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RESUMO

O cajueiro (Anacardium occidentale L.) € uma frutifera de grande relevancia no
cenario socioecondmico do Brasil. Seus produtos (principalmente a castanha)
possuem alto valor nutritivo e comercial. Devido a sua importancia para o pais e,
principalmente, para o Nordeste, a Embrapa Agroindustria Tropical conta com o Banco
de Germoplasma do Caju, o qual é composto por mais de 600 acessos diferentes. A
fim de se ter um maior conhecimento da variabilidade metabdlica dos acessos
contidos no Banco de Germoplasma, genétipos do Banco de Germoplasma e do
Programa de Melhoramento Genético do cajueiro foram analisados por meio de
Cromatografia Liquida acoplada a Espectrometria de Massas (LC-MS) e
Espectroscopia de Infravermelho Préximo. Foi criada uma matriz numérica utilizando
os dados cromatograficos e as ferramentas quimiométricas de Analise de Grupamento
Hierarquico (HCA), Anéalise de Componentes Principais (PCA) e analise discriminante
por minimos quadrados parciais (PLS-DA) foram aplicadas. Em HCA e PCA,
observou-se a formacdo de quatro grupamentos, e os eixos PC1 e PC2 explicaram
36,7% da variancia. O método PLS-DA foi empregado para melhorar a associacdo da
variabilidade quimica de acordo com o gendtipo do caju e, com trés Variaveis Latentes
(LVs), o modelo apresentou uma capacidade de predi¢do de 88,05%. Os principais
compostos responsaveis pela separacdo dos grupos foram identificados. Séo eles:
galoilnexose |, digaloilhexosideo |, éster etilico do &cido hidroxibutandico-hexosideo,
miricetina-3-O-glucosideo, e miricetina-3-O-rhamnosideo. O espectrdmetro portatil de
Infravermelho Proximo (NIR) foi utilizado a fim de avaliar seu pontencial para criar um
modelo de classificacdo utilizando os teores de vitamina C, sélidos sollveis e acidez
total. Porém, os resultados mostraram que outros parametros devem ser levados em
conta para uma melhor compreenséo da variabilidade quimica e fisica do caju do

banco de germoplasma da Embrapa.

Palavras-chave: Metabolémica. Quimiometria. Caju.



ABSTRACT

Cashew tree (Anacardium occidentale L.) is a edible plant of great relevance in the
socioeconomic scenario of Brazil. The cashew products (mainly cashewnut) have high
nutritional and commercial value. Due to the relevance of cashew products to the
country and mainly to the Northeast, Embrapa Agroinddstria Tropical keeps a
Germplasm Bank, which is composed of more than 600 different cashew accessions.
In order to obtain a better knowledge of the metabolic variability of the accesses
contained in the Germplasm Bank through metabolomic approaches. Twenty four
genotypes of the Germplasm Bank and the Genetic Improvement Program of cashew
were analyzed by liquid chromatography coupled to mass spectrometry (LC-MS). A
numerical matrix was created using the chromatographic data and the chemometric
tools of hierarchical grouping (HCA), main component analysis (PCA) and partial least
squares discriminant analysis (PLS-DA) were applied. In HCA and PCA, the formation
of four groups was observed, and the PC1 and PC2 axes explained 36.7% of the
variance. The PLS-DA method was used to improve the association of chemical
variability according to the cashew genotype and, with three latent variables (LVs), the
model presented a prediction capacity of 88.05%. The main compounds responsible
for the separation of the groups were galloylhexose |1, digaloylhexoside |,
hydroxybutanoic acid hexoside ethyl ester, myricetin-3-O-glucoside, and myricetin-3-
O-rhamnoside. The near infrared portable spectrometer (NIR) was used in order to
evaluate its potential to create a classification model using the levels of vitamin C, °
Brix, and total acidity. However, the results presented that other parameters should be
taken into account for a better understanding of the chemical and physical variability

of the cashew of the Embrapa germplasm bank.

Keywords: Metabolomics Chemometrics. Cashew.
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1 INTRODUCAO

O cajueiro (Anacardium occidentale L.) € uma das principais frutiferas
cultivadas no Brasil, devido ao alto valor nutritivo e comercial dos seus produtos. S6
no ano de 2016, no Nordeste, as exportacbes dos produtos oriundos do caju,
principalmente a castanha, movimentaram mais de 103 milh6es de dolares (LIMA,
2017). Devido a importancia socioeconémica do caju, em especial para regido
Nordeste, e a expansao do cultivo em diversos ecossistemas do Brasil, a Embrapa
Agroindustria Tropical, localizada no Ceara, conserva um Banco de Germoplasma
(BAG) de Caju, cujo principal objetivo, dentre outros, é a caracterizacao do acervo
para potencializar o uso da base genética disponivel, além de subsidiar o programa
de melhoramento genético do cajueiro.

O caju é rico em compostos fendlicos (BRITO et al., 2007) e diversos
estudos tém sido realizados a fim de identificar os metabdlitos bioativos dessa planta.
Os metabdlitos podem ser definidos como o produto do metabolismo de um
organismo. O campo da ciéncia que realiza a andlise abrangente e quantitativa dos
metabdlitos de um sistema bioldgico é chamada de metabolémica (FIEHN, 2002). Os
estudos metabolémicos sdo realizados a partir de analises comparativas sobre os
perfis metabdlicos individuais por meio de métodos analiticos capazes de gerar
informagdes sobre as propriedades de determinadas classes de compostos, criando
um perfil metabdlico Unico da amostra. Além disso, é aplicavel a diversas matrizes
bioldgicas, como extratos vegetais, microrganismos, fluidos, dentre outros. (FUNARI
et al., 2013).

A metabolémica aplicada a bioprospeccdo de extratos vegetais pode ser
realizada em duas etapas. Na primeira etapa, os perfis metabdlicos das amostras sao
avaliados e relacionados as suas respectivas atividades biologicas. Na segunda
etapa, caso existam diferencas nos perfis, sdo realizadas analises de constituintes
das amostras por meio de técnicas de separacdo acopladas a técnicas
espectromeétricas com o objetivo de conhecer e quantificar o maior nUmero possivel
de metabdlitos. Observando-se a presenca de moléculas diferentes em amostras
bioativas e inativas, pode-se inferir quais delas sdo responsaveis pela atividade
bioldgica alvo (SIMOES et al., 2016).

Nos ultimos anos, o desenvolvimento de hardware, software e novas

metodologias, como a cromatografia liquida de ultra eficiéncia e o uso de técnicas



16

hifenizadas, proporcionaram grandes progressos na deteccdo de metabdlitos. Em
analises do tipo untargeted (analises globais), milhares de metabdlitos podem ser
detectados mesmo sem um conhecimento prévio do perfil quimico da amostra (DUNN
et al., 2013).

As técnicas de separacdo que mais se destacam sdo a cromatografia
gasosa de alta resolucdo (High Resolution Gas Chromatography, HRGC) e a
cromatografia liquida (Liquid Chromatography, LC) de alta e de ultra-alta eficiéncia
(HPLC e UHPLC, respectivamente) (FUNARI et al., 2013). A espectrometria de
massas (Mass Spectrometry, MS) e a ressonancia magnética nuclear (RMN) séo as
técnicas de deteccdo mais utilizadas na metabolémica (VILLAS-BOAS et al., 2004).

Técnicas espectroscopicas, como a espectroscopia na regido do
infravermelho proximo (Near Infrared, NIR), tem bastantes aplicacdes no campo da
metabolémica. Por ser uma técnica nao-destrutiva, estudos sugerem que a
espectroscopia de NIR seja utilizada para avaliacdo da qualidade de amostras ainda
no campo (RIBEIRO et al., 2016).

Essas técnicas permitem explorar e conhecer a variabilidade metabdlica de
germoplasmas conservados (ARANHA et al.,, 2017) e quanto melhor for o
conhecimento biol6gico de um banco de germoplasma, maior e mais eficiente sera o
direcionamento de estratégias de melhoramento e uso do acervo conservado. Diante
disto, este trabalho teve como objetivo explorar a variabilidade de acessos de caju
provenientes do Banco de Germoplasma da Embrapa por meio de um estudo
metabolémico, utilizando ferramentas quimiométricas, técnicas espectrométricas e

espectroscopicas.
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2 OBJETIVOS

Avaliar a variabilidade metabdlica de genoétipos do banco de Germoplasma

e do Programa de Melhoramento Genético do cajueiro.

2.1 OBJETIVOS ESPECIFICOS

- Analisar gendtipos de caju do Banco de Germoplasma e do Programa de
Melhoramento Genético por meio de técnicas hifenadas (LC-MS);

- Investigar tendéncias de agrupamentos dos genétipos, por meio de
ferramentas quimiométricas;

- Identificar as moléculas responsaveis pela separacdo dos grupos;

- Quantificar os teores de vitamina C, acidez total e sdlidos solUveis de
sucos de caju;

- Avaliar o uso de espectros de Micro-NIR na classificacdo de pseudofrutos

com base na quantificacdo de vitamina C, acidez total e solidos soluveis.
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3 REVISAO DE LITERATURA

3.1 O CAJUEIRO (Anacardium occidentale L.)

O cajueiro (Anacardium occidentale L.) € uma planta pertencente ao género
Anacardium. Este género foi descrito em 1735 por Lineu, e, na revisdo do género,
apenas 10 espécies foram reconhecidas (MITCHELL; MORI, 1987). A maioria das
espécies de Anacardium sdo pouco exploradas comercialmente e o aproveitamento
delas se restringe ao consumo local. O Anacardium occidentale L., € a Unica espécie
cultivada, explorada comercialmente e distribuida em todo o mundo tropical
(BARROS; CRISOSOTOMO, 1995).

Embora a origem do cajueiro ainda nédo esteja bem esclarecida, € fato que
o Brasil € o mais importante centro de diversidade do género Anacardium,
destacando-se a regido amazonica como principal centro, e a regido do Planalto
Central como centro secundéario (MITCHELL; MORI, 1987). A espécie A. occidentale
L. tem como centro de dispersdo o Nordeste brasileiro (BARROS; CRISOSTOMO,
1995).

Além de paises da Africa e da Asia, encontra-se espalhado por quase todo
o territorio nacional, e, apesar de estar presente em praticamente todos os estados
brasileiros, adapta-se melhor as condicbes ecoldgicas do litoral do Nordeste. Foi
introduzido pelos portugueses na Africa e india no século XVI e, atualmente, pode ser
encontrado espontaneamente ou cultivado em alguns paises africanos (Gana, Angola,
Nigéria, Madagascar, Quénia, Tanzania, e Mocambique), na América Central
(México), nos Estados Unidos (Florida) na América do Sul (Brasil e Peru), no Médio
Oriente e Asia (SABE, 2016).

No Brasil, a variabilidade de cajueiros € agrupada em dois tipos, cajueiro
comum e ando precoce, que sdo diferenciados pelo porte. O cajueiro comum
apresenta porte elevado com altura variando de oito a quinze metros e € 0 mais
difundido. O ando precoce é considerado um ecétipo do cajueiro comum e tem como
caracteristicas o baixo porte (média de altura de 4m) e florescimento mais cedo em

relacdo ao comum (BARROS, 1988). A Figura 1 ilustra os dois tipos de cajueiro.
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Figura 1 - Cajueiro comum (esquerda) e ando precoce (direita).

Fonte: http://poderdasfrutas.com/a-historia-do-caju/. Fonte: Castro (2017).

Os produtos mais importantes oriundos do cajueiro sédo: a castanha, o
liquido da casca da castanha (LCC) e o pedunculo, também chamado de pseudofruto.
O LCC é muito utilizado em industrias quimicas para fabricacao de tintas, lubrificantes,
resinas fendlicas e po6s de friccdo para a industria automotiva, por exemplo. A
castanha fornece também a améndoa, que é o principal produto por ser muito
apreciada no consumo humano, além da pelicula que envolve a améndoa, a qual é
rica em taninos utilizados na industria de vernizes. A maior parte da producgéo do LCC
e da améndoa é destinada a exportacdo. O pedunculo pode ser consumido de
diversas formas: in natura, em forma de polpas, cajuina, doces (USAID, 2006;
SANTOS et al., 2007; EMBRAPA, 2016).

Segundo Moura et al. (2001), os pedunculos de coloracdo laranja a
vermelha sdo os mais apreciados no mercado brasileiro, pois esta cor esta associada
a frutos mais maduros. Porém, a coloracéo trata-se apenas de uma caracteristica do
genotipo; as caracteristicas como acidez, vitamina C e acucar, por exemplo, sdo o

gue determinam a qualidade do caju.

3.2 IMPORTANCIA SOCIOECONOMICA DO CAJU

O cajueiro € uma das frutiferas de destaque no contexto socioeconémico
do Brasil devido ao alto valor nutritivo e comercial dos seus produtos. A planta possui
consideravel capacidade adaptativa a solos de baixa fertilidade, a temperaturas

elevadas e ao estresse hidrico, tornando-se importante fonte de renda para os estados


http://poderdasfrutas.com/a-historia-do-caju/
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nordestinos. Além disso, produz em periodo seco, na entressafra das culturas anuais
e viabiliza diversas agroindustrias através do beneficiamento da castanha, producéo
de sucos, doces, cajuina, além de gerar matérias-primas para industrias quimicas de
tintas, vernizes, lubrificantes, aditivos, entre outros (EMBRAPA, 2016; SILVA et al.,
2014).

A cajucultura € uma industria de multiprodutos que podem ser obtidos por
meio do beneficiamento do caju, com uma grande perspectiva de crescimento no
mercado brasileiro e mundial (ALMEIDA et al.,, 2017). Tem grande importancia
socioeconémica no nordeste brasileiro, com destaque para o estado do Ceara que,
somente no ano de 2016, gerou, pela exportacdo da améndoa, cerca de 103 milhdes
de ddlares mesmo com chuvas abaixo da média historica (LIMA, 2017).

A producdo brasileira de caju atingiu 104.475 toneladas em 2015,
correspondendo a uma area colhida de 585.966 hectares, sendo a regido Nordeste
responsavel por 99,4% da producao (ALMEIDA et al., 2017). Valores mais expressivos
poderao ser alcangcados com o incremento da producéo de améndoas e do mercado
dos subprodutos.

Com base nas estatisticas mais recentes da Food and Agriculture
Organization of the United Nations (FAO), ha producéo de castanha de caju em 34
paises ao redor do mundo. O Brasil esta entre os dez maiores produtores mundiais,
porém, até 2009, ocupava a quinta posi¢cdo (Figura 2). Em sintese, houve uma
expressiva reducao nas participacées da india e do Brasil na producdo mundial. Essas
perdas de participacdo podem ser explicadas pela diminuicdo do plantio de novas
areas na india e no Brasil e pelo acelerado crescimento da produc&o no Vietnd e em
alguns paises africanos. Além disso, o Brasil, dentre os maiores produtores de
castanha, € o que apresenta mais baixa produtividade devido a fatores como declinio
natural da produgéo dos pomares, longas secas e pouca utilizagao de tecnologia na
exploracdo dos cajueiros (PESSOA e LEITE, 2013; BNB, 2016).
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Figura 2 - Evolugéo da produgdo mundial de castanha de caju, periodo de 2004 a 2014

__ 1500
(7]
g
2 = ¢ \
= 1000
E / \
[}
3 500 -
(1]
£
'2 0 'le P 4 T v T T T — T T T T 1
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Ano
=¢=—Benim == Brasil === Costa do Marfim
== Filipinas == Guiné-Bissau  =®=india
=== |ndonésia e Nigéria Tanzania
==0==\/ietna

Fonte: elaborada pela autora. Dados: FAO (2014).

Entre os anos de 1990 e 2012, a area destinada a cajucultura no Brasil
apresentou um acréscimo de 30%, passando de 582 mil hectares para 756 mil
hectares (Figura 3). A reducao da area colhida observada o periodo entre 2013 e 2015
pode ser atribuido pelo déficit hidrico e pela alta mortalidade de cajueiros (EMBRAPA,
2016).

Figura 3 - Evolucéo da &rea com cajueiros colhida no Brasil, periodo de 1990 a 2015
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Fonte: EMBRAPA (2016).
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Apesar da reducdo da area colhida, observou-se um acréscimo na
diferenga entre area colhida e area plantada, indicando um possivel aperfeicoamento
dos pomares na regido. Como exemplo, temos o estado do Ceara, que desde 2008
vem apresentando um aumento da area cultivada com cajueiro ando precoce e
reducdo de cajueiro comum, apontando uma provavel substituicAo dos pomares

antigos por pomares novos de cajueiros clonais (EMBRAPA, 2016).

3.3 COMPOSICAO QUIMICA E APLICACOES DE PRODUTOS ORIUNDOS DO
CAJU

O caju apresenta quantidades significativas de vitaminas, taninos, sais
minerais, acidos organicos, carboidratos (LAVINAS et al., 2006) e acucares redutores
(DAMASCENO et al., 2008). Possui quantidade de vitamina C cerca de quatro vezes
superior ao suco de laranja (AKINWALE, 2000). Lowor e Agylent-Badu (2009) relatam
a presenca de minerais como potassio, calcio, zinco, ferro, fosforo e magnésio. Os
taninos estdo concentrados na camada cerosa da “pele” do caju, a qual contém
aproximadamente oito vezes mais taninos que o mesocarpo (MICHODJEHOUN-
MESTRES et al., 2009).

No geral, cajus de diferentes regibes apresentam variacdo em sua
composicdo, que pode ser atribuida a fatores como o tipo de solo e as condi¢cdes
climaticas da regido, dentre outros fatores (DABONNE et al., 2016). Estudos mostram
que o suco de caju de cor amarela contém uma maior quantidade de acido ascérbico,
enguanto que o suco de caju de cor vermelha apresenta mais taninos e aminoacidos
(DAS; ARORA, 2017). Oliveira et al. (2002) relatam a presenca de oito aminoacidos
livres majoritarios no suco de caju: alanina, serina, leucina, fenilalanina, prolina, acido
glutamico, tirosina e acido aspartico (Figura 4). Os dois primeiros podem ser
considerados aminoacidos-chave para a identificacdo do suco de caju, pois
permaneceram majoritarios, apesar da concentracdo dos aminoacidos terem sofrido

grandes variacfes durante o periodo avaliado.
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Figura 4 - Estruturas de aminoacidos identificados no caju.
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Fonte: elaborada pela autora.

Garruti et al. (2003) estudaram os compostos volateis responsaveis pelo
aroma do caju e detectaram 58 compostos utilizando cromatografia gasosa de alta
resolucdo. Os compostos identificados eram predominantemente ésteres (cerca de
42% dos compostos totais), seguidos de aldeidos (14% dos compostos totais). Os
aromas dos compostos 3-metil-butanoato de metila, 3-metil-butanoato de etila,
butanoato de metila, butanoato de etila, trans-2-butenoato de etila, 2-metil-butanoato
de etila, 3-metil-pentanoato de metila e 2-metil-2-butenoato de etila foram descritos
como caju, doce, floral e frutado; o acido 2-metil-butandico mostrou um desagradavel
odor forte e prolongado, e os acidos isovalérico e isobutirico contribuiram para o cheiro

pungente/acido do suco de caju (Figura 5).



Figura 5 - Estruturas de compostos volateis identificados no caju.
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Fonte: elaborada pela autora.
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Brito et al. (2007) identificaram treze flavonoides glicosilados e uma

antocianidina (Figura 6) no extrato metanol-4gua do pseudofruto do caju. Os

compostos identificados foram: 3-O-galactosideo, 3-O-glucosideo, 3-O-rhamnosideo,

3-O-xilopiranosideo, 3-O-arabinopiranosideo e 3-O-arabinofuranosideo da quercetina

e da miricetina, kaempferol 3-O-glucosideo e 3-O-hexosideo da metil-cianidina. Esses

compostos pertencem a classe dos flavondides, a qual € conhecida por suas

propriedades antioxidante, antiviral e antibacteriana, dentre outras (KOZLOWSKA;

SZOSTAK-WEGIEREK, 2014).



Fonte:

Figura 6 - Estruturas de flavonéides identificados no caju
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O liquido da casca da castanha de caju (LCC) extraido por aquecimento
apresenta alquil fendis. Estes consistem de acidos anacardicos, cardanois e cardais.
Trevisan et al. (2006) identificaram acidos anacardicos, cardandis e cardéis (Figura 7)
no LCC, os quais, na mistura bruta extraida, demonstraram ter uma potente
capacidade antioxidante e de inibicdo da xantina oxidase. Dentre os compostos
isolados, o acido anacardico-1, que apresenta trés ligacdes duplas na cadeia lateral,
confere maior potencial antioxidante e de inibicdo da enzima do que 0s outros acidos
que contém 1 ou 2 ligagOes duplas, pois exerce uma supressao da geracdo de
superéxido e da inibicdo da xantina oxidase, ao invés da eliminacdo de espécies
reativas de oxigénio (MASUOKA; KUBO, 2004; TREVISAN et al., 2006).

Figura 7 - Estruturas de alquil fendis identificados no caju
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Cerca de 20 a 25% do pseudofruto processado na industria se transforma em
fibra residual que é descartada ou utilizada como suplemento na alimentagcdo animal
(ABREU et al., 2013). Muitos estudos tém sido direcionados para 0 aproveitamento
dos subprodutos da industria da castanha e do processamento do pedunculo do caju.
Abreu et al. (2013) sugere o reaproveitamento desse subproduto como fonte de
carotendides, os quais podem ser utilizados como corantes alimenticios. Barreto et al.
(2007) estudaram bagaco do caju submetido a varios ciclos de maceramento,
prensagem e filtragem, chamado de retentado, o qual apresentou teor de compostos
fendlicos totais, carotendides totais e a atividade anti-radical livre encontrada
expressivamente maior que nos extratos bruto e concentrado. Assim, o retentado
mostrou-se ser uma rica fonte de compostos fendlicos e carotenoides, dentre os quais

se destacam all-trans-B-criptoxantina e all-trans-f3-caroteno, ilustrados na Figura 8.

Figura 8 - Estruturas de carotenéides identificados no caju
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Fonte: elaborada pela autora.

Pinho et al. (2011) avaliaram a inclusdo de bagaco de pedunculo de caju
em pé em hamburgueres de carne bovina. A adicdo de até 10,7% de residuo de
pedunculo de caju ndo causou grandes alteragdes nas caracteristicas sensoriais dos
hamburgueres e melhorou a qualidade nutricional do produto. O bagaco, o extrato

bruto concentrado e suas fragdes de acidos fendlicos livres apresentaram significante
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capacidade antioxidante, que pode ser atribuida ao seu conteddo de compostos
fendlicos. Esses resultados abrem perspectiva para um melhor reaproveitamento dos
subprodutos (BROINIZI et al., 2007).

3.4 BANCO DE GERMOPLASMA

Figura 9 — Banco de Germoplasma de Caju da Embrapa
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Fonte: Castro (2017).

Banco de Germoplasma (Figura 9) é conceituado como sendo o repositorio
onde se armazena a variabilidade genética de uma ou de varias espécies. As
principais atividades do banco de germoplasma sdo a conservagao, coleta,
caracterizacdo e documentacdo dos acessos da especie-alvo (FERREIRA, 2011).

A importancia da agroindustria do caju para a economia da regido Nordeste
e a expansao do cultivo em diversos ecossistemas do Brasil ampliam a necessidade
de se conhecer, avaliar e usar a base genética disponivel e conservada no Banco
Ativo de Germoplasma de Caju. Atualmente, sdo conservados 657 acessos de
cajueiro, dos quais a maioria é da espécie Anacardium occidentale L. A colegéo é
mantida em campo, na Estacdo Experimental de Pacajus-CE, com coordenadas
geograficas de 4°11° 07’ S, 38° 30’ 07” O e altitude de 70 metros. A regidao apresenta
tipo climatico tropical quente, semiarido brando e tropical quente sub-Umido, com
pluviosidade média de 791,4 mm ao ano e temperaturas médias de 26°C a 28°C
(CASTRO et al., 2013).

O conhecimento biolégico do acervo possibilita o direcionamento de

estratégias de melhoramento e uso do germoplasma conservado. A caracterizacao
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morfologica € realizada a partir de lista de descritores estabelecidos para a cultura do
cajueiro, que incluem caracteristicas vegetativas, caracteres da planta, indicadores
agroindustriais do fruto (CASTRO et al., 2013) e, além disso, sempre séo incluidos
descritores para novas demandas potenciais.

Existe tendéncia dos bancos de germoplasma utilizarem ao maximo seus
recursos, procurando dentro das colecdes genotipos com outras vocacfes de uso.
Alguns bancos ativos de germoplasma ja& vém desenvolvendo trabalhos de
identificacdo de gendtipos para alimentar a dindmica do setor quimico, como a

avaliacdo da quantificacdo e qualificacdo do LCC.

3.5 INSTRUMENTACAO

3.5.1 Cromatografia Liquida de Alta Eficiéncia

As técnicas cromatograficas modernas séo altamente eficientes na analise
de produtos naturais. Varios métodos podem ser empregados e, dentre eles, a
cromatografia liquida de alta eficiéncia (High-Performance Liquid Chromatography,
HPLC) merece destaque. Sao varias as aplicacbes da cromatografia liquida de alta
eficiéncia, especialmente em analises ambientais, farmacéuticas, forenses, de
alimentos, dentre outros (ZHANG,; LI; YAN, 2008).

Segundo a International Union of Pure and Applied Chemistry (IUPAC),
“cromatografia € o método fisico de separacdo no qual os componentes a serem
separados se distribuem entre duas fases, uma das quais estacionaria, enquanto a
outra se movimenta numa direcao definida”. Assim, a separacdo dos compostos em
analise de HPLC, ocorre por meio da injecdo da amostra na coluna cromatografica
(fase estacionaria), a qual esta recheada com particulas porosas que vao interagir
guimica ou fisicamente com as moléculas da amostra. A fase movel (solvente)
também interage com as moléculas, carregando primeiro, com a ajuda de uma bomba
de alta presséo, aquelas que tem mais afinidade com o solvente. Desta forma, ocorre
a separacdo dos compostos. ApOs a separacdo, 0S COmMpoOstos passam para o
detector, o qual gera um sinal de intensidade proporcional a quantidade do composto

analisado. Por fim, um software computacional gera um cromatograma com os dados
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obtidos. A Figura 10 mostra um esquema de funcionamento de um HPLC (KUPIEC,
2004).

Figura 10 - Esquema de cromatografia liquida de alta eficiéncia
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Fonte: elaborada pela autora.

A busca por andlises mais rapidas, eficientes e de custo menor resultou no
surgimento da cromatografia liquida de ultra eficiéncia (Ultra-Performance Liquid
Chromatography, UPLC). A UPLC baseia-se hos mesmos principios de separacédo da
HPLC, porém aquela utiliza colunas cromatograficas de dimensdes reduzidas com
particulas da fase estacionaria de tamanho inferior a < 2 ym e altas velocidades
lineares de fase movel, resultando em uma maior presséao de trabalho. Um sistema de

UPLC esté ilustrado na Figura 11.

Figura 11 — Sistema de UPLC

Fonte: waters.com

As principais vantagens da UPLC sao: menores tempos de analise,

menores volumes de amostra e de fase mével, melhor resolucdo e detectabilidade e
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diminuicdo na geracdo de residuos (MALDANER; JARDIM, 2009; MALDANER,;
JARDIM, 2012). A tabela 1 abaixo mostra as principais diferencas entre HPLC e
UPLC.

Tabela 1 — Comparacéo de parametros gerais entre HPLC e UPLC

Caracteristicas HPLC UPLC
Tamanho da particula 3-5 um Menor que 2 um
Fluxo da fase movel 1 mL/min 0,25 mL/min
Volume de injecao 10-20 pL 1-10 pL
Dimensdes da coluna (100,0 x 2,2 mm, 5 pm) (200,0 x 2,2 mm, 1,7 um)
Presséao 1-2000 psi 1-15000 psi
Limite de deteccao 0,01 pg/mL 0,01 ng/mL

Fonte: Khan e Ali (2015) adaptado.

A UPLC vem sendo aplicada em deteccdo de impurezas, identificacdo de
metabdlitos, estudos farmacocinéticos, analises toxicoldgicas, estudos
metabolémicos, analise de produtos naturais, dentre outras utilizacdes (KHAN; ALI,
2015).

3.5.2 Espectrometria de Massas

A espectrometria de massas é uma técnica analitica utilizada para
converter moléculas de uma amostra em ions, podendo gerar informacfes
guantitativas e qualitativas da amostra analisada. Ao serem inseridas no
espectrometro de massas (Mass Spectrometer, MS), as moléculas serdo ionizadas,
adquirindo cargas positivas ou negativas. Os ions passam pelo analisador de massas
e, em seguida, dirigem-se ao detector, onde sdo gerados sinais de acordo com a
relacdo massal/carga (m/z), criando um espectro de massas de acordo com a
abundancia relativa dos sinais (HO et al., 2003). A grande vantagem desta técnica é
sua alta sensibilidade na deteccao de compostos (VILLAS-BOAS, 2005).

A ionizacdo por electrospray (Electrospray lonization, ESI) trabalha em
pressdo atmosférica cuja formagcdo de ions em fase gasosa ocorre sem uma
excessiva fragmentacdo. E a técnica mais usada para andlise de moléculas polares

(WU et al., 2013). O detector de arranjos lineares de fotodiodos (diode array detector,
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DAD) pode ser combinado com LC-MS para fornecer informacdes de cada pico do
cromatograma utilizando uma pequena quantidade de amostra e realizando a analise
em um curto espaco de tempo (WU et al., 2013). Esse detector faz uma varredura em
todos os comprimentos de onda da regido do ultravioleta (UV). A Figura 11 abaixo

ilustra o esquema de funcionamento de um EM.

Figura 12 - Esquema da espectrometria de massas
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Fonte: elaborada pela autora.

A hifenizacdo LC-MS é capaz de fornecer informacdes estruturais
detalhadas através do padrdo de fragmentacdo das moléculas. Deste modo,
compostos podem ser rapidamente identificados, evitando o isolamento repetitivo de

compostos conhecidos ou indesejados (WU et al., 2013).

3.5.3 Espectroscopia na Regido do Infravermelho Proximo

Infravermelho (IV) préximo é o nome dado a regido do espectro
eletromagnético imediatamente superior a regido visivel em termos de comprimento
de onda, ou seja, trata-se da regiao do infravermelho “mais préxima” da regiao visivel.
Essa regido se estende de 750 a 2500 nm. A espectroscopia no IV € um tipo de
espectroscopia de absorcdo, que usa a regido do IV-préximo do espectro ele-
tromagnético da luz visivel (LIMA; BAKKER, 2011).

As principais caracteristicas da espectroscopia na regiao do IV-préximo
sao: rapidez, analise ndo-destrutiva e ndo-invasiva, além de necessitar de preparacao
minima da amostra (PASQUINI, 2003). NIR pode ser usado para analisar materiais
como alimentos, produtos farmacéuticos, produtos petroquimicos, dentre outros.
(TSUCHIKAWA; KOBORI, 2015).

Ribeiro et al. (2016) realizaram um experimento utilizando um NIR portatil
(Figura 12) a fim de elaborar um modelo de predi¢cdo de caracteristicas de qualidade

do pedunculo do caju. O modelo se mostrou eficiente, pois, além de possuir baixo
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custo, é capaz de avaliar a qualidade do fruto antes mesmo da colheita, o que pode

ajudar na selecao de cultivares de caju para fins comerciais.

Figura 13 — NIR portatil.

Fonte: astro34.com.br

3.6 QUIMIOMETRIA

A Sociedade Internacional de Quimiometria (International Chemometrics
Society - ICS) define quimiometria como a ciéncia que relaciona medi¢cdes obtidas em
um sistema ou processo quimico, obtendo informacgdes sobre o estado do sistema,
por meio do emprego de métodos matematicos ou estatisticos (BANSAL et al., 2014).
O melhoramento na obtencdo dos dados ocasionado pelo aparecimento de novas
técnicas analiticas induziu o surgimento desta ciéncia entre as décadas de 70 e 80
(KUMAR et al., 2014). Ela investiga, interpreta, classifica e prevé conjuntos de dados
de interesse quimico (SOUZA; POPPI, 2012).

A quimiometria se divide em trés areas principais: planejamento e
otimizacdo de experimentos, reconhecimento de padrdes e, por fim, a calibragéo
multivariada (POPPI; PASQUINI, 1993). A area de planejamento de experimentos, a
mais conhecida dentre as areas, trabalha com a avaliacdo dos efeitos de variaveis
sobre um determinado processo e do quanto essas variaveis sao significativas. No
reconhecimento de padroes, avalia-se uma ampla quantidade de dados
(cromatogramas, por exemplo) com o objetivo de encontrar similaridades entre eles,
formando, assim, agrupamentos e determinando tendéncias. Por fim, a calibracéo
multivariada procura sugerir um modelo que relacione uma série de medidas com uma
determinada propriedade de amostras (SOUZA; POPPI, 2012).
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Métodos quimiométricos aliados a técnicas espectrométricas demonstram
ser ferramentas eficazes para avaliar padrdes de qualidade de produtos (WEI et al.,
2017; DU et al., 2018), construir perfis metabdlicos de plantas (GAD e BOUZABATA,
2017), aprimorar métodos de identificacdo de espécies patogénicas de Candida
(WOHLMEISTER et al., 2017), analisar perfil de amostras de interesse forense
(MATERAZZI et al., 2017), verificar a composi¢do quimica de compostos organicos
volateis microbianos em ambientes externos (GARCIA-ALCEGA et al.,, 2017),
deteccdo de medicamentos falsificados (CUSTERS et al., 2016) dentre outras

inUmeras finalidades.

3.6.1 Analise de Grupamento Hierarquico (HCA)

A Analise de Agrupamento Hierarquico (do inglés Hierarchical Cluster
Analysis, HCA) é uma técnica multivariada que ordena dados baseada em suas
caracteristicas e agrupa os dados obtidos pela afinidade entre eles no espaco,
enfatizando os seus agrupamentos e padrdes naturais (VANDEGINSTE et al., 1998).
O método consiste em calcular a distancia entre os pontos (variaveis) no espaco,
constituindo-se uma matriz de forma que as amostras mais semelhantes sejam
agrupadas entre si. Baseado nesta matriz de proximidade entre as amostras, se
constréi um diagrama de similaridade denominado dendrograma, ilustrado na figura
13 (MOITANETO, 2004; KUMAR et al., 2014). Cada nivel do dendrograma representa
uma particdo do conjunto de dados em um numero especifico de clusters
(grupamentos). Com base no dendrograma, é possivel definir o nimero de clusters
(DOWNS; BARNARD, 2002).

Figura 14 — llustracdo de um dendrograma
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Na metabolémica, por exemplo, HCA e PCA foram utilizados com sucesso
por Madala et al. (2014) para avaliar a distribuicdo de metabdlitos pelas células das
plantas Nicotiana tabacum e Sorghum bicolor quando expostas a um indutor de
ativacédo da defesa das plantas. Da mesma forma, Jing et al. (2015) discriminaram o
perfil de COVs de 20 diferentes espécies e variedades de Citrus por meio de HCA,
permitindo o emprego de um novo procedimento de classificacdo taxonémica de

espécies de plantas.

3.6.2 Analise de Componentes principais (PCA)

A anélise de componentes principais (Principal Component Analysis, PCA)
€ um método multivariado exploratério, que formula hipoteses a partir dos dados
obtidos, e é capaz de segregar a informacao relevante da redundante e aleatéria
(PANERO et al.,, 2009). A PCA é provavelmente o método mais difundido na
guimiometria. Com ele, obtém-se arranjos de variaveis que descrevem as principais
tendéncias em um conjunto de dados (WISE et al., 1999).

Em uma analise de componentes principais, os dados séo projetados nos
eixos ortogonais chamados de PCs (Figura 13). Os scores representam os valores
das PCs em relacdo as amostras, enquanto os loadings representam a influéncia de
cada variavel original nas PCs. O estudo do conjunto de scores e loadings permite
ainda estimar a influéncia de cada variavel em cada amostra (PANERO et al., 2006).
A informacé&o contida numa PC é exclusivamente sua e, portanto, ndo esta presente
nas outras PCs. A primeira componente principal, PC1, apresenta a maxima variancia
dos dados. A PC seguinte (PC2) mostra a segunda maior variancia dos dados em um
eixo ortogonal a PC1. Da mesma maneira, as PCs seguintes apresentam a maxima
variancia restante e sdo ortogonais as componentes anteriores (RUSCHEL, 2017).

Segundo Tedfilo (2013),

Em termos matematicos, o cosseno do angulo entre o eixo da variavel
com o eixo da componente representa a contribuicdo de cada eixo
original para uma componente principal. Se uma variavel individual e
um componente principal apontam para a mesma mesma dire¢éo, o
angulo entre elas é zero e o cosseno é 1. Assim, a componente

apresenta toda a variagéo no eixo daquela variavel (TEOFILO, 2013).
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Figura 15 — Representagao de duas PC’s no espago
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Fonte: Tedfilo (2013).

HCA e PCA sdo técnicas multivariadas com embasamentos diferentes. Sao
técnicas independentes, mas que podem ser complementares na andlise do conjunto

de dados, gerando uma percepc¢ao mais geral das amostras (CAZAR, 2003).

3.6.3 Andlise Discriminante por Minimos Quadrados Parciais (PLS-DA)

A Analise Discriminante por Minimos Quadrados Parciais (Partial Least
Squares — Discriminant Analysis, PLS-DA) é um método multivariado que relaciona a
matriz de scores e loadings com uma matriz de referéncia, capaz de gerar as variaveis
latentes necessarias para a andlise classificatoria dos dados (SIMOES, 2008). Essas
variaveis latentes sdo analogas aos PCs da PCA, porém sem a caracteristica da
ortogonalidade, e séo responsaveis por explicar a maxima variancia entre as matrizes
analisadas (CIOSEK et al., 2005). Enquanto a PCA é uma andlise do tipo exploratdria
guiada pela variabilidade total das amostras, o PLS-DA é um método supervisionado
guiado pela variabilidade encontrada nos grupos segregados (CIOSEK et al., 2005;
BARKER; RAYENS, 2003). Sao diversas as aplicacdes do método PLS como, por
exemplo, na industria de alimentos, de produtos farmacéuticos, petroquimica, em

andlises clinicas, de produtos naturais, dentre outras (TEOFILO, 2013).
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3.7 APLICACOES QUIMIOMETRICAS NA AREA DA METABOLOMICA

As abordagens da metabol6mica podem ser classificadas em targeted (em
portugués, metabolémica alvo) e untargeted (em portugués, metabolomica global). A
primeira, refere-se a analise quantitativa de determinados metabdlitos previamente
escolhidos; os resultados obtidos sdo quantitativos e, na maioria dos casos, o estudo
€ orientado por hipdteses. A segunda, baseia-se na andlise qualitativa da maior
quantidade possivel de metabdlitos contidos no material em estudo; € uma abordagem
geradora de hipoteses e tem como meta comparar as “impressdes digitais” dos
constituintes das amostras analisadas. (CANUTO et al., 2017; DETTMER; ARONOV;,
HAMMOCK , 2007).

Diversos estudos envolvendo as abordagens da metabol6mica vem sendo
desenvolvidos. Uarrota et al. (2014) utilizaram métodos quimiométricos como PCA e
PLS-DA para rastrear a composicdo quimica de raizes de mandioca durante a
deterioracdo fisiologica pds-colheita. Grupamentos foram separados com éxito e os
pesquisadores concluiram que a deterioracdo fisioldgica pds-colheita “parece estar
relacionada negativamente com compostos fendlicos, carotendides e positivamente
com flavondides e antocianinas” (UARROTA et al., 2014).

Khalil, Fekry e Farag (2017) avaliaram o perfil de volateis de 13 variedades
de tdmaras. Foram identificados 89 compostos volateis e os mesmos foram agrupados
pela sua origem biossintética. Por meio de analise multivariada, os dados foram
classificados. Ap6s agrupamento, os compostos 2,3-butanodiol, hexanal, hexanol e
cinamaldeido foram apontados como os responsaveis pela separacdo dos grupos.

Zaitsu et al. (2014) utilizou andlise do tipo untargeted para avaliar a
dependéncia de drogas em amostras de plasma e de urina de ratos. O estudo
demonstrou que a metabolébmica é capaz de de descrever os diferentes estados
bioldgicos na dependéncia de drogas e é capaz de prever o grau de dependéncia.

A base de dados Scopus aponta, s6 em 2017, 422 trabalhos cujas na area
de metabol6mica associada a analise multivariada. A Figura 16 mostra um grafico com

a producdo bibliografica na area desde 2010.
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Figura 16 - Total de publicacdes na area de metabolémica associada a analise multivariada
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4.1 ABSTRACT

Cashew apple (Anacardium occidentale L.), presents beneficial
characteristics to human health as antitumor, antimicrobial, urease inhibitory and
lipoxygenase activity due its flavonoids content. Embrapa Cashew Germplasm Bank
develop researches of cashew quality through genetic enhancement of cashew.
Twenty four genotypes of the Germplasm Bank were analysed using hyphenated
techniques (LC-MS). Cashew juices were analyzed in the negative ionization mode. A
numerical matrix was created using the chromatographic data and Hierarchical Cluster
Analysis (HCA) method was applied to segregate samples in groups in relation to their
similarity. A trend of formation of four cashew clusters with the similarity index of 0.362
was observed. The clustering observed in Hierachical HCA was important for
interpreting the Principal Component Analysis (PCA) plot. Galloylhexose | (1.60 min,
331.0550 m/z), digaloylhexoside | (2.82 min, 483.0741 m/z), hydroxybutanoic acid
hexoside ethyl ester (3.28 min, 293.1224 m/z), myricetin-3-O-glucoside (3.83 min,
479.0826 m/z), myricetin-3-O-rhamnoside (4.25 min, 463.0875 m/z) and a mixture of
unknown compounds (4.82 min) were the main responsible for the separation of juices.
The PLS-DA method was used to improve the association of chemical variability
according to the cashew genotype and presents a prediction capacity of 88.05% with
three latent variables (LVs). LC-MS associated with chemometric tools is a good way
to classify cashew samples into groups by similarity among them. The compounds
identified as responsible for the separation of the groups can be the “key-metabolites”
for the identification of cashew juice samples, but more reseraches are needed to

confirm this hypothesis.

Keywords: cashew juice; UPLC-MS; chemometrics
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4.2 INTRODUCTION

The development of studies of flavonoid content in fruits and vegetables is
well documented since the metabolomic profiling may influence significantly the juice
characteristics such as organoleptic properties (flavor and aroma), stability, and/or
microbiologic control [1, 2]. In addition, biological activity and effects of food derivative
flavonoids are extensively reported as anti-allergenic, anti-inflammatory, antimicrobial,
anti-oxidant and others [3, 4]. Particularly, cashew apple presents beneficial
characteristics to human health as antitumor, antimicrobial, urease inhibitory and
lipoxygenase activity [5-8]. Genetic enhancement of cashew quality is still in
development in Brazil reaching knowledge of genetic diversity and construction of
germplasm banks. Most of cashew breeding programs are based on traditional
selection approaches as size and weight of nuts or yield to evaluate cashew tree
performance, but efforts are also applied in the prospection of dwarf genotypes with
better fruit quality and resistance to pests and disease [9]. In this context, genotypes
of cashew (Anacardium occidentale) are been cultivated in experimental fields by
Embrapa at Pacajus county, Ceara state (Brazil). At the same time, Embrapa
maintains a cashew germplasm bank also located in Pacajus. This collection holds
more than six hundred accessions with great variability, however, there are few
information regarding the metabolites variations on cashew apple composition
according to the genotype and genetic enhancement [10]. The identification of the
characteristics with economic interest related to conserved or cultivated accessions
may be appropriated by breeding programs aiming to launching of high performance
cultivars for specific demands, such as cultivars with high levels of bioactive
compounds.

Traditionally, liquid chromatography coupled to photodiode array detector
(PDA) and/or mass spectrometry (MS) has been used as a tool for structure
characterization and elucidation of organic compounds in cashew juice matrices,
driving by the needs of multiple screening applications. For cost reason, less time and
solvent expenditure, cashew apple juice profiling based on ultra performance liquid
chromatography (UPLC) combined to MS detection is being optimally achieved. In
such foodstuff studies, a large number of samples have to be screened looking for
identify metabolites and their classification according to the geographic origin, climate

conditions, genotype, and cultural practices using multivariate statistics [5, 11-14].
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Usually, multivariate analyses are applied to explore complex matrices as foodstuff to
determine variations and relationships among the samples composition [15, 16]. This
untargeted approach is advantageous when the compounds and degradation products
are not always known.

Therefore, due to the need of the investigation of plants that produce more
and more beneficial compounds to the health, the aim of this study was evaluate the

metabolites profiling variability on juices from 24 different genotypes of cashew apples.

4.3 EXPERIMENTAL

4.3.1 Sampling

The juice samples were obtained from different genotypes of cashew apples
cultivated at Embrapa Experimental Station (Pacajus, Ceard, Brazil) with the
coordinates 4°11°07”S; 38°30°07”W and an altitude of 70 m above the sea level. Table
1 presents 24 genotypes of the cashew samples with their respective accession
numbers and morphoagronomic characteristics. The region has a tropical climate,
average temperatures of 26-28 °C and 791,4 mm average annual rainfall. The saill,
classified as Ultisol, has a sandy/medium texture and low organic matter content. The
cashew samplings were collected between August and December in two harvests
(2012 and 2013).
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Table 1 - Genotype of the 24 cashew fruits, respective accession numbers, and morphoagronomic
characteristics: plant size; tree appearance; fruits color and shape; origin (county-state); and illustration.
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breeding
open : program/
M886 tall erect yellow | spherical Beberibe-
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* Legends: crop means registered product on market; breeding program means plant before crossbreed;
germplasm means plant collected and conserved in germoplasm bank.

The cashew apple juices were obtained under the same circumstances.
Cashews of each genotype were manually pressed to obtain the juice and then
centrifuged for 5 min at 605 g (IEC Clinical Centrifuge, Damon/IEC Division, Needham,

MA). The samples were conserved in freezer at -18 °C until the analysis.

4.3.2 Sample preparation and UPLC-gTOF-MS

The cashew juice samples were filtered through PTFE membranes of 0.22
pm. The UPLC-qTOF-MS analysis was performed on Acquity system (Waters) coupled
with quadrupole / TOF (Waters) equipped with an ESI source operated in the negative
ion mode. The chromatographic separation was performed using a Waters Acquity
UPLC BEH (150.0 x 2.1 mm, 1.7 ym) column with temperature set at 40 °C. Water and
acetonitrile were used for mobile phase, both with 0.1 % of formic acid. The gradient
ranged from 2 to 95 % of water in 15 min in a flow of 0.4 mL.min-! and injection volume
of 5.0 pL per sample. N2 was used as the desolvation gas. The desolvation
temperature was set at 350 °C with a flow rate of 350 L.h"! and a source temperature
of 120 °C. The capillary voltage was set to 3,200 V. The collision energies/cone
voltages were set at 6 eV/15 V (low) and 30-50 eV/30 V (high) to achieve sufficient
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fragmentation. Data were collected using negative ionization mode between 100 Da
and 1180 Da, and the mode tandem was MSE.

4.3.3 Chemometric analyses

Chemometric analyses were performed in the cashew juice matrix acquired
in negative ionization mode from the 24 samples harvested with duplicate of year (24
in 2012 and 24 in 2013) and triplicate of the preparation of cashew juice samples,
which result in 144 chromatograms. The region of all the chromatograms between 0.65
and 7.12 min were used for the analysis, resulting in a matrix with dimensionality of
104,112 data points (144 chromatograms x 723 variables). The samples were named
according to the accession numbers (Table 1).

All the chromatograms data were converted to American Standard Code for
Information Interchange (ASCII) files to matrix construction, which was exported for
chemometric analysis by Hierarchical Cluster Analysis (HCA), Principal Component
Analysis (PCA), and Partial Least Square — Discriminant Analysis (PLS-DA) using The
Unscrambler X™ program (version 10.4). Before the application of the chemometric
algorithms, the noise and imperfection regions were removed. For HCA, the matrix
was mean-centered and the incremental linkage method (sum-of-squares approach in
calculating intercluster distances) was applied. The Euclidian distance was used for
distance metric. The PCA was performed using Singular Value Decomposition (SVD)
algorithm and the mean-centered processing was applied over the variables since this
treatment provides better difference among the samples. In addition, normalize scaling
parameter and baseline correction using linear fit algorithms were applied over the
samples to reduce noises and minor analytical errors [17, 18]. In order to improve the
identification of chemical constituents according to the genotype of the cashew, the
supervised method PLS-DA was employed and NIPALS (Nonlinear Iterative Partial
Least Squares) algorithm was used to construct the model. The number latent
variables (LVs) were selected in accordance with the statistical parameters: SEC
(Square Error of Calibration); SEV (Square Error of Validation); coefficient of
correlation between the real concentration and the concentration predicted during the
calibration; coefficient of correlation between the real concentration and the
concentration predicted during the validation; and similarity criterion SEC/SEV ratio
above 0.75 [15, 19].
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4.3.4 Relative contribution

All single peak detected as exactly as possible in both m/z and retention
time was used for determining peak area correctly for successful determinates the
relative contribution of the compounds with no-overlapped signals in the
chromatograms. The relative contribution peaks areas were calculated based on total
ion abundance from the peaks in the samples, since the relative amplitude of the peaks
measures provides the relative abundance of the isotopic forms in the chromatograms.
Therefore, the normalized mean in the base peak intensity (BPI) at the retention times
1.60 min, 2.82 min, 3.28 min, 3.83 min, 4.25 min were determined.

The results were evaluated using the analysis of variance ANOVA single
factor (significance level of 0.05; means comparison using Tukey test; Levene to test
the homogeneity of variance) in order to statistically certify the differences among the
relative contributions. The deviation of the method was estimated based on null
hypothesis (p-value) from the three replicates of sampling during two years — totaling
of 6 samples for each cashew genotype.

4.4 RESULTS AND DISCUSSION

Commonly, in liquid chromatography coupled to mass spectrometry
analysis some organic compounds may preferentially ionize using the positive or
negative ionization mode, as phenolic and carboxylic derivatives ionized well in
negative ionization while flavonoids and alkaloids ionized better in positive ionization
mode. Therefore, the cashew juices were analyzed under negative ionization mode in
order to screen the metabolites and to differentiate each juice according to the
genotypes of the cashew apple.

Previously the chemometric analysis, a valuable feature of chromatograms
acquisition must be taken into account: the retention times of the chromatographic
peaks are sensitive to minor fluctuations in temperature, pH, flow, and pump operation.
In order to solve the problem of small peaks shifts related to the retention times
equivalent to a same compound into the chromatograms, some different peak
alignment methods may be established. This alignment practice can be performed

manually, or using the COW (Correlation Optimized Warping) available in some
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chemometric software [20], or overcome using the bucketing method, which reduce
the chromatogram dimensionally slicing it one in equally sized regions [21], making it
easier the respective loadings analysis [22]. Therefore, all the chromatogram peaks
presented in Figure 1 were previously aligned using the COW method available in the
software. Furthermore, Figure 1 shows the complexity of the chromatographic data for
a visual differentiation of the samples composition and the necessity of a multivariate
evaluation since the use o certified standard compounds and the construction of

calibration curves are not required.
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Figure 1 - Total ion chromatograms from 24 different genotypes of cashew juices acquired under
negative ionization mode.

In order to comprehend the variability of the organic compounds in cashew
juices according to their genotype, a numerical matrix was created using the
chromatographic data and a non-targeted multivariate analysis was applied. Initially,
the unsupervised method based on HCA was applied to segregate the samples in
groups regarding their similarity. Important tendencies of four clustering were observed

in the dendrogram according to the genotype of the cashew at the similarity index
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0.362 (Figure 2). The cluster 4 presented the most distant samples included in the
study, zero of similarity index. The results reflected the natural differences among the
samples groups, which were formed as a function of juice composition dependent of
the cashew genotype.

Euclidian distance
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Figure 2 - Dendrogram representing the chemical composition similarity relationships among the
cashew juices.

Additionally, PCA analysis was applied to assist the modeling and
interpretation of the multivariate data, with the scores graph presented in Figure 3a
and the respective loadings plotted in lines in Figure 3b. The clustering observed in
HCA were important to interpret the resultant scores graph, which exhibited the main
separation tendencies of the samples in respect to PC1 and PC2 axes, with a total
explained variance of 36.7 %. Despite of the low total variance cumulated in the first
two principal components (PCs), significant chemometric variations were observed in
the composition profile detected in the cashew juices prepared from different

genotypes. Furthermore, the subsequent PCs presented same relevant results
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retained in both PC1 and PC2 axes. In general, the samples were symbolized
according to the clustering tendency and the scores region: blue triangles at negative
values of PC1 and PC2; brown squares at positive values of PC1 and negative of PC2;
black stars at positive values of PC1 and PC2; green circles only at positive values of
PC2. Each sample with no relevant result was symbolized by gray circle, since the

replicates of the sampling according to the year were not representative.
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Figure 3 - a) PC1 vs PC2 scores coordinate system for the cashew juices from different genotypes; b)
respective loadings plotted in lines form. Samples were symbolized according to the clustering
tendency: blue triangles at negative values of PC1 and PC2; brown squares at positive values of PC1
and negative of PC2; black stars at positive values of PC1 and PC2; green circles only at positive values
of PC2. Samples that did not presented relevant results were symbolized by gray circle.
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An examination of the PC1 and PC2 loadings plotted in lines are
represented by Figure 4, which provided clear evidence of the variables responsible
for the separations or clustering observed in the scores plot. Signals from
galloylhexose | (at 1.60 min, 331.0650 m/z), digalloylhexoside | (at 2.82 min, 483.0741
m/z), hydroxybutanoic acid ethyl ester-hexoside (at 3.28 min, 293.1242 m/z),
myricetin-3-O-glucoside (at 3.83 min, 479.0826 m/z), myricetin-3-O-rhamnoside (at
4.25 min, 463.0875 m/z), and an mixture of unknown compounds (at 4.82 min) were
the main responsible for the placement of the juices from different genotypes. Minor
compounds were not relevant in this study due to the pretreatments of mean centering
applied over the variables and normalization over the samples [23]. The negative
loadings of PC1 are presenting manly the juice samples symbolized by blue triangles
with higher loadings of galloylhexose | and digalloylhexoside I. This later compound is
a trihydroxybenzoic acid derivative, which provides astringent flavor and can contribute
to immature cashew apple flavor characteristic [24].

The samples from the juices symbolized by brown squares and black stars
presented tendencies to have higher amounts of hydroxybutanoic acid ethyl ester-
hexoside at retention time of 3.28 min according to positive loadings of PC1.
Hydroxybutanoic acid ethyl ester-hexoside has been previously described in melon
fruit and it is considered a precursor of the volatile compounds. The presence of this
compound has been associated with some amino acids such as alanine, glutamine,
isoleucine, phenylalanine, tryptophan or tyrosine [25]. Alanine has been reported as
one of the key amino acids of the characteristic profile of cashew apple juice.
Phenylalanine and tyrosine have also been detected but in smaller amounts[26].

Positive loadings of PC2 presented tendency of the cashew juices
symbolized by green circle and black stars to have higher amounts of myricetin-3-O-
glucoside, myricetin-3-O-rhamnoside, and an unknown mixture of compounds
between the retention times 4.79-4.85 min. The presence of myricetin-derived and
others flavonoids compounds in fruits and corresponding juices offer biological benefits
as the reductions of cardiovascular disease and risks of cancer [5], besides anti-
hyperglycaemic property [27]. In addition, these compounds have been reported in
methanol-water extract [5].

Compounds with significant changes according to the chemometric
evaluation (Figure 4) and did not exhibit overlapping signals in the chromatograms

were semi-quantified and their variations were expressed as relative contribution (see
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experimental section 2.4). The relative peaks areas were calculated for quantitative
expression of the chemical properties and the differences were evaluated by ANOVA
single factor. Figure 5 illustrates (same color of Figure 3) the relative contributions from
the total ion abundance of the peaks in the samples, since the relative amplitude of the
peaks measures provides the relative abundance of the isotopic forms in the
chromatograms. The results from the signals areas of the base peak intensity (BPI)
chromatograms corroborated the PCA results considering the deviation of the method
from the three replicates of sampling during two years, which totaled 6 samples for
each cashew genotype. These results were deduced from the loadings plotted in
Figure 4, with the hydroxybutanoic acid ethyl ester-hexoside (at 3.28 min) responsible
for clustering the samples at brown group, and galloylhexose | (at 1.60 min) and
digalloylhexoside | (at 2.82 min) for clustering the samples in the blue group.
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Figure 4 - Relative contributions of the isotopic forms in chromatograms for the compounds at retention
times 1.60, 2.82, 3.23, 3.82, and 4.25 min.

The corroboration between quantitative and chemometric results confirms
the advantageous for untargeted analysis because the compounds and degradation

products are not always known, it is sometimes difficult to find certified standard
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compounds, and being simpler than the classical univariate analysis as quantification
by construction of calibration curves for each compound.

Based on the non-targeted chemometric evaluation (Figure 3) and the
relative quantification results (Figure 4), a classification model using Partial Least
Squares — Discriminant Analysis (PLS-DA) was employed to improve the association
of the chemical variability according to the cashew genotype, which is illustrated at
Figure 5. With three latent variables (LVs) the model presented a prediction ability of
88.05 % considering the replicate of the year sampling and triplicate of chromatograms
acquisition. The statistical parameters used to assess the quality of the classification
method (Table 2) indicated a well-adjusted model, since the SEC/SEV ratio was above
0.75 (similar values) (BEEBE et al., 1998; WOLD et al., 2001). The low SEC and SEV
values express the suitable predictive performance of the model estimated as a
function of the global model error, samples leverage, and the sample residual X-
variance. The low errors values indicated similarity between the sample used for

prediction and those used to make the calibration model.

Table 2 - Parameters obtained by multivariate calibration using PLS-DA model.
Model LV1+LV2+LV32 | r2cal’ | SEC® | r?vald SEV*® SEC/SEV!

PLS-DA 88.05 % 0.88 | 0.298 | 0.85 0.341 0.874

aTotal variance percent in X matrix refer to three Latent Variables (LVS).

b Coefficient of correlation between the real concentration and the concentration predicted during the
calibration.

¢ Standard Error of Calibration.

d Coefficient of correlation between the real concentration and the concentration predicted during the
validation.

e Standard Error of Cross Validation.

f Similarity criterion.
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Figure 5 - LV1 vs. LV2 vs. LV3 scores 3-D plot (a) and the respective loadings potted in lines form (b)
from PLS-DA for the cashew juices classification. Legend: compounds 1 — galloylhexose | (1.60 min); 2
—digalloylhexoside | (2.82 min); 3 — hydroxybutanoic acid ethyl ester-hexoside (3.28 min); 4 — myricetin-

3-O-glucoside (3.83 min); 5 — myricetin-3-O-rhamnoside (4.25 min).
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In general, the LV1 axis was most relevant to cluster the cashew juice
samples in black color (2005/102, 2005/111, 2005/127, 2005/133, 2005/223, 2001/13,
98/101, 98/116, BRS 266, B 741, CP 76) the their separation from those in brown (CP
06, CP 09, B 393) and blue (2001/3, 2001/6, 2005/122, B 963, B 967). In addition, the
LV2 axis was important to clustering the brown samples at positive scores, and LV3
present relevance to separation the brown and blue cashew juice samples. The
interpretation of the loadings presented the samples in black with higher amount of
galloylhexose | and digalloylhexoside | than the brown and blue samples. The samples
in brown color presented the higher amount of hydroxybutanoic acid ethyl ester-
hexoside than the black and blue samples, beyond to present the opposite behavior
between the hydroxybutanoic acid ethyl ester-hexoside and galloylhexose |. Lastly,
LV3 axis presented the higher amount of the flavonoids myricetin-3-O-glucoside and
myricetin-3-O-rhamnoside in the blue samples beyond to presents the opposite
behavior between this flavonoids and hydroxybutanoic acid ethyl ester-hexoside.
Therefore, the statistics data indicated that the model could be acceptable to classify

new or unknown cashew juice samples.

4.5 CONCLUSIONS

Using hyphenated techniques it was possible to obtain the metabolic
fingerprint of the studied genotypes. The chemical profiles allowed the classification of
the samples into groups by similarity among them using chemometric tools. The
identification of the major compounds responsible for the separation of the groups can
be the “key-metabolites” for the identification of cashew juice samples, but new

researches in these area are essential to confirm this hypothesis.

4.6 ACKNOWLEDGEMENTS

The authors thank CNPq and FUNCAP for the financial support and the award
of scholarship (303791/2016-0).



64

4.7 REFERENCES

10.

11.

12.

13.

Garruti, D.S., et al., Evaluation of volatile flavour compounds from cashew apple
(Anacardium occidentale L) juice by the Osme gas
chromatography/olfactometry technique. Journal of the Science of Food and
Agriculture, 2003. 83(14): p. 1455-1462.

Zepka, L.Q., et al., Aroma compounds derived from the thermal degradation of
carotenoids in a cashew apple juice model. Food Research International, 2014.
56: p. 108-114.

Sultana, B. and F. Anwar, Flavonols (kaempeferol, quercetin, myricetin)
contents of selected fruits, vegetables and medicinal plants. Food Chemistry,
2008. 108(3): p. 879-884.

Manach, C., A. Mazur, and A. Scalbert, Polyphenols and prevention of
cardiovascular diseases. Current opinion in lipidology, 2005. 16(1): p. 77-84.

de Brito, E.S., et al., Determination of the flavonoid components of cashew
apple (Anacardium occidentale) by LC-DAD-ESI/MS. Food chemistry, 2007.
105(3): p. 1112-1118.

Cavalcante, A.A.M,, et al., Cashew (Anacardium occidentale) apple juice lowers
mutagenicity of aflatoxin B1 in S. typhimurium TA102. Genetics and Molecular
Biology, 2005. 28(2): p. 328-333.

Kubo, I., K.-i. Nihei, and K. Tsujimoto, Antibacterial action of anacardic acids
against methicillin resistant Staphylococcus aureus (MRSA). Journal of
Agricultural and Food Chemistry, 2003. 51(26): p. 7624-7628.

Ha, T.J. and I. Kubo, Lipoxygenase inhibitory activity of anacardic acids. Journal
of Agricultural and Food Chemistry, 2005. 53(11): p. 4350-4354.

Chaves, N., et al. Characterization of cashew accessions for ornamental
purposes. in X International Symposium on Postharvest Quality of Ornamental
Plants 1060. 2012.

Castro, A., et al. Brazilian cashew germplasm bank. in XXVIII International
Horticultural Congress on Science and Horticulture for People (IHC2010): Il
International Symposium on 918. 2010.

Scherer, R., et al., Validation of a HPLC method for simultaneous determination
of main organic acids in fruits and juices. Food Chemistry, 2012. 135(1): p. 150-
154.

Zepka, L.Q. and A.Z. Mercadante, Degradation compounds of carotenoids
formed during heating of a simulated cashew apple juice. Food Chemistry,
2009. 117(2): p. 28-34.

Pereira, A.L.F., et al., Storage stability and acceptance of probiotic beverage
from cashew apple juice. Food and Bioprocess Technology, 2013. 6(11): p.
3155-3165.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

65

Assuncdo, R.B. and A.Z. Mercadante, Carotenoids and ascorbic acid
composition from commercial products of cashew apple (Anacardium
occidentale L.). Journal of Food Composition and Analysis, 2003. 16(6): p. 647-
657.

Beebe, K.R., R.J. Pell, and M.B. Seasholtz, Chemometrics: a practical guide.
Vol. 4. 1998: Wiley-Interscience.

Hotelling, H., Analysis of a complex of statistical variables into principal
components. Journal of educational psychology, 1933. 24(6): p. 417-441.

Silva, L.M.A., et al., 1H HRMAS NMR spectroscopy and chemometrics for
evaluation of metabolic changes in citrus sinensis Caused by Xanthomonas
axonopodis pv. citri. Journal of the Brazilian Chemical Society, 2012. 23: p.
1054-1061.

Costa, D.P., et al., Influence of fruit biotypes on the chemical composition and
antifungal activity of the essential oils of eugenia uniflora leaves. Journal of the
Brazilian Chemical Society, 2010. 21: p. 851-858.

Wold, S., M. Sj6strom, and L. Eriksson, PLS-regression: a basic tool of
chemometrics. Chemometrics and intelligent laboratory systems, 2001. 58(2):
p. 109-130.

Nielsen, N.-P.V., J.M. Carstensen, and J. Smedsgaard, Aligning of single and
multiple wavelength chromatographic profiles for chemometric data analysis
using correlation optimised warping. Journal of Chromatography A, 1998.
805(1): p. 17-35.

Alves Filho, E.G., et al., 1H gNMR and Chemometric Analyses of Urban
Wastewater. Journal of the Brazilian Chemical Society, 2015. 26(6): p. 1257-
1264.

Larsen, F.H., F. van den Berg, and S.B. Engelsen, An exploratory chemometric
study of 1H NMR spectra of table wines. Journal of Chemometrics, 2006. 20(5):
p. 198-208.

Rinnan, A., F.V.D. Berg, and S.B. Engelsen, Review of the most common pre-
processing techniques for near-infrared spectra. TrAC Trends in Analytical
Chemistry, 2009. 28(10): p. 1201-1222.

Cunha, A.G., et al., UPLC-qTOF-MS/MS-based phenolic profile and their
biosynthetic enzyme activity used to discriminate between cashew apple
(Anacardium occidentale L.) maturation stages. Journal of Chromatography B,
2017. 1051: p. 24-32.

Bernillon, S., et al., Metabolomic and elemental profiling of melon fruit quality as
affected by genotype and environment. Metabolomics, 2013. 9(1): p. 57-77.

Okpanachi, U., S. Attah, and D. Shaahu, A Comparative study between vitamins
and amino acid profile of sun-dried red and yellow cashew pulp. Int. J. An. Biol,
2015. 1(5): p. 23.



27.

66

Arumugam, B., et al., Potential antihyperglycaemic effect of myricetin
derivatives from Syzygium malaccense. Journal of Functional Foods, 2016. 22:
p. 325-336.



67

5 CAPITULO 2 - PORTABLE MICRO NEAR INFRARED SPECTROSCOPY
COUPLED TO CHEMOMETRIC ANALYSIS IN ASSESSING THE COMPOSITION
VARIABILITY OF DIFFERENT GENOTYPES OF CASHEW APPLE

Ynayara C. de Lima¥; Elenilson G. Alves Filho?; Gislane Mendes de Morais?
Ebenézer O. Silva?; Ana Cecilia R. Castro?; Edy S. de Brito?

@ Embrapa Agroindustria Tropical, Fortaleza-CE, Brazil.

* Corresponding author
E-mail: edy.brito@embrapa.br
Phone: +55 85 33917393

Fax: +55 85 33917100



68

5.1 ABSTRACT

Embrapa (a Brazilian agricultural research corporation) is developing a genetic
improvement program in the attempt to enhance the quality of cashew apple.
Therefore, the aim of the present study was to evaluate the potential of the micro NIR
spectrometer to explore the cashew apple composition from different genotypes and
develop classification models considering the concentrations of ascorbic acid (vitamin
C), °Brix, and acidity. It was demonstrated that NIR spectroscopy provided a non-
destructive, low-cost, and fast results of the cashew apple composition. Important
composition tendencies were observed with main four clustering according to the
genotype, even considering the different fruits morphology (shape, size, and color).
The unexpected weak classification performances of the models using the
concentrations of ascorbic acid (vitamin C), °Brix value, and acidity show that further
parameters related to the fruit composition and environmental factors on the instrument
performance must be taken into account for a better comprehension of the chemical
and physical variability of the cashew apple from the germplasm bank of Embrapa.

Keywords: cashew apple; Micro-NIR; chemometrics
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5.2 INTRODUCTION

The fruit consumption has increased significantly over the years with the
improvement of living standards. Meanwhile, consumers are looking for fruits with
higher quality related to the taste, flavor and, consequently, the organic composition
as vitamins and sugars [1]. In this regarding, the increasing success of cashew
production is mainly related to the genetic improvement of cultivars in order to develop
varieties adapted to the general edaphoclimatic characteristics and cultivation
conditions of each geographic region [2, 3]. Additionally, new cashew cultivars
circumvent the issues of pathogen attacks that may limit their production. Since the
phenotypic variation of a crop species may occur due to the environment and genetics,
Embrapa (a Brazilian agricultural research corporation) is developing genetic
improvement programs, which are the focus for improvement of food. Therefore, in the
attempt to enhance the quality of cashew apple, a substantial attention has been
dedicated to the study of physicochemical and nutritional attributes.

In general, researchers have investigated the potential of various
technologies to develop a simple, precise, and low-cost method to study the
physicochemical and nutritional features of fruits. Among all these technologies, the
near infrared (NIR) spectroscopy is considered an economical, fast, and efficient
technique for the evaluation of foodstuffs [4-6]. The NIR analysis produces an
electromagnetic spectrum (reflectance or transmittance) between 780 and 2,500 nm,
where the wavelength depend of scattering and absorption processes according to the
chemical composition (molecular functional groups, C-H, N-H, S-H or O-H bonds). The
micro NIR spectrometer is a small and portable device for real-time, non-intrusive
chemical and physical analysis [7]. However, due to elevated number of samples and
variations that should be taken into account in fruit evaluation and the difficulty of
spectral interpretation, exploratory and classificatory multivariate analysis are
necessary to extract the required information from the total matrix [2, 8, 9].

From the foregoing, the aim of the present study was to evaluate the
potential of the portable NIR spectrometer to explore the cashew apple compaosition
from different genotypes from Embrapa germplasm bank and develop classification
models considering the concentrations of ascorbic acid (vitamin C), °Brix, and acidity.
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5.3 EXPERIMENTAL

5.3.1 Sampling

Seven hundred and sixty four cashew apple (Anacardium occidentale, L.)
from different accessions were randomly harvested at Embrapa Experimental Station
(Pacajus, Ceara, Brazil) — coordinates 4°11°07”S; 38°30’07"W, altitude 70 m.

5.3.2 Portable NIR analysis

The NIR experiments were performed on portable NIR spectrometer (Micro-
NIR 1700, Viavi, Milpitas, CA, USA) operated in the 1150-2170 nm range, spectral
resolution of 10 nm, dimensions of 45 mm diameter x 42 mm high, two tungsten
radiation sources to illuminate samples for reflectance measurements, continuous
monochromator based on a linear variable filter. The parameters for spectral data
acquisition were set at 50 ms integration time and averaging of 100 scans for each
sample. The reference spectra for absorbance calculation were obtained from a piece
of Spectralon™, and the dark signal was obtained by pointing the measurement

window of the instrument to the ambient environment.

5.3.3 Quantification of ascorbic acid, °Brix, and determination of the acidity

Previously the chemometric evaluation, the concentrations of ascorbic acid
(vitamin C), the °Brix value, and the acidity of each cashew apple were determined.
The propose of these results was to create categorical variables (Y column) to develop
the regression analysis using Partial Least Square (PLS), to find the latent variables
(LVs) in the X matrix (samples data) to prediction models maximizing the covariance
between X and Y.

The total titratable acidity (TTA) was performed by titration with NaOH
solution (0.1 N) in a sample of 1 g of the pulp diluted in approximately 50 mL of distilled
water containing 3 drops of 1 % phenolphthalein until it reached pink coloration. The

results were expressed as percentage of malic acid according to IAL (1985) [10].
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Soluble solids (SS) content was determined by refractometry as described
by AOAC (2005) using a digital refractometer (ATAGO™ N1, Kirkland-USA) with
automatic temperature compensation [11]. The results were expressed in °Brix
(concentration of sucrose w/w).

The total vitamin C was determined by titration with 0.02% 2,6-dichloro-
indophenol (DFI) as method by Strohecker and Henning (1967) [12]. 1 g of pulp was
diluted to 100 mL of 0.5% oxalic acid and homogenized. Then, 5 mL of this solution
was diluted to 50 mL with distilled water and titrated and results were expressed as
mg.100 g FW (fresh weight).

5.3.4 Chemometric analysis

Chemometric analyses were performed in the numerical matrix from 764
cashew apple fruits harvested in different years. After that, the averaging method was
applied on those cashew apples from the same accession (same tree), which result in
135 spectral dataset. The spectral region between 1150 and 2170 nm was used for
the analysis, resulting in a numerical matrix with dimensionality of 16,875 data points
(135 spectra x 125 variables). The samples were named according to the accession
numbers and year of harvest.

The spectra data were converted to American Standard Code for
Information Interchange (ASCII) files to matrix construction through Origin™ 9.4
program, which was exported for chemometric analysis using Hierarchical Clustering
algorithm for heat map evaluation. To reduce the dimensionality of the original data
and to assist the modeling and interpretation of multivariate data, the numerical matrix
was averaged along variables by a factor of 2 using The Unscrambler X™ program
(version 10.4), and imported into GENE-E program
(software.broadinstitute.org/GENE-E) for pattern recognition and the classification was
performed on the columns (samples). The Euclidean distance method was used to
measure the proximity between samples and the average linkage method (sum-of-
squares approach in calculating intercluster distances) was applied. The results were
presented as 3-D dendrogram (heat map) form where the deeper red color represents
the higher relative intensity on the line (wavelength), the deeper blue color the lower

relative intensity, and the intermediary intensity in white color.
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Besides the unsupervised analysis, to improve the identification of chemical
changes due to the different cashew apple genotypes, the supervised PLS (Partial
Least Squares) method was employed using the concentrations of ascorbic acid, °Brix
values, and acidity of the cashew apple previously calculated (section 2.3) as
categorical variables (Y column). The NIPALS (Nonlinear Iterative Partial Least
Squares) algorithm was applied to build the models and the latent variables were
selected in accordance to statistical parameters: SEC (Square Error of Calibration);
SEV (Square Error of Validation), and correlation coefficient (R?). The full cross-
validation method was applied to evaluate the performance of the PLS models: each
samples of cashew apple was left out from the calibration data set and the sub-models

were calibrated on the remaining data points.

5.4 RESULTS AND DISCUSSION

5.4.1 Exploratory evaluation

The NIR spectroscopy provides non-destructive, low-cost, non-invasive,
and fast results of the samples composition (any molecule containing C-H, N-H, S-H
or O-H bonds), but information from a comparison of many samples can be partly
obscured by spectral imperfections. If the distribution of the variables is highly skewed,
basic pretreatments of the original data are essential to assess important feature
regarding the composition, minimizing or eliminating not relevant variations within
spectra. Clearly, the NIR analyses are highly undesirable source of variation for
multivariate studies and pretreatments can correct many systematic or random errors.
Therefore, transformations of the compositional data should be applied correctly to
avoid false correlations among the variables, since the modifications are directly
applied in raw data. It is know that there are imperfections intrinsic from the NIR
evaluation and, consequently, these are often limiting factor for determining the
amount and quality of information obtainable from the experiments. In this regarding,
previously the chemometric analysis the main pretreatments of the numerical matrix
from NIR data analysis were tested reaching the increase of the information quality,
which are illustrated in Fig. 1: MSC (Multiplicative Scatter Correction), SNV (Standard
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Normal Variate), second derivative using Savitzky-Golay filter with a second order

polynomial for five points.
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Figure 1 - a) Raw absorbance spectra from 135 cashew apple obtained using the portable NIR
spectrometer, and the same spectra after the follow treatment: b) MSC; ¢) SNV; and d) second derivative
using Savitzky-Golay filter with a second order polynomial for five points.

The MSC and SNV algorithms often present similar results (as shown in
Fig. 1b and 1c) and are regarded as exchangeable. After the application of the MSC
algorithm, the spectra are adjusted to present the same scatter level estimated by a
mean spectrum. On the other hand, the SNV algorithm treats each spectrum
separately by autoscaling the absorbance values [13]. The derivative algorithm
emphasizes steep peaks and improves the peaks overlapping as well as reduces the
measurement variations, which improve the differentiation of the bands. The first and
second derivatives are more commonly applied, and the second derivative NIR
spectrum results in sharp signals [14-17].

In order to comprehend the variability of the organic compounds in cashew
apple according to their genotype and detect tendencies related to the cashew apple
composition, a non-targeted multivariate analysis was developed on the numerical

matrix from the spectral data. The unsupervised method based on Hierarchical
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Clustering was applied to segregate the samples in groups according to their similarity.
Figure 2 presents the 3-D dendrogram with the samples in columns, wavelength in
rows, and the signals intensities are illustrated in color: deeper red color represents
the higher relative intensity on the line (wavelength), the deeper blue color the lower
relative intensity, and the intermediary intensity in white color. Important tendencies of
main four clustering were observed in the dendrogram regarding the genotype of the
cashew apple even considering the different fruits morphology (shape, size, and color).
The results reflected the natural differences among the cashew apple groups, which
were formed as a function of fruit composition dependent of the genotype. The cluster
4 presented the most distant samples with opposite behavior of their composition

compared to other groups.
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The main absorbance ranges related to the samples clustering are located
between 1150 and 1340 nm, 1370 and 1850 nm, and 1900 and 2020 nm. The
absorbance range between 2040 and 2170 nm related to combinations of functional
groups was not relevant. The absorbance ranges between 1400-1620 nm and 1900-
2020 nm are related to OH stretch second and first overtone respectively, and
consequently, they may be related to water. The absorbance ranges between 1150-
1340 nm and 1650-1850 nm are due to CH stretches related to the second and first
overtone respectively, may be from carbohydrates and other organic species present
in cashew skin and pulp. The band at 1340 nm is probably due to CH from cellulose
content [18].

5.4.2 Classification analysis

Previously the Partial Least Squares (PLS) analysis, the concentrations of
ascorbic acid (vitamin C), °Brix value, and acidity were determined in 40 cashew apple
samples randomly chosen from the set of samples in order to create categorical
variables (Y column) to regression analysis. Based on the non-targeted chemometric
evaluation (Fig. 2) and considering the quantitative results presented in Table 1
(reference values), three classification models were created to each dependent
variable (ascorbic acid, °Brix, and acidity) to improve the association of the chemical
variability according to the cashew apple genotypes. The statistical parameters used
to assess the quality of the calibration method (Table 2) indicated weak-adjusted
models using 7 LVs for all the classifications, despite of the relative proximity
(similarity) between the reference (real) and predicted values. In addition, despite of
the proximity between the SEC (Standard Error of Calibration) and SEV (Standard
Error of Cross Validation) values (SEC/SEV ratio above 0.50 indicates a well-adjusted
model) [19-21], the high SEC and SEV values and the low correlation coefficients (R?)
expresses the rather weak classification performance of all the models estimated as a
function of the global model error, samples leverage, and the sample residual X-
variance. Through the linear regression analysis, it was possible to verify that the three
models presented weak relation with the quality parameters of ascorbic acid (R? =
0.46), °Brix (R? = 0.49), and acidity (R? = 0.32), being these parameters normally used

to define the points of harvest of cashew apple.
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Therefore, the weak classification performances show that further
parameters related to the fruit composition and environmental factors on the instrument
performance, such as fruits morphology (shape, size, and color), nonhomogeneous
distribution of particles in a samples, samples density variations, must be taken into
account for improve the comprehension of the chemical and physical variability of the
cashew apples from the germplasm bank of Embrapa. These small physical variations
from sample to sample may lead to light scattering that influence the measured NIR
spectra, which result in baseline shifts and scaling variations (intensity variations) and,

consequently, disturbing future classifications and predictions evaluation.

Table 1 - Concentrations of ascorbic acid (in mg.100 g of cashew apple), °Brix values, and acidity in
40 randomly selected samples (real or reference values), and those predicted values by each regression
model.

ascorbic pred. °Brix pred. acidity pred.
Samples
reference  value | reference value | reference value

032015 | 380.66 304.90| 13.70 1296| 1.01  0.59

122016 | 278.85 25950| 10.90 13.48| 050  0.56
1372015 | 212.69 25263 | 16.65 13.94| 093 081
1517 2015 | 200.36 189.86 | 11.70 13.99| 037  0.45
15232015 | 287.76 279.06 | 10.90 14.12| 041 053
1529 2015 | 203.82 252.66| 13.15 13.49| 043 056
1536 2015 | 530.68 27592 | 17.30 13.92| 068  0.60
15412015 | 192.18 24420| 11.90 1250| 0.76  0.43
2222016 | 306.20 268.90| 13.20 13.77| 122  0.72
2432015 | 22528 21517 | 1490 14.79| 083 053
2482015 | 200.40 260.74| 16.10 16.86| 052  0.64
2492015 | 235.96 24894 | 1510 14.24| 059  0.46
2642016 | 168.38 177.69| 13.40 13.85| 0.76  0.45
268 2016 | 180.94 200.85| 12.30 13.44| 024  0.49
276 2016 | 334.71 384.03| 1497 16.22| 097 083
2792016 | 301.77 269.55| 14.30 15.10| 042 058
2812016 | 190.47 26437 | 14.60 1458| 028 061
2852016 | 201.60 259.67| 12.90 13.12| 041 058




2862016 [ 35051 307.28 [ 1415 1383[ 052 055
288 2016 275.69  251.35 11.30 13.19 0.42 0.56
289 2016 262.82  288.04 13.50 13.37 0.44 0.60
340 2015 338.39  257.27 10.90 11.30 0.46 0.51
358 2015 122.85 251.88 13.30 12.06 0.38 0.57
359 2016 216.59  111.27 17.10 17.02 0.96 0.63
366 2015 219.02  241.66 12.00 11.94 0.41 0.57
61 2015 278.59  280.40 15.05 13.34 0.53 0.58
62 2015 198.61  249.03 14.60 16.23 0.55 0.86
628 2016 193.84  202.45 17.50 17.61 0.31 0.28
686 2016 129.63  215.52 12.20 13.43 0.33 0.43
688 2016 329.12  265.61 15.65 16.25 0.46 0.33
962 2015 359.71  321.48 14.35 13.99 0.76 0.57
963 2015 13447  157.68 11.60 12.87 0.26 0.35
971 2015 383.25  434.32 19.23 17.61 0.70 0.70
976 2015 206.84  242.33 13.85 14.22 0.43 0.57
978 2015 258.32  294.64 15.50 14.09 0.58 0.62
979 2015 212.43  231.57 14.85 13.49 0.35 0.53
981 2015 214.87  156.72 12.00 13.91 0.40 0.41
982 2016 17416  215.07 12.50 13.72 0.25 0.38
MC 2017.1 | 283.36  235.59 14.90 14.54 0.30 0.32
MC 2017.2 | 428.45 380.76 14.45 15.65 0.71 0.61
Table 2 - Parameters obtained by multivariate calibration from each PLS model.
Model 7 LVs? r2cale | SEC¢ SEVd | SEC/SEVe
ascorbic 45.7 % 0.46 | 63.90 107.6 0.594
°Brix 49.2 % 0.49 1.44 2.30 0.626
acidity 32.3% 0.32 0.19 0.37 0.513

aTotal variance percent in X matrix refer to seven Latent Variables (LVS).
b Coefficient of correlation between the real concentration and the concentration predicted during the

calibration.

¢ Standard Error of Calibration.
d Standard Error of Cross Validation.

e Similarity criterion.
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5.5 CONCLUSIONS

It was demonstrated that portable NIR spectroscopy provided a non-
destructive, low-cost, and fast results of the cashew apple composition. Important
composition tendencies were observed with four samples clustering according to the
composition similarity and genotype, even considering the different fruits morphology
(shape, size, and color). The weak classification performances of the models using the
concentrations of ascorbic acid (vitamin C), °Brix value, and acidity show that further
parameters related to the fruit composition and environmental factors on the instrument
performance must be taken into account for a better comprehension of the chemical

and physical variability of the cashew apples from the germplasm bank of Embrapa.
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6 CONSIDERACOES FINAIS

A hifenacao das técnicas LC e MS foi eficiente na andlise dos gendétipos de
caju, sendo possivel, por meio de ferramentas quimiométricas, separar grupamentos
por afinidade na composi¢ao quimica.

A identificacdo das moléculas responsaveis pela separacéo dos grupos foi
valiosa, pois adicionou informacdes sobre o conhecimento do metaboloma do caju.
Essa identificacdo é importante pois pode ajudar o Programa de Melhoramento
Genético a selecionar genotipos que atendam a necessidades nutricionais dos
consumidores para serem lancados no mercado.

Os parametros vitamina C, sélidos sollveis e acidez total ndo foram
capazes de explicar a separacdo dos grupamentos dos genotipos. Este resultado
sugere que a novas pesquisas na area precisam ser feitas a fim de determinar os
compostos responsaveis pela variabilidade encontrada nos genétipos do Banco de

Germoplasma da Embrapa.



