdo de produtos fluorescentes e de substancias capazes de
absorver radiagdo na regido do UV. No ultimo estdgio da reacdo de Maillard, os compostos
dicarbonilicos altamente reativos podem reagir com residuos de lisina ou arginina em
proteinas, formando os compostos conhecidos por AGEs, estes apresentando cor.

Diferentes AGEs tém sido identificados em alimentos como: N-g-(carboximetil)
lisina (do inglés N-e-(carboxylmethyl)lysine-CML), N-e-(carboxietil) lisina (do inglés N-e-
(carboxylethyl)lysine-CEL) e pirralina (do inglés pyrraline-Pyr), todos resultantes da glicacéo
do aminoacido lisina com o0s respectivos acUcares redutores glioxal, metilglioxal e 3-
deoxiglucosona. O AGE argipirimidina (do inglés argpyrimidine-Arg-p) é derivado da reacéo
entre 0o aminoacido arginina e o metilglioxal, enquanto que a pentosidina (do inglés
pentosidine-Pento-s) é formada por uma pentose e os residuos de lisina e arginina. Outros
AGEs citados na literatura sdo metilfurfural, vesperlisina A, dimero de glioxal-lisina, dimero
metilglioxal-lisina e glicosepana (HULL et al. 2012).

Dentre estes, 0 CML é um dos produtos finais mais estudados e frequentemente, é
utilizado como marcador de AGE/ALE em alimentos, pois a lisina é cerca de duas a trés vezes
mais reativa que os outros aminodacidos devido a presenca de grupamentos o e g-amino
(RABBANI; THORNALLEY, 2012; HULL et al. 2012; NGUYEN, 2006; KWAK; LIM,
2004). Outro AGE conhecido por pirralina tem sido obtido experimentalmente por reacéo
entre 0 monossacarideo glicose e o aminoécido lisina e essa preparacdo tem adquirido a
coloracdo rosa quando armazenada a temperatura ambiente ou sob refrigeracdo, além de
apresentar absorcdo na faixa de 500 nm (NAGARAJ; OTIN; MONNIER, 1996).

A quantificacdo de AGEs em alimentos ou amostras bioldgicas é feita pelo ensaio
de imunoabsorcdo enzimatica (do inglés enzyme-linked immunosorbent assay-ELISA) e por
andlise instrumental, incluindo cromatografia liquida de alta eficiéncia com detec¢do por
arranjo de diodos (HPLC-DAD), cromatografia liquida de alta eficiéncia com detec¢do por
fluorescéncia (HPLC-FLD), cromatografia gasosa por espectrometro de massas (GC-MS) e
por cromatografia liquida de ultra eficiéncia em série com espectrometro de massas (UPLC-
MS/MS) (AMES, 2008; RUFIAN-HENARES; GUERRA-HERNANDEZ; GARCIA-
VILLANOVA, 2004; VAN DE MERBEL et al. 2004; PETROVIC et al. 2005; HULL et al.
2012).
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A quantidade de AGEs em cada alimento depende de vérios fatores como o tipo, a
composi¢do quimica, o preparo ou o método utilizado no processamento dos alimentos.
Alimentos ricos em lipidios, proteinas e agucares geralmente possuem quantidades elevadas
de AGEs e sdo mais susceptiveis a uma formacdo complementar durante tratamentos térmicos
(ZHANG et al. 2011). Porém, os AGEs estdo presentes em alimentos submetidos a qualquer
tipo de tratamento térmico, sejam fritos, assados, cozidos ou levados ao forno micro-ondas,
sendo a temperatura o parametro critico que diferencia essa reacdo (SHIBAO; BASTOS,
2011).

Os alimentos cozidos geram um menor contetdo de AGEs em kU (quilograma
unidades) de CML/100 g de alimento, por exemplo a carne bovina cozida tem 2.687 kU/100
0, ja a carne bovina grelhada 7.479 kU/100 g, a carne de frango cozida 1.210 kU/100 g e a
carne frango grelhada 6.639 kU/100 g. Os estudos também mostram que alimentos presentes
no grupo dos lipidios apresentam contetidos maiores de AGEs, como por exemplo; manteiga
(26.480 kU/100 g), margarina (17.520 kU/100 g), 6leo de oliva (11.900 kU/100 g), devido ao
favorecimento de reagdes entre as aminas e 0s produtos da oxidacéo lipidica. Ja os alimentos
do grupo das proteinas, como atum enlatado com 6éleo (5.113 kU/100 g) e peixe frito (3.083
kU/100 g), apresentam quantidades intermediarias. Os alimentos do grupo dos carboidratos
como pées (133 kU/100 g), flocos de milho (233 kU/100 g) e macarrdo (242 kU/100 g)
apresentam contetdos menores (CHARISSOU; AIT-AMEUR; BIRLOUEZ-ARAGON,
2007).

A maioria dos estudos sobre os AGEs compara o nivel de CML em alimentos
submetidos a diferentes técnicas culinarias, tais como cozido versus assado, empanado versus
ndo empanado e adigdo ou ndo de temperos antes do cozimento (CHEN; SMITH, 2015;
HULL et al. 2012; CHAO; HSU; YIN, 2009). Ha poucos estudos sobre a formacdo de AGEs
em alimentos submetidos a esterilizacdo ou pasteurizacdo (SUN et al. 2016; SUN et al. 2015;
ZHANG et al. 2011; AHMED et al. 2005), assim como ndo ha publica¢des cientificas sobre a
formacdo de AGEs na agua de coco.

Embora ndo esteja claro o papel desses compostos na dieta e nos efeitos deletérios
a salde decorrentes da ingestdo, estudos realizados mostram a participacdo dessas moléculas
em processos patoldgicos, uma vez que os AGEs podem promover o estresse oxidativo e
inflamacéo, alterar a regulacdo dos niveis plasmaticos de glicose, aumentar o risco de doencas
cardiovasculares e do cancer no pancreas (CAI et al. 2002; AMES, 2007; SEBEKOVA;
SOMOZA, 2007; JIAO et al. 2015), além de estarem relacionados ao envelhecimento, a
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doenga de Alzheimer e aterosclerose (NASS et al. 2007; SASAKI et al. 1998; XANTHIS et
al. 2007).

O acido clorogénico (&cido 3-cafeoil-D-quinico) é um composto quimico da
classe dos ésteres formado pela reacéo entre o acido caféico e o acido quinico. Trata-se de um
importante polifenol encontrado em muitos frutos, agindo como antioxidante, pois possui a
capacidade de se complexar com ions Fe, inibindo a geracdo de espécies reativas de oxigénio
(EROS) pela reacédo de Fenton (KONO et al. 1998).

O contato com o ar atmosférico durante o processamento da agua de coco faz com
que os fendlicos sejam oxidados a quinonas por reacBes enziméticas ou ndo. As reacoes
enzimaticas sdo catalisadas pelas enzimas polifenol oxidase e peroxidase que podem utilizar
fenolicos como o acido clorogénico como substrato da reacdo e produzir uma quinona de
acido clorogénico. Esses produtos sdo altamente reativos, por serem deficientes em elétrons, e
podem reagir com grupos amino e tiol de aminoécidos presentes na agua de coco, produzindo
compostos com coloracdo rosada (MURATA et al. 2002). Essas reacOes séo evidenciadas por
Namiki et al. (2001) e Yabuta et al. (2001) que relataram, apds a oxidacdo do &cido
clorogénico, a formacdo de dimeros de quinonas de acido clorogénico que reagem com
amino&cidos.

Embora quinonas e aminoacidos estejam em compartimentos separados dentro da
célula, eles podem interagir mediante condic¢des de injuria, corte ou esmagamento de tecidos
vegetais e ruptura celular. Esses procedimentos fisicos ou fisiolégicos podem acarretar em
escurecimento enzimatico de alimentos, descoloracdo de material vegetal durante o
processamento, alteracdo nas propriedades antioxidantes de fenolicos, alteracdo da
solubilidade de compostos e mudangas na cor, sabor e aroma de produtos agricolas
(BITTNER, 2006).

Vaérios trabalhos associam essa mudancga de cor, sabor e aroma a reagdes entre
quinonas de &cido clorogénico e aminoéacidos: em folhas de tabaco (YUNOSHEV, 1957,
YUNOSHEYV, 1958), suco de batata (NARVAEZ-CUENCA; VINCKEN; GRUPPEN, 2013),
café (MELO; AMORIM, 1975) e suco de mac¢d (SCHILLING et al. 2008), mas nenhum

estudo relata a presenca desses compostos na dgua de coco.
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5 CAPITULO II: CHEMICAL COMPOSITION OF THERMALLY PROCESSED
COCONUT WATER EVALUATED BY GC-MS, UPLC-HRMS, AND NMR

5.1 Abstract

Analyses by NMR, UPLC-HRMS, GC-MS coupled to chemometrics were applied to
understand the variations in chemical composition of coconut water submitted to thermal
processing at 110 °C, which developed a pink color during storage in comparison to fresh
water (control). According to chemometrics, processed water exhibited higher amounts of
procyanidin trimer and dimer (type A), caffeoylshikimic acid, and unknown compounds.
While, control water had higher amounts of trans-zeatin riboside, trans-zeatin derivative,
procyanidin dimer, caffeoylshikimic acid and trihydroxy-octadecenoic acid. GC-MS analysis
presented the decrease in lauric, myristic, and elaidic acids content, while processing
increased palmitic and stearic acids content. NMR analysis presented reduction of the primary
metabolites as sugars, short chain organic acids and ethanol by the processing. Procyanidin A-
type dimer and trimer were identified solely in processed coconut water therefore, possibly

are associated with pink color from processing and storage of coconut water.

Keywords: Cocos nucifera, sterilization, multivariate analysis, metabolites.
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6 INTRODUCTION

Water extracted from green coconut is a natural drink widely consumed due to its
health-associated nutrients as proteins, lipids, minerals, carbohydrates, and organic acids
(Santoso, Kubo, Ota, Tadokoro, & Maekawa, 1996; Rolle, 2007; Debmandal & Mandal,
2011; Jirapong, Wongs-Aree, Noichinda, Uthairatanakij & Kanlayanarat, 2015). However,
studies on coconut water chemical composition have been limited to constituents with
nutritional relevance, although a greater diversity of compounds contribute to its special
biological properties.

Coconut water is the liquid endosperm of immature coconuts and within a day of
extraction from the nut and exposure to air, it undergoes chemical reactions and changes into
a pink color (Prades, Dornier, Diop, & Pain, 2012). Discoloration have been associated with
microbial or enzymatic browning activities (Murasaki-Aliberti, Silva, Gut & Tadini, 2009),
however, this possibility was discarded as results showed that boiling of coconut water did
not prevent pink color reaction (Damar, Balaban & Sims, 2009). In the food industry, thermal
processing is the most common preservation method due to its effectiveness in
microbiological and enzymatic control, thus enabling long-term commercialization (Awuah,
Ramaswamy & Economides, 2007; Aguiar, Yamashita, & Gut, 2012). However, processing
also induces discoloration reactions leading to decline in quality and acceptance of the final
product (Jayanti, Rai, Dasgupta, & De, 2010).

Coconut water components have been analyzed by different techniques for
various purposes as nuclear magnetic resonance (NMR) spectroscopy with chemometrics to
monitor quality variables (Sucupira, Alves-Filho, Silva, Brito, Wurlitzer & Sousa, 2017); gas
chromatography (GC-MS) to characterize volatile (aroma) profile (Prades, Assa, Dornier,

Pain & Boulanger, 2012) and high performance liquid chromatography (HPLC) coupled to
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mass spectrometry (MS) to analyze different classes of phytohormones (Ma, Ge, Lee, Yong,
Tan & Ong, 2008). The aim of this work was the evaluation of the chemical composition of
coconut water subjected to ultra-high temperature (UHT) sterilization by using *H NMR,
UPLC-HRMS, GC-MS and chemometrics in order to identify chemical compounds that could

be associated to changes from processing.
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7 EXPERIMENTAL

7.1. Sampling

Immature green-colored coconuts (Cocos nucifera L.) with 6 to 7 months of
development and harvested in Ceara state, Brazil, were initially rinsed in tap water and
sanitized for 15 min in chlorinated water (100 mg.L™ of sodium hypochlorite). For fresh

control sample, coconut water was extracted, filtered and frozen at —17 + 2 °C until analysis.

7.1.1 Thermal treatment

Processed samples were treated as reported by Sucupira, Alves Filho, Silva, Brito,
Wourlitzer & Sousa (2017). After filtration, thermal treatment of samples was performed at
110 °C with retention time of 8 s using an tubular heat exchanger (Armfield model FT74™,
Armfield Inc, USA), cooling with chiller Armfield FT63, filled under aseptic conditions in
210 mL glass bottles, closed with plastic screw cap. Previously, bottles were sterilized with
0.5% peracetic acid and rinsed with sterile water. Afterwards, processed coconut water kept at
room temperature until color changed to pink (same time of storage for all processed samples)
and then, was frozen at -17 + 2 °C, until analyses. Thus, the experiment consisted of two

samples, control fresh and processed coconut water with three biological repetitions, each.
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8 UPLC-HRMS ANALYSIS

8.1 Extraction procedure

The solid phase extractions of control and processed coconut water samples were
performed in octadecylsilane (C18; 500 mg, 6 mL) reverse phase cartridges (Supelco™,
Supelclean ENVI™, 18.58 um, 58 A; Sigma, USA). Initially, the C18 cartridges were
inserted into the manifold coupled to a vacuum pump and conditioned with 3 mL of HPLC
grade methanol followed by addition of 3 mL of water. Subsequently, 25 mL of coconut
water was added to each cartridge. Clean up was done applying 3 mL of water to eliminate
sugars and amino acids from the extract. Finally, the compounds of interest were eluted by the
addition of 5 mL of elution solvent 100% methanol HPLC grade. The removal of methanol
was made on R-215 rotary evaporator (Buchi, Switzerland) at 40 °C and rotation of 20 rpm.

The SPE was performed in triplicate for control and processed coconut water.

8.1.1 Analysis

Ultra-Performance  Liquid Chromatography- Hight Resolution- Mass
Spectrometer (UPLC-HRMS) analysis was performed on an Acquity® UPLC system (Waters
Co., USA) coupled with a Quadrupole/TOF system (Waters, USA). A Waters Acquity™
UPLC BEH column (150 x 2.1 mm, 1.7 um) was used with temperature set at 40 °C. Mobile
phases were water with 0.1% formic acid (A) and acetonitrile with 0.1% formic acid (B). The
gradient used consisted: (0-15) min, 2-95% B; (15.01-17.0) min, 100% B; (17.01-19.01) min,
2% B. The flow rate was 0.400 mL.min™. The injection volume of sample was 5 pL. Samples

were dissolved in the water/methanol ratio (1:1) at 1 mg.mL™ concentration, and filtered



40

through Millipore™ Teflon membranes with 0.22 um pores. Analysis used electrospray
ionization (ESI) interface in negative and positive ion modes acquired from 110 to 1180 Da.
Source temperature was 120 °C, desolvation temperature was 350 °C and desolvation gas
flow of 500 L.h™%. Leucine enkephaline was used as lock mass. The acquisition mode was
MSE and the instrument controlled by Masslynx 4.1 software (Waters Co., USA). Analyses

were performed in triplicate.

8.1.2.1. Chemometric analysis of UPLC-HRMS dataset

Unsupervised chemometric analysis by Principal Component Analysis (PCA) was
developed using both matrices acquired in negative and positive ionization modes, in
triplicate. Program PLS Toolbox™ (version 8.6.2 Eigenvector Research Inc., USA) was used
to handle the multivariate data and analyses were performed using chromatograms region
between 0.7 and 7.5 min for negative ionization mode, and 2.0 and 7.8 min for positive
ionization mode, resulting in two numerical matrices with dimensionalities of 12,438 (18
samples x 691 variables) and 11,664 (18 samples x 648 variables).

The PCA was performed to determine the relationship among the coconut water
based on secondary metabolites, with 95% of confidence level. Pretreatment of variables was
performed with baseline correction (linear fit algorithm) and normalization, and samples were
mean-centered, once this pretreatment provided better differences between coconut water

samples.
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9 GC-MS ANALYSIS

9.1 Extraction and derivatization

Total lipids extracted from control and processed coconut water were analyzed as
described by Bligh & Dyer (1959) with modifications. Water (300 mL) and 290 mL of
chloroform were mixed in separating funnel, stirred vigorously and allowed to stand to liquid-
liquid partition equilibrium. Chloroform, in the lower phase of separating funnel, was
collected and the aqueous phase was re-used for further lipid extraction using the same
volume of chloroform. The recovered chloroform was evaporated at 40 °C on rotary
evaporator R-215 (Buchi, Switzerland).

The extraction procedure was performed in triplicate for each treatment. The
derivatization of the fatty acids into volatile organic compounds (VOC) was performed
according IAL (2008). In a screw-capped glass tube, 20 mg of lipids were solubilized with 3
mL of gas chromatography (GC)-grade hexane. Then, 4 mL of methanolic solution with 0.5
M NaOH were added to the tube, closed and kept in a water-bath (65-70 °C) for 4 min or until
complete dissolution of the fat globules when solution remains transparent. After heating, the
tube was cooled in running water and 5 mL of the esterifying solution (10 g of NH4CI
dissolved in 300 mL of methanol and 15 mL of H,SO,) was added. After closing tube, the
mixture was vortexed for 30 s, kept in water bath at 65-70 °C for 5 min, then cooled under
running water. Subsequently, 4 mL of aqueous solution of 36% NaCl were added and
vortexed for 30 s, followed by addition of 3 mL of GC-grade hexane and vortexing. For
recovery of esters, the mixture was placed in a separating funnel to separate the aqueous and

organic phases, the organic phase containing the esters was removed with an automatic
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micropipette and dried to remove hexane, then reconstituted with GC-grade hexane for the

GC. Biological triplicates were performed for control and processed coconut water.

9.1.1 Analysis

Samples were analyzed in Gas Chromatograph coupled to Mass Spectrometer
(GC-MS) (model 5977A Agilent Tech. Inc., USA) equipped with a HP-5MS (Agilent) fused
silica capillary column (30 m x 0.25 mm i.d., 0.25 mm film thickness) connected to a
quadrupole detector operating in the EI mode at 70 eV with a scan mass range of 35-500 m/z.
Helium was used as carrier gas at 1 mL.min™. The injector and the interface temperatures
were 250 and 280 °C, respectively, in split mode (1:30). The temperature ramp was: 35 °C,
increased to 180 °C at 15 °C min™, to 250 °C at 5 °C min™. The final temperature (250 °C)
was held for 10 min. Individuals components were identified by comparing their linear
retention indexes (LRI), with the obtained for a C;-Cs n-alkanes series. For tentative
identification, mass spectra were compared with the literature, with NIST mass spectral

library as well as spectral data and Kovats index provided by Adams (2007).

9.1.2.1 Chemometric analysis of GC-MS dataset

The same program and pretreatments applied for chemometric evaluation of
UPLC-HRMS datasets were applied to GC-MS dataset. The region of the chromatograms
between 10 and 18 min was used for the analysis, resulting in a numerical matrix with

dimensionality of 8,976 (6 samples x 1,496 variables).
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10 NMR ANALYSIS

Aliquot of coconut water (165 pL) were mixed with 400 pL of deutered water
(D20, 98%), 35 uL de D,O containing 1% of sodium-3-trimethylsilylpropionate (TMSP-
2,2,3,3-d, 98% purity) with 25 mM of EDTA, and transferred to 5 mm NMR (Nuclear
Magnetic Resonance) tubes. EDTA was added to minimize the ionic strength effect on
frequency shifts in the NMR spectra.

Analyses were performed on NMR spectrometer (600-MHz Agilent Tech. Inc.,
USA) equipped with a 5 mm (*H-F/**N-*'P) inverse detection One Probe™ with actively
shielded z-gradient. The PRESAT pulse sequence was used to non-deuterated water
suppression at chemical shift 6 4.85. The *H NMR spectra were acquired under quantitative
parameters, with 32 free induction decays (FID), 64k of time domain points with a spectral
window of 20.0 ppm, acquisition time of 5.0 s, and a relaxation delay of 15.0 s, all after
pulses calibration. Spectra were processed using zero filling to 64 k points, phased manually
and referenced using TMSP-d, at ¢ 0.0 as internal reference, and temperature was controlled
at 298 K.

Two-dimensional (2D) NMR analyses were performed using the standard
spectrometer library pulse sequences. *H-'H gCOSY experiments were obtained with spectral
width of 7,267.4 Hz in both dimensions; 1k x 200 data matrix; 16 scans per t1 increment and
relaxation delay of 1.0 s. One-bond H-*C gHSQC experiments were acquired with an
evolution delay of 3.425 ms for an average *J(C,H) of 146 Hz; 1k x 200 data matrix; 32 scans
per t1 increment; spectral widths of 9,615.4 Hz in f2 and 30,165.9 Hz in f1 and relaxation
delay of 1.0 s. Long-range *H-3C gHMBC experiments were recorded with an evolution
delay of 62.5 ms for "RJ(C,H) of 8 Hz; 1k x 200 data matrix; 64 scans per t1 increment;

spectral width 9,615.4 Hz in f2 and 36,199.1 Hz in f1 and relaxation delay of 1.0 s.
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10.1 Chemometric analysis of NMR dataset

The same chemometric software and pretreatments applied to evaluate the UPLC-
HRMS datasets were applied to *H NMR dataset. The spectral region between ¢ 0.8 and 9.0
was selected, which resulted in a numerical matrix with dimensionality of 150,804 (18
samples x 8,378 variables into each spectrum). However, in order to enhance the chemical
variability among the samples based on processing influence, the matrix was decomposed by
Partial Least Squares - Discriminant Analysis (PLS-DA) method using the Simplified PLS

(SIMPLYS) algorithm, and the samples were clustered as control or processed.
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11 RESULTS AND DISCUSSION

Usually unsupervised multivariate analyses are applied to untargeted exploration
of complexes food matrices of data to observe variations and relationships between coconut
water and its composition (Sucupira, Alves Filho, Silva, Brito, Wurlitzer & Sousa, 2017).
Therefore, Principal Component Analysis (PCA) was developed to evaluate the coconut water

variability under different processing condition, using different analytical techniques.

11.1 Metabolites assayed by UPLC-HRMS

PCA was applied to reduce the dimensionality of the original data in two PC and
to assist the interpretation of the multivariate data. Figures 1 and 2 illustrate the PCA results
from UPLC-HRMS datasets of the coconut water analyzed under negative and positive
ionization mode, respectively, while Tables 1 and 2 describe the respective parameters for
characterization of the relevant compounds as secondary metabolites, in chemometric
evaluation (m/z values and fragmentation profiles).

According to negative ionization mode, PC1 x PC2 scores show tendency of
separation of samples with 53.61% of total variance (Fig. 1a). PC1 was the main axis related
to coconut water separation based on processing. The loading (Fig. 1b) highlighted the greater
amounts of compounds represented by numbers 2, 5 and 6 in processed water, while
compounds 1, 3, 4, and 10 were more abundant in control water.

Table 1 shows that compound 1 is a cytokinin, a phytohormone involved with
regulation of plant growth and development that was reportedly found in coconut milk by
Kobayashi et al. (1995) and Van Staden & Drewes (1975). Compounds 2, 3 and 6 are a trimer

(type B), dimer (type B) and dimer (type A) of procyanidin, respectively, detected in both
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processed (2 and 6) and control (3) water. These compounds were found in inflorescence of
Cocos nucifera L. and their monomers, (+)-catechin and (—)-epicatechin were quantified by
LC-MS in coconut water (Padumadasa, Dharmadana & Abeysekera, 2016; Chang & Wu,
2011). Compound 6 is procyanidin dimer with A-type ether bond, C2-O-C7, besides the C4-
C8 bond. While, compound 2 is B-type trimeric procyanidin composed of three subunits
linked by C4-C8 bonds, thus both oligomeric procyanidins, constituted for flavan-3-ols units
are precursors of anthocyanin pigments. It is possible that B-trimer and A-dimer procyanidin
observed in processed coconut water are associated with development of pink color, once
colorless procyanidin are known to enhance red color of anthocyanin solutions by
preferentially interacting (0- stacking) with the planar chromophore of the flavylium form,
thus increasing its concentration (Malien-Aubert, Dangles & Amiot, 2002; Reichel, Carle,
Sruamsiri & Neidhart, 2011). These authors reported that increase in polymeric degree
improves the color stability.

Compounds 4 e 5 represent caffeoylshikimic acid, which is derived from caffeic
acid and an intermediate of the synthesis of polymeric phenolics in plant cells, found in fresh
and processed coconut water, respectively. Caffeoylshikimic acid detected in young coconut
mesocarp has been associated to plant defense due to antioxidant and antimicrobial properties
(Chakraborty & Mitra, 2008). Moreover, compounds 4 (caffeoylshikimic acid) and 11
(dicaffeoyl quinic acid) present in control water, have a dioxygenated phenylpropanoid
structure and can act as substrates of browning-associated enzyme polyphenoloxidase (PPO).
Also abundant in control water, the compound 10 is an oxidized fatty acid trihydroxy-
octadecenoic acid, which has been associated with wound signals that triggers phenylalanine
ammonia lyase (PAL) activity through jasmonic acid pathway, thus stimulating phenolic
biosynthesis (Garcia, Garcia-Villalba, Gil, & Tomas-Barberan, 2017). Therefore, metabolites

numbered 4, 10, and 11 could be involved as substrates and signals triggering color reactions
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in coconut water. Recently, Garcia, Gil & Tomas-Barberan (2018) confirmed the involvement
of metabolites caffeoylquinic acid and trihydroxy-octadecenoic acid as biomarkers of pink-
color development in fresh-cut lettuce. Although compounds 8, 9, 13 and 14 were not
identified, they were found only in processed water, thus could be involved in color changes.
According to positive ionization mode, PC2 x PC3 scores show the tendency of
separation of the samples with 18.75% of the total variance (Fig. 2a). Axes PC2 and PC3
were related to separation of coconut water based on processing, thus compounds represented
by numbers 1 and 2 were higher in control samples, and compounds 3 and 4 were higher in
processed water (Fig. 2b). Table 2 shows that compounds 1 and 2 are trans-zeatin derivative
and trans-zeatin riboside (confirmed in negative mode), respectively, both naturally-occurring
phytohormones previously identified in coconut (Kobayashi et al., 1995; Ge, Yong, Tan,
Yang & Ong, 2004). Compounds 3 and 4 are unknown in literature and found only in

processed coconut water.
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Table 3. Tentative peak (#) assignment identified by UPLC-HRMS in negative ion mode tentative of organic compounds from secondary

metabolism of fresh and processed coconut water.

4 | RT [M-H] [M-H] Prod. ion Empirical | Ppm Compounds Ref.
(min) obs. calc. formula error
14-0O-{3-O-[B-D-galactopyranosy1-(1
. ) . —2)-a-D-galactopyranosyl-(1—3)-a- .
1| 286 | 11003920 | 1100.3894 | 68.3441,8363017:806.2991; | o\ N6 | 24 L-arabinofuranosyl] -4-O-(a-L- Kobayashi et al.
644.2291; 512.1919 - (1995)
arabinofuranosyl) -B-D-
galactopyranosyl}-trans-zeatin riboside
739.1705; 695.1409; 577.1321; S Hanhineva et al.
2 | 319 865.1958 865.1980 425.0870: 2870544 CusH37015 -2.5 Procyanidin trimer (type B) (2008)
451.1045; 425.0854; 407.0735; S Hanhineva et al.
3 | 347 | 577.1336 | 577.1346 289.0669: 245.0786: 125.0212 CaoHasO12 | -1.7 | Procyanidin dimer (type B) (2008)
4 3.68 335.0708 335.0708 179.0325; 161.0212; 135.0418 Cy3H1103 0.0 Caffeoylshikimic acid Kang et al. (2016)
5 3.77 335.0718 335.0708 179.0276; 161.0210; 135.0404 Cy3H1103 3.0 Caffeoylshikimic acid Kang et al. (2016)
539.0944; 449.0854; 423.0820; S Zhang & Zhu
6 | 4.20 575.1179 575.1190 407.0853: 289.0759: 285.0396 C3oH»301 -1.9 Procyanidin dimer (type A) (2015)
7 | 453 | 461.1075 | 461.1084 341.0847; zéi%g%%; 299.0511; CoHuOn | 2.0 Chrysoeriol hexoside | Kang et al. (2016)
8 5.07 343.1539 343.1545 255.1743 CooH2305 -1.7 Unknown -
9 5.43 198.0784 198.0780 - C19HgOs 2.0 Unknown -
311.2167; 293.2081; 229.1416; . . . Llorent-Martinez et
10 | 5.97 329.2313 329.2328 211.1310: 171.0996 C1gH3305 -4.6 Trihydroxy-octadecanoic acid al. (2017)
11| 6.52 515.2451 515.2492 353.2064; 209.1537; 125.0789 CosH39011 -8.0 Dicaffeoyl quinic acid Farag et al. (2013).
12 | 6.62 | 503.3389 | 503.3373 217.1215 CsoH70g 3.2 (+)-Arjungenin Zhou et al. (2018).
426.9656; 406.9587; 341.1802;
13| 6.77 | 515.2455 | 515.2434 315.0305. 241 0134 199.1682 CarH3506 4.1 Unknown -
14| 727 | 2361015 | 2360008 | 2214900122040 1921133, CHiNO | 3.0 Unknown .
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Table 4. Tentative peak (#) assignment identified by UPLC-HRMS in positive ion mode of the organic compounds from secondary metabolism

of fresh and processed coconut water.

4| RT [M-H] [M-H] Prod. ion Empirical |- ppm Compounds Ref.
(min) obs. calc. formula error

838.4927; 808.5039; Zhao et al

1| 263 970.5812 970.5811 646.4130; 514.3276; | CuHgsNsOqg 0.1 trans-Zeatin derivative (2013)'
220.1659
14-O-{3-O-[B-D-galactopyranosyl-

970.5733; 808.4877; (1—2)-a-D-galactopyranosyl- Kobavashi et
2 | 290 | 1102.4089 | 1102.4051 | 646.3964;514.3232; | Cu3HegNsOo 3.4 (1—-3)-a-L-arabinofuranosyl]- al ({995)

352.2343; 220.1646 4-O-(a-L-arabinofuranosyl) -p-D- '

galactopyranosyl} -trans-zeatin riboside

3| 544 200.0932 200.0936 - C1oH10Ns -2.0 Unknown -
4 | 752 475.2904 475.2907 431'2%?11338822361’ C24H4304 -0.6 Unknown -
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11.1.1 Evaluation by GC-MS

Figure 3 presents the scores (a) and relevant loadings (b) with fatty acids
derivatized into volatile organic compounds (VOC) from processed coconut water. PC1 was
the main axis related to coconut water separation based on processing and loadings showed
that lauric (C12:0), myristic (C14:0), and elaidic (C18:1) acids were abundant in control,
while palmitic (C16:0) and stearic (C18:0) acids were higher in processed water. Table 3
describes these relevant VOC with the respective retention time (RT), retention index (RI),
major m/z ratio, and percentage of match.

Loadings showed that lauric, myristic, and elaidic acids content declined with the
processing, with the respective increase of palmitic and stearic acids. Previously, Fonseca et
al. (2009) and Santoso, Kubo, Ota, Tadokoro, & Maekawa, (1996) reported the presence of
long chain fatty acids such as palmitic, myristic, elaidic and stearic acids in water of green
dwarf coconut. Moreover, the presence of saturated long chain fatty acids as palmitic (C16:0)
and stearic acids (C18:0) in processed coconut water can be associated with resistance to
oxidative reactions as observed in oil coconut (Yousefi, Nateghi, & Rezaee, 2013). As the
coconut is open, there is an increase in production of free radicals as reactive oxygen species
(ROS), which may cause oxidative damage to plant cell components, especially
polyunsaturated fatty acids thus, these were not detected in processed coconut water, but only

in control (Evans & Halliwell, 2001).
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Table 5. Relevant organic compounds detected in coconut water under different processing condition, with respective retention times (RT),

experimental and reference retention index (RI), major m/z peak, and percentage (%) of match.

RT Compounds RI* RI Major | Match Ref.
(min) refer. exp. m/z (%)
10.24 Lauric acid 1527 1532 74 94.5 Alissandrakis, Tarantilis, Harizanis & Polissiou (2007)
12.20 Myristic acid 1727 1731 74 94.9 Radulovi¢, Blagojevi¢ & Pali¢ (2010)
14.67 Palmitic acid 1928.1 | 1929 74 95.7 Zeng et al. (2007)
17.17 Elaidic acid 2109.8 | 2106 55 94.7 Tret'yakov (2007)
17.55 Stearic acid 2128 2130 74 93.2 Palmeira et al. (2004)

* RI — Retention index: retention times using n-alkenes series (C7-Csg) converted in independent constants.
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11.1.2.1 Evaluation by NMR

Due to the great amounts of identified compounds and the inherent similarity
between the control and processed coconut water, two supervised chemometric approach
by PLS-DA were developed in order to maximize the differences between the control
and processed coconut waters, one for each relevant region into the *H NMR spectra,
separately. The classification results from the aliphatic region between the chemical
shifts 0 0.8 and 3.0 are illustrated in Figures 4a (scores) and 4b (relevant loadings); and
from the carbinolic region between ¢ 3.0 and 5.5 in Figures 4c (scores) and 4d
(loadings). In both analyses, the control samples (coconut water before processing) were
located at negative scores of PC1, while the processed samples at positive scores of the
same PC. Based on the LV1 loadings, the most relevant compounds for discrimination of
control and processed water were sucrose, a-glucose, S-glucose, fructose, ethanol, valine,
lactic, acetic, and malic acids, which decreased by the processing.

Table 4 shows that *H NMR spectra of control and processed coconut water
presented compounds in three different regions with high levels of sugar and aliphatic
structures, since the chemical shifts were found for a-carbonylic/alkyl residue hydrogen
(0 1.0 to 3.0) and carbinolic hydrogen (¢ 3.0 to 5.5) (Vigliar, Sdepanian, & Fagundes-
Neto, 2006; Yong, Ge, Ng, & Tan, 2009; Sucupira, Alves Filho, Silva, Brito, Wurlitzer,
& Sousa, 2017). Formic acid was the only compound identified in aldehydic and
aromatic chemical shifts (0 6.0 to 9.3), at ¢ 8.47. Ethanol is not a contaminant of

processing once its presence also was verified in control coconut water.
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Table 6. Primary metabolites identified by ‘H NMR of control and processed coconut water.

o H 13 3'H 8°C
Structure (multip*JinHz) | © © ref. ref.
0
)J\ 1-no 176.9 no 184.1
Ho 1 EH 2-1.93(s) 22.4 2.08 (s) 26.0
Acetic 3
(0]
H% 1-8.47(s) no 8.39 (s) 172.4
ORGANIC | Formic OH
ACIDS (6]
) 3CH3 3-1.33(d7.2) 23.0 1.37(d7.2) 22.9
HO™ 2-412(d7.2) 71.4 4.42(q7.2) 71.4
Lactic OH
(@]
3 o 3-2.51 (m) 48.5 2.68 (dd) 455
Ho™ 1N\ 4 3-2.77 (m) 48.5 2.85 (dd) 455
Lol 2-4.33(m) 74.9 4.28 (m) 73.2
Malic
1l-0 0 - 65.5
2- 104.7 - 104.2
3-4.14 (m) 77.6 4.11 (m) 77.4
4-0 0 4.11 (m) 72.5
Fruct 5-0 0 - 72.1
ructose 6 - 4.01 (m) 64.1 4.01 (m) 66.1
1-5.25(d 3.8) 95.0 5.25 (d 3.8) 95.4
2 -3.48 (0) 72.5 3.89-3.36 (0) 72.2
3-3.79 (0) 75.1 - 76.0
4-3.52 (0) 74.3 - 72.8
5-3.70 (0) 64.4 - 64.2
a-glucose 6 - 3.88 (0) 74.5 - 74.5
1-4.67 (d 7.90) 98.9 4.66 (d 8.1) 99.2
2-3.27 (m) 77.9 3.25 (£ 8.4) 77.6
3-3.71 (m) 64.0 - 56.1
SUGARS 4-3.50 (m) 79.0 - 79.0
5-3.43 (m) 72.4 - 72.8
6 - 3.87 (m) 63.9 - 63.1
1-5.43(d3.7) 95.2 5.44 (d 3.8) 94.7
2 - 3.56 (0) 74.5 3.89-3.57 (m) 73.5
3-3.76 (0) 75.7 3.74 (m) 75.3
4 -3.48 (0) 72.1 3.47 (m) 71.8
5-3.85 (0) 75.8 3.83 (m) 74.9
6 -3.82 (0) 62.9 3.81 (m) 62.8
7-3.82(0) 65.4 3.66 (M) 64.0
8-no 104.7 no 106.3
9-4.22 (m) 79.3 4.20 (t 8.4) 79.0
10 - 4.05 (m) 77.0 4.08 (d 9.0) 76.6
11 - 3.89 (0) 84.1 3.87 (m) 84.0
Sucrose 12 - 3.68 (0) 64.8 3.81 (m) 65.0
OTHER 2 /1\ 1-3.65 (0) 54.5 3.64 (q 7.08) 60.3
COMPOUNDS |y 1 HaC OH 2-1.16 (t7.20) 21.2 1.17 (t 7.08) 19.6

(s) simplet; (d) duplet; (t) triplet; (q)quadruplet; (quin) quintet; (dd) double duplet; (0) overlapping signal; (no)

not observed, (-) no information, (m) multiplet.
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12 CONCLUSIONS

Based on the analyses performed on fresh and processed pink-colored coconut
water, NMR results for the primary metabolites did not differ between samples and fructose
and o and B glucoses were predominant. From GC-MS analyses, long chain saturated
palmitic and stearic acids were identified in processed coconut water, possibly as result of
oxidative reactions after nut opening. UPLC-HRMS analyses pointed out the greater
differences between samples for secondary metabolites. The compounds identified solely in
processed coconut water were procyanidin A-type dimer and trimer, in negative ionization
mode. Moreover, other compounds were not identified (8, 9, 13 and 14) in negative ionization
and positive ionization modes (3,4). Therefore, it could be inferred that these polymeric
procyanidin could be associated with pink color development after processing and storage of
coconut water once colorless procyanidin are known to enhance red color of anthocyanin
solutions increasing its concentration.

In summary, this study suggests that the color appearance on processed and stored
coconut water depends on a combination of factors, including accumulation of some
metabolites in the endosperm. Future isolations with the structural elucidation of the 520 nm
absorbing compounds and the understanding of the mechanisms action involved in color
formation. This information may be useful for optimizing the formulation and processing

conditions to create tastier and healthier coconut water.
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