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RESUMO

A anotacao e identificacdo de compostos fendlicos fundamenta-se na analise de dados gerados
por cromatografia liquida acoplada a espectrometria de massas (LC-MS). No entanto, a
interpretacdo manual dos espectros de massas ¢ uma tarefa nao trivial e demorada, além disso,
depende do conhecimento sobre a técnica e o perfil de fragmentacdo de compostos fenolicos.
Ainda, esse sistema manual de anotagdao continua sendo a principal abordagem utilizada no
estudo de compostos fenolicos na area de Ciéncia e Tecnologia de Alimentos. Os pesquisadores
gastam muito tempo comparando os seus espectros de massas com aqueles disponibilizados em
publicacdes. Assim, uma quantidade excessiva de tempo € utilizada na anotacao de compostos
ja relatados, ndo permitindo muitas vezes o avango na descoberta de novos compostos
fenolicos. Neste contexto, a aplicagdo de ferramentas de metabolomica, nomeadamente, os
softwares MS-Finder e Sirius, além da plataforma GNPS (Rede Social Molecular Global de
Produtos Naturais) nos estudos de compostos fenolicos podera impulsionar a descoberta de
novos compostos fenolicos ou ao menos acelerar a anotacdo de moléculas ja relatadas.
Avaliamos ambos os softwares para anotar compostos fenolicos de 8 amostras de alimentos
(café, cha verde, suco de cranberry, suco de uva, suco de laranja, suco de maca, extrato de soja
e extrato de salsa). O MS-Finder e Sirius juntos conseguiram anotar corretamente mais de 90%
dos compostos fenolicos analisados por LC-MS. A aplicagdo da Rede Social Molecular Global
de Produtos Naturais (GNPS) com os outros softwares acelerou a anotacdo dos compostos
fenolicos extraiveis (CFE) e ndo-extraiveis (CFNE) de duas variedades de cada uma das 5 frutas
mais consumidas no Brasil (banana, maga, laranja, mamao e manga). Através do GNPS, foi
possivel anotar rapidamente mais de 33% dos compostos fendlicos encontrados. Além disso,
foi possivel a criacdo de redes moleculares que agruparam compostos com similaridades
estruturais nas mesmas familias moleculares, facilitando a interpretag@o das similaridades entre
espécies, variedades e fragdes. As redes moleculares permitiram a anota¢do de moléculas por
propagacao e indicaram possiveis marcadores fenolicos de cada fruta e variedade. Diferencas
marcantes na composicdo fendlica das fragdes CFE e CFNE também foram reveladas pela
aplicagdo do GNPS. A maioria dos compostos fendlicos obtidos apoés as hidrélises acida e
alcalina eram diferentes dos extraidos apenas por solventes, além de se diferenciarem entre si.
O GNPS proporcionou também a possibilidade de compartilhar os dados brutos de padrdes
analiticos e das amostras analisadas na plataforma com acesso para comunidade global,
trazendo avancos no compartilhamento de dados e resultados de espectrometria de massas.

Desta forma, a combinacdo da triagem inicial usando MS-Finder, Sirius € GNPS com analises



manuais de informagdes adicionais ¢ uma abordagem poderosa e eficiente para anotar e

identificar compostos fenoélicos.

Palavras-chave: compostos fenolicos; anotagao; identificacdo; MS-Finder; Sirius; GNPS.



ABSTRACT

The annotation and identification of phenolic compounds is based on the analysis of data
generated by liquid chromatography coupled to mass spectrometry (LC-MS). However, manual
interpretation of mass spectra is a non-trivial and time-consuming task, in addition, it depends
on knowledge about the technique and the fragmentation profile of phenolic compounds. Still,
this manual annotation system continues to be the main approach used in the study of phenolic
compounds in Food Science and Technology field. Researchers spend a lot of time comparing
their mass spectra with those available in publications. Thus, an excessive amount of time is
spent on annotating already reported compounds, often not allowing progress in the discovery
of new phenolic compounds. In this context, the application of metabolomics tools, namely the
MS-Finder and Sirius software, in addition to the GNPS platform (Global Social Molecular
Network of Natural Products) to studies of phenolic compounds could boost the discovery of
new phenolic compounds or at least accelerate the annotation of molecules already reported.
We evaluated both software to annotate phenolic compounds from 8 food samples (coffee,
green tea, cranberry juice, grape juice, orange juice, apple juice, soy extract and parsley extract).
MS-Finder and Sirius together managed to correctly annotate more than 90% of the phenolic
compounds analyzed by LC-MS. The application of the Global Social Molecular Network of
Natural Products (GNPS) with other software accelerated the annotation of extractable (CFE)
and non-extractable (CFNE) phenolic compounds from two varieties of each of the 5 most
consumed fruits in Brazil (banana, apple, orange, papaya, and mango). Using GNPS, it was
possible to quickly record more than 33% of the phenolic compounds found. Furthermore, it
was possible to create molecular networks that grouped compounds with structural similarities
into the same molecular families, facilitating the interpretation of similarities between species,
varieties, and fractions. Molecular networks allowed the annotation of molecules by
propagation and indicated possible phenolic markers for each fruit and variety. Outstanding
differences in the phenolic composition of the CFE and CFNE fractions were also revealed by
the application of GNPS. Most of the phenolic compounds obtained after acid and alkaline
hydrolysis were different from those extracted only by solvents, in addition to differing from
each other. The GNPS also provided the possibility of sharing raw data of analytical standards
and analyzed samples on the platform with access to the global community, bringing advances

in sharing data and mass spectrometry results. Thus, combining initial screening using MS-



Finder, Sirius and GNPS with manual analysis of additional information is a powerful and

efficient approach to annotating and identifying phenolic compounds.

Keywords: phenolic compounds; annotation; identification; MS-Finder; Sirius; GNPS.
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1 INTRODUCAO

Os compostos fenolicos sao metabdlitos secundarios muito estudados devido a sua
abundancia e fun¢do nas plantas e aos provaveis efeitos benéficos a satde humana. Uma
pesquisa no Scopus (palavra-chave: phenolic compounds) mostra que foram publicados mais
de 100 mil estudos nas duas ultimas décadas, os quais t€ém focos variando de diferentes técnicas
de extracdo, identificagdo e quantificacdo, até estudos in vitro e in vivo com objetivos de
compreender os mecanismos de acdo dessas moléculas na satide humana (Li et al., 2015; Soares

et al., 2020).

Gragas as diferentes pesquisas realizadas, atualmente, sabemos que ha cerca de 10 mil
compostos fenolicos na natureza, frequentemente extraidos com misturas de agua e solventes
organicos como metanol, etanol e acetona. Essas extracdoes podem ser realizadas por técnicas
simples, como maceragdo e agitacdo, até a utilizagdo de tecnologias emergentes, como
ultrassom e micro-ondas, as quais aumentam a eficiéncia do processo. As técnicas de
identificacdo permitiram saber que os compostos fendlicos possuem diferentes esqueletos
carbonicos, variando desde simples fendis de poucos Daltons até taninos condensados com

elevado grau de polimerizagdo (Garcia-salas et al., 2010; Shi et al., 2011; Farias et al., 2022).

Algumas dessas classes estdo largamente distribuidas nas plantas, tais como os
flavondis, e outros estdo presentes apenas em algumas espécies, tais como as isoflavonas.
Especialmente nos ltimos anos, alguns trabalhos indicaram que ha uma fracao de compostos
fenolicos pouco investigada, os compostos fenolicos ndo-extraiveis (CFNE). Trata-se da fragao
que nao ¢ extraida diretamente das matrizes devido as suas fortes interacdes com os
componentes dos alimentos. Para alguns alimentos, foi relatada que essa fragdo, a qual muitas
vezes possui composicdo diferente da fracdo extraivel, pode até ser a majoritaria e aquela
responsavel pelos efeitos benéficos a saude humana encontrados (Esparza-Martinez et al., 2016;

Pérez-Ramirez et al., 2018; Reynoso-Camacho et al., 2018).

Ao longo de décadas de estudo sobre as propriedades bioldgicas dos compostos
fenolicos, observa-se que eles foram testados exaustivamente quanto as suas propriedades
antioxidantes, o que esta diretamente relacionada a sua estrutura quimica de natureza fendlica,

a qual € capaz de desativar espécies reativas de oxigénio e de nitrogénio através da doacdo de
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hidrogénio, elétrons e formagao de aduto. Assim, milhares de trabalhos verificaram através de
métodos in vitro que os compostos fendlicos sdo capazes de desativar tanto radicais ndo-
biologicos (ABTS e DPPH) quanto espécies reativas biologicas (ROO®, RO®). Os resultados
desses estudos tornaram-se pouco relevante a medida que foi relatada reiteradamente na
literatura a baixa biodisponibilidade dessas moléculas, o que ¢ fundamental para a sua atuagao

como antioxidantes no organismo humano (Eseberri et al., 2022).

Além disso, os compostos fendlicos sofrem transformacdo durante a digestdo
gastrintestinal, o que ¢ completamente desconsiderado quando se aplica métodos in vitro para
a avaliacdo da capacidade antioxidante. Recentemente, trabalhos tém indicado que o principal
mecanismo envolvido na atuagdo dos compostos fenolicos na satide humana envolve a sua
interacdo com a microbiota intestinal, onde essas moléculas sdo capazes de modular a
microbiota, favorecendo a colonizagdo do intestino por microrganismos benéficos e impedindo
a colonizagdo por bactérias patogénicas. Desta forma, hd uma avango na compreensdo do papel
dessas moléculas no organismo humano, porém, ha um longo caminho que deve ser percorrido
para entendermos os mecanismos de a¢do dessas moléculas no organismo humano (Arranz &

Calixto, 2010; Cardona et al., 2013; Dominguez-Rodriguez et al., 2022).

Tal avanco depende fundamentalmente de aprofundarmos o conhecimento sobre a
identidade dos compostos fenolicos presentes nos alimentos bem como dos metabodlicos
gerados a partir da digestdo gastrintestinal e pela metabolizacdo da microbiota intestinal. Essa
tarefa tem sido conduzida majoritariamente pela técnica de espectrometria de massas de alta
resolucao (MS), a qual estd frequentemente acoplada a cromatografia liquida (LC). A execugao
dessa técnica ¢ relativamente simples, sendo o grande desafio a interpretacdo dos dados
gerados, o que esta relacionado tanto a complexidade intrinseca dos compostos fendlicos e seus

metabolitos derivados quanto aos dados gerados na aplicagdo das técnicas citadas.

Tradicionalmente na area de Ciéncia e Tecnologia de Alimentos, a andlise dos dados
gerados pela aplicacdo da espectrometria de massas no estudo de compostos fendlicos tem sido
conduzida de forma manual, onde os pesquisadores comparam os dados de MS e MS? obtidos
experimentalmente com dados provenientes de padroes, dados da literatura e bibliotecas. Ha
um niimero muito limitado de padrdes disponiveis comercialmente, e parte desses ¢ muito caro,

sendo inviavel a sua compra pela maioria dos grupos de pesquisa.
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Assim, a interpretagao depende muito da comparagao com aqueles compostos fendlicos
ja identificados previamente na literatura e da interpretagdo quimica dos dados de massas pelos
pesquisadores. Essa abordagem ¢ cansativa e ineficiente, visto que ¢ contraproducente e
imprecisa a comparagdo de dados experimentais de massas com dados tabelados em
publicagdes cientificas. De outro lado, a interpretagdo quimica das informacdes de MS e MS?
depende de conhecimentos que grande parte dos pesquisadores ndo possui, visto que a area que
estuda compostos fenolicos ¢ multidisciplinar, com pesquisadores de diferentes areas, como

engenharia, tecnologia de alimentos e até nutrigao.

De acordo com a Metabolomics Standards Initiative (MSI), uma molécula ¢ considerada
“identificada” quando seus dados experimentais sao comparados a um padrao analitico por pelo
menos dois tipos de dados ortogonais (por exemplo, tempo de retencdo e padrdo de
fragmentacdo), enquanto um composto seria considerado “anotado” se a identifica¢do ndo fosse
alcangada (Sumner et al., 2007). Neste contexto, a etapa de anotacdo (ou identificacdo) ¢
claramente a principal dificuldade na analise de dados de compostos fenolicos analisados por
LC-MS e uma grande barreira no avanco da compreensdo do papel dessas moléculas no
organismo humano. Desta forma, propomos neste trabalho a integragcao da andlise manual com
ferramentas largamente utilizadas na metabolomica ndo-direcionada, o MS-Finder, o Sirius € o

GNPS.

A primeira etapa de desenvolvimento do presente trabalho (Artigo 1) utilizou
ferramentas de fragmentagdo in silico para anotagao de compostos fenolicos analisados por
cromatografia liquida acoplada a espectrometria de massas (LC-MS) em oito amostras de
alimentos (café, cha verde, suco de cranberry, suco de uva, suco de laranja, suco de maga,
extrato de soja e extrato de salsinha). Dois softwares gratuitos disponiveis na internet, o MS-
Finder e o Sirius foram utilizados por serem os mais completos em termos de elucidagao
estrutural. Ambos os softwares ja foram explorados para a anotacdo de metabolitos de plantas,
fungos, esponjas marinhas, algas e microalgas e apresentaram 6timos resultados no concurso
Critical Assessment of Small Molecule Identification (CASMI) (Diihrkop et al., 2013; Vaniya
etal., 2017). Nesse trabalho utilizou-se o termo “identificacao” o que era usual para estudos na
area de ciéncia dos alimentos. A partir disso, foram utilizados os termos “identificagao” e

“anotagdo”.
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Na segunda etapa do trabalho (Artigo 2), foi utilizado a Rede Social Molecular Global
de Produtos Naturais (GNPS; http://gnps.ucsd.edu), uma base de conhecimento de acesso
aberto para a comunidade mundial para analise de moléculas. Os objetos de estudo foram as
fragdes de compostos fendlicos extraiveis (CFE) e nao extraiveis (CFNE) de duas variedades
das 5 frutas comumente consumidas no Brasil (banana, maga, laranja, mamao ¢ manga). As

relagdes e similaridades entre as frutas, variedades e processos de extracao foram exploradas.
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2 OBJETIVOS

O objetivo deste estudo foi a aplicagdo das ferramentas de bioinformatica MS-Finder,
Sirius e GNPS para melhorar a performance da analise dos compostos fendlicos presentes nos

alimentos ¢ nas fracoes de CFE e CFNE das frutas comumente consumidas no Brasil.

As seguintes etapas foram realizadas para atingir o objetivo proposto:

1. Otimizag¢ao das condigdes do espectrometro de massas (MS) para a elucidacao estrutural de
compostos fenolicos através dos softwares MS-Finder e Sirius.

2. Avaliagdo da capacidade de anotagdo de compostos fenolicos pelos softwares MS-Finder e
Sirius com padrdes analiticos e amostras de alimentos.

3. Extragdo de compostos extraiveis e ndo-extraiveis de frutas comumente consumidas no
Brasil através de duas hidrolises (acida e alcalina).

4. Compartilhamento de dados de espectrometria de massas em tandem (MS/MS) brutos.

5. Aplicacdo do GNPS para formagao de redes moleculares para exploragao das similaridades
entre frutas, variedades e tratamentos.

6. Aplicacdo do GNPS com os softwares MS-Finder e Sirius para uma melhor performance

da analise dos compostos fendlicos presentes nas frutas comumente consumidas no Brasil.
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3 REVISAO BIBLIOGRAFICA

3.1. Compostos fenolicos

Os compostos fendlicos sao metabolitos secundarios das plantas sintetizados durante o
seu desenvolvimento normal. A sua produgdo pode ser influenciada por situagdes de estresse,
tais como injurias, exposi¢do a radiagdo ultravioleta (UV), entre outros fatores (Haminiuk et
al., 2012). Aproximadamente 10.000 compostos fendlicos foram relatados na literatura, sendo
que desse total, 500 estdo presentes em plantas que sdo utilizadas na alimentacdo humana

(Ashraf et al., 2018; Tahara, 2007).

3.1.1. Estrutura quimica

Os compostos fenolicos sdao caracterizados por terem pelo menos um anel aromatico
com um ou mais grupos hidroxila ligados. Eles variam de um unico anel aromatico, simples e
de baixa massa molecular até¢ grandes complexos de compostos fendlicos de elevada massa
molecular. Uma fracdo significativa dos compostos fenolicos ¢ encontrada glicosilada ou

esterificada na matriz vegetal (Haminiuk et al., 2012).

Os compostos fenolicos constituem um grupo grande e diversificado de compostos que
podem ser classificados de acordo com o nimero de carbonos na molécula (Tabela 1) e,
posteriormente, pelo arranjo desses carbonos na sua estrutura. Usualmente, os compostos
fenolicos tem sido divididos em dois grandes grupos: os flavonoides e os ndo flavonoides

(Vermerris & Nicholson, 2006; Crozier et al., 2009).
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Tabela 1. Estrutura basica dos compostos fenoélicos classificados com base no niimero de

carbonos na molécula.

Féormula basica

Classificacao

Estrutura basica

Ces-Ci

Ces-C2

Ce6-C2

Ce-C3

Ce6-C3

Cs-C3

Ce-C3

Ce6-C3

Cs-C3-Cs

Acidos fendlicos

Acetofenonas

Acido fenilacético

Acidos hidroxicindmicos

Cumarinas

Naftoquinonas

Xantonas

Estilbenos

Flavonoides

COOCH

>

0

e

CHj

COOH

e

_/—COOH

o

8.8%

£

&
/
W,

@]

Fonte: propria autora.
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Os 4acidos fendlicos compdem o grupo mais estudado dentre os nao-flavonoides,
especialmente em frutas. Eles sdo caracterizados por possuirem um substituinte carboxilico na
sua estrutura fenolica, podendo ter também uma ou mais hidroxilas, além de um ou mais grupos
metoxila. Essa classe de compostos apresenta um esqueleto carbonico muito similar, porém, as

posigdes das hidroxilas e das metoxilas no anel aromatico variam bastante (Robbins, 2003).

Grande parte dos acidos fenolicos ndo ¢ encontrada no estado livre na natureza, mas sob
forma de ésteres. Os taninos hidrolisaveis sdo constituidos de ésteres de acidos galicos e acidos
elagicos glicosilados, formados a partir do chiquimato, onde os grupos hidroxila do aguicar sao
esterificados com os acidos fendlicos. Taninos eldgicos sdo muito mais frequentes que os
galicos, embora ambos tenham como ponto de partida o composto pentagaloilglicose. A
variacdo estrutural entre esses compostos ¢ causada por acoplamento oxidativo de acidos

gélicos vizinhos ou por oxidag@o de anéis aromaticos (Mueller-Harvey, 2001).

Os flavonoides sdo caracterizados por possuirem 15 carbonos (C6-C3-C6) em sua
estrutura e dois anéis aromaticos (A e B) conectados por um heterociclico de trés atomos de
carbono, anel C, (Figura 1). Os substituintes no anel C criam as variagdes de compostos dando
origem a diversas classes (Moussa-Ayoub, El-Samahy, Kroh, & Rohn, 2011; Padilha et al.,
2017).

Figura 1. Estrutura quimica basica dos flavonoides.

Fonte: propria autora.

Hidroxilas e metoxilas também estdo presentes em diferentes posi¢des nos anéis A e B,
0 que propicia uma grande variedade de moléculas em cada uma dessas classes dos flavonoides
(Tabela 2). O anel B ¢ tipicamente hidroxilado podendo, também, ter éteres metilicos como
substituintes. Além disso, os flavonoides podem estar ligados a agucares, como ramnose,

rutinose e glicose (Vermerris & Nicholson, 2006).



Tabela 2. Estrutura quimica das diferentes classes dos flavonoides.
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Flavonoide Substituicio Exemplos
Flavonois
3,5,7,3°,4 — OH Quercetina
5,7,3’,4° — OH; 3 — rutinose Rutina
Flavanois 3,5,7,3°,4’ — OH Catequina
3,5,7,3°,4° - OH Epicatequina

I OH

Flavonas

Flavanonas

5,7,3°,4 — OH; 3 — O-glicosideo

5,7,4 —OH

5,4 — OH; 7- rhamnoglicose

3,5,7,3’,4 — OH

Catequina 3-O-
glicosideo

Apigenina

Naringina

Taxifolina
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Isoflavonas
)
5,7,4 — OH Genisteina
@)
Antocianidinas
+
0
N
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Fonte: propria autora.

Os flavonoéis sdao abundantes em pequenos frutos do tipo berry (edelberry, cranberry,
blueberry ou mirtilo) e muito caracteristicos de ervas e temperos (Rothwell et al., 2013). O anel
C dos flavondis contém um grupo carbonila no C4, uma insaturag¢do entre C2-C3 e um grupo
hidroxila ligado no C3. A quercetina, rutina, kaempferol e miricetina sdo os flavono6is mais
amplamente distribuidas na natureza. As flavonas apresentam estrutura semelhante aos
flavonois, porém, sem a oxigenacao no C-3. Aipo, salsa e ervas sao boas fontes de flavonas,

como a apigenina e luteolina (Moussa-Ayoub et al., 2011).

As antocianinas sdo flavonoides e constituem o maior e, provavelmente, o mais
importante grupo de pigmentos vegetais soliiveis em agua, sendo que sua cor ¢ determinada
pelo pH da seiva. O azul e o vermelho de determinadas flores e frutos podem ser devidos ao
mesmo glicosideo, em pH diferente. As antocianinas, derivadas das antocianidinas, t€ém um
cation flavilium como estrutura central, com diferentes agucares ligados na posi¢cao C3. Romas,

ameixas, uvas tintas e, consequentemente, o vinho tinto sdo fontes de antocianidinas (Sharma

etal., 2016).
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Os flavandis formam a subclasse de flavonoides mais complexa abrangendo desde
simples mondmeros (catequina, epicatequina, epigalocatequina) até estruturas complexas
incluindo os oligdmeros e polimeros denominados proantocianidinas. Esses compostos sao

encontrados em chas, cacau, uvas e vinho tinto (Diaz-de-Cerio et al., 2017).

As proantocianidinas s3o produtos oligoméricos e poliméricos de catequina e
epicatequina resultantes da biossintese de flavonoides. Proantocianidinas do tipo A possuem
uma ligacdo éter interflavanois adicional entre C2, O e C7 se comparadas com
proantocianidinas do tipo B (Figura 2) (Colletti et al., 2021; Rauf et al., 2019). A massa

molecular das proantocianidinas varia de 500 a 3000 Da.

Todas as proantocianidinas acima de 3.000 Da sdo considerados polimeros cujas massas
moleculares podem atingir até 20.000 Da. A medida que a massa molecular das
proantocianidinas aumenta, tornam-se cada vez mais polares devido a presenca de grupos
hidroxila adicionais e, portanto, com mais potencial para formar ligacdes de hidrogénio. As
proantocianidinas poliméricas sdo frequentemente chamadas também de taninos condensados
tendem a formar agregados complexos. Elas possuem dificuldades significativas de
solubilizacao em solventes organicos polares usados e sdo conhecidos por precipitar proteinas.

Esses taninos tém massas moleculares na faixa de 1.000 a 5.000 Da (Bedran-Russo et al., 2014).

Figura 2. Proantocianidina tipo A (esquerda) e tipo B (direita).

Fonte: Colletti et al. (2021)
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As flavanonas sdo caracterizadas pela auséncia de ligagao dupla no anel C e apresentam
um centro quiral no C-2. As principais flavanonas encontrados em plantas sdo a naringina e
hesperedina, comumente encontradas em frutas citricas. As isoflavonas possuem o anel B
ligado ao C3 ao invés C2. As isoflavonas sdo encontradas quase exclusivamente em
leguminosas, sendo a soja amplamente estudada e conhecida como fonte de isoflavonas. A
daidzeina e a genisteina sao as principais representantes dessa classe (Rodriguez-Mateos et al.,

2014).

3.1.2. Compostos fenolicos extraiveis (CFE) e ndo extraiveis (CFNE)

Grande parte dos estudos sobre os compostos fenodlicos se concentra nos compostos
extraidos de alimentos vegetais com solventes organicos ou mistura de dgua e solventes
organicos. No entanto, uma parte consideravel dos compostos fendlicos ndo ¢ extraida pela
aplicacdo de extracdo direta com solventes organicos e, portanto, ¢ ignorada. Estudos recentes
demonstraram que estes compostos fendlicos ndo extraiveis sdo uma parte importante da dieta
total e que exibem uma atividade biologica significativa (Tabela 3) (Durazzo, 2018; Pérez-

Ramirez et al., 2018).

Tabela 3. Teor de CFNE em frutas.

Matriz % de CFNE Referéncia
Maga 86% Arranz et al. (2010)
Péssego T7% Arranz et al. (2010)
Nectarina 80% Arranz et al. (2010)
Tangerina 40% Esparza-Martinez et al. ( 2016)
Uva 25% Pérez-Ramirez et al. (2018)
Araga vermelho 38% Mallmann et al. (2020)

Araga amarelo 33% Mallmann et al. (2020)
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Os compostos fendlicos extraiveis (CFE) sdo aqueles que, por definicao, sdo extraidos
da matriz pela aplicagdo direta de solventes organicos ou misturas desses com agua. Na sua
maioria, sdo moléculas de baixa massa molecular agrupados em diversas classes e subclasses
(descritas previamente no item 3.1.1). Por outro lado, os compostos fendlicos ndo extraiveis
(CFNE) permanecem nos residuos das extragdes e somente sao liberados por hidrolise quimica
ou enzimatica. Os CFNE obtidos em diversos estudos sdo na sua maioria acidos fenolicos,
ésteres de acidos fendlicos e taninos condensados (proantocianidinas) que encontram-se ligados
por ligacdes fracas ou simplesmente imobilizados fisicamente pelas fibras da matriz (Durazzo,

2018; Mallmann et al., 2020; Pérez-Ramirez et al., 2018).

A extragdo de compostos fenolicos ¢ afetada por fatores como o solvente utilizado,
tempo e temperatura assim como pela matriz da qual se deseja extrai-los. Devido a sua natureza
complexa, a extragdo dos CFNE deve seguir duas etapas. Primeiramente, a matriz ¢ submetida
a uma extragdo exaustiva com solvente (agua e solventes organicos) para a retirada total dos
compostos fendlicos extraiveis e de outros compostos organicos soluveis. O residuo da amostra
deve passar, entdo, por hidrélise quimica ou enzimatica para liberagdo dos CFNE (Pérez-

Jiménez et al., 2013).

A hidrélise quimica, por sua vez, pode ser acida ou alcalina. Para a hidrolise acida sao
utilizados 4cidos inorganicos como o 4cido cloridrico e o acido sulfurico. Neste tratamento
acido, ocorre a hidrolise das ligagdes glicosidicas da celulose e hemicelulose. Neste método, o
bindmio tempo e temperatura € essencial, j& que estudos reportaram perdas de flavondis em
tratamentos a 90 °C por uma hora. Metanol acidificado com HCI tem demonstrado bons
resultados na extracdo dos compostos fendlicos ligados, sendo um método acessivel e rapido

(Arranz & Calixto, 2010; Moussa-Ayoub et al., 2011).

Na hidrolise alcalina acontece a quebra da ligacao éster do composto fendlico ao tecido
vegetal causando a liberagao do composto fendlico da cadeia de polissacarideo. As bases mais
utilizadas para o tratamento alcalino sdo: hidréxido de sodio, hidroxido de amonio e hidroxido
de calcio. NaOH em concentragdes de 2 a 4 mol L tem sido o método mais utilizado.
Infelizmente, o uso da hidrélise alcalina pode causar degradacao de alguns compostos fendlicos.

Alguns estudos relataram perdas de até 67 % de 4cido cafeico em sementes oleaginosas que
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sofreram tratamento alcalino (Dominguez-Rodriguez et al., 2022; Krygier et al., 1982; Verma

et al., 2009).

Ja a hidrolise enzimatica ¢ realizada através da aplicacdo de uma mistura de enzimas,
tais como celulases, hemicelulases, pectinases, amilases e glucanases. A hidrolise por reagao
enzimatica tem seu efeito dependente da ligacdo do composto & matriz e da enzima aplicada,
além disso, ¢ influenciada pelo tamanho de particula da amostra e pelo solvente utilizado apos
a hidrolise. Como desvantagem, esse método tem custo elevado (Meyer et al., 1998; Moussa-

Ayoub et al., 2011).

3.1.1. Composicao fendlica das frutas

As frutas sdo as principais fontes de compostos fenolicos da dieta humana. As cinco
frutas consumidas com mais frequéncia no Brasil sdo, nomeadamente, banana, maga, laranja,
mamao e manga. Diferentes tipos de frutas contém diferentes perfis de compostos fendlicos e
a combinacgdo desses compostos no organismo podem gerar uma sinergia na diminui¢ao do
risco de densenvolvimento de algumas doencas e na manuten¢do da satde (Rodriguez-Mateos

etal., 2014).

Frutas de variedades distintas podem ter formagdo de diferentes compostos. O grau de
maturagdo também influencia diretamente o perfil de compostos fenolicos. Frutas mais verdes
tendem a ter maior quantidade de fenolicos totais quando comparadas com frutas mais maduras.
O solo, condicao climatica e genética da planta sdo fatores que também influenciam a

composi¢ao fenolica das frutas (Fatemeh et al., 2012).

Banco de dados abertos, como o Phenol-Explorer (http://phenol-explorer.eu/)

apresentam de forma resumida a composicao fenolica de alimentos e agrupam resultados de
diferentes pesquisas. Porém, os resultados apresentados pelo Phenol-Explorer mostram uma
infima parte de compostos fenolicos encontrados em artigos cientificos, especialmente quando

se trata de frutas tropicais.

A banana (Musa acuminata L.) ¢ a fruta mais comumente consumida no Brasil
(IBGE, 2020) e ¢ conhecida por sua riqueza em 4acido galico, catequina, epicatequina,

proantocianidinas até tetrameros (Gu et al., 2004; Pascual-Teresa et al., 2000; Sidhu & Zafar,
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2018). Um estudo com variedades australianas de banana identificou também acidos
hidroxicinamicos, hidroxibenzoicos e hidroxifenilacéticos, além de antocianinas, flavonais,
flavandis, flavonas, flavanonas e hidroxicomarinas (Bashmil et al., 2021). O grau de maturagao
das bananas foi estudado e verificou-se que bananas mais verdes apresentam maior quantidade
de fendlicos totais quando comparadas com bananas mais maduras (Fatemeh et al., 2012).
Hellstrom et al. (2009) estudou a fragdo de CFNE de bananas e encontrou uma propor¢ao

significativa de proantocianidinas na fruta com grau médio de polimerizagao de 102.

A maga (Malus domestica Borkh), segunda fruta mais consumida no Brasil, ja foi muito
estudada quanto ao seu perfil fendlico uma vez que representa uma cultura largamente
explorada nos hemisférios norte e sul. Banco de dados e estudos de revisao dividem os dados
por variedades ou por produtos (cidra, suco, puré, etc.) devido a quantidade de dados
disponiveis sobre a fruta. Mac¢as sdo ricas em flavonois, como a quercetina, mas também sao
uma boa fonte de proantocianidinas (Gu et al., 2004; Hellstrom et al., 2009; Pascual-Teresa et
al., 2000; Tsao et al., 2003). Acidos fendlicos como derivados de acido cafeico, cumarico e

feralico fazem parte dos compostos majoritarios dessas frutas (Schieber et al., 2001).

Magas da variedade ‘Golden Delicious’ com casca tiveram sua fracdo de CFNE
estudada (Arranz et al., 2010). A fragdo obtida de CFE (20 mg 100 g peso fresco) foi
caracterizada por acido galico, clorogénico, procianidinas e derivados de epicatequina, floretina
e quercetina. Enquanto a fracio de CFNE (126 mg 100 g! peso fresco) teve seus compostos
identificados como acido gélico, hidroxibenzoico, protatecuico, elagico, vanilico, ferulico,
cinamico, cafeico e sindpico, além de epicatequina, galocatequina e proantocianidinas. A fragao

de CFNE representou 86% dos compostos fenolicos totais da fruta.

As laranjas (Citrus sinensis L.) possuem na sua composi¢do fendlica a presenca de
flavanonas como hesperidina e naringenina, mas também sdo fontes de acido clorogénico e
cumarico, luteolina, miricetina e quercetina (Freeman et al., 2010). O suco de laranja também
tem sido explorado ja que ¢ mundialmente consumido e bastante apreciado; ele apresenta
principalmente flavonas e flavanonas ligadas a diferentes substituintes (Mallmann et al., 2023).

Um estudo com laranja da variedade ‘Navelina’ investigou os efeitos da matura¢do nas
alteragdes dinamicas no contetido de CFE e CFNE. Os compostos fendlicos totais diminuiram

gradualmente com o amadurecimento das frutas, com excec¢do acido sinapico na fragcdo de CFE
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e dos acidos fertlico e cafeico na fragao de CFNE. O acido fertlico foi o mais dominante de
todos os acidos fenolicos em todos os estagios de crescimento (Hou et al., 2021).

O mamao (Carica papaya L.) possui um nimero reduzido de estudos comparado com
as frutas anteriores, visto que € cultivado apenas em regides tropicais e subtropicais. A base de
dados “Phenol-Explorer” apresenta somente um composto fenolico para essa fruta: a lignina
Matairesinol. Poucos compostos fendlicos foram relatados para a polpa do mamdo. Acido
cafeico, galico, p-cumadrico e siringico foram encontrados no mamao inteiro (polpa, casca e
semente) (Jadaun et al., 2023). Sete compostos fenolicos foram identificados em residuo de
mamao (casca e semente), nomeadamente acidos galico, ferulico, clorogénico, cafeico e
cumarico, além de rutina e quercetina (Fuentes et al., 2023).

A manga (Mangifera indica L.) foi mais estudada em relagdo a sua composicao fenolica
do que o mamado. Catequina foi o flavonoide encontrado na manga e o Unico composto
registrado no “Phenol-Explorer” para essa fruta (Arts et al.,, 2000). Polimeros de
proantocianidinas foram relatados também para a manga com grau de polimeragdo de até 6
(Guet al., 2004). Apesar de ndo se ter o estudo da fragdo de CFNE da manga, um estudo
encontrou 15 4cidos cindmicos, 14 acidos fenilpropanoicos, 12 acidos fenilaceticos, 28 acidos
benzoicos, 2 4cidos mandélicos e 15 hidroxibenzenos na urina e plasma de individuos entre 0

e 24 horas apo6s a ingestao de polpa de manga (Caceres-Jiménez et al., 2023).

3.2. Analise de compostos fendlicos por LC-MS

3.2.1. Cromatografia Liquida (LC)

A cromatografia liquida de alta eficiéncia (HPLC) ¢ o método dominante para a analise
de compostos fenolicos. Nesta técnica acontece a separagdo dos componentes de uma amostra,
os quais se distribuem em duas fases, uma estacionaria (coluna) e a outra moével (solventes).
Colunas cromatograficas de fase reversa, essencialmente octadecilsilano (C18), sdo as mais
utilizadas mesmo que sua habilidade seja limitada quando se trata de polifendis de alta massa
molecular. A separagao dos analitos ocorre utilizando-se gradiente de elui¢ao de agua ultrapura
e acetonitrila, ambos acidificados com 4cido um acido organico fraco, como o férmico (Pereira

etal., 2010; Liu et al., 2017).
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Os compostos fendlicos possuem maultiplas ligagdes duplas conjugadas e, assim,
possuem absor¢do no espectro UV-vis. Para uma ampla andlise dos compostos fendlicos de
diversas classes, o detector de arranjo de diodos (DAD) permite uma varredura completa da
absor¢ao dos compostos na regido do UV-vis (Motilva et al., 2013). Compostos fenolicos tem

absor¢ao maxima por volta de 280, 320, 360 ¢ 520 nm (Rohr et al., 2000).

Apesar dessas diferencas, diversos compostos de mesmo maximo de absor¢ao coeluem
(possuem o mesmo tempo de retengao), fazendo com que a identificacao desses compostos seja
dificultada. A complexidade de composi¢do de uma matriz vegetal impossibilita a identificagao
dos compostos similares somente pelo detector DAD (Mezni et al., 2018). Além disso, a
identificacdo de compostos fendlicos devidamente separados necessita do uso de padrdes
analiticos comerciais para fins de comparagdo e confirmagdo. Isso onera muito o custo da
analise uma vez que uma amostra pode conter centenas de compostos fendlicos e ndo seria
viavel a aquisi¢do de padrdes analiticos para cada composto encontrado. O método HPLC-DAD
ainda que sensivel, apresenta muitas dificuldades na identificacdo de compostos fenolicos

quando nao ha a comparacao com padrdes analiticos (Mesquita & Monteiro, 2018).

3.2.2. Espectrometria de massas (MS)

A utilizagdo da espectrometria de massas permite a obtencao de informagdes de grande
relevancia para a determinagdo dos compostos fenolicos. A técnica permite a anotagdo e
identificagdo dos compostos, pois fornece informagdo estrutural dos analitos, mesmo sem a

comparagdo com padrdes analiticos (Kruve et al., 2015).

A introdu¢do da amostra no equipamento pode se dar de forma direta ou conectada em
série apds a saida do equipamento HPLC-DAD, formando o sistema conhecido como
HPLC-DAD-MS. O espectrometro de massas mede a concentragdo de moléculas ionizadas
geradas na amostra. Dentre os métodos de ionizagdo, as fontes ESI sdo muito versateis e por

isso as mais aplicadas para os compostos fenolicos.

Inicialmente, o analito ¢ introduzido na fonte ESI para dessolvatacao e geracao de carga.
Nesta etapa, moléculas desprotonadas sdo produzidas por reagdes acido-base de Bronsted-

Lowry (protonacao/desprotonagdo). A maioria dos compostos fendlicos tendem a desprotonar
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com mais facilidade, deste modo, as analises de compostos fenolicos sao geralmente operadas
no modo negativo. Esses “ions de elétrons pares” ([M-H]) normalmente exibem baixo
conteudo de energia interna e, consequentemente, pouca ou nenhuma fragmentagao. Esses ions
passam pelo analisador de massas e temos o espectro MS no formato razao massa-carga (m/z)
que ¢ igual a massa molecular do composto dividido pelo nimero de cargas na estrutura

(La Barbera et al., 2017).

A célula de colisao promove a fragmentacdo da molécula para obtengao dos espectros
resultantes: MS? (ou MS/MS) e os ions fragmentados gerados sdo detectados no detector de
massas. Esses fragmentos podem ser usados para fins de elucidacdo estrutural. Normalmente,
as reagOes de fragmentagdo ocorrem através de mecanismos combinados € podem ocorrer
mesmo em baixas energias de colisdo, dependendo da estrutura quimica, método de ionizagao,

alvo de colisdo em massa e outros parametros do equipamento (Cheng & Gross, 2000).

A fragmentacdo por rearranjo de hidrogénio sdo aquelas envolvidas em reagdes de
desidratacdo em compostos contendo um grupo hidroxila em suas estruturas, como acidos
fenolicos. A eliminagdo do agucar de compostos fendlicos glicosilados também ocorre através
do rearranjo de hidrogénio (Figura 3). Embora estas reagdes sejam uma das fragmentacdes
mais prevalentes em produtos naturais, as intensidades relativas dos ions do produto no espectro
MS/MS nem sempre sdo altas. O fator de entropia coloca restrigdes estéricas na formagao do
produto. No entanto, essas reacdes podem ser favorecidas energeticamente quando a ligacdo «

formada ¢ adjacente ao local de carga (Demarque et al., 2016).
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Figura 3. Mecanismo da fragmentacao por rearranjo de hidrogénio remoto.
Fonte: adaptado de Demarque et al., 2016.

As reagoes Retro-Diels-Alder (RDA) desempenham um papel fundamental na anotagao
de flavonoides e seus derivados. A analise dos fragmentos resultantes permite a determinacao
dos grupos ligados ao nucleo estrutural dos flavonoides e a variag@o estrutural nesta classe de
compostos (Delcambre & Saucier, 2012). Reagdes RDA sdo a reacdo de fragmentacao mais
importante para flavonas, dihidroflavonas, flavondis e isoflavonas. A fragmentacao no anel C
pode ocorrer em todas as subclasses de flavonoides, € 0 mecanismo RDA pode seguir as vias
a, b e/ou c (Figura 4), de acordo com a subclasse estrutural. A liga¢do dupla presente no O do
anel C de flavonas, flavonois, chalconas e isoflavonas leva a um mecanismo RDA adicional em

comparacao com dihidroflavonas e dihidroflavonois (de Rijke et al., 2006).
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Figura 4. Mecanismo da fragmentacio por rea¢iao Retro-Diels—Alder (RDA).
Fonte: adaptado de Demarque et al., 2016.

Nas proantocianidinas, o grupo ligado ao anel A ¢ geralmente outra unidade catequina,
que desempenha um papel importante na elucidagdo dos dimeros de proantocianidinas
(Figura 5a) (Jaiswal et al., 2012). A unidade actcar dos compostos fenolicos glicosilados
também pode fragmentar por RDA. Normalmente, uma perda de H>O precede a fragmentagao
RDA pelo rearranjo remoto do hidrogénio, formando uma por¢do insaturada na unidade de
aglicar, que permite o processo RDA (Figura 5b). E importante observar a preferéncia de
formacdo de insaturagdo entre os carbonos 4' ¢ 5' para formar um alceno mais substituido.

Ocasionalmente, o fragmento desidratado ndo ¢ detectado (Hui et al., 2007).
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Figura 5. Mecanismo da fragmentacido por reacio Retro-Diels—Alder (RDA) em
(a) procianidinas e (b) unidades de hexoses.
Fonte: adaptado de Demarque et al., 2016.

Um dos processos de fragmentacdo mais comuns em compostos fenolicos glicosilados
¢ a eliminacdo da por¢do de acucar. Quando a unidade aglicona possui uma carbonila proxima
ao agucar, espera-se que um rearranjo do tipo McLafferty esteja envolvido nesta eliminagao

(Figura 6).
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Figura 6. Mecanismo da fragmentacio por rearranjo do tipo McLafferty.
Fonte: adaptado de Demarque et al., 2016.
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A identificacao de compostos fenolicos se da pela combinagdo das informagdes obtidas
da espectrometria de massas, como informagdes espectrais de MS, distribuigdo isotopica e MS?,
aliadas a informagdes ortogonais provenientes da técnica de cromatografia liquida (tempo de
retencdo, ordem de eluigdo e absorbancia no espectro UV-Vis). O uso combinado dessas

informacdes gera uma melhor capacidade de identificacao.

3.3.  Ferramentas de bioinformatica

A identificag@o de moléculas permanece uma questdo central na quimica analitica, em
particular para pesquisa de produtos naturais, andlises de metaboldmica nao-direcionada,
pesquisa ambiental e descoberta de biomarcadores. Devido a sua alta sensibilidade, a
espectrometria de massas ¢ adequada para a caracterizagao de biomoléculas. A interpretacdo
automatizada de dados de espectrometria de massas ¢ muitas vezes limitada a pesquisa em
bibliotecas espectrais, de modo que o usuario pode identificar apenas compostos para os quais

um padrao analitico foi analisado e seu espectro armazenado.

A interpretacdo manual ¢ trabalhosa, pois a atual tecnologia de espectrometria de massas
pode produzir centenas de milhares de espectros de fragmentagio (MS?) por dia em um tinico
instrumento. Os softwares MS-Finder e Sirius utilizam ferramentas de fragmentagao in silico
(via simulacdo computacional) e sdo capazes de auxiliar na anotacdo e identificacdo dos

compostos fendlicos a partir de dados de LC-MS.

3.3.1. MS-Finder

O software MS-Finder esta disponivel gratuitamente na pagina do Instituto Riken

(http://prime.psc.riken.jp/compms/msfinder/main.html). O MS-Finder utiliza um algoritmo que

prevé a formula do metabolito a partir de espectros experimentais de MS e MS? enquanto aplica
uma série de regras heuristicas € um banco de dados interno. As formulas moleculares de ions
precursores sdo determinadas a partir de informacdes precisas de massa, razdo isotopica e
padrdo de fragmentagdo. Todas as estruturas de isdmeros da férmula prevista sdo recuperadas
de bancos de dados proprio e as fragmentagdes de MS? sido previstas por simulagio

computacional. As estruturas sdo classificadas por uma pontuacdo de ponderacdo combinada
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considerando energias de dissociagdo de ligagdes, acuracia de massa, fragmentos € nove regras

de rearranjo de hidrogénios (Vaniya et al., 2017).

O programa foi validado por sua capacidade de calcular corretamente formulas
moleculares com 98,0% de precisdo para 5.063 registros do banco de dados MS? e produzir o
isomero estrutural correto com 82,1% de precisdo. Em um teste com 936 espectros identificados
manualmente de um conjunto de dados QTOF-MS de plasma humano, as formulas foram
previstas corretamente em 90,4% dos casos, € a estrutura isomérica correta foi identificada com
80,4% de probabilidade, inclusive para compostos que estavam ausentes em bibliotecas de
espectros de massas (Tsugawa et al., 2016). Além disso, no concurso CASMI 2016, O MS-
Finder (versdo 1.62) foi capaz de identificar corretamente 89% das formulas moleculares
usando um banco de dados interno composto por 13 repositorios metabolomicos com 45.181
formulas. As amostras testadas foram produtos naturais originarios de plantas, fungos, esponjas

marinhas, algas ou microalgas (Vaniya et al., 2017).

O programa possui uma interface grafica amigével onde o usudrio entra com dados em
forma de texto para MS e MS? (Figura 7). A partir do ion precursor m/z, modo de ionizagio e
tipo de aduto, as formulas candidatas sdo geradas computacionalmente e filtradas usando regras
de valéncia e razdes elementares. As configuracdes padrao para tipos de adutos (perda de
hidrogénio) e tolerdncia de massa podem ser ajustadas manualmente por meio da interface. As
formulas candidatas sdo entdo classificadas por erros de massa, razao isotdpica, fragmentos,
perdas neutras e presenca em um base de dados de formulas de compostos que atualmente

contém 90.227 féormulas (Tsugawa et al., 2016).

Para o ranking de anotagdo, as estruturas correspondentes sao recuperadas de um banco
de dados de estrutura que atualmente contém 224.663 estruturas Unicas, representando dados
de 14 bancos de dados de metabolomas disponiveis. Para formulas elementares que ndo sao
encontradas no banco de dados de estrutura do metaboloma, o MS-Finder pesquisa o candidato
no banco de dados de expansdo do metaboloma por simulagdo computacional MINE23
(atualmente com 643307 estruturas unicas) ¢ no banco de dados PubChem. Finalmente, as
estruturas candidatas s3o pontuadas e classificadas pelo resultado da anotagao por simulacao de

MS/MS usando as regras rearranjo de hidrogénio (Figura 8).
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3.3.2. Sirius

O software Sirius 5 (versao atual) ¢ uma ferramenta especializada que aborda duas
questdes fundamentais: a formula molecular do composto e a estrutura molecular que melhor
explica os dados experimentais usando para comparacdo bases de dados de estruturas
moleculares utilizado um buscador da web CSI:FingerID, gerando um percentual de
similaridade (Figura 9). O reconhecimento da féormula molecular usando analise de padrdo
i1sotopico foi implementada pela primeira vez na versao Sirius I, langada em 2009. Em 2011, o
Sirius 2 acrescentou métodos para a anélise de dados MS? usando 4rvores de fragmentacio. A
versdo 3 do Sirius foi langado em 2015 com uma releitura completa do software e melhorou as
taxas de comprovagdo de formulas moleculares corretas dos dados de MS? em 2,5 vezes.

Diferente das versdes anteriores, o Sirius 3 nao tinha uma interface grafica com o usuario.
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No nivel conceitual, o software Sirius integra analise do padrao de distribuigdo isotdpica
em alta resolucdo e arvores de fragmentacdo com elucidacdo estrutural para fornecer uma
avaliacdo combinada e coerente de estruturas moleculares de dados de MS? para grandes
conjuntos de dados. Os usuarios podem analisar conjuntos de dados de cromatografia liquida e
espectrometria de massas (LC-MS), em vez de apenas um espectro de cada vez. Considera-se
que o Sirius ¢ uma ferramenta poderosa na identificagcdo e anotagao de compostos fendlicos em
alimentos.

O Sirius identificou corretamente 61% das amostras teste no concurso CASMI 2016
usando formulas PubChem e as Sete Regras de Ouro identificaram corretamente 83% usando
o Dicionario de Produtos Naturais como banco de dados direcionado. As amostras testadas
foram produtos naturais originarios de plantas, fungos, esponjas marinhas, algas ou microalgas
(Vaniya et al., 2017).

No nivel técnico, o software Sirius e seu servico da Web incluem 213.071 linhas de
codigo Java, das quais cerca de 94% sdo novas em comparagdo com o a versao anterior. O
software fornece uma interface de usudrio grafica intuitiva com seis visualizagdes. A
engenharia extensiva de algoritmos e paralelizacdo através de um sistema de agendamento de
trabalho reduziram os tempos de execu¢do do Sirius em mais de duas ordens de grandeza e,
assim, reduziram o tempo necessario para analisar uma execucao total de LC-MS de horas para
minutos. Além disso, ele integra um modelo para a pontuacdo de padrdes isotopicos que
combina ruido absoluto e relativo para intensidades de pico e supera todas as pontuagdes

anteriores (Diihrkop et al., 2019).

3.3.3. GNPS

A Rede Social Molecular Global de Produtos Naturais (GNPS; http://gnps.ucsd.edu), €
uma plataforma de acesso aberto que permite o compartilhamento e organiza¢ao de dados de
espectrometria de massas, tanto dados brutos, processados e anotados. O GNPS auxilia na
anotacdo de moléculas a partir de dados de MS? pois tem a capacidade de analisar um conjunto

de dados e compara-lo a todos os dados publicamente disponiveis.

As bibliotecas espectrais GNPS permitem a anotagdo de espectros em redes moleculares

pelas correspondéncias aproximadas aos espectros de moléculas relacionadas e as espelha para
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comparacdo (Figura 11). O GNPS coleta bibliotecas espectrais MS? disponiveis relevantes para
produtos naturais (metabolitos e moléculas), incluindo MassBank, ReSpect e NIST. Ao todo,
essas bibliotecas de terceiros totalizam 212.230 espectros MS? representando 12.694 compostos
unicos. Embora esta colecao combinada de espectros de referéncia fornega um ponto de partida
para a replicagdo, apenas 1,0 % de todos os espectros em conjuntos de dados GNPS publicos

identificados (Horai et al., 2010; Sawada et al., 2012).
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Figura 11. Comparacio do espectro de fragmentacio de uma amostra (preto) espelhada
com a biblioteca espectral do GNPS (verde).
Fonte: obtida da plataforma GNPS (http://gnps.ucsd.edu)

Para criar uma biblioteca robusta, ¢ preciso garantir que os envios sejam revisados por
pares e, se necessario, as anotacdes serem corrigidas ou atualizadas conforme apropriado. Os
espectros de referéncia submetidos a biblioteca comunitaria GNPS sdo categorizados pela

confiabilidade estimada das submissdes propostas. Os espectros de referéncia de ouro devem
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ser derivados de compostos sintéticos ou purificados estruturalmente caracterizados e podem
ser submetidos apenas por usuarios aprovados. A aprova¢do ¢ dada aos colaboradores que
passaram por treinamento. O treinamento ¢ iniciado entrando em contato com os autores
correspondentes ou administradores do programa. Os espectros de referéncia de prata precisam
ser apoiados por uma publicacdo associada, e os espectros de referéncia de bronze

compreendem todas as supostas anotagdes restantes (M. Wang et al., 2016).

Com base na infraestrutura computacional do Centro de Espectrometria de Massas
Computacional (CCMS) da Universidade da California em San Diego (UCSD;
http://proteomics. ucsd.edu/), o GNPS fornece deposicdo e/ou recuperagdo de conjuntos de
dados publicos através do Repositorio de dados do Ambiente Virtual Interativo de
Espectrometria de Massas (MassIVE). Isso permite que investigadores de diversas localidades
acessem dados brutos de seus pares que analisaram amostras semelhantes, impulsionando a

velocidade de andlise de dados (M. Wang et al., 2016).

Outra grande ferramenta do GNPS ¢ a criagao de redes moleculares. Redes moleculares
sdo exibicdes visuais do espago quimico presente em experimentos de MS e auxiliam a
descoberta de relacao estrutural entre moléculas presentes nas amostras a partir de dados de
MS?2. Isso possibilita a descoberta de relacdo de composi¢do quimica entre diferentes amostras.
O GNPS pode ser usado para redes moleculares, uma correlagdo espectral e abordagem de
visualizacdo que pode detectar conjuntos de espectros de moléculas relacionadas (as chamadas

redes espectrais), mesmo quando os proprios espectros nao correspondem a nenhum conhecido.

O alinhamento espectral detecta espectros semelhantes de moléculas estruturalmente
relacionadas, assumindo que essas moléculas se fragmentam de maneiras semelhantes refletidas
em seus padrdes MS?. A similaridade entre moléculas é calculada pelo cosseno do angulo entre
elas, isso porque o GNPS expressa os espectros MS? de cada molécula como um vetor.
Moléculas idénticas apresentam angulo de valor zero entre elas, ou seja, cosseno igual a 1. Ou
seja, quanto mais proximo de 1 € o cosseno, maior a semelhanga estrutural entre moléculas. Ao
analisar dados, o valor de cosseno ¢ um dos pardmetros a ser seguido. Na area de metabolomica,
considera-se 0,7 um valor minimo aceitavel para similaridade entre espectros (Nguyen et al.,

2013; Watrous et al., 2012).
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O GNPS ¢ atualmente a unica infraestrutura publica que permite a criacao de redes
moleculares. A visualiza¢do de redes moleculares no GNPS representa cada espectro como um
nodo, e relagdo entre espectros como arestas (conexdes) entre nodos (Figura 12). Os nodos
podem ser complementados com metadados, incluindo correspondéncias de replicacdo ou
informacdes fornecidas pelo usuério, origem do produto, espécie ou tratamento, que podem ser
refletidas no tamanho ou na cor de um nodo. E possivel visualizar o mapa de moléculas
relacionadas como uma rede molecular (Wang et al., 2016; Yang et al., 2013; Bittremieux et

al., 2023).
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Figura 12. Ilustracio de redes moleculares formadas por nodos e arestas.

Fonte: propria autora.
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Abstract

LC-HR-MS/MS is the predominant analytical technique in phenolic compound (PC)
research. However, the manual interpretation of mass spectra is a heavy nontrivial time-
consuming task and depends on mass spectrometry and phenolic compounds fragmentation
deep knowledge. We think this manual approach should be partially translated into a practical
software that allows users to perform such complicated analyses. In silico fragmentation
software have been tested for small molecule identification, MS FINDER and SIRIUS stood
out at identification contests and challenges. We evaluated both software to identify PC from
two data categories: 1st MS/MS spectra from 18 phenolic compound standards (PCS) and 2nd
phenolic compounds (FPC) from 8 samples (coffee, green tea, cranberry juice, grape juice,
orange juice, apple juice, soy extract and parsley extract). MS FINDER and SIRIUS were able
to correctly identify more than 90% of the PCS by LC HR-MS/MS. The main FPC were also
correctly identified by MS-FINDER (70%) and SIRIUS (38%). We highlight that these
software packages were unable to differentiate PC isomers. This task is only possible by using
additional information, such as chromatographic behaviour and manual analysis of the relative
intensity of fragments in the MS/MS spectra. Therefore, the combination of initial screening by
using MS FINDER and SIRIUS with manual analyses of additional information is a powerful

and efficient approach for identifying phenolic compounds.

Keywords: phenolic compounds, high-resolution mass spectrometry, identification,

bioinformatics
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1. Introduction

Phenolic compounds (PC) are the most studied plant secondary metabolites due to either
their abundance and possible positive effects on human health. Currently, over 10,000 phenolic
compounds have been reported in the literature, varying from phenolic acids and flavonoids to

condensed and hydrolysable tannins (Truzzi et al., 2021).

The main technique utilized for their structural elucidation is high-resolution mass
spectrometry, which is usually coupled to LC (HPLC or UPLC). Experimental conduction of
this analysis is relatively easy, however, MS-data analysis is far away from trivial. Thus, no

doubt identification is one of the major hindrances in the PC research field.

There are several major criteria for PC identification, such as elution order in the
chromatographic column, UV-vis absorption characteristics, accurate mass, isotopic pattern
and fragmentation (MS/MS) pattern. Among these criteria, MS/MS pattern is the most
meaningful information to verify molecular substructures and distinguish isomers (Vaniya et
al., 2017). PC identification has been performed by using a comparison with authentic
compounds analysed under the same conditions, data available in the literature and libraries
(Schymanski et al., 2021). However, these data sources are limited, incomplete and, in the case

of standards, are expensive.

In silico fragmentation software tools have been utilized as an alternative strategy for
compound identification of known compounds and are used to identify MS/MS spectra when
the reference MS/MS spectrum is unavailable. Such software tools include MS-FINDER
(Vaniya et al., 2017), SIRIUS (Diihrkop et al., 2019), CFM ID (Djoumbou-Feunang et al.,
2019), MetFrag (Schymanski et al., 2021), MIDAS (Wang et al., 2014), MAGMa (Verdegem

et al., 2016) and Input output kernel regression (IOKR) (Brouard et al., 2019).
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MS-FINDER algorithm simulates the alpha-cleavage of linear chains up to three
chemical bonds and considers also bond dissociation energies. Multiple bonds (double, triple,
or cycles) are modelled as penalized single bonds in which hydrogens are lost (hydrogen
rearrangement rules). The total score also includes mass accuracy, isotopic ratio, product ion
assignment, neutral loss assignment and existence of the compound in an internal structure
database. MS-FINDER shows great capacity for unknown compound identification and the MS
data can be directly input into the molecular networking analysis platform (Tsugawa et al.,

2016; Vaniya et al., 2017; Wang et al., 2022).

SIRIUS is a Java software for analysing metabolites from tandem mass spectrometry
data. It combines the analysis of high-resolution isotope patterns in MS spectra with the analysis
of fragmentation trees with structural elucidation in MS/MS spectra. SIRIUS first collects all
fragmentation spectra and their precursor information, then looks for resources associated with
those fragmentation spectra (precursor ions, adduct ions, isotope peaks). The software uses
CSI:FingerID as a web service database to search and provide an assessment of molecular
structures from MS/MS data and is based on the prediction of a molecular fingerprint of a query
compound from MS/MS data (Diihrkop et al., 2019; Hoffmann et al., 2021; Vaniya & Fiehn,

2015).

Both software are explored for the identification of metabolites from plants, fungi,
marine sponges, algae and micro-algae. MS-FINDER and SIRIUS presented great results at
Critical Assessment of Small Molecule Identification (CASMI) contest (Dtihrkop et al., 2013;
Vaniya et al., 2017). In this study, we aim to show that MS FINDER and SIRIUS software can
be employed for phenolic compounds identification from data of LC-HR-MS/MS. MS-
FINDER and SIRIUS were used for phenolic compound identification from high-resolution

mass spectrometry data of LC-HR-MS/MS.
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2. Material and methods

2.1. Chemicals

Standards of caffeic, 5-caffeoylquinic, ellagic, ferulic, gallic, hydroxybenzoic,
p-coumaric and vanillic acids, apigenin, (+)-catechin, daidzein, (-)-epicatechin, kaempferol,
naringenin, punicalagin A + B, quercetin, quercetin 3-rutinoside and resveratrol (97-99%
purity) were purchased from Sigma-Aldrich (St. Louis, MO). Acetonitrile and methanol both
of HPLC grade were from Honeywell (Charlotte, North Carolina, USA). Formic acid was
purchased from Merck (Darmstadt, Germany). Methanol (P.A.) was purchased from Neon
Comercial (Sao Paulo, Brazil). Ultrapure water (Milli-Q) was generated by the Millipore

System (Molsheim, FR).

2.2. Standards and samples preparation

Eighteen phenolic compound standards (PCS) from different classes and with different
molecular weights were used to represent the complexity of the phenolic composition of
different foods (Figure 1). PCS were diluted in HPLC-grade methanol to obtain a solution of
20 mg L.

Eight food samples with different mixes of phenolic compound classes were used.
Samples of juices (apple, grape, cranberry, and orange), green tea in sachets, fresh parsley,
soluble coffee brew and soy extract powder were purchased in a local market in Porto Alegre,
Rio Grande do Sul, Brazil.

The soluble coffee brew was prepared by dissolving 0.05 g of coffee in ultrapure water
(23°C) in a 10 mL volumetric flask. Green tea was prepared using the sachet/water ratio

recommended by the manufacturer: 1 sachet of green tea for 200 mL of hot water (80°C). After
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3 minutes, the tea was diluted 4 times. Cranberry, grape and apple juices were only filtered.
Orange juice was centrifuged at 10,000 g for 15 minutes (15 °C) and the supernatant was

usedfor analysis.
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Figure 1. Phenolic compound standards from different classes used for identification tests.

Soy extract was prepared using the extract powder/water ratio recommended by the
manufacturer: 2.5g of powder extract for 25 mL of water. The dissolved extract was centrifuged
at 10,000 g for 15 minutes (15 °C) and the supernatant was diluted 4 times. Thereafter, the

diluted supernatant was filtered.
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Fresh parsley was minced to 0.5 cm? particle size. Phenolic compounds were extracted
from the sample (2.0 g) using 10 mL of methanol:water mixture (8:2, v/v, acidified with 0.35%
formic acid) and vortexing (USC-1400-Unique) for 3 minutes. The extract was centrifuged at
10,000 g for 15 minutes (15 °C) and the supernatant was used for analysis.

All samples were filtered in hydrophilic PTFE membranes (0.22 um) directly to a vial

before LC-HR-MS/MS analysis.

2.3. LC-DAD-ESI-MS/MS analysis

A Shimadzu (Kyoto, Japan) HPLC apparatus connected in series to a DAD detector
(SPD-M20A) and a mass spectrometer (MS) with Quadrupole-Time-of Flight (QTOF) analyzer
and an electrospray ionization source (ESI) (Bruker Daltonics, micrOTOF-Q III model,
Bremen, Germany) were used to analyze the phenolic compounds.

The chromatographic conditions used for phenolic compounds separation were based
on Mallmann et al. (2020) with some modifications. The separation was carried out with a
Phenomenex C18 (250 mm x 4.6 mmx 4 pm) column. Solvents were classified as A (water
acidified with 0.1% formic acid) and B (acetonitrile acidified with 0.1% formic acid). The
samples were eluted according to the binary gradient, which began with 5% B as the initial
condition and reached 50.2% B at 46 minutes. The flow rate was 0.5 mL min™! and the injection
volume was 20 pL.

After the separation of the phenolic compounds in the column, the eluate entered the
ESI interface. The ESI source was operated under the following conditions: negative mode,
capillary voltage: 3500 V, scan range of m/z 50 to 1500, dry temperature and gas flow (N»):
310 °C and 8 Lmin’!, nebulizer gas pressure: 4 bar. MS/MS spectra were acquired in Auto-MS?

mode (data-dependent acquisition) and the fragmentation energies (eV) were estimated
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dynamically based on the set values for the following m/z ratios: 35 eV to m/z lower than 500
Da and calculated proportionally up to 50 eV for 1000 Da and up to 70 eV for 2000 Da.
Instrument calibration was performed using a syringe pump (kdScientific, Holliston,
USA) directly connected to the system. A solution of 10 mM sodium formate cluster was used
for a calibrant as recommended by Bruker Daltonics (Bremen, Germany) for molecules up to
m/z 1500. This same solution was used as an internal calibrant in the LC-HR-MS/MS analysis,
where 20 puL was injected at the first 0.25 minutes of each analysis. This internal calibration
was used to automatically calibrate each analysis in the equipment software by obtaining a

calibration curve with 20 cluster masses each differing by 68 Da in the negative mode.

2.4. Phenolic compounds identification

The phenolic compounds were identified using two approaches: (1%) manual
interpretation, and (2"%) software-aided identification by MS-FINDER and SIRIUS.

For manual identification, the following parameters were considered: elution order in
the Cis column, UV-vis absorption characteristics, accurate mass and fragmentation pattern in
comparison to standards analyzed under the same conditions and/or data available in the

literature and Mona library (https://mona.fiehnlab.ucdavis.edu/).

The MS-FINDER software (version 3.52) was downloaded from the Riken institute

website (http://prime.psc.riken.jp/compms/msfinder/main.html). File name, precursor m/z

(Da), MS and MS/MS spectra were typed in the “Create a query” tab. Both spectra contained
mass-to-charge-ratio (m/z) of each compound and its relative intensity (%) extracted directly
from the LC-HR-MS/MS analysis software Data Analysis 4.3 (Bruker, Germany) raw data
were added. Compound identification was realized by a batch job set with formula and structure

finder with a 5 top N hits automatically applied to the structure finder program.
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The SIRIUS software (version 4.9.12), was downloaded from Lehrstuhl Bioinformatik

Jena website (https://bio.informatik.uni-jena.de/software/sirius/). The text files of both MS and

MS/MS spectra were used. The text files contained the m/z of each compound and its Relative
Intensity (%) extracted directly from the LC-HR-MS/MS analysis software Data Analysis 4.3
(Bruker, Germany) raw data. To compute the molecular formulas, instrument type was set as
Q-TOF, mass accuracy was set as 20 ppm and possible ionization was selected as [M-H]". C,
H, and O were selected for element searches, and the number of candidates was set to 10.
Structure elucidation by CSI:FingerID was set to search in Bio Database and [M-H]  as the only
adduct. Canopus Class Prediction was also abled.

Both software were used on a standard personal computer with a 2.40 GHz Intel Core-
17 CPU and 16 GB of RAM under the Windows 10 operating system. We created an easy step-
by-step procedure that will allow all analysts to perform the PC by using MS-FINDER and

SIRIUS (Supplementary material).

3. Results and Discussion
3.1. Identification of phenolic compounds standards

Both software have shown excellent performance being able to correctly generate 100%
of the chemical formulas. We considered as correctly identified when the correspondent PCS
appeared ranked as 1% place in the software ranking. A total of 74% and 58% of PCS were
correctly identified by MS-FINDER and SIRIUS respectively (Table 1). Although the
remaining PCS were not considered as correctly identified, they were ranked within Top-7 place
for both software. Thus, even in these cases, the software’s results might help the researcher,

giving a starting point for deeper exploration using its knowledge about the food matrix under
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investigation and additional information (i.e. elution order in the C18 column and UV-vis
absorption characteristics).

Excellent performance in the PCS identification was found even for those where the
exact mass deviation (mass accuracy) was relatively high or the number of fragments was low.

The official online documentation for the SIRIUS MS/MS software (https://boecker-

lab.github.io/docs.sirius.github.i0) states that the mass deviation of the MS spectra should be

within 20 ppm. However, no molecular formula was found when the mass deviation was higher
than 8.2 ppm. In that case, we guaranteed that all PCS had an exact mass deviation lower than
7.5 ppm.

Moreover, at least three representative fragments were imputed as MS/MS data for each
compound with exception of hydroxybenzoic acid (HA), which had one fragment and vanillic
acid (VA) which did not show any fragment. Both software were able to generate the correct
HA molecular formula, however, only MS-FINDER was able to predict the molecular structure.
It is important to highlight that the fragments hold structural information and so doing, a few
fragment mass spectra will not have enough information to deduce the structure. It is a case of
the HA, which is a low-molecular-weight phenolic acid that generates solely the fragment m/z
93 Da, corresponding to the neutral loss of carbon dioxide [HA—44].

Previous tests were conducted by direct infusion of each standard on the ESI source.
Vanillic acid presented at least four fragments on those tests and was identified correctly by
both software. Without any fragment generated by LC-HR-MS/MS analysis, neither software

was able to suggest a molecular structure for this compound.



Table 1. Identification of phenolic compound standards analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.

Identification Identification e e e
tr Molecular Exp Error Score Similarity
Peak Standard . ] MS/MS by MS-FINDER by SIRIUS
(min) Formula [M-H] (ppm) (Ranking) by MS-FINDER (Ranking) by SIRIUS

! Gallic acid 123 CHOs 1690125 7.1 125;;?50))’ 9152(44()13)’ Gallic acid (1°) 4.67 Gallic acid (1°)  81.366%
L 191(100), 127(1), Chlorogenic acid 3-caffeoylquinic o

2 S-caffeoylquinic acid 21.1 Ci6H1809 353.0848 7.1 93(1), 85(1) (1°) 4.25 acid (1°) 73.311%

3 4-hydroxybenzoic 21.8 C/HeOs  137.0243 2.9 93(100) 4-Hidroxybenzoic 525 n.d ;
acid acid (1°)

. 123(100), 109(80), . RPN P o

4 (+)-catechin 21.8 Ci5H1406 289.0726 4.8 125(46), 151(45) Epicatechin (1°) 4.63 Catechin (1°) 76.889%
N . 123(100), 109(80), . P C e 0

5 (-)-epicatechin 23.5 Ci5H1406 289.0727 5.2 125(37), 151(28) Epicatechin (1°) 4.63 Catechin (1°) 78.509%
. 135(100), 134(17), S Caffeic acid o

6 Caffeic acid 23.8 CoH3O4 179.0345 0.0 107(2), 117(1) Caffeic acid (1°) 491 (10°) 58.470%
. . 541(100), 301(64), . C s . o 0

7 Punicalagin A 24.3 CasH23030  1083.0533 5.0 275(39), 542(24), Punicalagin (2°) 3.13 Punicalagin (2°) 69.205%

8 Vanillic acid 24.4 CsH3O4 167.0343 1.2 n.d n.d - n.d -

. . 289(100), 541(74), . P . P o

9 Punicalagin B 25.8 CssH23030  1083.0563 2.2 290(15), 325(15), Punicalagin (2°) 3.15 Punicalagin (2°) 59.459%

10 Rutin 27.1 Cy7H30016  609.1406 8.2 300(1(1(;)9’ (3521(63)’ Rutin (1°) 4.10 Rutin (6°) 84.498%
. 119(100), 93(3), m-coumaric acid p-coumaric acid o

11 p-coumaric acid 29.4 CoHs03 163.0393 1.2 117(1), 91(1) (4°) 4.61 (1°) 80.769%
L 229(100), 300(98), PN S 0

12 Ellagic acid 30.5 C14HeOs 300.9995 33 284(74), 201(50) Ellagic acid (1°) 4.14 Ellagic acid (1°) 85.714%
L 134(100), 133(22), Trans-ferulic acid T 0

13 Ferulic acid 31.4 CioH1004 193.0495 3.1 178(18), 137(15) (1°) 4.76 Ferulic acid (2°) 60.513%
D 224(100), 209(65), TR TN o

14 Daidzein 38.9 Ci5H1004 253.0511 4.0 133(64), 208(63) Daidzein (1°) 4.62 Daidzein (1°) 87.135%

15 Resveratrol 394 CuHpOs 2270692 7.0 143(1?32’(1121)7 (3 Resveratrol (19) 4.65 Resveratrol (19 78.689%

16 Quercetin 406  CisHO;,  301.0354 17 121(100),121(34), Quercetin (1°) 473 Quercetin (1°) 82.833%

107(27), 179(12)




Table 1 Continued

. 117(100), 151(40), s L 0

17 Apigenin 454 Ci5sH100Os 269.0459 33 149(25), 107(18) Apigenin (2°) 4.75 Apigenin (1°) 92.896%
185(100), 229(83), o o o

18 Kaempferol 45.8 Ci5H100¢ 285.0419 7.0 239(75), 211(59) Kaempferol (1°) 4.77 Kaempferol (7°) 64.407%
. . 119(100), 117(75), . RPN . PP 0

19 Naringenin 45.9 Ci5H120s 271.0621 5.2 151(61). 107(34) Naringenin (1°) 4.74 Naringenin (1°) 78.509%

*Retention time on the Cig Synergi (4 um) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid. n.d.: not determined
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3.2. Identification of phenolic compounds in food sample

The eight food samples (coffee, green tea, cranberry juice, grape juice, orange juice, apple
juice, soy extract and parsley) presented a total of 149 identified PC varying from sixteen to twenty-
two PC for each sample (Table 2). Here, we considered the correct identification when standard was
available (level 1) and by manual identification as probable structure (level 2), according to
Schymanski et al. (2014). The software correct identification was considered when the correspondent
PC appeared ranked as 1% place in the software ranking. MS-FINDER showed better results by
correctly identifying 70% of the PC, while SIRIUS correctly identified 38% of the compounds.

Cranberry juice was the sample with highest number of correctly identified compounds for
both software (100% and 69%, respectively). MS-FINDER presented the lower identification with
coffee PCs (40%) while SIRIUS showed more difficulties to identify PCs from soy extracts (13%).
Those results can be related to the different compositions of PC in those samples. In the following
sections, we discuss the characteristic PCs of each sample and present an overview of the results

based on the phenolic compound classes.

Table 2. Identification of phenolic compounds in food samples analyzed by LC-HR-MS/MS using MS-FINDER and
SIRIUS software.

Sample Ne (.)f cm’npound Identified by Identified by
identified MS-FINDER (%) SIRIUS (%)
Coffee 20 40% 30%
Green tea 21 81% 43%
Cranberry juice 17 100% 69%
Grape juice 17 76% 53%
Orange juice 17 41% 24%
Apple juice 22 95% 32%
Soy extract 16 69% 13%
Parsley extract 19 68% 26%

Total 149 70% 38%
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3.2.1. Coffee
Coffee’s PC were mainly hydroxycinnamic acids and resulted in the worst results for
MS-FINDER identification. Coffee has caffeoylquinic acids as one of its major PC, which can be
mainly as a 5-, 4- or 3-caffeoylquinic acid isomers (5-CQA, 4-CQA and 3-CQA) (Figure 2).
Moreover, other isomers of feruloylquinic acid, coumaroylquinic acid, caffeoyl-quinolactone,
dicaffeoylquinic acid, feruloyl-quinolactone and caffeoyl-feruloylquinic acid were found. All these

isomers were not differentiated by MS-FINDER and SIRIUS as shown in Table 3.

HO O OH HO O OH (o]
OH HO__O 0O 7 S
OH - OY\:’@
H 0 OH
= O\ e OH OH
OH o) OH
o) O on
3-CQA 4-CQA 5-CQA

Figure 2. Molecular structure of 3-, 4- and 5-caffeoylquinic acid isomers.

The three main caffeoylquinic acids were identified as chlorogenic acid by MS-FINDER and
as 3-caffeoylquinic acid by SIRIUS. Thus, the software’s information tells us that these molecules
are formed by a caffeic acid molecule linked to a quinic acid molecule. The discrimination among
the three main isomers can be performed by using their additional information. 5-, 4- or 3-
Caffeoylquinic acid isomers have the same UV-Vis absorption profile with a maximum absorption
wavelength at around 326 nm. These isomers have different chromatographic behaviour with the
following constant elution order in a C18 column: 3-CQA, 5-CQA and 4-CQA (Rodrigues &
Bragagnolo, 2013).

Afterward, we applied the hierarchical scheme of identification described by Clifford et
al.,(2003), which is based on fragmentation patterns. Although we utilized mass spectrometry

equipment with different mass analysers, some information can be obtained from MS/MS spectra
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(Figure 3). The 4-CQA was the only one to show an intense signal in MS/MS spectrum at m/z 173
([quinic acid—-H-H>OJ") due to the dehydration of the quinic acid ion, a feature of cinnamoyl group
bonded to the quinic acid moiety at the position 4. The 3-CQA and 5-CQA could be distinguished by
comparing the relative intensity of the secondary ion from caffeoyl moiety ([caffeic acid— H]) at m/z

179 (Clifford et al., 2003), which corresponded to 60% of the base peak in 3-CQA and 1% in 5-CQA.

3.2.2. Green tea

Green tea is known for its (+)-catechin and (-)-epicatechin abundance which is
responsible for its astringent flavor (Table 4). Once stereoisomers have the same fragmentation
profile, MS-FINDER and SIRIUS are unable to differentiate them. In this case, (+)-catechin and (-)-
epicatechin were both randomly identified as (-)-epicatechin by SIRIUS and (+)-catechin by MS-
FINDER. In this situation, the additional information is fundamental to differentiate them.
Considering that these PC have the same UV-vis absorption profile (Amax. = 279 nm), the elution order
in the Cig column is the only parameter that can help in this task. Under a conventional elution in the
C18 column, (+)-catechin elutes before (-)-epicatechin as reported by several works (Mariutti et al.,
2014; Carvalho et al., 2015; De Freitas et al., 2018; Mallmann et al., 2020).

Quercetin 3-rutinoside-7-glucoside (MW = 771.1998 Da) (peak 14) was in the third position
on the identification ranking for MS-FINDER while SIRIUS did not show any possible structure for
this compound. One single fragment (m/z =301 Da) was found in the MS/MS spectrum of this
compound, which was generated by the neutral loss of 3-rutinoside-7-glucoside (CisH30014).
MS-FINDER used this information, added to mass accuracy and isotopic ratio, to search for matching
compounds in its local databases and quercetin 3-rutinoside-7-glucoside was in the top-3 ranking. For
SIRIUS, one fragment was not sufficient for SIRIUS to draw a proper fragmentation tree and identify

this compound.



Table 3. Identification of phenolic compound in coffee sample analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.
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Identification Identification R
tr Molecular Exp Error Score Similarity
Peak Compound . . MS/MS by MS-FINDER by SIRIUS
(min) Formula [M-H] (ppm) (Ranking) by MS-FINDER (Ranking) by SIRIUS

| 3-caffeoylquinicacid 169  CigHigOs  353.0883 2.8 19113(51(2%))’ 11;%((66()’) Chlorogenic acid (1°) 430 3'Caff°°y(11‘1‘)“m° acid 59 264%

2 4caffeoylquinicacid 203 CigHisOo  353.0884 3.1 11931§£§)) 11773((7988)) Chlorogenic acid (1°) 430 3'°affe°¥11%‘)“mc acid g7 7139,

3 S-caffeoylquinicacid 212 CiHigOp  353.0893 5.7 19117(918?)113651(%) Chlorogenic acid (1°) 4.07 3'caffe°y(11%‘)““‘c acid g4 138%
S 193(100), 134(85), 3-O-Feruloylquinic 3-O-Feruloylquinic o

4 3-Feruloylquinic acid 22.0 Ci7H2009  367.1058 7.9 149(8). 117(8) acid (3°) 3.81 acid (1°) 82.848%

- 3-O-p- -

5-p-Coumaroylquinic 173(100), 93(35), . 4-p-Coumaroylquinic N

5 acid 23.9 CiHi1sOs  337.0932 2.4 163(22), 119(20) Cour:gzozfllil)ulmc 4.16 acid (1°) 82.796%
4-p-Coumaroylquinic 191(100), 93(26),  4-p-Coumaroylquinic 4-p-Coumaroylquinic N

6 acid 25.2 CiHisOs  337.0940 4.7 119(25), 163(12) acid (4°) 3.88 acid (1°) 73.455%
. 173(100), 134(27), 4-O-feruloylquinic 3-O-Feruloylquinic o

7 5-Feruloylquinic acid 25.6 Ci7H2009  367.1056 7.4 193(22), 93(16) acid (2°) 3.87 acid (2°) 83.819%
3-Caffeoyl-1,5- 161(100), 173(55), 3-Caffeoyl-1,5- 3-Caffeoyl-1,5- o

8 quinolactone 264 CisHicOs 3350791 7.2 135(34), 179(32) quinolactone (4°) 3.79 quinolactone (5°) 70.405%

9 4-Feruloylquinicacid 269  Ci7Hx0s  367.1052 6.3 119913((11%?)1931((2132)) 4'Fem1°gq0;“m° acid 3.88 4-F er“k’%%;“mc acid g1 g18%
5-Caffeoyl-1,5- 161(100), 133(16), 3-Caffeoyl-1,5- 3-Caffeoyl-1,5- o

10 quinolactone 271 CisHicOs  335.0759 24 179(3), 137(3) quinolactone (4°) 3.80 quinolactone (6°) 33.055%
4-Caffeoyl-1,5- 161(100), 133(15), 3-Caffeoyl-1,5- 3-Caffeoyl-1,5- o

1 quinolactone 277 CisHicOs  335.0766 0.3 179(3), 134(3) quinolactone (4°) 3.81 quinolactone (5°) 60.000%

. - . L 3,4-Di-O-

3,4-Dicaffeoylquinic 179(100), 173(96), Dicaffeoylquinic acid ’ L o

12 acid 31.2 CysH24012  515.1216 5.1 191(45), 353(29) (1°) 3.94 caffeoyl(cil(l);nlc acid 81.433%
3-Feruloyl-1,5- 175(100), 160(92), 3-Feruloyl-1,5- 3-Feruloyl-1,5- o

13 quinolactone 319 CrHisOs  349.0939 44 134(72), 193(32) quinolactone (2°) 3.67 quinolactone (6°) 32.353%

14 5-Feruloyl-1,5- 325 CiHisOs  349.0942 53 175(100), 160(96), 3-Feruloyl-1,5- 3.66 4-Feruloyl-1,5- 62.577%

quinolactone

93(15), 134(14)

quinolactone (2°)

quinolactone (3°)
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Table 3 Continued

15

16

17

18

19

20

3,5-Dicaffeoylquinic
acid
4-Feruloyl-1,5-
quinolactone
4,5-Dicaffeoylquinic
acid

3-Feruloyl,4-
caffeoylquinic acid

3-Caffeoyl,4-
feruloylquinic acid

4-Caffeoyl,5-
feruloylquinic acid

33.1

334

33.7

35.0

355

38.0

C25H24012

Ci7H150g

Ca5H24012

C26H26012

C26H26012

Ca6H26012

515.1225

349.0931

515.1216

529.1353

529.1367

529.1386

6.8

2.1

5.1

1.3

4.0

7.6

191(100), 179(71),
353(18), 135(13)

175(100), 160(65),
134(15), 93(12)

173(100), 179(84),
353(39), 191(30)

193(100), 173(82),
179(53), 155(19)

173(100), 193(22),
179(10), 155(8)

191(100), 179(36),
193(29), 173(21)

Dicaffeoylquinic acid
(1°)
4-Feruloyl-1,5-
quinolactone (3°)
3,4-Di-O-
caffeoylquinic acid
(3%
1-Caffeoyl-5-
feruloylquinic acid
(3%
3-Caffeoyl-4-
feruloylquinic acid
(5%
3-Caffeoyl-4-
feruloylquinic acid

(€)

3.92

3.67

3.94

3.54

3.58

3.56

Dicaffeoylquinic acid
(4°)
4-Feruloyl-1,5-
quinolactone (9°)
3,4-Di-O-
caffeoylquinic acid
(1)
1-Feruloyl-5-
caffeoylquinic acid
(10°)
3-Caffeoyl-4-
feruloylquinic acid
(3°)
3-Caffeoyl-4-
feruloylquinic acid

(4°)

73.826%

54.762%

86.957%

62.356%

78.659%

66.667%

“Retention time on the Cig Synergi (4 um) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid.

l[mﬁj- i} L 5-COA UV Chromatogram 320nm
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. i 3.coa  4coA| T—
Gi":l'i'jz 151 0195 [ |
Il 1 |
4004 |
i
/
1 : /
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200+ 135.0408 1 1790301 U | ‘
161.0183 | 1 |
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Figure 3. UV chromatogram and fragmentation pattern of 3-, 4- and 5-caffeoylquinic acid isomers.



Table 4. Identification of phenolic compound in green tea sample analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.
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Identification Score Identification P
t Molecul E E larit
Peak Compound P MS/MS by MS-FINDER by MS- by SIRIUS Similanty
(min)® Formula — [M-HI"  (ppm) (Ranking) FINDER (Ranking) y
1 Gallic acid 124 CHOs 1690135 12 125;;?50))’ 9152(4;)13)’ Gallic acid (1°) 4.73 Gallic acid (1°) 81.366%
. 125(100), 137(41), . e S o
2 Gallocatechin 17.1 CisH1407  305.0678 54 13935). 167(28) (-)-Epigallocatechin (1°) 4.46 Gallocatechin (1°) 80.631%
L 191(100), 127(1), L 3-caffeoylquinic o
3 3-caffeoylquinic acid 16.9 CigHi1s09  353.0867 1.7 93(1), 85(1) Chlorogenic acid (1°) 4.30 acid (1°) 73.311%
. . 125(100), 109(34), . e o o
4 Epigallocatechin 19.0 CisH1407  305.0684 7.4 167(32), 165(26) (-)-Epigallocatechin (1°) 4.44 Gallocatechin (1°) 81.567%
i S 191(100), 135(89), P i
5 4-caffeoylquinic acid 20.3 CisHisO9  353.0870 0.8 173(68), 179(57) Chlorogenic acid (1°) 4.30 n.d
i S 191(100), 127(1), L 3-caffeoylquinic o
6 S-caffeoylquinic acid 21.1 CisH1sO9  353.0874 0.3 93(1), 85(1) Chlorogenic acid (1°) 4.30 acid (1°) 73.311%
Isovitexin-7-O- . Isovitexin 8-C-
7 . . 21.4 C7H30015  593.1505 0.3 305(100), 125(92), Neosaponarin (2°) 391 . o 54.407%
glucoside (saponarin) 423(66), 407(43) glucoside (4°)
. 123(100), 109(78), . .o P o
8 (+)-catechin 21.8 CisHi40s  289.0727 5.2 125(42) 121(26) Epicatechin (1°) 4.63 Catechin (1°) 76.923%
. " . " Quercetin 3-(2"-
Quercetin 3-(2"- 423(100), 125(61), Quercetin 3-(2"- Lo N
9 galoylrutinoside) 22.0 C34H3402  761.1589 3.2 424(39), 301(29) galoylrutinoside) (1°) 2.99 galoylr(t;t:;mmde) 50.860%
. . 123(100), 109(91), . NP s 0
10 (-)-epicatechin 23.4 CisHisOs  289.0734 7.6 137(43), 151(34) Epicatechin (1°) 4.61 Catechin (1°) 82.805%
L 289(100), 290(15), TP S 0
11 Naringin 23.5 Cy7H3,014  579.1686 4.8 125(8), 203(4) Naringin (1°) 4.01 Naringin (1°) 62.963%
L 125(100), 109(100), N I o
12 Fertaric acid 23.6 CisH1409  325.0538 6.7 137(59), 161(30) Fertaric acid (1°) 3.83 Fertaric acid (3°) 41.156%
o . 289(100), 407(64), Vitexin 2"-O-rhamnoside Isovitexin 2"-O- o
13 Vitexin-2-rhamnoside 23.9 Cy7H30014  577.1559 0.3 125(63). 290(19) (3°) 3.95 rhamnoside (7°) 49.730%
14 Quercetin 3-rutinoside- 258 CuHuoOn  771.1998 18 301(100) Quercetin 3-rutinoside 7- 361 )

7-glucoside

galactoside (3°)

n.d
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Table 4 Continued

15

16

17

18

19

20

21

Gallocatechin gallate

Rutin

Epigallocatechin
gallate

Myricitrin

Isovitexin-7-O-
glucoside (saponarin)

Epicatechin-gallate

Quercitrin

26.2

27.2

27.3

29.2

29.5

30.6

31.5

CHi501,
C27H30016
CHi1301

C21H20012

C27H30015

C2Hi501,

C21H20011

457.0788

609.1498

457.0805

463.0905

593.1529

441.0787

447.0948

3.7

7.1

7.4

6.1

3.8

7.9

4.6

169(100), 125(30),
170(2), 305(4)
300(100), 301(72),
302(12), 343(2)
169(100), 125(33),
126(4), 171(3)
300(100), 301(46),
302(7), 271(3)

285(100), 284(45),
286(15), 327(2)

169(100), 125(34),
289(32), 245(19)
284(100), 285(36),
255(12), 256(8)

Epigallocatechin gallate
(1°)

Rutin (1°)
Epigallocatechin gallate
(1)
Myricitrin (4°)
Kaempferol-3-glucoside-
7-rhamnoside (1°)
(-)-Catechin 3-O-gallate
(1°)

Quercitrin (1°)

4.15

4.14

4.12

4.05

3.96

4.13

4.21

Gallocatechin 3"-O-

0,
gallate (4°) 65.018%
Rutin (6°) 87.798%
Gallocatechin 7-O- ,
gallate (60) 63.448%
Myricitrin (3°) 80.328%

Kaempferol-3-
glucoside-7- 81.571%
rhamnoside (5°)
(-)-Epicatechin
gallate (1°)

Quercitrin (3°) 77.451%

65.862%

“Retention time on the Cig Synergi (4 um) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid. n.d.: not determined
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3.2.3. Cranberry juice
Besides the presence of caffeic acid derivatives and proanthocyanidins,
cranberry juice’s PC are mainly flavonols. This sample showed the best results of identification
for both software. MS-FINDER and SIRIUS identified correctly 100% and 69% of the PC from
cranberry juice (Table 5), respectively.

MS-FINDER had no trouble identifying the seventeen compounds of cranberry juice,
while SIRIUS could not suggest any structure for B-1-caffeoylglucose and a-1-caffeoylglucose
(peak 2 and 3; [M-H]" = 341.0847 Da). The discrimination among these isomers can be
performed by using their additional information. - and a-1-caffeoylglucose isomers have the
same UV-Vis absorption profile with a maximum absorption wavelength at around 278 nm and
324 nm, but B-1-caffeoylglucose elutes before a-1-caffeoylglucose in a reversed phase LC—MS
method (Jaiswal et al., 2014).

Jaiswal et al. (2014) applied the hierarchical key scheme of identification in 10 different
caffeoylglucose stereoisomers and obtained information about MS/MS spectra of those
compounds. The B-1-caffeoylglucose was the only one to show an intense signal in MS/MS
spectrum at m/z 161 ([caffeic acid-H-H>O]") due to the dehydration of the caffeic acid ion. The
two anomers could be distinguished from others stereoisomers of caffeoylglucose by comparing
the relative intensity of the secondary ions from caffeoyl moiety ([caffeic acid— H]) at m/z 179
and ([caffeic acid-CO»-H]") at m/z135.

The fragmentation pattern information added to mass accuracy and isotopic ratio was
sufficient for MS-FINDER to search for matching compounds in its local databases.
Eventhough SIRIUS computed the correct molecular formula for both compounds, two
fragments were not sufficient for a proper fragmentation tree drawing and identification of this

compound. SIRIUS did not show any possible structure for both compounds.



Table S. Identification of phenolic compound in cranberry juice sample analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.
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Identification Score . . P
tr Molecular Exp Error Identification Similarity
Peak Compound . ) MS/MS by MS-FINDER by MS- .
(min) Formula [M-H] (ppm) (Ranking) FINDER by SIRIUS (Ranking) by SIRIUS

L 191(100), 179(62), TN 3-caffeoylquinic acid o

1 3-caffeoylquinic acid 17.0 CigHi1309  353.0879 1.7 135(51), 161(6) Chlorogenic acid (1°) 431 (1°) 76.898%

2 B-l-caffeoylglucose  17.7  CisHiOp 3410847 7.6 1010100 135(30),  1-O-Caffeoylglucose 3.82 nd ;
179(30) (19
3 a-1-caffeoylglucose 19.7  CisHisOo  341.0847 7.6 135(100), 179(71) I'O'Caﬁ;el?glglucose 4.04 nd )

B-type 289(100), 125(52), e L . ,

4 Proanthocyanidin 20.3 C30H26012  577.1314 5.5 407(44), 245(23) Procyanidin (1°) 3.86 Procyanidin B5 (1°) 56.044%

5 Scaffeoylquinicacid 213 CiHigOs  353.0867 1.7 191(1?%’(11)6 12> Chiorogenic acid (19) 430 l'caffe"y(ll%‘)“mc acid o2 421%
. . 123(100), 109(64), . e P 0

6 Epicatechin 23.5 CisH140s  289.0692 6.9 151(40), 125(38) Epicatechin (1°) 4.58 Catechin (1°) 67.227%
B-type 289(100), 407(47), S e 1 o 0

7 Proanthocyanidin 23.5 C3oH26012  577.1345 0.2 125(46), 245(19) Procyanidin (1°) 3.90 Procyanidin B5 (4°) 56.491%
Myricetin-3-O- 316(100), 317(26), Myricetin 3-galactoside Myricetin 3-glucoside o

8 hexoside 25.8 C21H20013  479.0852 54 271(3). 287(2) (1° 4.18 (1% 91.304%
B-type 289(100), 203(71), e . . ,

9 Proanthocyanidin 23.5 C30H26012  577.1302 7.6 407(60), 273(53) Procyanidin (1°) 3.90 Procyanidin B5 (1°) 51.961%

10 Rutin 273 CyHyOi  609.1433 3.6 300(1?‘;)9’ (381(67)’ Rutin (1°) 4.15 Rutin (9°) 79.942%
Myricetin-3-O- 316(100), 318(7), Myricetin 3- Myricetin 3-xyloside o

11 pentoside 27.6 CyHi3012  449.0705 3.3 271(5) arabinoside (1°) 3.84 (1% 80.731%
Myricetin-3-O- 316(100), 318(4), Myricetin 3- Mpyricetin 3-xyloside o

12 pentoside 28.5 CyHi3012  449.0736 3.6 179(3), 287(2) arabinoside (1°) 3.85 (1% 80.135%
. . 300(100), 301(38), Quercetin 3-galactoside Quercetin 3-glucoside o

13 Quercetin 3-galactoside 29.3 C2iH20013  463.0898 4.6 302(4), 27103) (1°) 4.27 (1°) 95.146%
Quercetin-3-0- 300(100), 301(45), Quercetin 3-alpha-L- Quercetin 3-O-beta-D- o

14 pentoside 310 CaoHisOn - 433.0783 28 302(7), 255(5) arabinofuranoside (1°) 3.84 xylopyranoside (1°) 81.311%
Quercetin-3-0- 300(100), 301(49), Quercetin 3-alpha-L- Quercetin 3-O-beta-D- o

15 pentoside 317 CaoHisOn - 433.0796 >8 302(7), 255(6) arabinofuranoside (1°) 3.82 xylopyranoside (1°) 84.839%
A-type 285(100), 289(65), Proanthocyanidin A2 o o 0

16 Proanthocyanidin 32.0 C30H24012 575.1190 0.0 125(31), 423(37) (1% 3.72 Procyanidin A2 (2°) 62.583%
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Table 5 Continued

300(100), 301(70),

17 Quercitrin 32.2 Ca1H20011  447.0941 3.0 302(12), 1513)

Quercitrin (1°) 421 Quercitrin (1°) 89.967%

“Retention time on the Cig Synergi (4 um) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid. n.d.: not determined.
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Three isomers of B-type Proanthocyanidin were identified as Procyanidin by
MS-FINDER and as Procyanidin B5 by SIRIUS. Information from these software packages
tells us that these molecules are formed from a dimer of (+)-catechin and (-)-epicatechin with
oxidative coupling occurring between the C4 of the heterocycle and the C6 or C8 positions.
The discrimination among the five main isomers (B1, B2, B3, B4 and BS5) can be performed by
using their additional information. All B-type procyanidin isomers have the same UV-Vis
absorption profile with a maximum absorption wavelength at around 280 nm. These isomers
have different chromatographic behaviour with the following constant elution order: B3, B1,
B4, B2 and B5 (Regos et al., 2009; Dixon et al., 2005).

Little information was obtained from MS/MS spectra since the isomers have very
similar fragmentation patterns: intense signal at m/z 289 ([(epi)catechin-H]") originated from a
QM (quinone methide) fragment and m/z 407 ([M-H-170 Da]") by the loss of a RDA (retro
Diels-Alder) fragment (152 Da) followed by the loss of a water molecule (18 Da) (Jaiswal et
al., 2014). Therefore, we could not indicate the correct stereoisomer for B-type
proanthocyanidins.

One isomer of A-type Proanthocyanidin was identified as Proanthocyanidin A2 by MS-
FINDER and Procyanidin A2 by SIRIUS (the second compound in the identification ranking).
This compound (peak 16) produced MS? base peaks at m/z 285 and 289 ([(epi)catechin-H]")
originated from a QM (quinone methide) and m/z 423 ([M-H-152 Da]") originated by the loss

of a RDA (retro Diels—Alder) fragment (Dixon et al., 2005).

3.2.4 Grape juice
Tartaric acid esters of hydroxycinnamic acids are representative compounds of

grape juice, mainly caffeoyltartaric acid (caftaric acid), p-coumaroyl tartaric acid (coutaric acid)
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and feruloyltartaric acid (fertaric acid) (Table 6). These compounds are more abundant in their
trans-molecular form with the following constant elution order: tranms-caftaric acid, trans-
coutaric acid and trans-fertaric acid (Stalmach et al., 2011).

Both software identified caftaric acid correctly. Three isomers of coutaric acid were
identified, MS-FINDER identified all as caffeoylmalic acid and coutaric acid was second in the
identification ranking. Although SIRIUS computed the correct molecular formula for the three
isomers, it identified only the second isomer as coutaric acid. For the other two, SIRIUS did
not generate any identification. Two isomers of fertaric acid were identified, MS-FINDER
identified both isomers correctly. SIRIUS computed the correct molecular formula for both
fertaric acid isomers but did not suggest any structure for the first isomer. For the second isomer,
fertaric acid was second on the identification ranking of SIRIUS.

Resveratrol is a widely known compound and a reference in phenolic studies of grapes,
grape juice and wine. Peak 16 was correctly identified by MS-FINDER as resveratrol 3-O-
glucoside. SIRIUS computed the correct molecular formula for this compound, but it did not
suggest any structure for identification. This may be due to the unique fragment presented for
this compound (m/z = 227 Da) which is the deprotonated resveratrol, formed after the loss of
glucose. One fragment was not sufficient for the fragmentation tree drawing and identification

of this compound.

3.2.5. Orange juice
Orange juice presented mainly flavones and flavanones linked to different substituents
(Table 7). MS-FINDER and SIRIUS suggested many other structures and the correct

identification was found on lower positions up to 9" and 27" positions, respectively.



Table 6. Identification of phenolic compound in bord6 grape juice sample analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.
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Identification Score Identification T
t Molecul E E larit
Peak Compound e R R rror MS/MS by MS-FINDER by MS- by SIRIUS bs“‘;;;;bys
(min)*  Formula  [M-H]  (ppm) (Ranking) FINDER (Ranking) Y
1 Caffeoyltartaric acid 176 CuHpOs  311.0384 6.1 1313(913(;))’ 1175%((21? Caftaric acid (1°) 3.85 Caftaric acid (1°) 44.358%
2 Bitype Proanthocyanidin 203 CioHaOp 5771359 2.3 21829 giff))’ fgf ((58)) Procyanidin (1°) 3.73 Procyanidin BS (2°)  61.372%
3 p-coumaroyl tartaricacid 207  CpH;pOs  295.0437 5.8 119(100), 149(42),  cis-Coutaric acid 3.91 n.d -
163(23) (2°)
o 145(100), 117(19), o
4 Feruloyltartaric acid 21.3 CisH1409  325.0561 0.3 146(10). 119 (6) Fertaric acid (1°) 3.89 n.d -
. 119(100), 163(37), cis-Coutaric acid L 0
5 p-coumaroyl tartaric acid 21.5 Ci3Hi20g  295.0450 1.4 164(4), 149(4) (2°) 3.95 Coutaric acid (1°) 47.773%
. 123(100), 109(64), o o ,
6 Catechin 21.9 CisH140¢  289.0700 4.2 151(40), 125(38) Epicatechin (1°) 4.61 Catechin (1°) 67.227%
. 145(100), 119(56), o L ,
7 Feruloyltartaric acid 22.7 CisHi409  325.0560 0.2 163(36), 161 (31) Fertaric acid (1°) 3.89 Fertaric acid (2°) 41.830%
i 289(100), 407(94), » . . . ,
8 B type Proanthocyanidin 23.5 C30H26012  577.1371 43 125(79), 290(47) Procyanidin B5 (2°) 3.73 Procyanidin B5 (1°) 65.441%
o 123(100), 109(64), o o \
9 Epicatechin 23.5 CisHi4sOs  289.0713 0.3 151(40), 125(38) Epicatechin (1°) 4.63 Catechin (1°) 67.227%
10 p-coumaroyl tartaric acid ~ 24.0  Ci;3H;pOs  295.0442 4.1 119(100), 163(48) CIS'CO‘(‘;‘({;‘C acid 3.93 nd )
Myricetin 3-O- 317(100), 289(20), Myricetin 3-O- Myricetin 3-O- o
1 alucuronide 261 CaHiOu 4930652 6.3 318(14), 179(9)  glucuronide (1°) 3.87 glucuronide (1°) 76.765%
. . 316(100), 317(26), Myricetin 3- Myricetin-3-O- o
12 Myricetin-3-0O-glucoside 26.3 C21H20013  479.0829 0.6 271(2). 287(1) galactoside (1°) 4.19 elucoside (1°) 91.611%
13 Rutin 272 CyHyOi  609.1445 1.6 300(1?(;)9’ (381(67)’ Rutin (1°) 4.16 Rutin (9°) 80.175%
. . 301(100), 179(6), Quercetin 3-0- Quercetin 3-0O- o
14 Quercetin 3-glucoronide 28.9 CyHi3013 477.0700 6.5 151(6), 273(2) elucuronide (1°) 4.12 elucuronide (1°) 89.939%
15 Quercetin3-galactoside 293  CyHxOn 463.0000 50  -00(100),301(39), " Quercetin 3- 427 Quercetin 3- 96.040%

255(3), 17902)

galactoside (1°)

galactoside (1°)
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Table 6 Continued

Resveratrol 3-O- Resveratrol 3-O-

16 glucoside 314 CyH208  389.1263 6.8 227(100) glucoside (1°) 3.72 n.d -
. . . 344(100), 345(35), Spinacetin 3- Spinacetin 3- o
17 Spinacetin 3-glucoside 31.6 Cy3H24013 507.1150 2.2 329(8), 273(7) elucoside (1°) 3.74 elucoside (9%) 71.726%

“Retention time on the Cig Synergi (4 pm) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid. n.d.: not determined.



Table 7. Identification of phenolic compound in orange juice sample analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.
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Identification Score . . P
tr Molecular Exp Error Identification Similarity
Peak Compound . i MS/MS by MS-FINDER by MS- .
(min) Formula [M-H] (ppm) (Ranking) FINDER by SIRIUS (Ranking) by SIRIUS
1 Myrciacitrin 11 20.7 C4H23011 491.1591 7.6 347(12 gg’(; 5)5 (88), Myrciacitrin II (2°) 3.53 Myrciacitrin I (27°) 36.735%
Lo 347(100), 161(92), L o L o o
2 Myrciacitrin 11 21.2 CoH2s011 491.1521 6.6 125(57), 329(30) Myrciacitrin II (2°) 3.52 Myrciacitrin II (27°) 38.213%
Lo 347(100), 161(47), L o L o o
3 Myrciacitrin 11 22.2 CoH2s011 491.1536 3.6 125(42), 179(34) Myrciacitrin II (2°) 3.55 Myrciacitrin II (26°) 36.567%
S 347(100), 125(70), L o
4 Myrciacitrin 11 22.8 CosHosO11 491.1547 1.3 203(66), 161(47) Myrciacitrin 1T (2°) 3.34 n.d -
Hesperetin 7-O- 265(100),266(16),  Hesperetin 7-glucoside Hesperetin 7-glucoside o
5 alucoside 24.6 CpHosO11 463.1251 2.2 221(6), 247(5) (19 3.97 (49) 36.723%
Pedunculosumosi 221(100),203(28),  Pedunculosumoside D Pedunculosumoside D o
6 de D 23.5 C27H30012 545.1681 4.0 99(11), 151(10) (1°) 3.39 (14°) 40.462%
Naringenin 7- 99(100), 249(34), Naringenin 4-O- Naringenin 4-O- o
7 alucoside 264 CaHxOw0  433.1161 6.0 125(30), 161(25) alucoside (9°) 3.85 elucoside (7°) 1.475%
8 Myrciacitrin I 26.5 Co3HosO11 477.1417 4.2 99(100), 123(33), Myrciacitrin I (5°) 3.73 Myreciacitrin I (20°) 39.726%
’ ’ ' 247(30), 316(20) ’ )
9 Rutin 27.1 C»7H30016  609.1502 7.7 300(1(1(;)9’(3())1(72)’ Rutin (1°) 4.13 Rutin (5°) 78.979%
Quercetin 3-(2- 271(100), 579(15), Quercetin 3-(2- Quercetin 3-(2- o
10 galloylglucoside) 306 CasHaO16 - 613.0939 76 272(14), 151(2) galloylglucoside) (1°) 3.33 galloylglucoside) (1°) 61.173%
. 115(100), 114(95), . o . o 0
11 Neokurarinol 32.0 Cy7H3407  469.2252 54 145(65), 280(27) Neokurarinol (5°) 3.57 Neokurarinol (10°) 36.158%
Quercetin 3-(3-p- 301(100), 302(18) Quercetin 3-(3-p- Quercetin 3-(3-p-
12 coumaroylglucosi 32.1 C30H26014  609.1209 5.8 ’ ’ coumaroylglucoside) 3.66 coumaroylglucoside) 67.663%
de) 303(3), 325(2) (2% (1%
o 301(100), 343(2), S e S e o
13 Hesperidin 32.5 CysH34015  609.1828 1.4 286(2), 257(1), Hesperidin (1°) 4.01 Neohesperidin (1°) 76.667%
o 101(100), 99(71), S o
14 Hesperidin 34.6 CysH34015  609.1825 0.9 161(51), 125(51) Hesperidin (1°) 2.34 n.d -
15 Hesperidin 355 CuHuOis 6091795 41 203(100), 161(43), Hesperidin (1°) 3.99 Neohesperidin (1°) 53.827%

99(43), 187(27)
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Table 7 Continued

331(100), 99(81),
125(40), 101(25)
331(100), 99(77),
125(46), 101(34)

16 Matterionate A 359 C30H36014  619.2059 5.2 Matterionate A (2°) 3.19 Matterionate A (13°) 40.547%

17 Matterionate A 36.5 Cs0H36014  619.2031 0.6 Matterionate A (2°) 3.21 Matterionate A (14°) 40.878%

“Retention time on the Cig Synergi (4 pm) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid. n.d.: not determined.
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Neither software could identify the four isomers of myrciacitrin II ([M-H] = 491.1547
Da) correctly. Myrciacitrin II (peaks 1 to 4) appeared in the second position at MS-FINDER’s
identification ranking and positions 26" and 27" for SIRTUS. Although SIRIUS computed the
correct molecular formula for all isomers, it did not suggest any structure for the fourth
myrciacitrin I isomer. Although it presented more than four fragments in the MS/MS spectra,
they did not match the fragmentation tree fingerprint for myrciacitrin II.

All myrciacitrin I isomers presented the base fragment at m/z 347 ((M-H-144 Da]") due
to the loss of CoH4O». Peaks 1, 2 and 3 presented a secondary fragment at m/z 329 ([M-H-144-
18 Da]") due to the dehydration of the first fragment. Other fragments in the MS/MS spectra of
this compound were m/z 179 (CoHgO4) followed by 161 (CoHgO4- H>O) and m/z 125 (C2HgOg).

Three isomers of hesperidin (peaks 13, 14 and 15) were correctly identified by MS-
FINDER as hesperidin, while SIRIUS identified peaks 13 and 15 as neohesperidin. SIRIUS did
not suggest any structure for peak 14 although it computed the correct molecular formula for
this compound. The discrimination among these isomers can be performed by using their
additional information. These isomers have the same UV-Vis absorption profile with a
maximum absorption wavelength at 285 nm but hesperidin elutes before neohesperidin in a

reversed phase LC—MS method (Li et al., 2004).

3.2.6. Apple juice
Apple juice has p-coumaroylquinic acid as one of its major PC, which can be
mainly as a 5-, 4- or 3-p-coumaroylquinic acid isomers (5-pCoQA, 4-pCoQA and 3-pCoQA).
Moreover, other isomers of caffeoylquinic acids, p-coumaroyl glucoses and feruloyl glucoses
were found. All these isomers were not differentiated by MS-FINDER and SIRIUS as shown

in Table 8.
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Four isomers of p-coumaroylquinic acids (peaks 1,9, 13 and 15; [M-H] = 337.0924 Da)
were identified as 3-p-coumaroylquinic acid by MS-FINDER and as 4-p-coumaroylquinic acid
by SIRIUS. Information from these software packages tells us that these molecules are formed
by a p-coumaric acid linked to quinic acid. The discrimination of those isomers can be
performed by using their additional information. 5-, 4- or 3-coumaroylquinic acid isomers have
the same UV-Vis absorption profile with a maximum absorption wavelength at around 311 nm.
These isomers have different chromatographic behaviour with the following constant elution
order: 3-pCoQA ,cis-3-pCoQA, 4-pCoQA and cis-5-pCoQA(Jaiswal et al., 2010).

Afterward, we applied the hierarchical scheme of identification described by Clifford et
al., (2003). Information obtained from MS/MS spectra and elution order contributed to the
manual identification of each isomer. The 4-pCoQA showed an intense signal in MS/MS
spectrum at m/z 173 ([quinic acid-H-H2O]") due to the dehydration of the quinic acid ion, a
feature of cinnamoyl group bonded to the quinic acid moiety at the position 4.

The 3-pCoQA and cis-3-pCoQA showed an intense signal in MS/MS spectrum at m/z
119 ([p-coumaric acid—H—CO-]"), due to the p-coumaric acid after a loss of carbon dioxide. The
isomers could be distinguished by elution order and by comparing the relative intensity of the
secondary ion at m/z 191 ([quinic acid—H]") which corresponded to 29% of the base peak in
3-pCoQA and 74% in cis-3-pCoQA (Jaiswal et al., 2010). The cis-5-pCoQA was identified by
comparing the relative intensity of the base peak at m/z 191 and the secondary ion at m/z 163

([p-coumaric acid— H]") (Clifford et al., 2003; Jaiswal et al., 2010).



Table 8. Identification of phenolic compound in apple juice sample analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.
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Identification Score . . e e
e w5 SRR e SRR SN ew o ew

1 3—p—C0ur;1;§)quuinic 201 CiHisOs  337.0909 44 119(1 ?gi,( 21 96)3 (69), 3—0—p—C;)cli1Crln(alr((’))quuinic 413 4-O-p—(;gi1:irr(13111(3);flquinic 48.464%
2 3-caffeoylquinic acid 20.3 CasHi1404  353.0842 8.8 113 g f};) 10 ))” 11 7991 ((fg)) ’ Chlorogenic acid (1°) 4.23 3-caffeoylquinic acid (1°) 39.015%
3 Procyanidindimer BI 203  CiyoHaOn 577.1316 52 2f29 gg’{’)) ;257((2515)) Procyanidin (1°) 3.87 Procyanidin B5 (1°) 48.789%
4 (--Epicatechin gallate ~ 20.6  CpHisO1p  441.0828 1.4 2‘;%(11(3%, 11213((23?’ (')'Cate‘:h?;g'o'ga“ate 4.19 (')'Epicat(elil)‘i“ gallate 53.268%
5 S-caffeoylquinicacid 211 CiHigOs  353.0898 7.1 19113(;((’10)) 91;(51()1)’ Chlorogenic acid (1°) 4.8 1'0'Caffe(‘;y9{g“ini° acid 3671094
6  p-Coumaroyl glucose ~ 21.8  CiHisOs 325.0933 2.9 lfgﬁg%): 11 612 ((;71)) 1'0'11;_(;?;1;2:;‘?110')“% 4.04 1'p'C°umg‘5rf)yl glucose 47.464%
7 Catechin 218 CisHuOs 2890710 0.7 109(100), 123(73) Epicatechin (1°) 4.63 nd ]

8 4-caffeoylquinic acid 22.2 CisHisO9  353.0901 7.9 191(1?3;’(21)61(3)’ Chlorogenic acid (1°) 4.27 n.d -

9 Coumaf(’;' iﬁnic wid | B30 GOy 337.0949 75 19 (110603)E 6179)1(74)’ 3 'O'p'C;::‘ilgq(alrS)qu“i“ic 4.13 4'0'p'§§i‘fi"z§r7?,§lq“imc 36.391%
10 Feruloyl glucose 232 CigHnOy 3550051 62 ] 2&?3)) 11762((19 17)) 1-O-Feruloylglucose (1°) 4.02 1'Fem1°y(l3;])3'gl“°°se 54.027%
11 Procyanidin dimer B2 235  CiHxOn  577.1355 1.6 2?29&2?)) ;‘257((;%)’ Procyanidin (1°) 3.90 Procyanidin B1 (1°) 57.609%
12 Epicatechin 236  CisHuOs 2890717 1.7 11223%3(.))) 212019 ((362)) Epicatechin (1°) 4.64 Catechin (3°) 57.674%
13 4P 'i‘éﬁ‘ﬁiﬁﬁumic 237 CiHiOs  337.0942 5.4 11?3((12%?)193((31‘?) 3 '0'p'C;:‘i‘finf‘lr§’)quuini° 4.15 4'p'C‘;‘:i‘§?2°8¥,l)q“inic 37.888%
14 Feruloyl glucose 246  CiHnOs  355.1047 5.1 117 95&23)) 1193;‘((67:)) 1-O-Feruloylglucose (1°) 4.03 1'Fem1°y(15'0])) -glucose 46.405%
15 Coumaf;'lzupi'mc wid | 252 GOy 337.0909 44 19117(31((1%))” 116237%) 3 'p'c";:‘il:ia?l’%lq“i“ic 3.86 4'p'c‘;‘:$fzr2°6¥,l)q“inic 38.776%
16  (-)-Epicatechin gallate 252  CpHisOn 4410824 0.5 21663%8)): 113011((133)) (')'Cate"h?;%'a'ga“ate 4.19 nd ;
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Table 8 Continued

263(100), 101(33),

(-)-Catechin 3-O-gallate

17 (-)-Epicatechin gallate 26.1 CnHis010  441.0848 5.9 161(30), 113(14) (1°) 4.17 n.d -
18 Myricitrin 291 CuHxOn 463.0884 1.6 300(122;(73)02(9)’ Myricitrin (4°) 4.06 Myricitrin (1°) 54.799%
19 Mulberroside A 301 CyuHnOuw 5671742 49 271%(7182)) 2172‘;((13) cis-Mulberroside A (1°) 3.64 Mulberroside A (3°) 49.481%
o 300(100), 301(51), o o .
20 Avicularin 31.4 CxHi3011  433.0741 6.9 207(16), 271(11) Avicularin (1°) 3.84 Avicularin (1°) 67.619%
21 Quercitrin 320 CuHxOn 4470897 638 300(12%)2’ (39()”(54)’ Quercitrin (1°) 417 Quercitrin (9°) 53.030%
Phloretin 2'-O- 273(100), 167(97),  Phloretin 2'-O-glucoside Phloretin 2'-O-glucoside N
2 aooside 330 CuHuOn  435.1305 3.1 130017 2741 0o 412 o 58.725%

“Retention time on the Cis Synergi (4 pm) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid. n.d.: not determined.
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3.2.7. Soy extract

Isoflavones are the main PC in soy extracts (Table 9). SIRIUS had difficulties
identifying those compounds, being the worst result for this software. Only seven compounds
had structures suggested by SIRIUS and the correct identification was found on lower positions
up to the 30" position.

MS-FINDER identified genistein (peak 10, [M-H] = 269.0450 Da) -correctly
eventhough the MS/MS spectrum showed only the parent ion (m/z =269 Da). Beyond accurate
mass, isotope ratio and product ion information, MS-FINDER considers bond dissociation
energies, fragment linkages, and nine hydrogen rearrangement rules to predict the structures.
SIRIUS predicts molecular fingerprints using the compound’s fragments and identifies them
by searching theoretical databases. Therefore, Genistein was not identified by SIRIUS because
it did not present any fragmentation.

Similar behaviour was observed with 6-O-acetyldaidzin, 6-O-malonyldaidzin, 6-O-
acetylglycitin and 6-malonylgenistin (peaks 6, 7, 9 and 14). 6-O-acetyldaidzin and
6-O-malonyldaidzin presented only one fragment at m/z 253 ([daidzein-H]") generated by the
loss of the acetyl and malonyl group. 6-O-acetylglycitin presented only one fragment at m/z 283
([glycitein-H]") generated by the loss of the acetyl group. And 6-malonylgenistin presented only
one fragment at m/z 269 ([genistein — H]") generated by the loss of the malonyl group. MS-
FINDER identified those four compounds correctly with a high score and ranked in the first
position while SIRIUS did not compute any structure for those compounds. One fragment was

not sufficient for a proper fragmentation tree fingerprint outline by SIRIUS.



Table 9. Identification of phenolic compound in soy extract sample analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.
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Identification . . C o
tr Molecular Exp Error Score Identification Similarity
Peak - .
ea Compound (miny*  Formula  [M-H|  (ppm) MS/MS by ?ﬁilﬁ{lii]g))m by MS-FINDER by SIRIUS (Ranking) by SIRIUS
1 Genistin 202 CyHxOn 431.0989 2.4 125(1(;%)(’591(9)’ Genistin (1°) 425 nd ;
2 Isoangustone A 21.2 CysHosOs  421.1647 1.0 389(100), 209(34)  Isoangustone A (1°) 3.84 n.d -
N . 97(100), 225(19),  (-)-Epigallocatechin )
3 (-)-Epigallocatechin 21.4 CisHi407  305.0685 7.7 99(8), 147(4) (1°) 4.24 n.d
. 240(100), 268(52), TP . o 0
4 Glycitein 27.3 CigH120s  283.0616 33 196(23), 241(16) Glycitein (2°) 4.47 Glycitein (30°) 50.000%
S 224(100), 209(27), TP S o 0
5 Daidzein 30.7 CisHi00s  253.0508 2.8 196(20). 133(23) Daidzein (1°) 4.59 Daidzein (25°) 52.284%
6  6-O-Acetyldaidzin  30.8  CuHnO10  457.1149 3.1 253(100) 6 'O'Ac(elt‘,y)ldaldzm 3.78 nd ]
7 6-0- 307 CuHnOn 5011044 22 253(100) 6"-0- 3.92 n.d i
Malonyldaidzin ' ' ' Malonyldaidzin (1°) ' '
. 240(100), 268(52), TP . R o
8 Glycitein 31.1 CisHi20s  283.0613 2.2 196(23), 241(16) Glycitein (2°) 4.47 Glycitein (30°) 50.000%
9 6-O-Acetylglycitin 311 CauHaOn  487.1202 7.9 283(100) 6 'O'A"(eltoy)lglycmn 3.64 n.d i
10 Genistein 31.3 CisHi00s  269.0435 5.6 269(100) Genistein (1°) 4.81 n.d -
Apigenin 7-di-O- 129(100), 147(62), Apigenin 7-di-O- Apigenin 7-di-O- o
1 xyloside 326 CoslaOrs 5631202 15 93049) 197(38) xyloside (6°) 3.34 xyloside (1°) 39.362%
o 133(100), 159(31), s o 0
12 Genistein 35.0 CisHi00s  269.0465 5.6 135(30)., 225(29) Genistein (1°) 4.85 Genistein (2°) 73.846%
. . 269(100), 268(52),  6"-O-Acetylgenistin 6"-O-Acetylgenistin o
13 6-O-Acetylgenistin 35.0 CH»On 473.1071 2.7 270(19), 335(9) (4°) 3.75 (1°) 52.198%
14 6-Malonylgenistin ~ 35.1  CoHnO13  517.0992 1.9 269(100) 6 'Mal"(anigemS““ 3.96 n.d -
15 Daidzein 389  CisHioOs  253.0497 1.6 223(1?39;’(2232)4 2 Daidzein (19 4.61 nd ;
16 Apigenin 45.4 CisHi00s  269.0442 3.0 269(100), 133(38), Apigenin (2°) 4.73 Apigenin (5°) 60.952%

159(20), 135(17)

“Retention time on the Cis Synergi (4 pm) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid. n.d.: not determined.
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3.2.8. Parsley extract
Parsley is known for its richness of flavones, especially apigenin and its

derivatives, likewise apiin (apigenin-7-apioglucoside) (Table 10). MS-FINDER and SIRIUS
correctly identified apiin ([M-H] = 563.1401, peak 7), even though it presented only two
fragments in the MS/MS spectra. The base peak was [apigenin — H] at m/z 269 generated by
the loss of apioglucoside and the secondary ion was at m/z 431.

Two isomers of malonylapiin ([M-H] = 649.1410, peaks 10 and 13) and two isomers
of acetylapiin ([M-H] = 605.1512, peaks 11 and 12) were identified by both software as 6"-
malonylapiin and 6"-acetylapiin, respectively. Differentiation between the isomers can be
achieved through additional information, likewise chromatographic behavior. All compounds
showed a fragment with an intense signal at m/z 269 and a secondary ion at m/z 545 ([apiin-H-
H>O7J’) due to the loss of the acetyl and malonyl group respectively.

Both isomers of diosmetin apiosylglucoside (peaks 8 and 9, [M-H] =593.1512 Da)
were identified by MS-FINDER as astragalin 7-rhamnoside and SIRIUS could not identify this
compound. Both compounds presented only one fragment at m/z 299 Da ([diosmetin-H]") due

to the loss of apiosylglucoside.

3.2.9. Overview

The 149 identified PC were divided into twelve phenolic compound classes (Table 11).
Phenolic acid was the class with the highest number of examples (47 compounds), while
homoflavonoids, chalcones and cumarins had only one compound in each class. For a

representative discussion, only classes with more than five examples were considered.



Table 10. Identification of phenolic compound in parsley extract sample analyzed by LC-ESI-MS using SIRIUS 4.9.12 and MS-FINDER ver. 3.52.
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Identification Score e Similarity
t Molecular E Error
Peak Compound (mi‘; y Formllllla [Mi‘fl]_ oo MS/MS by MS-FINDER byMs- Sﬁ‘;ff[}‘sﬁ:;gflﬁmg) by
pp (Ranking) FINDER SIRIUS
| Coumaricacid glucoside 194  CisHOs 3250036 3.8 119(100), 163(39) \rans-o-Coumaricacid2- ;3 trans-o-Coumaric acid 2- =, 7 0,
glucoside (2°) glucoside (1°)
2 Kotanin 20.1 CuH20s  437.1212 5.6 269(100), 161(69) Kotanin (2°) 3.55 n.d -
. 315(100), 477(95), . o . o o
3 Asphodoside A 21.7 CysH3,017  639.1479 3.7 476(39), 313(33) asphodoside A (1°) 3.16 asphodoside A (1°) 54.599%
Isovitexin-8-C-glucoside 473(100), 353(53), L o — o N
4 (Vicenin-2) 22.3 Cy7H30015  593.1505 0.3 383(40), 503(22) Vicenin-2 (3°) 391 Vicenin-2 (1°) 60.323%
L . 119(100), 101(4),  trans-o-Coumaric acid 2- trans-o-Coumaric acid 2- N
5 Coumaric acid glucoside 24.8 CisHis0s  325.0943 5.9 11702) alucoside (2°) 3.99 elucoside (1°) 65.299%
(Apiosyl- 97(100), 621(97), (3"-Apiosyl-6"- (3"-Apiosyl-6"- N
6 malonyl)astragalin 315 CoHsO1s - 665.1378 29 563(28) malonyl)astragalin (1°) 3.26 malonyl)astragalin (6°) 38.386%
Apigenin-7- e e N
7 apioglucoside (apiin) 31.6 CaHosO14  563.1392 1.6 269(100), 431(2) Apiin (1°) 3.97 Apiin (1°) 70.487%
Diosmetin Astragalin 7-rhamnoside
8 apiosylglucoside 32.4 Cy7H30015  593.1488 4.0 299(100) (19 3.95 n.d -
Diosmetin Astragalin 7-rhamnoside
9 apiosylglucoside 32.9 Cy7H30015  593.1544 5.4 299(100) (19 3.94 n.d -
. 545(100), 269(44), " NN " NP o
10 Malonylapiin 333 CooH30017  649.1377 5.1 246(29), 605(11) 6"-Malonylapiin (1°) 3.31 6"-Malonylapiin (6°) 44.828%
. 269(100), 563(54), " o " o 0
11 Acetylapiin 33.9 CasH30015  605.1477 5.8 564(19), 545(16) 6"-Acetylapiin (2°) 3.50 6"-Acetylapiin (1°) 55.039%
. 269(100), 563(47), " o " s 0
12 Acetylapiin 342 C2sH30015  605.1503 1.5 545(22), 270(20) 6"-Acetylapiin (2°) 3.53 6"-Acetylapiin (2°) 54.731%
. 269(100), 545(55), " NP " o o
13 Malonylapiin 344 CyH30017  649.1396 2.2 270(15), 563(9) 6"-Malonylapiin (1°) 332 6"-Malonylapiin (6°) 51.117%
Kaempferol 299(100), 593(34) Kaempferol 3-(6"- Kaempferol 3-(6"-
14 acetylgalactoside 35.0 CyH3,016  635.1618 0.0 ’ ’ acetylgalactoside) 7- 3.58 acetylgalactoside) 7- 55.789%
. 300(17), 575(17) . o . o
rhamnoside rhamnoside (1°) rhamnoside (11°)
Kaempferol Kaempferol 3-(6"-
15 acetylgalactoside 354 C»H3:016  635.1630 1.9 299(100), 300(15), acetylgalactoside) 7- 3.58 n.d -
. 593(11), 575(4) . K
rhamnoside rhamnoside (1°)
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Table 10 Continued

163(100), 119(42),

2",6"-Di-O-acetylononin

2",6"-Di-O-acetylononin

. . o
16 Di-acetylononin 41.3 CxH26011  513.1416 3.7 145(27) (1°) 3.56 (5°) 49.429%
Piceatannol 163(100), 119(26), Piceatannol 4'- Piceatannol 4'- N
17 galloylglucoside 41.3 CoHaO1 5571294 0.3 145(21), 349(2) galloylglucoside (1°) 3.22 galloylglucoside (8°) >1.233%
Piceatannol 163(100), 145(31), Piceatannol 4'- Piceatannol 4'- N
18 galloylglucoside 421 CyHyOi - 5571291 08 119(26), 349(4) galloylglucoside (1°) 3.22 galloylglucoside (59 > 078%
19 Di-acetylononin 424 CyHyOn 5131392 1.0 163(1?2’(1171)9 (34),  2%6 'D"O(' f‘f)etylonomn 3.56 2'.6"-D 1'0(' gf)etylononm 46.703%

“Retention time on the Cig Synergi (4 pm) column and solvent: gradient of 0.1% formic acid in water and acetonitrile with 0.1% formic acid. n.d.: not determined.
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MS-FINDER performed better than SIRIUS and correctly identified all 16 examples of
flavanols and 91% of the 23 flavonols in the food samples. The worst identification rate of MS-
FINDER was with flavones (42%). SIRIUS presented great difficulties identifying isoflavones
(8%) once these compounds presented a poor fragmentation pattern with one or two fragments.
The highest performance of SIRIUS identification was observed with proanthocyanidins (63%)

and flavanols (56%).

Table 11. Identification of phenolic compound classes in food samples using MS-FINDER and SIRIUS.

Phenolic compound of N Identification Identification
Class compounds by MS-FINDER by SIRIUS
Phenolic acids 47 60% 38%

Flavones 24 42% 42%
Flavonols 23 91% 39%
Flavanols 16 100% 56%
Isoflavones 12 75% 8%
Flavanones 10 60% 30%
Proanthocyanidins 8 88% 63%
Stilbenes 4 100% 0%
Isoflavonoids 2 100% 0%
Homoflavonoids 1 100% 0%
Chalcones 1 100% 100%
Cumarins 1 0% 0%
Total 149 70% 38%

4. Conclusion

The software SIRIUS and MS-FINDER are capable to assist in the identification of the
phenolic compounds from LC-HR-MS/MS data. MS-FINDER showed a higher capacity to
correctly identify the PC even in cases where MS/MS is poor in fragments. Identification

capacity varies among PC classes and between the software. SIRIUS had difficulty identifying
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isoflavones and derivatives. SIRIUS could not identify some phenolic acids with low molecular
mass and poor fragmentation pattern. Still, flavanols were easily identified by both software
although they could not distinguish the isomers. MS-FINDER showed great results with
flavonols too and SIRIUS showed its better results with proanthocyanidins.

Researchers will be able to apply this easy software approach as an initial step to identify
PC analysed by high-resolution mass spectrometry. From these software packages, it is possible
to obtain a starting point for deeper exploration using its knowledge about the food matrix under
investigation and other additional information (i.e. elution order in the C18 column and UV-vis

absorption characteristics).
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