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RESUMO

Um dos motivos pelos quais as ervas aromaticas sao importantes, seja para salde ou para
outros fins, é a presenca de compostos bioativos. No presente estudo, foi avaliado,
comparativamente, o conteudo dos compostos bioativos de salsa (Petroselinum crispum cv.
‘Lisa Stella’), manjericdo verde (Ocimum basilicum var. minimum cv. ‘Grecco a Palla’) e
manjericdo roxo (Ocimum basilicum cv. ‘Vermelho Rubi’) sob trés sistemas de cultivo
diferentes (indoor, vaso em estufa e campo aberto organico). Os resultados indicaram que o
conteddo dos compostos bioativos variaram entre os sistemas. Na salsa, os valores mais
elevados de carotenoides (2621 pg/g peso seco) e clorofilas foram encontrados no sistema
indoor. As amostras do campo foram as que apresentaram o maior conteddo de &cido
ascorbico (103 mg/100 g peso fresco). No caso do manjericdo verde, o valor mais elevado de
carotenoides (3743 pg/g peso seco) foi encontrado no sistema indoor, enquanto que a
concentracdo de compostos fendlicos totais foi maior no campo (25,50 mg/g peso seco). Ja o
manjericdo roxo, obteve maiores conteldos de compostos fendlicos (ndo antocianicos) e
antocianinas no campo, 33 e 25 mg/g peso seco, respectivamente. Por outro lado, 0 composto
fenolico majoritario encontrado nos dois tipos de cultivares de manjericdo foi o acido
rosmarinico, ao passo que a maioria das antocianinas mostraram ser derivadas da aglicona
cianidina. Finalmente, os resultados mostraram que o sistema indoor fornece condicOes
suficientes para a sintese de compostos bioativos, que também estdo presentes nos outros
sistemas de cultivo, embora a maior atividade antioxidante foi encontrada no campo aberto

(cultivo organico).

Palavras-chave: salsa, manjericdo, compostos bioativos, sistemas de cultivo, espectrometria

de massas.



ABSTRACT

One of the reasons why aromatic herbs are important for humans, whether for their health or
other purposes, is that they are a rich source of bioactive compounds. This study proceeds
with a comparative evaluation of the bioactive compounds of parsley (Petroselinum crispum
cv. ‘Flat Leaf”), basil (Ocimum minimum var. minimum cv. ‘Greek’), and purple basil
(Ocimum basilicum cv. ‘Red Rubin’) under different systems of cultivation (indoor,
greenhouse, and organic open field). The results indicate that the content of those compounds
varied among the three systems. For parsley, the highest values of carotenoids (2621 pg/g dry
weight) and chlorophylls were determined in the indoor system. The highest content of
ascorbic acid was found on the field samples (103 mg/100 g fresh weight). In the case of
basil, the highest amount of carotenoids was determined in the indoor system (3743 ug/g dry
weight), whereas the concentration of total phenolic compounds was the highest in the field
(25.50 mg/g dry weight). As for purple basil, the highest content of total phenolic compounds
(non-anthocyanics) (33 mg/g dry weight) and anthocyanins (25 mg/g dry weight) were
determined in the field samples. On the other hand, the major phenolic compound found in
basil plants was rosmarinic acid, while most anthocyanins derived from cyanidin aglycone.
Finally, results showed that the indoor system provides sufficient conditions for bioactive
compounds synthesis, also found on the other systems of cultivation, even though the highest
antioxidant activity was obtained in the field system (organic cultivation).

Keywords: parsley, basil, bioactive compounds, cultivation systems, mass spectrometry.
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1 INTRODUCAO

As ervas aromaticas sempre estiveram presentes na vida humana ao longo da histéria.
Desde a antiguidade, estas sdo utilizadas para conferir aroma e sabor as preparacdes
alimentares, o que lhes garante uma grande aceitagdo em diversas regides e culturas do
planeta. Tais plantas sdo conhecidas pelas suas propriedades medicinais, nutricionais e pela
capacidade de preservacdo dos alimentos (DALY et al., 2010). Existem evidéncias de que as
ervas aromaticas possuem um papel fundamental na saide dos consumidores, fato associado a
presenca de compostos bioativos. Em funcdo disso, tais ervas vém ganhando popularidade e,
no campo cientifico, tem se dado um aumento na investigacdo de seus compostos bioativos e
de suas atividades bioldgicas (LARIBI et al., 2015).

Duas ervas amplamente cultivadas e consumidas no mundo séo a salsa e 0 manjericéo.
A salsa (Petroselinum crispum) € uma erva bienal origindria do sul da Europa (regido
mediterrnea) e oeste da Asia (AZEEZ; PARTHASARATHY, 2008), sendo frequentemente
utilizada com diferentes propositos: como condimento, como ornamento e na medicina
(FARZAEI et al., 2013). J4 0 manjericio (Ocimum basilicum) é natural da india e Asia
tropical e tem sido cultivado ha véarios milénios, sendo utilizada, por exemplo, como planta
ornamental, medicinal, como tempero aromatico, na perfumaria e na aromatizacdo de bebidas
(PUSHPANGADAN; GEORGE, 2012). Nestas duas ervas, diferentes compostos bioativos ja
foram identificados, como os carotenoides, os compostos fendlicos e o acido ascorbico.

Tais plantas sdo normalmente cultivadas em areas rurais. Atualmente, contudo, o
cenario da populacdo mundial indica que as areas urbanas estdo mais habitadas que o meio
rural, sendo que estudos evidenciam que, para o ano de 2050, haverd uma ocupacgdo de 66 %
nas zonas urbanas, o que implica em desafios para o desenvolvimento sustentavel nestas
regides (UNITED NATIONS, 2014), bem como, possivelmente, em mudancas com respeito
a plantio, colheita e consumo de alimentos. De fato, ap6s o avan¢o de certas tecnologias,
novos sistemas de cultivo tém surgido e sido implementados, como o cultivo indoor, que, em
funcdo deste cenario descrito, apresenta-se como alternativa ou complemento a sistemas
convencionais de plantio, como os cultivos em campo aberto e em estufa.

O sistema indoor de cultivo se caracteriza por ndo depender de fatores ambientais
externos para operar. Entre os modelos deste tipo de sistema, é recorrente o uso de luz
artificial para complementar o fornecimento de luz natural ou prove-la totalmente.

Recentemente, diversos trabalhos tém sido desenvolvidos sobre o processo fotossintético das
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plantas submetidas a estimulos de iluminagdo artificial, seja de maneira parcial ou total. As
lampadas LED (light emitting diode) tém sido um dos tipos de luz artificial usado neste tipo
de cultivo, tanto em producdo de larga escala quanto em cultivos domésticos. Sobre isso,
estudos tém indicado que a exposicao das plantas a diferentes comprimentos de onda de luz
conduz a sintese de antioxidantes e compostos bioativos (HASAN et al., 2017). Dessa
maneira, o cultivo indoor com lampadas de LED tem se apresentado como uma alternativa,
inclusive para producdo doméstica em pequena escala. Devido a isso, é importante nédo
somente avaliar o desenvolvimento da planta sob essa condicdo de cultivo, mas também
realizar uma comparagdo com outros métodos convencionais, com o cultivo em campo aberto

e o cultivo em vaso em estufa.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar sob diferentes sistemas de cultivo (indoor, vaso em estufa e campo aberto
orgénico), o conteldo de compostos bioativos em salsa (Petroselinum crispum cv. ‘Lisa
Stella’), manjericdo verde (Ocimum minimum cv. ‘Grecco a Palla’) e manjericdo roxo

(Ocimum basilicum cv. ‘Vermelho Rubi’).

2.2 Objetivos especificos

e Avaliar o desenvolvimento e o crescimento das plantas estudadas a
partir de sua interacdo com o ambiente nos diferentes sistemas de
cultivo aplicados.

e Quantificar em salsa, manjericdo verde e roxo o teor de clorofila total
e de clorofilaae b.

e Quantificar o teor de acido ascorbico nas plantas estudadas.

o Identificar e quantificar o perfil de carotenoides.

o Identificar e quantificar o perfil de antocianinas em manjericéo roxo.

e Identificar os compostos fendlicos presentes em salsa, manjericdo
verde e manjericdo roxo.

e Avaliar os perfis de compostos bioativos das plantas estudadas.

e Investigar a capacidade antioxidante dos extratos das plantas através
do método do radical ABTS™".

18
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3 REVISAO BIBLIOGRAFICA

3.1 Ervas aromaticas e seus beneficios

As ervas aromaticas tém sido utilizadas desde a antiguidade até o presente. Séo
denominadas ervas aquelas que provém das folhas das plantas, enquanto aquelas formadas por
outras partes que ndo sejam as folhas sdo chamadas de especiarias (VIUDA-MARTOS et al.,
2011).

Além disso, tanto as especiarias quanto as ervas podem ser classificadas em diferentes
grupos segundo seu sabor/gosto: especiarias quentes, como a pimenta Cayenne; especiarias de
sabor suave; especiarias aromaticas, como o cravo, 0 cominho, a noz moscada, e a canela; e,
por ultimo, as ervas e legumes aromaticos, como por exemplo o tomilho, o manjericdo, a
folha de louro, a salsa, a manjerona, a cebola e o alho (EMBUSCADO, 2015).

A utilizacdo dessas plantas fornece sabor as preparacdes alimentares, além de
possibilitar a reducdo da quantidade de sal e de constituintes gordurosos de um determinado
alimento, podendo proporcionar aos consumidores uma melhor digestdo, além da ingestdo de
antioxidantes, os quais podem auxiliar na prevencdo de mudancgas metabdlicas e fisioldgicas
indesejaveis no organismo (FERNANDEZ LOPEZ; PEREZ ALVAREZ; VIUDA MARTOS,
2012).

O crescimento do uso de ervas aromaticas para tratamentos e prevencdo de certas
doencgas tem levado a um aumento na investigacdo dos compostos bioativos e das atividades
bioldgicas dessas plantas (LARIBI et al., 2015). Entre os efeitos benéficos que elas fornecem
encontram-se as atividades anti-inflamatéria, antimicrobiana, antioxidante, potencial
anticarcinogénico, entre outras (GUINE; GONCALVES, 2015; WOJDYLO; OSZMIANSKI;
CZEMERYS, 2007; YASHIN et al., 2017). Os principais compostos responsaveis por tais
beneficios sdo chamados de fitoquimicos, sendo estes um grande grupo de constituintes que
incluem os compostos fendlicos, carotenoides, esterdis, glucosinolatos, entre outros
(EMBUSCADO, 2015).

Essas plantas podem ser consumidas de diversas formas, até mesmo in natura e,
embora seu consumo ndo aconteca em niveis tao elevados, isso ndo significa que o seu teor de
compostos bioativos seja de pouca importancia e, portanto, o impacto bioldgico do contetido
desses componentes ndo deve ser desconsiderado (OPARA; CHOHAN, 2014).
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3.2 Ervas estudadas: salsa e manjericao

Estas ervas foram as escolhidas para o estudo por serem amplamente utilizadas no
mundo. No Brasil, 0 uso do manjericio é muito frequente, e a salsa, devido a sua
popularidade, pode ser considerada como um dos principais condimentos do cotidiano, que,
junto com a cebolinha, formam uma dupla indispenséavel nas preparagdes alimenticias

brasileiras.

3.2.1 Salsa

A Petroselinum crispum (Figura 1) (sinbnimos Apium petroselinum Linn, P. lativum
Hoffm, Carum petroselinum Benth), pertencente a familia Apiaceae, € conhecida

popularmente como salsa.

Figura 1 — Salsa (Petroselinum crispum)

Fonte: Matrew (2015)

A salsa é uma espécie bienal originaria do sul da Europa (regido mediterranea) e oeste
da Asia, sendo atualmente cultivada em véarias regibes do mundo (AZEEZ;
PARTHASARATHY, 2008).

Existem diversos tipos de salsa, sendo a mais importante, segundo Azeez e
Parthasarathy (2008), a de ‘Folha Crespa’. A salsa possui folhas verdes, sendo que as folhas
encontradas na parte superior possuem uma coloracdo mais escura. Suas flores séo verdes
amareladas dispostas em umbelas compostas, que se encontram em hastes principais. As
raizes das salsas sao bem finas e alargadas com hastes ou talos eretos angulados (CHARLES,
2012).
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A salsa, além de seu uso no cotidiano como um vegetal e na ornamentacdo, também é
amplamente utilizada em diferentes paises para distintos propdsitos, como 0 uso na medicina
tradicional e folclérica (FARZAEI et al., 2013). Por exemplo, no Peru, relata-se o uso de suas
sementes para gastrites e fins carminativos (REHECHO et al., 2011). Na Espanha, suas folhas
sdo utilizadas com fins diversos, como para combater a diabetes, hipertensdo, prostatite e
hiperuricemia (BENITEZ; GONZALEZ-TEJERO; MOLERO-MESA, 2010). No lIraque,
segundo estudo realizado por Aljanaby (2013), o extrato obtido a partir de folhas da salsa
com 4agua, tanto quente como fria, foi efetivo para inibir o crescimento das bactérias P.
aeruginosa, S. aureus e S. pyogenes, isoladas de pacientes que se encontravam com infeccoes
na pele por queimaduras, demonstrando, assim, que a erva possui atividade antibacteriana.

Como consequéncia, evidencia-se que varias atividades farmacoldgicas estdo
associadas a salsa e que diversos fitoquimicos estdo presentes nesta planta aromatica, os quais

serdo discutidos na secdo 3.3.1.

3.2.2 Manjericéo

O manjericdo (Figura 2), de nome cientifico Ocimum basilicum, pertencente a familia
Lamiaceae, é uma espécie de ciclo anual originario da india e Asia tropical. Essa planta tem
sido cultivada ha véarios milénios devido as suas propriedades medicinais e caracteristicas
aromaticas, sendo atualmente encontrada em diversas partes do mundo, especialmente em
paises ou regides com caracteristicas tropicais, subtropicais, célidas e temperadas
(PUSHPANGADAN; GEORGE, 2012).

Figura 2 — Diferentes tipos de manjericdo (Ocimum basilicum)
v e oy A

Fonte: Amazing Herb Garden (2019)
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Diversos tipos de manjericdo podem ser encontrados. Segundo Morales, Charles e
Simon (1993), estes podem se diferenciar em funcdo das caracteristicas de crescimento e
aroma, pela ampla gama de coloragédo das folhas, que vai desde o verde até o roxo escuro, e
pela cor das flores, que também podem existir em diferentes tonalidades, como por exemplo,
vermelho, branco, ou purpura.

Esta erva aromética pode ter diversos usos, sendo normalmente utilizada na culinéria
tradicional na forma in natura, como tempero aromatico. O manjericdo também pode ser
aproveitado de maneira ornamental e como fonte para obtencédo de 6leo essencial, que possuli
um papel importante na perfumaria e aromatizagdo de bebidas e alimentos
(PUSHPANGADAN; GEORGE, 2012). Trabalhos desenvolvidos por Politeo, Jukic e Milos
(2007) demonstraram que este 6leo essencial possui boas propriedades antioxidantes.

O manjericdo também € largamente utilizado na medicina tradicional, através de suas
folhas e infusbes (PUSHPANGADAN; GEORGE, 2012). A tribo Santhal da India, por
exemplo, utiliza 0 manjericdo doce para combater tosse, inflamacéo, gripe, dor de cabeca, dor
de ouvido, picadas de cobra, entre outros PUSHPANGADAN et al.! (1993, apud
PUSHPANGADAN; GEORGE, 2012). Em algumas areas do Mediterraneo, infuses de suas
folhas sdo usadas para diminuir o contetdo de lipideos no plasma sanguineo (ZHANG; LI;
WU, 2009). Taie, Salama e Radwan (2010) demonstraram que extratos de Ocimum basilicum
podem representar uma boa inovagéo preventiva contra o cancer.

Na secdo 3.3.2, serdo relatados os compostos bioativos presentes nesta planta

aromatica relacionados aos beneficios para a saide humana.

3.3 Compostos bioativos e atividade antioxidante

Alimentos funcionais séo definidos como “qualquer alimento ou ingrediente alimentar
modificado que pode fornecer beneficios a saude, além dos nutrientes tradicionais que
contém” (NEWELL-MC CLOUGHLIN, 2010, p. 838). Esses beneficios sdo desenvolvidos
devido & presenca de fitoquimicos (carotenoides, flavonoides, fendis, compostos
nitrogenados, etc.), que sdo “metabolitos secundarios produzidos pelas plantas” (NEWELL-
MC CLOUGHLIN, 2010).

As ervas aromaticas sdo fontes de fitoquimicos e de micronutrientes, e segundo a
Tabela Brasileira de Composi¢do de Alimentos - TACO (NEPA-UNICAMP, 2011) s&o

! PUSHPANGADAN P., RAJASEKHARAN S. e BIJU SD (1993) Tulasi. Tropical Botanic Garden and
Research Institute, Thiruvananthapuram, Kerala.
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fontes de proteinas, fibras, vitaminas e minerais, como por exemplo o potéssio, o célcio, o
fosforo e o ferro. Dessa maneira, as ervas e especiarias, juntamente com as frutas e outros
vegetais, podem fornecer também antioxidantes naturais, e muitas vezes, de acordo com
Tiwari (2008), tais compostos atuam sinergicamente, incrementando assim sua bioatividade.

A presenca de compostos antioxidantes nas plantas é resultado da sua exposicdo aos
estresses ocasionados pelo ambiente em que se encontram, como O estresse oxidativo, a
adaptacdo a temperaturas extremas, o desenvolvimento de barreiras contra patdgenos, entre
outros (BRECHT et al., 2010).

Os compostos antioxidantes podem atuar na desativacdo de diversas espécies reativas
(CAROCHO; FERREIRA, 2013) que sdo naturalmente geradas no organismo. Este, para a
manutencdo da vida, necessita essencialmente de oxigénio molecular para produzir a
molécula de adenosina trifosfato (ATP), principal fonte de energia. Entretanto, quando o
oxigénio se encontra no seu estado singlete, que é instavel, este pode ser prejudicial, pois é
um forte oxidante, que pode induzir a formacdo de radicais livres (BUONOCORE;
PERRONE; TATARANNO, 2010). Os radicais livres sdo moléculas, &tomos ou ions com
elétrons ndo pareados, altamente instaveis e reativos, que provém de trés elementos: oxigénio,
nitrogénio e enxofre; os quais podem formar como resultado, espécies reativas de oxigénio
(ROS), de nitrogénio (RNS) e de enxofre (RSS) (CAROCHO; FERREIRA, 2013).

As ROS, dependendo da concentracdo em que se encontram, podem atuar de maneira
benéfica (baixa/moderada concentracdo) ou prejudicial (alta concentracdo) em um organismo.
Estas espécies quimicas sdo essenciais para a vida, sendo Uteis, por exemplo, para a
reproducdo e o desenvolvimento fetal, para a protecdo contra infeccdes, e participam como
mensageiros secundarios em funcBes fisiologicas. Também estdo relacionadas com a
fosforilagdo de proteinas, com a ativacdo de alguns fatores transcricionais e com a regulagdo
intracelular da concentragdo de célcio. Entretanto, as ROS podem possuir efeitos destrutivos,
contribuindo, para desordens neurodegenerativas, morte celular por apoptose, necrose e danos
ao DNA, a lipideos e a proteinas (BUONOCORE; PERRONE; TATARANNO, 2010;
VALKO et al., 2007).

Segundo Sies? (1985, apud SIES, 1991, p. 31), “0 estresse oxidativo esta associado a
um disturbio no equilibrio pro-oxidante-antioxidante em favor do pré-oxidante.” Justamente,

um dos pre-requisitos da vida aerdbia é a desintoxicacdo de espécies reativas de oxigénio, que

2 SIES H. Oxidative stress: introductory remarks. In: Sies H, ed. Oxidative Stress. London: Academic Press,
1985: 18.
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fornece um sistema importante de defesa antioxidante de prevencéo, interceptacéo e reparo,
formado por inibidores e sequestradores ndo enzimaticos (antioxidantes) e sistemas
enzimaticos (SIES, 1991). Este processo de “desintoxica¢do” atua como agente de defesa
contra os efeitos negativos do estresse oxidativo.

Halliwell (1990) definiu antioxidantes como “qualquer substdncia que, quando
presente em baixas concentracbes comparativamente a um substrato oxidavel, atrasa ou inibe
a oxidagdo desse substrato”, sendo que, posteriormente, simplificou a definicdo para
“qualquer substancia que atrase, previna ou remova o dano oxidativo na molécula alvo”
(HALLIWELL; GUTTERIDGE, 2015, p. 77).

O sistema antioxidante produzido no organismo (enddgeno) pode ser dividido em dois
grupos: antioxidantes enzimaticos e ndo enzimaticos. Dentre 0s enzimaticos, encontram-se a
catalase, a superoxido dismutase e a glutationa peroxidase; e entre 0s ndo enzimaticos ha um
vasto nUmero, como 0s compostos nitrogenados (&cido drico), os cofatores enzimaticos
(Q10), as proteinas e os peptideos (glutationa) (CAROCHO; FERREIRA, 2013). Por outro
lado, devido a falta de efetividade das defesas antioxidantes enddgenas, antioxidantes
fornecidos através de uma dieta (exdgenos) sdo importantes para diminuir os efeitos
acumulativos do dano oxidativo que acontece com o passar do tempo ao longo da vida
(HALLIWELL, 1994). Assim, os antioxidantes exdgenos complementam os endégenos na
defesa do organismo, sendo a alimentacdo a maior fonte dos primeiros, estando estes
presentes em abundancia em frutas, hortalicas, assim como leguminosas, cereais, oleaginosas
e em outros alimentos (RAJENDRAN et al., 2014). Entre os antioxidantes exdgenos
principais, encontram-se os carotenoides, os polifendis (por exemplo: flavonoides, flavonas,
flavanonas, antocinaninas) e as vitaminas C e E (POLISAK; SUPUT; MILISAV, 2013).

Os carotenoides sdo pigmentos presentes na natureza, que possuem cores que vao
desde o amarelo, passam pelo laranja e finalizam no vermelho; além de serem lipofilicos e
sintetizados por plantas e microrganismos, juntamente com as clorofilas (GROSS, 1991).
Estes compostos possuem dois grupos estruturais, 0s carotenos hidrocarbonetos, como o f-
caroteno e o licopeno, e as xantofilas oxigenadas, como a luteina e a zeaxantina; mas também
podem ser encontrados carotenoides de cadeia mais curta, conhecidos como apocarotenais,
entre outras formas estruturais (GOODWIN, 1980).

Na dieta dos seres humanos e de alguns animais, a principal funcéo dos carotenoides é
a atuagdo como precursores de vitamina A, sendo o B-caroteno o carotenoide que apresenta
maior atividade pro-vitaminica A (SCHWARTZ; ELBE; GIUSTI, 2010). O mecanismo de
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atividade antioxidante dos carotenoides, descoberto por Foote e Denny (1968), baseia-se na
capacidade de quelar o oxigénio singlete. A quelacdo pode se dar tanto por meios fisicos
como quimicos, sendo os primeiros mais eficazes, ocorrendo a transferéncia de energia do
oxigénio singlete para o carotenoide, tendo como resultado o oxigénio no estado fundamental
e o carotenoide excitado, o qual podera dissipar sua energia por meio de interaces
vibracionais e rotacionais com o solvente, permanecendo intacto para interagir posteriormente
com novas espécies (STAHL; SIES, 1996).

Os polifendis sdo 0os compostos antioxidantes mais abundantes na dieta humana. Eles
podem ser encontrados principalmente em frutas, assim como em bebidas a base de plantas,
como é o caso dos sucos de frutas, café, chd e vinho tinto. Outros alimentos que fornecem
polifendis sdo os legumes e as verduras, os chocolates, os cereais e as leguminosas
(SCALBERT; JOHNSON; SALTMARSH, 2005). As ervas aromaticas, como a salsa e 0
manjericdo, foco deste estudo, também sdo fonte destes compostos. Os polifendis, também
chamados de compostos fenolicos, se caracterizam pela presenca de no minimo um anel
aromatico com um ou mais grupos hidroxilas ligados aos anéis. Os compostos fendlicos
podem ser classificados pelo nimero e arranjo dos atomos de carbono, sendo que
normalmente encontram-se conjugados a acidos organicos e acgucares. Nesta classificacao,
existem dois grupos: os flavonoides e os nédo flavonoides (CROZIER; JAGANATH,;
CLIFFORD, 2009).

Os flavonoides estdo presentes especialmente na casca das frutas e na epiderme das
folhas. Existem subclasses de flavonoides, entre elas pode-se citar os flavonois, as flavonas,
os flavanois, as flavanonas, as isoflavonas, as antocianidinas e outros componentes
minoritarios, como por exemplo, as auronas e as chalconas (CROZIER; JAGANATH;
CLIFFORD, 2009). As propriedades antioxidantes dos flavonoides, que possuem um papel
protetor no organismo, devem-se a diferentes mecanismos, como a transferéncia de &tomos de
hidrogénio, a quelacdo de metais e a transferéncia de um unico elétron (LEOPOLDINI,
RUSSO; TOSCANO, 2011).

Entre os compostos fendlicos ndo flavonoides encontram-se os &acidos fendlicos, 0s
quais podem ser divididos em dois grupos: os derivados do &cido cinamico e os derivados do
acido benzoico (SPENCER et al., 2008). Em relacdo a atividade antioxidante dos acidos
fenolicos e seus ésteres, ha uma dependéncia do numero de grupos hidroxilas presentes na

molécula, sendo promovidas pelo impedimento estérico (DZIEDZIC; HUDSON, 1984).
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As vitaminas C e E sdo os nomes dados para o &cido ascorbico e os tocoferdis,
respectivamente. O 4cido ascorbico é um importante antioxidante solivel em agua, que pode
reagir diretamente com o oxigénio singlete, com o anion superdxido e com o radical hidroxil.
Esta vitamina possui a capacidade de regenerar a vitamina E, que se encontra em forma de
radical. Por outro lado, a vitamina E é formada por quatro tocoferdis e quatro tocotrienois (o,
B, v e 8), todos derivados do 6-cromanol (HERRERA; BARBAS, 2001). A vitamina E atua
como antioxidante e € lipossolvel. Em todas as membranas celulares, a principal forma do
antioxidante (vitamina E) é o a- tocoferol, o qual reage com o radical peroxil (ROO’), o
radical superoxido (O2"), o radical hidroxil (HO") e o oxigénio singlete (:02) (MACHLIN,
1988).

3.3.1 Compostos bioativos em salsa

Em um estudo realizado por Nour, Trandafir e Cosmulescu (2017) foram avaliados 0s
compostos bioativos (compostos fenodlicos, flavonoides e acido ascérbico), a atividade
antioxidante e a qualidade nutricional de quatro ervas aromaticas culinarias da cozinha
tradicional da Romeénia, entre elas a salsa (Petroselinum crispum). Neste, a salsa apresentou o
menor teor de compostos fendlicos totais entre as plantas avaliadas (salsa, endro, levistico e
folhas de aipo) (Tabela 1), maior conteudo de &cido ascorbico (Tabela 2) e contetdo de
flavonoides totais elevado, perdendo somente para o levistico (Tabela 1). Este valor de
flavonoides totais na salsa apresentou boa concordancia com os teores encontrados de
miricetina e quercetina (Tabela 1). Em relacdo a atividade antioxidante, embora tenha
apresentado o maior contetdo de acido ascérbico, seu valor foi 0 mais baixo em relacdo as
outras ervas (Tabela 2), provavelmente pelo baixo teor de compostos fendlicos.

Ja Leahu e colaboradores (2013) estudaram trés plantas aromaticas e medicinais (salsa,
manjericdo e endro), com o objetivo de determinar o conteudo de polifendis, a atividade
antioxidante e o teor de vitamina C nos extratos das folhas das trés plantas, frescas e secas.
Para a salsa, o contetido de fendis totais na amostra fresca foi 32,19 % maior que o menor teor
encontrado entre as amostras em base seca (Tabela 1). Com relagéo ao teor de &cido ascorbico
na salsa, os maiores valores obtidos foram encontrados na erva fresca (Tabela 2) e, para
determinar a atividade antioxidante, foi realizado o método baseado na quelagdo do radical
1,1’ - diphenyl-2-picrylhydrazyl (DPPH), obtendo-se o melhor resultado com salsa seca
(Tabela 2).
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Tabela 1 — Contetido de compostos fendlicos em salsa

Compostos fendlicos

Referéncia

Totais: 360,89 mg GAE/100 g peso fresco
Flavonoides totais:
260,55 mg QE/100 g peso fresco

Nour, Trandafir e

Miricetina: 151,03 mg/100 g peso fresco Co?%i'?; cu
Quercetina; 71,33 mg/100 g peso fresco

Totais: 211,9 mg GAE/100 g peso fresco

160,3 mg GAE/100 g peso seco Leahu et al.
178 mg GAE/100 g peso seco (2013)

181,9 mg GAE/100 g peso seco

Flavonoides:

Apigenina:

Inverno:1.521 ug/g peso fresco
Verdo: 1.636 pg/g peso fresco

Huber, Hoffmann-Ribani e
Rodriguez-Amaya
(2009)

Totais: 8,75 mg GAE/g amostra
Acido gélico

Acido protocatecuico

Acido cafeico

Acido p-cumérico

Acido ferlico

Muchuweti et al.
(2007)

Totais: 29,2 mg GAE/g extrato

Hinneburg, Dorman e Hiltunen (2006)

Totais: 0,97 g GAE/100 g peso seco

Shan et al. (2005)

Totais: 67,9 mg acido cafeico/100 g peso fresco

Flavonoides:

52,2 mg/100 g peso fresco
Flavandis:

0,90 mg/100 g peso fresco

Ninfali et al.
(2005)

Nota: GAE: equivalentes de &cido galico, QE: equivalentes de quercetina.

Tabela 2 — ContelGdo de acido ascorbico e atividade antioxidante em salsa

Acido ascorbico Atividade Antioxidante Referéncia
Nour, Trandafir e
206,32 mg/100 g peso freso 987,51 mg Trolox/100 g peso fresco Cosmulescu
(2017)
347,6 mg/ 100 g erva fresca ICs0: 23,84 % erva seca Leahu et al.
ICso: 8,62 % erva fresca (2013)

Muchuweti et al.

Eliminacdo do radical DPPH: 47,5% (2007)
Hinneburg,
i 178 mg NAEDTA/g extrato Dorman e Hiltunen
(2006)

- 1301,8 umol Trolox/100 g peso fresco  Ninfali et al. (2005)

- 6,31 mmol Trolox/100 g peso seco Shan et al. (2005)

Nota: ICso: concentragdo requerida de um antioxidante para quelar 50 % do radical DPPH.
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Nicula, Buie e Bran (2012) estudaram o acUmulo de pigmentos, clorofila e
carotenoides, em quatro tipos de plantas (salsa, endro, beterraba e rabanete) cultivadas sob luz
artificial. Os autores relataram que o acumulo de clorofila na salsa teve um incremento lento,
mas depois os valores aumentaram, especialmente 35 dias apos a semeadura. No trabalho foi
relatado que este comportamento poderia ser devido ao fato de que as folhas da salsa
encontravam-se bem desenvolvidas ap6s este periodo, o que incrementaria a superficie
irradiada da planta. O acimulo de carotenoides também se deu de maneira lenta, aumentando-
se apos os 35 dias.

Flavonoides como apigenina (5,7,4’-tri-hidroxiflavona), cosmosina (apigenina 7-O-
glicosideo), apina (apigenina 7-O-apiosil-(1—2)-O-glicosideo) e hidrato de oxipeucedanina
(2°,3’’-dihidroxifuranocoumarina) foram identificados no extrato aquoso de salsa por Chaves
e colaboradores (2011). Em um estudo realizado por Daly e colaboradores (2010), foi
avaliado o contedo de carotenoides em folhas de ervas consumidas comumente, entre elas a
salsa, sendo também investigada a avaliacdo da sua acessibilidade usando um modelo de
digestdo in vitro. Em todas as ervas (manjericdo, aneto, coentro, horteld, salsa, alecrim, salvia
e estragdo) houve presenca dos seguintes carotenoides: B-caroteno, luteina + zeaxantina e -
criptoxantina. Na salsa, os resultados foram os seguintes: o teor de B-caroteno ficou na quinta
posicdo, a luteina + zeaxantina na sexta e o teor de B-criptoxantina ficou somente atras do

coentro e do manjericdo (Tabela 3).

Tabela 3 — Contelido de carotenoides em salsa

Carotenoides Referéncia
[-caroteno: 4107 ug/100 g

Luteina + zeaxantina: 2393 ng/100 g D?%%)a |
B-criptoxantina: 84 ug/100 g
-caroteno: 6.232,5 ug/100 g peso fresco Batista et al. (2006
u gp

Um estudo sobre o conteddo de flavonois e flavonas presentes em vegetais foi
desenvolvido por Huber, Hoffmann-Ribani e Rodriguez-Amaya (2009). Eles determinaram o
conteddo destes compostos e compararam os resultados com dados correspondentes a paises
diferentes, para assim verificar possiveis efeitos sazonais e de processamento. A salsa esteve
entre os vegetais estudados, sendo avaliada na forma fresca e também na forma desidratada
em duas estacdes do ano, inverno e verdo. Desta maneira, a concentracao de flavonoides para

a salsa fresca somente foi evidenciada em apigenina (maiores valores para o cultivo de verédo)
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(Tabela 1), pois ndo foi detectado quercetina e kaempferol. No mesmo estudo ainda foi
avaliada a salsa desidratada de quatro marcas comerciais diferentes. Os niveis de apigenina
nas amostras foram maiores, de 11 a 15 vezes, quando comparados com os da salsa fresca.
Nos resultados, os pesquisadores destacaram que embora a salsa seja utilizada em pequenas
quantidades em carnes, sopas e outros pratos, ela é uma importante fonte de apigenina,
flavona raramente encontrada em outras comidas brasileiras.

Compostos fendlicos de varias ervas e especiarias foram estudados por Muchuweti e
colaboradores (2007). Os principais compostos fendlicos encontrados na salsa foram os
seguintes: acido gélico, &cido protocatecuico, acido cafeico, &cido p-cumarico e acido ferulico
(Tabela 1). O teor de compostos fendlicos totais das 9 espécies avaliadas (louro, alecrim,
salvia, manjerona, orégano, canela, horteld, salsa e manjericdo) variou de 6,90 a
15,83 mg GAE/g de amostra, sendo a salsa a penultima colocada. Além disso, ho mesmo
estudo foi avaliada também a atividade antioxidante e a salsa apresentou uma baixa
porcentagem em relagdo as outras espécies estudadas; somado a isto, a salsa teve a menor
atividade de eliminacédo do radical DPPH (Tabela 2).

Em um estudo desenvolvido por Hinneburg, Dorman e Hiltunen (2006), foram
avaliadas nove ervas e especiarias, onde foram determinados o conteldo de compostos
fendlicos totais e a atividade antioxidante, utilizando diferentes métodos: reducdo de ferro
(111), quelagdo do ferro (l1), inibicdo da peroxidacao do acido linolénico, sequestro de radicais
e outros. A salsa ficou em quinto lugar no quesito teor de fendis totais (Tabela 1). Quanto a
atividade antioxidante, embora a salsa tenha mostrado a melhor atuacdo na quelacdo de ferro
(I1) (Tabela 2), ela foi menos efetiva em retardar a oxidacéo do &cido linolénico.

Um estudo realizado por Batista e colaboradores (2006), investigou o teor de
carotenoides, a-caroteno e [3-caroteno de ervas aromaticas (cebolinha, bertalha, coentro, salsa
e manjericdo), a partir do qual se calculou o valor de pro-vitamina A; sendo estas ervas
comercializadas em dois mercados locais e em dois pontos de venda da feira livre da cidade
de Vicosa. Foi analisada também a influéncia sazonal das quatro esta¢cdes do ano. Em todas as
amostras ndo foi encontrado a-caroteno, somente (3-caroteno. A salsa apresentou o maior teor
médio de P-caroteno entre as ervas avaliadas (Tabela 3). O valor de vitamina A em
equivalente de atividade de retinol (RAE) para a salsa foi de 519,4 ug/100 g erva fresca,
méaximo valor dentre os obtidos, 0 que representa uma boa fonte dessa vitamina. Sobre a
influéncia das diferentes estacbes do ano, os pesquisadores ndo observaram diferenca

estatisticamente significativa no teor de [B-caroteno e vitamina A das ervas estudadas,
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provavelmente pela localizagdo da cidade de Vigosa, onde o clima é tropical e as diferencas
climéticas entre as estacdes sdo pequenas.

Em um trabalho realizado por Shan et al. (2005), avaliou-se a capacidade antioxidante
e os constituintes fendlicos presentes nos extratos de 26 ervas e especiarias diferentes, entre
elas a salsa. A parte avaliada na salsa foram as folhas, o valor da atividade antioxidante foi
baixo em relacdo aos outros valores das demais amostras (Tabela 2); o contetdo de fendlicos
totais também ndo se destacou entre os demais teores encontrados (Tabela 1). Entre os
principais compostos fendlicos encontrados estavam os acidos fenolicos (&cido cafeico), os
flavonoides e os 6leos volateis.

Ninfali e colaboradores (2005) estudaram a capacidade antioxidante de hortalicas,
ervas e especiarias consumidos no centro da Italia (27 hortalicas e 15 ervas aromaticas e
algumas especiarias), assim como o conteddo de compostos fendlicos, o qual foi combinado
com o teor de dois subgrupos fendlicos, flavonoides e flavandis. Além disso, 0s mesmos
pardmetros foram estudados também em vegetais cozidos, saladas e molhos de salada comuns
da Italia. Dessa forma, entre as 15 ervas avaliadas, a salsa obteve 0s seguintes valores: seu
conteddo de fendlicos totais foi o menor (Tabela 1), o teor de flavonoides foi o quarto menor
teor (Tabela 1) assim como o valor de flavandis (Tabela 1). Com respeito a atividade
antioxidante da salsa, seu valor ficou na pendltima posicdo (Tabela?2). Nos resultados
encontrados, 0s autores ressaltaram a contribuicdo das ervas aromaticas nos valores de
compostos fenolicos e na capacidade antioxidante, sendo importante a introducdo dessas ervas
como suplemento sazonal na dieta das pessoas de diferentes faixas etarias.

Levando em consideracdo os estudos apresentados acima, pode-se em sintese concluir
que: 1) a salsa apresenta como principal carotenoide o p-caroteno; e 2) em relagdo aos
compostos fendlicos é rica em &cidos fenolicos e flavonas (apigenina e seus derivados), além

de possuir flavonoides como quercetina e kaempferol.

3.3.2 Compostos bioativos em manjericéo

Em um trabalho realizado por Flanigan e Niemeyer (2014), determinou-se a
concentragdo de antocianinas individuais e totais em oito cultivares de manjericdo roxo, assim
como o0s niveis de &cidos fendlicos e suas propriedades antioxidantes. Os resultados
evidenciaram que as concentragdes de antocianinas totais e individuais desta planta variam

conforme o tipo de cultivar. A concentragdo media de antocianina total, variou em torno de
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duas vezes a mais na cultivar Richter’s ‘Purple Ruffles’ em relagdo a cultivar ‘Rubin’ (Tabela
4). Quanto aos niveis de fenodlicos totais, a média da concentrag@o na cultivar ‘Purple Delight’
foi o dobro comparado ao teor encontrado na cultivar Johnnny’s ‘Purple Ruffles’ (Tabela 5).
Além disso, evidenciou-se que, embora os tipos de cultivares ndo tenham causado efeito
significativo nos niveis de fendlicos totais, eles influenciaram na concentracdo de alguns

acidos fenolicos individuais, como o acido chicérico e o caftarico.

Tabela 4 — Contelido de antocianinas em manjericdo

Antocianinas Referéncia

Totais (equivalente de kuromanina)
‘Rubin’: 7,55 mg/g matéria seca
Richter’s ‘Purple Ruffles’: 16,6 mg/g matéria seca

Flanigan e Niemeyer
(2014)

Totais (equivalente de antocianina*)
‘Cinnamon’ 0,48 mg/g matéra seca
‘Petra Dark Red’: 8,74 mg/g matéra seca

* A curva de calibracéo foi feita com o padréo kuromanina.

Kwee e Niemeyer
(2011)

Tabela 5 — Contetido de compostos fenolicos e atividade antioxidante em manjericdo
(continua)

Compostos fendlicos Referéncia

Totais (minimos e maximos encontrados) ) )
Johnnny’s ‘Purple Ruffles’: 13,1 mg GAE/g matéria seca Flanigan e Niemeyer
‘Purple Delight’: 26,9 mg GAE/g matéria seca (2014)

Totais (minimos e maximos encontrados)

‘Sweet Dani’ Lemon: 3,47 mg GAE/g matéria seca

‘Spice’: 17,58 mg GAE/g matéria seca

Acido Rosmarinico

‘Sweet Dani’ Lemon: 0,06 mg/g matéria seca )
‘Mrs Burns’ Lemon: 6,09 mg/g matéria seca Kwee e Niemeyer
Acido Chicérico (2011)
‘Spice’: 0,03 mg/g matéria seca

‘Siam Queen’ Thai: 2,78 mg/g matéria seca

Acido Caftarico

‘Spice’ e ‘Sweet Salad’: 0,09 mg/g matéria seca

‘Greek’ e ‘Siam Queen’ Thai: 0,49 mg/g matéria seca

Acido cafeico

‘Spice’ e “Blue Spice’: 0,04 mg/g matéria seca

‘Gecofure’: 0,77 mg/g matéria seca
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Tabela 5 — Contetido de compostos fenolicos e atividade antioxidante em manjericdo

(continuacgdo)

Compostos fendlicos

Referéncia

Totais

‘Sweet basil’

Folhas: 523 mg acido galico/100 g peso fresco
Hastes: 244 mg acido galico/100 g peso fresco
‘Thai basil’

Folhas: 605 mg &cido galico/100 g peso fresco
Hastes: 231 mg acido galico/100 g peso fresco
Acido Rosmarinico

‘Sweet basil’

Folhas: 112 mg/100 g peso fresco

Hastes: 31,9 mg/100 g peso fresco

‘Thai basil’

Folhas: 128 mg/100 g peso fresco

Hastes: 40,3 mg/100 g peso fresco

Acido Chicérico

‘Sweet basil’

Folhas: 51,8 mg/100 g peso fresco

Hastes: ndo detectado

‘Thai basil’

Folhas: 88,5 mg/100 g peso fresco

Hastes: 0,30 mg/100 g peso fresco

Acido Caftarico

‘Sweet basil’

Folhas: 16,5 mg/100 g peso fresco

Hastes: ndo detectado

‘Thai basil’

Folhas: 1,93 mg/100 g peso fresco

Hastes: ndo detectado

Lee e Scagel
(2009)

Totais: 147 mg GAE/g extrato

Hinneburg, Dorman e
Hiltunen (2006)

Totais: 3,64 mg GAE/100 g matéria seca
Principais compostos fenolicos encontrados:
Acido rosmarinico

- . Shan et al.
Derivados de cafeoil (2005)
Diterpernos fendlicos
Compostos volateis (carvacrol)

Flavonoides (catequina)
Totais: 234,0 mg &cido cafeico/100 g peso fresco Ninfali et al
Flavonoides: 230,0 mg/100 g peso fresco (2005) '

Flavandis: 0,93 mg/100 g peso fresco

Ainda no mesmo estudo, entre os acidos fendlicos com maior concentracao,

encontravam-se 0 &cido cafeico, o caftarico, o chicorico, o gentisico e o rosmarinico. Em

alguns casos de cultivares, a concentracao elevada de acidos fenolicos se correlacionava com

a baixa producdo de antocianinas e vice-versa, mas, por outro lado, para outras cultivares 0s
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niveis de acidos fendlicos e antocianinas eram uniformemente baixos quando comparados a
outras. Quanto a atividade antioxidante (Tabela 6), os resultados mostraram que a
concentracdo de fenolicos e antocianinas possuem um papel importante na atividade
antioxidante, sendo que para algumas cultivares a composicdo individual, tanto de acido
fendlico quanto de antocianina, também contribuem para as propriedades antioxidantes.

No trabalho desenvolvido por Lu e colaboradores (2014), folhas de manjericéo
organico e convencional foram caracterizadas por cromatografia de alta eficiéncia e
espectrometria de massas por injecdo em fluxo, a partir da analise de componentes principais.
Os resultados obtidos no estudo indicaram que as amostras de manjericdo organico e
convencional podem ter perfis quimicos significativamente diferentes e, entre os compostos
gue mais contribuem nessa diferenca, encontram-se a luteolina 5-O-glicosideo, o derivado do
acido cafeico, o acido chicérico, o kaempferol 3-O-malonylglicosideo e o acido ursélico.

Contudo, os autores ndo quantificaram estes compostos, somente fizeram sua caracterizacao.

Tabela 6 — Atividade antioxidante do manjericdo

Atividade antioxidante Referéncia

Método FRAP (minimos e m&ximos encontrados) Flanigan e Niemever
Johnnny’s ‘Purple Ruffles’: 24,6 mmol/100 g matéria seca 9 (2014) y
‘Purple Delight’: 34,8 mmol/100 g matéria seca

Método DPPH (minimos e méximos encontrados)
‘Nufar F1°: 3,36 mmol/100 g matéria seca

‘Sweet Dani’ Lemon: 3,46 mmol/100 g matéria seca
‘Ararat’: 16,76 mmol/100 g matéria seca
‘Gecofure’: 16,38 mmol/100 g matéria seca

Atividade de reducéo de Fe (I11) a Fe (11):
0,54 mmol &cido ascérbico/g extrato

Kwee e Niemeyer
(2011)

Hinneburg, Dorman e

Degradag&o da desoxirribose mediada por radical Hiltunen
hidroxila em local especifico: (2006)

387 pmol manitol/g extrato

29,59 mmol Trolox/100 g matéria seca Shan et al. (2005)
4.805,2 umol Trolox/100 g peso fresco Ninfali et al. (2005)

Nota: FRAP: Poder antioxidante de reducéo de ferro, DPPH: método baseado na quelacéo do radical
1,1’ - diphenyl-2-picrylhydrazyl

Kwee e Niemeyer (2011) estudaram a composicao fendlica e a atividade antioxidante
de 15 cultivares diferentes de manjericdo. O tipo de cultivar afetou as concentra¢Ges do acido
rosmarinico, chicorico e cafeico, mas ndo houveram mudangas nas concentracdes do &cido

caftarico. No estudo, nove das cultivares possuiram niveis mais elevados de acido chicorico
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que rosmarinico. Além disso, seis das cultivares estudadas apresentaram concentracdes de
acido caftarico e cafeico em niveis similares ou mais elevados que o 4cido rosmarinico. A
concentracdo de antocianina total variou em torno de dezoito vezes a mais na cultivar ‘Petra
Dark Red’ em relagdo a cultivar ‘Cinnamon’ (Tabela 4). Quanto a atividade antioxidante
(Tabela 6), evidenciou-se através dos resultados, que o perfil de acidos fendlicos de um
cultivar determinado de manjericdo pode ter uma influéncia importante na capacidade
antioxidante, quando comparado com a concentracao de fendlicos totais (Tabela 5).

No estudo realizado por Daly e colaboradores (2010), discutido na sessdo anterior,
entre as ervas avaliadas esteve presente também o manjericdo. Neste, 0 manjericdo teve 0s
valores mais altos de B-caroteno e de luteina + zeaxantina, quando comparado com as outras
sete ervas. Em relacdo aos valores de B-criptoxantina, o manjericdo ficou atras apenas do
coentro (Tabela 7).

Tabela 7 — Contetdo de carotenoides em manjericao

Carotenoides Referéncia
[-caroteno: 18.360 ug/100 g

Luteina + zeaxantina: 6.634 ng/100 g D?%fg)a .
B-criptoxantina: 95 pg/100 g
[-caroteno: 3.899,4 ug/100 g peso fresco Bat(lzs:g%g; al.
‘Sweet Thai’ (maior conteudo de carotenoides no campo)
Luteina: 8,27 mg/100 g base Umida
0,80 mg/g base seca

Zeaxantina: 0,62 mg/100 g base Umida

0,05 mg/g base seca
B-caroteno: 7,70 mg/100 base Gimida Kopsell, Kopsell e

0,59 mg/g base seca Curran-Celentano
‘Osmin Purple’ (maior conteudo de carotenoides na (2005)

estufa)

Luteina: 7,78 mg/100 g base Umida
0,76 mg/g base seca
Zeaxantina: 0,42 mg/100 g base Umida

0,04 mg/g base seca
B-caroteno: 6,23 mg/100 base Umida
0,61 mg/g base seca

Lee e Scagel (2009) identificaram, pela primeira vez, em seu trabalho, a presenca de
acido chicorico nas folhas de manjericdo. O acido rosmarinico foi o principal composto
fenolico encontrado em folhas e hastes da planta. Nas folhas, o segundo composto fendlico
encontrado em maior concentracdo foi o &cido chicorico, seguido pelo acido caftarico (acido

cafeoiltartarico) (Tabela 5).
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No estudo desenvolvido por Batista e colaboradores (2006), j& citado na sessdo
anterior, encontraram-se 0s seguintes resultados: o teor médio de p-caroteno para 0
manjericdo teve um valor 1,6 vezes menor em relacdo a salsa (Tabela 7); e o valor de
vitamina A em equivalente de atividade de retinol (RAE) foi de 325 pg/100 g erva fresca.

No estudo desenvolvido por Hinneburg, Dorman e Hiltunen (2006), 0 manjericdo
ficou em primeiro lugar no quesito teor de fenois totais (Tabela 5). Quanto a atividade
antioxidante, os extratos de manjericdo mostraram ter a atividade mais elevada na reducédo do
ferro (111) a ferro (11) e na inibicdo da degradacdo da desoxirribose (Tabela 6), exceto no caso
da quelacéo de ferro (II).

No trabalho realizado por Shan et al. (2005) avaliou-se a capacidade antioxidante e 0s
constituintes fenolicos presentes nos extratos de 26 especiarias diferentes, entre elas o
manjericdo. A atividade antioxidante (Tabela 6) e o conteddo de fenodlicos totais (Tabela 5)
para 0 manjericdo tiveram um valor intermediario em relacdo aos outros valores das demais
especiarias. Entre os principais compostos fendlicos encontrados, estavam os &cidos fenoélicos
(&cido rosmarinico, derivados de cafeoil), os diterpernos fendlicos, os compostos volateis
(carvacrol) e os flavonoides (catequina).

Uma pesquisa desenvolvida por Kopsell, Kopsell e Curran-Celentano (2005) teve por
objetivo estudar a caracterizagdo da concentragdo de carotenoides nutricionalmente
importantes e a clorofila em oito cultivares de manjericdo (‘Genovese’, ‘Italian large leaf’,
‘Nufar’, ‘Red Rubin’, ‘Osmin Purple’, ‘Spicy Bush’, ‘Cinnamon’ e ‘Sweet Thai’), 0s quais
foram cultivados em dois ambientes diferentes, campo e estufa. Os resultados encontrados
foram os seguintes (Tabela 7): ‘Sweet Thai’ teve o maior contetdo de carotenoides no campo;
e a cultivar ‘Osmin Purple’ acumulou a maior concentragdo de carotenoides na estufa. No
estudo evidenciou-se que, quando comparados os dois ambientes de cultivo, a maior
concentracdo de pigmentos (clorofila e carotenoides), expressos tanto em base Umida quanto
em base seca, foram obtidos no campo. Excec¢des a este comportamento foram visualizadas
com os manjericdes de folha roxa (‘Osmin Purple’ e ‘Red Rubin’).

No estudo de Ninfali e colaboradores (2005), descobriu-se que o conteudo de
fenolicos totais no manjericdo foi aproximadamente 3,5 vezes maior que o encontrado na
salsa, ja apontado anteriormente (ver p. 23); o teor de flavonoides foi 4,4 vezes do que a salsa;
e o valor de flavanois obtido foi similar ao da salsa (Tabela 5). Com respeito a atividade
antioxidante do manjericédo, esta foi 3,7 vezes a mais do que o valor encontrado na salsa
(Tabela 6).
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A partir dos estudos apontados acima, podemos concluir que as concentragcdes de
compostos bioativos em manjericdo variam de acordo com o tipo de cultivar. Em todos eles
(ou “em sua maioria”), porém observa-se que 0s principais compostos fenolicos encontrados
foram os acidos fendlicos como o rosmarinico, o chicérico e o caftarico. Além disso,
evidenciou-se a presenca de antocianinas no manjericao roxo e como principais carotenoides

0 B-caroteno, a luteina e a zeaxantina.

3.4 Sistemas de cultivos da pesquisa

3.4.1 Campo aberto

Dentre os tipos de cultivo existentes, 0 mais conhecido no mundo da producéo agricola
é o cultivo em campo aberto. Em sintese, pode-se conceitua-lo como um sistema que utiliza
espacgos abertos, em que predomina a interferéncia de fatores naturais tais como a chuva, o
sol, o vento e o solo.

Ao fazer-se um resgate historico, percebe-se que a primeira Revolugdo Agricola (ao
redor do ano de 1800) acarretou um aumento na producdo devido a utilizacdo de excrementos
de animais para adubacdo e a rotagdo de plantas forrageiras com os campos cultivados;
portanto, houve uma associacdo da criacdo de animais a agricultura (FREITAS, 2000). Por
sua vez, a agricultura atual predominante, também conhecida como ‘“agricultura
convencional”, pode ser descrita como um conjunto de técnicas de producdo que surgiram em
meados do século XX, com a segunda Revolucdo Agricola. Esta revolucdo iniciou-se com o
lancamento dos adubos quimicos, sendo reduzidas as praticas de rotacdo e o uso de estercos
animais, o que gerou a ilusdo de que a nutri¢do das plantas tinha sido resolvida. Além disso, 0
melhoramento genético de sementes e a motomecanizacdo geraram o desenvolvimento de
grandes monoculturas, sendo realizada a adubacdo com os macronutrientes (nitrogénio,
fosforo e potassio), sem existir a preocupacdo com a reposicdo de matéria organica, 0 que
acarretou em deficiéncias de micronutrientes e, a0 mesmo tempo, em presenca de doencas e
pragas. Agrotoxicos foram desenvolvidos para combater tais problemas, terminando por
ocasionar um maior desequilibrio natural (FREITAS, 2000).

No Brasil e em outros paises subdesenvolvidos, esta tGltima revolucdo foi introduzida
como “Revolugdo Verde”, caracterizando-se pelo uso intensivo de insumos quimicos, tais
como adubos solUveis e agrotoxicos, sementes melhoradas compativeis com esses insumos e

alta mecanizacdo. A Revolucdo Verde resultou em aumento da producdo; entretanto,
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problemas foram surgindo, como a erosdo do solo, a perda de fertilidade, a perda de
biodiversidade, a contaminacdo do solo e das aguas por nitratos e agrotoxicos, o surgimento
de novas pragas e outras resistentes aos agrotoxicos, a contaminacdo de alimentos,
intoxicacOes dos trabalhadores rurais, alimentos sem sabor, entre outros (FREITAS, 2000).

Dessa maneira, observa-se que embora 0s bons rendimentos e a boa produtividade
deste modelo de agricultura “convencional” sejam evidentes, 0 aspecto da sustentabilidade é
abnegado, o que pode conduzir a sérios problemas ambientais. De forma contraria, a natureza
(em sua esséncia) funciona em ciclos que garantem a sustentabilidade de todos os processos
necessarios para a manutencdo da vida (FREITAS, 2000). Visto isso, um novo conceito de
producdo de alimentos surgiu, o da producdo organica, que além de ser uma alternativa a
chamada producdo convencional, é ecologicamente correta e vem ganhando a adesdo de
alguns setores da populacdo que buscam uma alimentacdo mais saudavel (RESENDE;
JUNIOR, 2011).

O conceito de agricultura orgénica surgiu nos anos de 1925 a 1930 com os trabalhos
do inglés Albert Howard, os quais destacam a importancia da matéria organica nos processos
produtivos e apontam que o solo ndo deve ser entendido somente como um conjunto de
substancias, pois nele ocorrem uma série de processos vivos e dindmicos essenciais a salde
das plantas, o que poderia ser chamado de “solo vivo” (ALMEIDA et al., 2007). No Brasil, a
agricultura organica esta regulamentada através da lei 10.831, de 23 de dezembro de 2003. De
acordo com Pimentel et al. (2005), o objetivo da agricultura organica é aumentar processos
ecologicos que contribuem para a nutricdo da planta, a conservacdo do solo, bem como de
recursos hidricos. Além disso, este sistema de cultivo elimina o uso de agroquimicos, o que
pode melhorar o0 ambiente e a economia agricola.

Na presente pesquisa, 0 cultivo em campo aberto escolhido para a realiza¢do do estudo

foi o organico.

3.4.2 Casas de vegetacao (estufa)

O cultivo em casas de vegetacdo é um instrumento para a producdo de plantas com
protecdo ambiental. As casas de vegetacdo sdo construidas com diferentes materiais, como
madeira, ferro e aluminio, possuindo uma cobertura com materiais transparentes que
permitem a passagem da luz solar para garantir o crescimento e o desenvolvimento das
plantas. A utilizacdo de estruturas pode ser parcial quando, por exemplo, a cobertura é

utilizada para o efeito “guarda-chuva” (comum em regides tropicais), ou plena, explorando
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todo o potencial, construindo-se uma casa de vegetacdo completa, com todos os controles para
cobertura e pardmetros meteoroldgicos para a protecdo das plantas, tais como a precipitacdo
pluviométrica, além de cortinas laterais para geracao e aprisionamento de calor, utilizando-se,
entdo, o efeito estufa, razdo pela qual as casas de vegetacdo sd@o mais conhecidas como
estufas. A escolha de um determinado tipo de estufa depende de varios aspectos técnicos,
como as caracteristicas climéaticas da &rea onde ela serd estabelecida, as exigéncias
agroclimaticas da espécie da planta a ser cultivada, entre outros. Ainda, elas podem ser
classificadas em funcdo dos parametros meteorolégicos em ndo climatizadas,
semiclimatizadas e climatizadas. As ndo climatizadas ndo possuem nenhum equipamento e
sdo condicionadas pelos fatores fisicos proprios da natureza do ambiente. J& as
semiclimatizadas possuem alguma automatizacdo no controle de temperatura, umidade e luz.
Por fim, as climatizadas s&o dotadas de mecanismos de acionamento automatico eletrénicos,
elétricos e mecanicos para controle de temperaturas, umidade relativa, luz e, além de fazerem
uso de energia transformada em suas atividades. A utilizacdo deste Gltimo tipo é comum em
paises com alto poder aquisitivo, como Japdo, Holanda e Espanha (REIS, 2005).

O cultivo protegido é um sistema que permite a producao em qualquer época do ano, o
que impede que condi¢des desfavoraveis como umidade, temperatura, vento e luminosidade
prejudiquem a producéo de hortalicas. No Brasil, o cultivo protegido mais utilizado sdo 0s
telados, no qual um teto de plastico protege as plantas da chuva, enquanto as laterais feitas de
tela anti-insetos evitam a entrada de pragas (EMBRAPA, 2015).

3.4.3 Indoor

Nos ultimos anos, um novo tipo de tecnologia agricola vem sendo apresentado, a
“agricultura interna” (indoor), a que vem recebendo boa receptividade por sua capacidade
sustentavel de dar suporte aos sistemas alimentares existentes (NEWBEAN CAPITAL, 2015).

Estudos existentes sobre agricultura urbana introduziram o termo “Zero-acreage
farming”, 0 qual descreve todas as formas de agricultura urbana que se caracterizam por néo
utilizarem extensbes de terra ou espacos abertos como parques, terrenos baldios, jardins e
outros. Dentro desse tipo de agricultura enquadram-se as estufas e os jardins em telhados,
plantacdes indoor e as estufas verticais (SPECHT et al., 2014).

A agricultura indoor possui um grande espectro de formas de aplicacdo, sendo que
hoje, conforme Newbean Capital (2015), podem ser resumidas em quatro categorias:
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e (Casas de vegetacdo hidropdnicas: os telhados utilizados sdo transparentes,
com o objetivo de utilizar a luz natural do sol. Durante os dias escuros e no
inverno, onde os periodos de crescimento encontram-se fora do pico, utiliza-se
iluminagdo suplementar (artificial).

e Fazendas de armazém (Warehouse farms): o local é adaptado com
equipamentos aquapdnicos, hidropdnicos ou aeropdnicos, sendo que o cultivo
é realizado em forma vertical para assim conseguir economias de escala. O
sistema de iluminacdo artificial é utilizado sempre.

e Fazendas em contéiner (Container farms): neste tipo, como no anterior,
emprega-se a agricultura vertical e iluminagéo artificial, mas a diferenca em
relagdo as fazendas de armazém é que os contéineres buscam padronizagdo no
cultivo.

e Sistemas Domésticos: sdo pequenas unidades de crescimento padronizadas,
focadas em design e conveniéncia, utilizados pelos consumidores no ambito

domeéstico.

Outro aspecto do cultivo indoor é a possibilidade de producédo de cultivo durante o ano
todo, proporcionando protecdo em relacdo aos efeitos adversos do clima. Além disso, nos dias
atuais, um movimento chamado “eating local”, que vem crescendo, junto a novas formas de
distribuicdo, tem favorecido a ascensdo do cultivo indoor no mercado (NEWBEAN
CAPITAL, 2015).

O crescimento desta forma de cultivo fez com que, durante os Gltimos anos, diversos
trabalhos tenham sido e venham sendo desenvolvidos sobre a fotossintese nas plantas por
meio de iluminacdo artificial, seja de maneira parcial ou total. Na atualidade, ldmpadas LED
(light emitting diode) tém se mostrado muito melhores que outras tecnologias de luz artificial
empregadas para o crescimento de plantas.

A iluminacéo artificial em cultivos interiores (indoor) para o crescimento de plantas
funciona da seguinte maneira: proporcionam toda a luz que a planta precisa para 0 seu
crescimento, complementam a luz natural, especialmente nos meses de inverno, onde as horas
de luz sdo mais curtas, e aumentam o periodo de luz com a finalidade de incrementar o
crescimento e a floragdo (RAMOS GONZALIAS; RAMIREZ LASSO, 2016).
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3.4.4 Fatores de impacto no desenvolvimento das plantas

O contetido de compostos bioativos nos vegetais pode alterar-se de acordo com as
variedades cultivadas e/ou espécies, sendo influenciado pelo clima e tecnologias aplicadas
durante o cultivo. O desenvolvimento e crescimento das plantas pode ser afetado pela
temperatura, luz, tipo de solo, agua (precipitacdo pluviométrica ou irrigacdo), vento, umidade
relativa do ar e outros (NICULA; BUIE; BRAN, 2012).

As plantas, desde a germinacdo até a floracdo e a producdo de sementes e frutos,
necessitam de luz. A principal fonte de luz das plantas € o sol, sendo que sua luminosidade
esta presente tecnicamente durante 12 horas, podendo variar em fungdo do local e da estacéo,
0 que afeta positiva ou negativamente a producdo (RAMOS GONZALIAS; RAMIREZ
LASSO, 2016).

O espectro de radiacdo solar esta composto principalmente pela por¢édo de luz visivel e
ultravioleta, sendo as plantas bastante seletivas em absorver o comprimento de onda adequado
para seu crescimento, ndo absorvendo todos os comprimentos de onda da radiacdo solar. A
regido mais importante que as plantas utilizam para realizar a fotossintese encontra-se entre
400 nm e 700 nm, conhecida também como Radiagdo Fotossinteticamente Ativa (PAR). Na
fotossintese, 0 primeiro passo € a absorcao de luz pelos pigmentos de antena localizados nos
cloroplastos. Todos os organismos fotossintéticos possuem clorofila a, e este é o primeiro
pigmento do processo fotossintético, mas existem também outros pigmentos envolvidos na
coleta de luz e fotoquimica, como a clorofila b e os carotenoides (Figura 3)
(HELIOSPECTRA, 2012).

Figura 3 - Espectros de absorcao de clorofila e carotenoides (pigmentos acessorios)
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Fonte: Heliospectra (2012)
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No caso da plantagdo indoor, os fatores apontados tém sido a base da selecdo para a
composigdo do espectro das lampadas LED (HELIOSPECTRA, 2012). Em um estudo,
combinacgbes de luz LED azul (400-500 nm) com luz LED vermelha (610-720 nm) tiveram
efeitos positivos no crescimento de vegetais verdes e no valor nutricional em varios
experimentos (SINGH et al., 2015). Em alguns estudos, além do aumento do valor
nutricional, a exposicédo a diferentes comprimentos de onda de luz LED conduziu a sintese de
antioxidantes e compostos bioativos, o0 que levou a uma melhora na qualidade nutricional dos
cultivos (HASAN et al., 2017).

Outro elemento climatico vinculado a luz é a temperatura. Na natureza, os ciclos de
temperatura e luz diurna acontecem simultaneamente, ou seja, luminoso e quente durante o
dia e escuro e frio a noite (FRANKLIN et al., 2014). A fotossintese, como todo processo
bioldgico, acontece através das enzimas. Temperaturas baixas reduzem a velocidade das
reacOes enzimaticas; por outro lado o aumento da temperatura provoca reducao da fluidez da
membrana das plantas, o que afeta a conformacdo 6tima de suas proteinas levando a reducéo
de sua atividade (SANTOS, 2005). A temperatura portanto, além de afetar as taxas de
fotossintese, também afeta 0 metabolismo, a regulacdo hormonal, a reparticdo dos metabolitos
entre as diversas partes e 0s 6rgaos das plantas (BRITO, 2018).

Outro fator importante relacionado ao desenvolvimento das plantas é o solo. Para que
ele possa oferecer o que as plantas necessitam, deve ser compreendido de acordo com seus
trés aspectos: quimico, fisico e biolégico. No solo, encontram-se em diferentes proporc¢des,
agua, ar, matéria organica e minerais. A parte mineral pode ser de trés tipos: argila (particulas
mais finas, < 0,002 mm), silte (particulas intermediarias, entre 0,002 e 0,02 mm) e areia
(particulas mais grossas, entre 0,02 e 2 mm). Ainda, existem o0s solos arenoso (menos de 20 %
de argila), areno-argiloso (20-40 % de argila) e argiloso (mais de 40 % de argila) (FREITAS,
2000).

As propriedades fisicas de um solo relacionam-se com a capacidade de circular ar,
absorver e reter agua e a facilidade para penetracdo das raizes das plantas. Ja as propriedades
quimicas, estdo envolvidas com a capacidade de proporcionar rea¢cBes quimicas e com a
facilidade de reter e fornecer nutrientes para as raizes. A matéria organica, o alimento da vida
dos solos, € formada pela decomposicdo de restos de vegetais e animais a partir dos
organismos decompositores (FREITAS, 2000). O crescimento das plantas, em funcdo da
guantidade de nutrientes no solo, geralmente apresenta um desenvolvimento padrdo: quando

aplica-se adubo inorgéanico, evidencia-se um incremento na producdo, a medida que a dose
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aplicada aumenta, até um determinado ponto, a partir do qual se observa declinio da
produtividade. No caso do uso de matéria orgénica, o crescimento é impulsionado e, em geral,
ndo é observado declinio, ainda que a dose aplicada seja em quantidades elevadas. Na
aplicacdo de fertilizantes organicos soluveis, observa-se um comportamento intermediario
entre os dois casos anteriores (FACANHA; CANELLAS; DOBBSS, 2008).

Com as novas tecnologias e 0 avango da ciéncia, sistemas de producdo de mudas e o
cultivo de espécies em vasos propagaram-se. Nesses tipos de sistemas, faz-se necessario a
utilizacdo de equipamentos e insumos modernos, como 0 caso do substrato. Na area de
propagacdo de plantas, o substrato cumpre a fungdo de substituir o solo, sendo o0 meio para o
desenvolvimento das raizes, assim como fonte de agua, oxigénio e nutrientes (CARNEIRO,
1995). A composicdo de um substrato pode conter material de origem animal, vegetal ou
mineral, 0s quais podem ser mesclados a outros materiais ou ndo. A qualidade do substrato
deve ser superior a do solo, especialmente quanto a determinadas caracteristicas como
permeabilidade, aeracdo, poder de tamponamento (pH), estabilidade de estrutura e capacidade
de retencdo de nutrientes. Além disso, o substrato deve estar livre de patdgenos e de pragas,
de sementes e propagulos de plantas daninhas, ademais de possibilitar a boa agregacédo e
distribuicdo das raizes. Por conseguinte, para formular um substrato, é indispensavel saber
suas caracteristicas fisicas (porosidade capacidade de retencdo de umidade, densidade
aparente), quimicas (salinidade, pH, capacidade de troca de cations, etc.) e bioldgicas (insetos,
fungos, presenca de sementes e outras). Para formulacao de substratos no Brasil sdo utilizadas
varias matérias organicas e minerais, como cascas de arvores e frutos, restos de folhas,
vermiculita, residuos agroindustriais, compostos organicos, turfas, e outros (SOUZA, 2000).

Uma das principais substancias do planeta é a agua, outro elemento importante aqui
apresentado. A &gua esté presente na proporcao de 80 a 95 % dos tecidos metabolicamente
ativos de plantas em crescimento e de 35 a 75 % em tecidos lenhosos. A agua é o solvente
ideal para o acontecimento dos processos bioldgicos. Quando as células das plantas absorvem
agua, no interior delas é exercida uma forca conhecida como turgor, responsavel por muitos
processos fisioldgicos como as trocas gasosas nas folhas e o alongamento celular. Na
presenca de estresse hidrico, acontece a perda de turgidez, o que acarreta em fechamento
estomatico, diminuicdo do processo fotossintético e da respiracdo, afetando também muitos
processos basicos do metabolismo. Para além dessas funcgdes, este elemento também esta
envolvido com o movimento de produtos organicos da fotossintese e de nutrientes no solo e

nas plantas, com a locomogdo de gametas para a fecundacdo e com outras funcoes
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(PIMENTA, 2008). Visto isso, percebe-se que um teor de &gua adequado & exigéncia da
planta no solo € crucial para seu crescimento, sendo este afetado por questdes como irrigacéo
e precipitacdo, bem como por capacidade de armazenagem do solo e por perdas que podem

acontecer por evaporacao e transpiragao.
Em suma, o conhecimento sobre as relagOes entre os diferentes fatores citados e as

plantas é fundamental para a compreensdo de seu desenvolvimento.
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CAPITULO 2 - MATERIAL E METODOS

45



4 MATERIAL E METODOS

4.1 Cultivo das espécies

As espécies salsa (Petroselinum crispum cv. ‘Lisa Stella’), manjericdo verde (Ocimum
basilicum var. minimum cv. ‘Grecco a Palla’) e manjericdo roxo (Ocimum basilicum cv.
‘Vermelho Rubi’) foram cultivadas sob os seguintes sistemas de cultivo: campo aberto
(producéo organica), em estufa em vaso e indoor, sendo que nos trés tipos de cultivo nédo
foram utilizados quaisquer tipos de defensivos quimicos. Primeiramente, as espécies foram
cultivadas em sementeiras (preenchidas com substrato para plantas Carolina Soil®) para a
producdo de mudas, sob luz natural, na estufa do Laboratério de Pos-colheita do
Departamento de Horticultura e Silvicultura/Faculdade de Agronomia da Universidade
Federal do Rio Grande do Sul (Porto Alegre, RS/Brasil) — 30° 04 14.0 de latitude sul e 51°
08’ 23.6 de longitude oeste. As sementes de salsa e manjericdo verde utilizadas foram da
empresa Isla Sementes®, e as de manjericio roxo da empresa Feltrin Sementes®.

As sementes de salsa foram semeadas (20/12/2018) em bandeja de poliestireno de 200
células (5 sementes/célula) contendo substrato CAROLINA SOIL®, mantidas em sistema
floating até o transplantio, o qual foi realizado aos 40 dias apds a semeadura.

Para o cultivo das plantas utilizou-se um delineamento experimental inteiramente
casualizado (DIC).

No caso do cultivo em estufa, foram usadas trés plantas por vaso de 8 litros contendo
substrato CAROLINA SOIL®, tendo sido adicionados 400 g/m® do adubo mineral PG
mix™ (férmula 14-16-18). Os vasos contendo as plantas foram dispostos sobre uma mesa em
blocos de quatro linhas na bancada, com espagamento de 0,30 m entre linhas e entre plantas.
Sob este cultivo foram empregadas 48 plantas. A irrigacéo foi realizada diariamente com 150
mL/vaso. No sistema de cultivo em solo em campo aberto, as mudas foram transplantadas
para local definitivo, no municipio de Dom Pedro de Alcantara (RS), nas seguintes
coordenadas 29° 22' 36.0" latitude sul e 49° 51' 55.8" longitude oeste, onde foi usada
adubacdo de cama de aviario (4 toneladas/hectare); foram transplantadas 3 plantas por cova,
espacadas de 30 em 30 cm, totalizando 27 plantas; além disso, antes de ser iniciado o
transplantio, foi feita uma anélise de solo. Quando necessario, a irrigagéo foi realizada por
aspersao.

O cultivo indoor foi realizado na cAmara fornecida pela empresa Plantario®, onde

foram transplantadas tres plantas por vaso de 1,7 litros. Os vasos foram preenchidos com
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substrato, com a seguinte composicdo: 60 % substrato CAROLINA SOIL® e 40 % perlita,
contendo também fertilizantes minerais de curta, média e longa absor¢do (um saco de 2 kg
para 9 vasos contém 16 g de nitrato de célcio, 8 g de nitrato de potassio, 2,4 g de fosfato
monoamaonico, 6,4 g de sulfato de magnésio, 0,16 g de uma mistura de micronutrientes e 0,48
g de ferro). Sob este cultivo foram empregadas 27 plantas. A irrigacdo automatizada era
realizada 3 vezes ao dia, durante 15 minutos pelo equipamento. O fotoperiodo da cadmara de
cultivo foi de 18:6 horas de luz e escuro, e a radiacdo fotossinteticamente ativa (PAR) foi de
400 pmol.s.m?. A camara de cultivo indoor foi mantida em uma sala a temperatura
constante de 20 °C. O ponto de colheita das plantas de salsa foi determinado em fungdo do
tamanho comercial (altura 25 cm). O espectro de emissdo dos LEDs da camara do sistema

indoor utilizada neste estudo se encontra na Figura 4.

Figura 4 — Espectro de emisséo dos LEDs da camara do sistema indoor
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O procedimento realizado com as outras espécies em estudo seguiu um processo
similar ao descrito anteriormente. As sementes de manjericdo foram semeadas (manjericdo
verde 27/09/2018 e manjericdo roxo 27/11/2018) em bandeja de poliestireno de 200 células
(2 sementes/célula) contendo substrato CAROLINA SOIL®, mantidas em sistema floating até
o transplantio, o qual foi realizado aos 30 dias ap6s a semeadura no caso do manjericdo verde
e aos 20 dias para 0 manjericdo roxo. No caso do cultivo em vaso em estufa, foram usadas
duas plantas por vaso de 8 litros contendo substrato CAROLINA SOIL®, onde foram
adicionados 500 g/m? do adubo mineral PG mix™ (formula 14-16-18). Os vasos contendo as
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plantas foram dispostos sobre uma mesa em blocos de quatro linhas na bancada, com
espacamento de 0,30 m entre linhas e entre plantas. Sob este cultivo foram empregadas 32
plantas. A irrigacdo foi realizada todos os dias com 200 mL/vaso.

No sistema de cultivo organico em solo em campo aberto, as mudas foram
transplantadas para local definitivo, no municipio de Dom Pedro de Alcantara (RS), onde foi
usada adubacgdo de cama de aviario (4 toneladas/hectare); foram transplantadas duas plantas
por cova, espacadas de 30 em 30 cm, totalizando 18 plantas.

Por sua vez, o cultivo indoor, foi realizado na camara fornecida pela empresa
Plantario®, onde foram transplantadas também duas plantas por vaso de 1,7 litros. Os vasos
foram preenchidos com substrato, com a mesma composicao utilizada para a salsa. Sob este
cultivo foram empregadas 18 plantas. A irrigacdo automatizada e o fotoperiodo (18:6 horas de
luz e escuro) foram os mesmos que no caso do cultivo da salsa. O ponto de colheita das
plantas de manjericdo foi determinado em funcdo do tamanho comercial (altura 30 cm).

Na Tabela 8, estdo discriminadas as condi¢des de temperatura minima e méaxima, bem
como a radiacdo fotossinteticamente ativa (PAR), em dias claros e nublados, nos diferentes

sistemas de cultivo das trés espécies estudadas.

Tabela 8 — Condigdes de temperatura minima e maxima, bem como a radiacdo
fotossinteticamente ativa (PAR), em dias claros e nublados, nos diferentes sistemas de
cultivo das trés espécies estudadas.

Nome cientifico clglr?]ann d?étﬁ?\?o Tmizo'c-;_méx (“m;’z Rl m?) Semeadura  Transplantio Colheita
Petroselinum Indoor 20 400 24/01/2019 8/02/2019
crispum cv. ‘Lisa Salsa Estufa 1938 1400 - 450  20/12/2018 24/01/2019 20/02/2019
Stella® Campo 2426 1500 — 600 27/01/2019 05/03/2019
Ocimum Indoor 20 400 25/10/2018 29/11/2018
basilicumvar. . oricso Estufa 19-35 1300350  27/09/2018  25/10/2018 07/12/2018

minimum cv.

‘Grecco a Palla’ Campo 24 -26 1500 — 600 28/10/2018 02/01/2019
Ocimum o Indoor 20 400 14/12/2018 03/01/2019
basilicum cv. Ma:‘(‘)‘j{gcao Estufa 20— 40 1100400  27/11/2018  14/12/2018 03/01/2019
‘Vermelho Rubi’ Campo 24— 26 1800 — 600 16/12/2018 28/01/2019

PAR: radiagdo fotossinteticamente ativa — média em dias claros e nublados

4.2 Colheita e preparagdo das amostras

Apos realizada a colheita, as amostras foram transportadas até o Laboratério de
Compostos Bioativos do Instituto de Ciéncia e Tecnologia de Alimentos da UFRGS

(ICTA/UFRGS), em Porto Alegre (RS). As amostras foram, entdo, previamente congeladas e
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liofilizadas, para serem acondicionadas em embalagens plasticas a vacuo (FASTVAC®/F200
flash) e armazenadas em freezer a -18 °C até a realizagdo das andlises. Importante aqui é frisar

que para a analise de compostos bioativos foram somente utilizadas as folhas das plantas.

4.3 Determinacéo dos parametros de desenvolvimento das plantas

Apbs a colheita das plantas, em todos os cultivos das espécies em estudo, no
Laboratorio de Pds-colheita do Departamento de Horticultura e Silvicultura/Faculdade de
Agronomia da Universidade Federal do Rio Grande do Sul (Porto Alegre, RS/Brasil), foi
determinada a area foliar, utilizando-se um integrador de &rea, modelo L13100 da Licor, sendo
utilizadas todas as folhas de cada planta. Foram avaliadas as seguintes caracteristicas: altura
das plantas; peso da massa fresca e seca da raiz; e peso da massa fresca e seca da parte aérea,
com balanga de precisdo (0,01 g). Além disso, foi calculada a produtividade, como a relacdo

entre a massa fresca total e a area de cultivo, os valores foram expressos em g/cm?,

4.4 Reagentes e padroes

Todos os reagentes foram de grau analitico. Acido cloridrico, &cido férmico 85 %,
acido sulfurico suprapuro, acetona, éter de petréleo, éter etilico foram obtidos pela Dinamica
Quimica Contemporanea® (S&o Paulo, Brasil). Reagentes grau HPLC como metanol, éter
metil-terc-butilico (MTBE), acetonitrila, foram obtidos da Panreac AppliChem® (Barcelona,
Espanha). O reagente de Folin-Ciocalteu foi adquirido da MediQuimica Industria LTDA, o
carbonato de sodio obtido da Vetec Quimica Fina LTDA (Rio de Janeiro, Brasil).

Padroes tais como [-caroteno, cianidina-3-glicosideo, delfinidina-3-p-glicosideo,
Trolox (%)-6-Hydroxy-2,5,7,8-tetrametillcromane-2-carboxilic acid, radical 2,2'-azino-bis-
(&cido 3-etilbenzotiazolina-6-sulfonico) (ABTS), acido galico, &cido cafeico e rutina foram
obtidos da Sigma-Aldrich®; a-caroteno e zeaxantina da empresa Fluka Analytical® (Munique,
Alemanha); e luteina da Indofine Chemical Company® (Nova Jersey, Estados Unidos).
Cartuchos strata SPE Cig (Phenomenex) foram obtidos da empresa Allcrom® (S&o Paulo,
Brasil). O padréo de acido ascorbico foi obtido da Neon Comercial® (Sao Paulo, Brasil).

A 4gua utilizada foi do tipo ultrapura gerada pelo sistema Millipore (Milli-Q®). Os solventes e

as amostras foram filtrados por membranas Millipore 0,45um (Millex LCR 0,45 pm, 13 mm).
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45 Teor de clorofila total e clorofilaaeb

Foi utilizado um clorofilémetro portéatil (ClorofiLOG, modelo CFL1030 da Falker) no
momento da colheita diretamente nas folhas da base, nas medianas e nas mais externas (altos)

em todas as plantas de cada cultivo.

4.6 Analise de vitamina C

Extracéo

A determinacdo de vitamina C foi baseada na metodologia proposta por Rosa et al.,
(2007), com algumas modificacdes. Realizou-se uma extracdo acida, foi pesada 0,2 g de
amostra liofilizada, a mesma foi homogeinizada em um Ultra-Turrax® (IKA, T25 digital) com
20 mL de é&cido sulfarico 0,05 M a 96 % durante 1 min, centrifugado (centrifuga Hitach CR21
GllI- HIMAC) a 25.400 g durante 15 minutos e, logo, o extrato obtido foi filtrado através de

membranas Millipore 0,45um.

Condicdes cromatograficas

As analises foram realizadas por HPLC, utilizando o cromatdgrafo Waters Alliance
(2695, Milford, MA, USA), equipado com um sistema de solvente quaternario de
bombeamento, conectado a um detector de arranjo diodos (DAD 2996). Foi utilizada uma
coluna polimérica C1g (250 mm x 4,6 mm diametro interno (d.i.), 5 um). A fase movel foi de
acido sulfurico 0,05 M, com fluxo de 1 mL/min, volume de inje¢do de 10 puL e comprimento
de onda de 254 nm. A vitamina C foi quantificada pela injecdo do padrdo de acido ascorbico

no dia da andlise.

4.7 Analise de compostos bioativos

471 Carotenoides

Extracéo

A determinacdo de carotenoides foi feita de acordo com Mercadante & Rodriguez-
Amaya (1998). As etapas principais foram: extracdo exaustiva dos pigmentos com acetona em
um Ultra-Turrax® (IKA, T25 digital) e particionamento com éter de petrleo e éter etilico,

seguidamente de saponificacdo com metanol 10 % KOH durante uma noite a temperatura
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ambiente. Apds a remogdo do alcali, o extrato foi concentrado em evaporador rotativo
(Fisatom®, Modelo 801) (T < 25 °C), seco em um fluxo de nitrogénio e armazenados no
freezer (-18 °C) em tubos &mbar para posterior quantificacdo por cromatografia liquida de alta
eficiéncia. Para a andlise, o extrato seco foi diluido em éter terc-metil-butilico (MTBE),
colocado em ultrassom (Unique, modelo USC 1400) por 15 minutos e filtrado em filtro

(Millex LCR 0,45 um, 13 mm) para posterior inje¢do no cromatografo.

Condicbes Cromatograficas

As analises de quantificagdo foram realizadas em um cromatografo Agilent, série 1100
(Santa Clara, CA, EUA), equipado com um sistema de solvente quaternario de bombeamento
(G1311A-DE14917573 Agilent Serie 1100, Waldbronn, Alemanha) e um detector UV-
Visivel (G1314B-DE71358944 Agilent Serie 1100, Waldbronn, Alemanha). Foi utilizada uma
coluna de fase reversa Czo polimérica (YMC, modelo CT99S03-2546WT) de 250 mm X 4,6
mm (d.i.), 3 um. A fase movel foi constituida por dgua:metanol:MTBE, a partir de 5:90:5;
atingindo em 12 minutos uma concentracdo de 0:95:5; em 25 minutos, 0:89:11; em 40
minutos, foi para 0:75:25, e, finalmente, 00:50:50, apds um total de 60 minutos, com uma
taxa de fluxo de 1 mL/min a 22 °C e um volume de injecdo de 5 pL. Os espectros foram
realizados entre 250 e 600 nm e 0s cromatogramas processados em um comprimento de onda
de 450 nm. Curvas padrdes para os carotenoides foram construidas nos intervalos

apresentados na Tabela 9.

Tabela 9 — Faixas de concentragdo, r?, limites de quantificacdo (LOQ) e deteccéo (LOD)
dos padrdes de carotenoides

Carotenoides Faixa de concentracéo 2 LOD LOQ
(Hg/mL) (Hg/mL) (pg/mL)
Luteina 1-65 0,9991 6,90 x 10 1,15 x 102
Zeaxantina 1-40 0,9997 9,56 x 102 1,59 x 102
a - caroteno 2-25 0,9934 1,97 x 102 3,28 x 102
B - caroteno 5-50 0,9998 6,53 x 102 10,89 x 10

A identificagdo dos carotenoides foi realizada em cromatografo HPLC (Shimadzu®,
Kyoto, Japédo), equipado com duas bombas (Shimadzu LC-20AD), um desgaseificador
(Shimadzu DGU-203R) e forno de coluna (Shimadzu CTO-20A), conectado em série a um
detector de arranjo de diodos (Shimadzu SPD-M20A) e conectado a um espectrémetro de
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massas (MS) com analisador quadrupolo por tempo de voo (Q-Tof) e fonte de ionizacdo
quimica e a pressao atmosférica (APCI) (Bruker Daltonics, modelo micrOTOF-QIII, Bremen,
Alemanha). A coluna utilizada foi uma Cs YMC Carotenoid (Irlanda), 250 x 4,6 mm (d.i.),
5 um. Para os carotenoides, a analise seguiu 0 método proposto por Rodrigues et al. (2013),
na qual foram utilizadas como fases moveis: A — metanol e B — éter metil-terc-butilico
(MTBE). A separacéo foi obtida usando um gradiente linear de 5 % a 30 % B em 30 minutos,
em 50 minutos passou para 50 % de B e foi mantido até 60 min. Em 62 minutos, voltou para a
condicdo inicial 5 % de B e se manteve por 5 minutos. O fluxo foi de 0,9 mL/min e o volume

de injecéo foi de 20 pL.

4.7.2 Compostos fendlicos ndo antocianicos

Extracéo

A extracdo seguiu a metodologia descrita por Rodrigues et al. (2013), com
modificagdes. Uma extracio exaustiva foi realizada por 2 minutos no Ultra-turrax (IKA®, T25
digital 1/min x 1000), adicionando-se a 0,2 g de amostra liofilizada 20 mL de uma mistura de
metanol com &gua destilada (80:20 %; v/v), a temperatura ambiente (22 + 3 °C). Ap0s, 0
extrato foi centrifugado (Hitachi, Himac, CR21 GllIlI, Japdo) a 10.000 g durante 10 minutos a
20 °C, e o sobrenadante foi transferido para um baldo volumétrico ambar. Esse procedimento
foi realizado em triplicata e repetido trés vezes para a salsa, 0 manjericdo verde e o roxo, até a
auséncia de cor. Os sobrenadantes foram combinados obtendo um volume final de 60 mL
(extrato de compostos fendlicos). A auséncia de compostos fenélicos no sobrenadante foi
verificada previamente utilizando o reagente Folin-Ciocalteau, seguindo a metodologia
proposta por Singleton e Rossi (1965) e Becatti et al. (2010), com modificagdes. Foram
adicionados 1375 pL do reagente de Folin-Ciocalteu (Sigma-Aldrich®, St. Louis, EUA)
preparado (375 mL de agua para 37,5 mL do reagente) a 25 puL de amostra, que reagiram por
8 minutos. Em seguida, foram adicionados 600 puL de &gua destilada e 500 pL de carbonato
de sodio, a 20 %. A solucdo foi homogeneizada e deixada em repouso durante 30 minutos ao
abrigo da luz. A absorbancia foi medida a 750 nm a temperatura ambiente em
espectrofotbmetro (Shimadzu UV-Vis 1800/08302). Para a quantificacdo dos compostos
fendlicos, os extratos foram rotaevaporados (Fisatom® Modelo 801) (T < 25 °C), e
avolumados com a fase movel A (agua Milli-Q e &cido férmico, na proporcéo de 99,9:0,1 %,

v/v) para 25 mL em baldo volumétrico. Apds, as amostras foram filtradas por membranas
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Millipore 0,45 pm (Millex LCR 0,45 um, 13 mm) e injetadas para analise em um
cromatografo.

Condic6es cromatograficas

As analises de quantificacdo foram realizadas utilizando um cromatografo Waters
Alliance (2695, Milford, MA, USA), equipado com um sistema de solvente quaternario de
bombeamento, conectado a um detector de arranjo diodos (DAD 2996). Para a salsa, a coluna
utilizada foi uma Cig Merck, 250 mm x 4,6 mm, 5 um (Allcrom®, Sio Paulo, Brasil) e para o
manjericdo verde e o0 roxo, a coluna utilizada foi uma Cig Phenomenex Synergi TM, 250 mm
X 4,6 mm, 4 um (Allcrom®, Sao Paulo, Brasil).

A identificacdo dos compostos fenolicos foi realizada em cromatografo HPLC
(Shimadzu®, Kyoto, Japdo) equipado com duas bombas (Shimadzu LC-20AD), um
desgaseificador (Shimadzu DGU-20A) e um forno de coluna (Shimadzu CTO-20A),
conectado em série a um detector de arranjo de diodos (Shimadzu SPD-20A) e conectado a
um espectrémetro de massas (MS) com analisador quadrupolo por tempo de voo (Q-Tof) e
fonte de ionizacdo por electrospray (ESI) (Bruker Daltonics, modelo micrOTOF-QIII,
Bremen, Alemanha). As colunas utilizadas para a salsa, 0 manjericdo verde e o roxo foram as
mesmas da quantificacao.

Tanto para a quantificacdo quanto para a identificacdo dos compostos fendlicos néo-
antocianicos, a fase moével A foi constituida por uma mistura de agua Milli-Q e acido férmico
(99,9:0,1 %, v/v) e a fase mdvel B por uma mistura de acetonitrila e acido férmico, nas
mesmas propor¢des (99,9:0,1%, v/v), em um gradiente linear de 99:1 (v/v) fase mével A/B
para 50:50 (v/v) A/B, por 50 minutos; e entdo 50:50 (v/v) A/B para 1:99 (v/v) A/B, por 5
minutos. Essa razdo foi mantida por mais 5 minutos. A taxa de fluxo da corrida foi de
0,7 mL/min a 29 °C e o volume de injecdo de 20 pL. Os espectros UV-Vis foram obtidos
entre 200 e 600 nm, e os cromatogramas foram processados a 280, 320 e 360 nm.

Os espectros de massas foram adquiridos a partir de uma varredura de m/z 100 a 1000.
Os parametros de MS foram definidos da seguinte forma: fonte de ESI em modo negativo;
tensdo capilar, 3000 V; temperatura do gas secante (N2), 310 °C; taxa de fluxo, 0,35 L/min;
gés de nebulizagdo, 4 bar. MS? foi configurado no modo automatico.

Os compostos fenolicos foram identificados com base na ordem de eluigdo e no tempo

de retencdo na coluna, e de caracteristicas do espectro UV-Vis e de MS e MS? e dados
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disponiveis na literatura. Além disso, os compostos foram quantificados utilizando curvas

analiticas de padrdes, conforme Tabela 10.

Tabela 10 — Faixas de concentragdo, r?, limites de quantificacdo (LOQ) e deteccdo (LOD)
dos padrdes de compostos fendlicos

Faixa de

Coluna Padrdes de fendlicos concentracao r LOD LOQ

1 (mg/L) (mg/L)
(mg. L7
Acido galico 280 nm 5-12 0,9992 0,2452 0,7430
on c18 Acido cafeico 320 nm 512 0,0994 0,2167 0,6572
enomenex

Rutina 360 nm 5-12 0,9989 0,2904 0,8800
Acido galico 1-120 0,9993 4,0117 12,1566

C18 Merck Acido cafeico 1-120 0,9996 2,8828 8,7357
Rutina 1-120 0,9966 8,3454 25,2890

4.7.3 Compostos fendlicos antocianicos - Antocianinas no manjericao roxo

Extracéo

As antocianinas foram extraidas de acordo com Vargas et al. (2016), com
modificacdes. Para a extracdo exaustiva, 0,1 g de amostra liofilizada foram diluidas em 20 mL
de uma solucdo metanolica de HCI 1%, e homogeinizadas em Ultra-Turrax®. Ap6s, a solucéo
foi filtrada a vacuo. Esse procedimento foi realizado em triplicata e repetido cinco vezes, até a
auséncia de cor. Finalmente, o extrato foi rotaevaporado (Fisatom®, Modelo 801) (T < 25 °C)
para remog¢do do metanol, e avolumados com a fase movel A (agua Milli-Q e &cido férmico,
na proporcao de 96:4 % v/v) para 10 mL em baldo volumétrico. Apds isso, o extrato de
antocianinas foi filtrado em filtro (Millex LCR 0,45 um, 13 mm) para posterior inje¢do no

cromatografo.

Condigdes cromatogréficas

As andlises de quantificacdo foram realizadas seguindo metodologia proposta por
Vargas et al. (2016), com modificaces, utilizando um cromatografo (Agilent®, Série 1100,
Santa Clara, EUA) equipado com um sistema de bomba quaternaria e um detector UV-visivel,
a coluna utilizada foi de fase reversa Ci1g Shim-pak CLC-ODS (250 x 4,6 mm (d.i.), 5 um); a
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fase movel A foi constituida por agua Milli-Q e &cido férmico (96:4 % v/v), e a fase mével B,
de 100 % metanol. A separacdo foi obtida utilizando um gradiente linear de acido férmico
aquoso 4 % e metanol, na propor¢do de 85:15 (v/v) a 20:80, em 25 minutos, sendo mantida
essa proporcéo isocratica por 15 minutos. O fluxo da fase mével foi de 1 mL/min, o volume
de injecéo foi de 5 pul e a temperatura da coluna mantida em 29 °C. Os cromatogramas foram
processados a 520 nm. Para a quantificagcdo das antocianinas, curvas padréo foram construidas

a partir dos padrdes de cianidina-3-glicosideo, delfinidina-3-glicosideo, conforme Tabela 11.

Tabela 11 — Faixas de concentracéo, r?, limites de quantificacédo (LOQ) e detecgdo (LOD)
dos padrdes de antocianinas

Faixa de

N I x LOD LOQ
Padrdes de antocianinas  concentragéo r?
gLy (ng/mL) (ng/mL)
Cianidina-3-glicosideo 5-40 0,9987 1,69 x 102 2,81 x1072
Delfinidina-3p-glicosideo 5-100 0,9944 1,16 x 10 1,93 x 10*

A identificacdo dos compostos antocianicos foi realizada em cromatégrafo HPLC
(Shimadzu®, Kyoto, Japdo) equipado com duas bombas (Shimadzu LC-20AD), um
desgaseificador (Shimadzu DGU-20A) e um forno de coluna (Shimadzu CTO-20A),
conectado em série a um detector de arranjo de diodos (Shimadzu SPD-20A) e conectado a
um espectrémetro de massas (MS) com analisador quadrupolo por tempo de voo (Q-Tof) e
fonte de ionizagéo por eletropray (ESI) (Bruker Daltonics, modelo micrOTOF-QIII, Bremen,
Alemanha). A coluna utilizada foi a de fase reversa Cig Merck (250 mmx 4,6 mm, 5 um); o
fluxo da fase movel foi de 0,8 mL/min; o volume de inje¢do foi de 5 uL; e a fonte de ESI, em
modo positivo.

Tanto para a quantificacdo quanto para a identificacdo das antocianinas, a fase movel
A foi constituida por uma mistura de agua Milli-Q e acido férmico (96:4 % v/v), e a fase

movel B, de 100 % metanol.

Procedimentos de purificagdo SPE-C18
Os extratos antocianicos e nao-antocianicos foram purificados conforme descrito por
Rodriguez-Saona & Wrolstad (2001), com algumas modificagdes. Os cartuchos de extragdo
em fase sdlida (SPE) Cis (Strata, Phenomenex, Torrance, CA) foram previamente
condicionados com metanol e agua acidificada com HCI 0,01%. O cartucho foi carregado
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com a amostra. Os compostos polares foram eluidos com dois volumes de solugdo aquosa
com HCI 0,01%. Os compostos fendlicos ndo-antocianicos foram eluidos usando acetato de
etila e os antocianicos foram eluidos com metanol acidificado (com HCI 0,01%). Os extratos
foram concentrados em rotaevaporador rotativo (30 °C), e as amostras foram reconstituidas
em 1 mL da fase mdvel A. Apos isso, as amostras foram imediatamente injetadas no aparelho
HPLC-DAD-MS/MS.

4.8 Capacidade antioxidante — Ensaio ABTS

A determinacédo da capacidade antioxidante foi realizada através da captura do radical
livre ABTS™. (RE et al., 1999) Para obtencéo do extrato, foram pesados 0,1 g de amostra, que
foram homogeneizadas com 20 mL de metanol 50 % em Ultra-turrax, e deixado em repouso
por 60 minutos em ambiente escuro. Posteriormente, o extrato foi centrifugado a 25.400 g por
15 minutos e o sobrenadante foi armazenado em baldo &mbar de 50 mL. Esse mesmo
processo foi repetido com acetona 70 % em lugar do metanol e, por ultimo, o baldo foi
avolumado para 50 mL. Uma vez realizado o extrato, foram preparados tubos de ensaio com,
no minimo trés diluicdes diferentes em triplicata. Uma aliquota de 100 pL, de cada dilui¢do
do extrato, foi transferida para tubos de ensaio com 1 mL do radical ABTS'™, ao abrigo da luz;
os tubos foram homogeneizados em agitador e foi realizada a leitura (750 nm), apds 6

minutos da mistura. Os resultados foram expressos como UM de trolox/g amostra.

4.9 Andlise estatistica

Todas as analises foram realizadas em triplicata e os resultados foram submetidos a
analise estatistica utilizando ANOVA e para diferenca entre as médias foi aplicado o teste de
Tukey a 5% de significancia, pelo Software Statistica 12.
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Effects on Parsley’s and Basil’s Bioactive Compounds under Indoor,
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ABSTRACT: The effects of three systems of cultivation (indoor, greenhouse, and organic
field) on the composition of bioactive compounds in parsley (Petroselinum crispum cv. ‘Flat
Leaf”), green basil (Ocimum basilicum var. minimum cv. ‘Greek’), and purple basil (Ocimum
basilicum cv. ‘Red Rubin’) were evaluated. Among the three plants, the highest content of
vitamin C was found in parsley from the field (103 mg/100 g fresh weight), 2.6 and 5.4 times
higher than the indoor and greenhouse cultivation, respectively. In the case of carotenoids, the
highest concentration was found in green basil (3743 pg/g dry weight) on the indoor system,
around 2 times higher than the other two systems. Purple basil from the field presented the
highest content of total phenolics (non-anthocyanics) as of anthocyanins. The major phenolic
compound found in basil plants was rosmarinic acid, and most anthocyanins derived from
cyanidin aglycone. The results suggest that different cultivation systems influence and
modulate the concentration of bioactive compounds in plants, varying according to their class.
Besides, the indoor system provides sufficient conditions for bioactive compounds synthesis;
even though the highest antioxidant activity was observed on the plants of the organic open
field system.

Keywords: parsley, basil, bioactive compounds, cultivation systems, mass spectrometry.
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1 INTRODUCTION

The content of bioactive compounds of plants varies according to species or varieties.
However, other factors influence, such as climate and technologies used during cultivation.®
In the present study, three cultivation systems were compared in order to check theses
assumptions.

Recently, new cultivation systems with absence of external environmental factors have
emerged, what are called indoor cultivations. These came along with a new social and
environmental dynamic set in the world, in which conventional planting is no longer the only
possibility available for producers or consumers. On one side, the usage of this type of
cultivation may represent an alternative to bring consumers closer to foods, as they can be
grown and harvested at their dwellings, even within big cities. In favor of that panorama of
new forms of planting, present-day studies evidence that urban areas are more densely
inhabited than rural areas?, and it is known that the world population is growing.

With the evolution of technologies, the indoor system (which may be used for home
cultivation or for large-scale production) has been possible throughout the use of artificial
lights. About that, several reports addressed the photosynthetic processes of plants submitted
to either partial or total artificial lighting. Light-emitting diode (LED) lamps are one of the
types of artificial light used on these methods of cultivation. Some studies indicate that
exposure to different light wavelengths may lead to the synthesis of antioxidants and
bioactive compounds, and consequently improve the quality of constituents present in plants.®

Aromatic herbs, subject of the present study, have been used since ancient times to
impart aroma and flavor to food preparations, being also known for their medicinal and
nutritional properties and for their capability to preserve food.* The bioactive compounds
present in these herbs play a key role on people's health.>” Some of them have already been
identified in parsley (Petroselinum crispum), green and purple basil (Ocimum basilicum),
including carotenoids, phenolic compounds, and ascorbic acid. Purple basil is proved to be an
anthocyanin source.®'2 Aromatic herbs as a whole are gaining popularity, and, in the
scientific field, research on their bioactive compounds and biological activities is also on the
rise.’®

Previous studies have analyzed bioactive compounds in parsley and basil. However,
they often presented limitations, either lack of sampling or the usage of methods that only
analyze the total contents of compounds, overestimating their concentration. The present
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research differs from previous ones exactly for performing an adequate sampling plan, and for
having analyzed the bioactive compounds, on each case, in a depth and embracing way.

The research evaluates the bioactive compounds in three plants (parsley, green and
purple basil) under three different cultivation systems, indoor (a chamber of domestic size),

greenhouse, and organic field.

2 MATERIAL AND METHODS

2.1 Chemical and reagents

Analytical standards, including (all-E)-B-carotene, cyanidin-3-glucoside, delphinidin-
3-B-glucoside, ABTS radical [2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonicacid], Trolox
((x)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid), gallic acid, caffeic acid, and
rutin, were purchased from Sigma-Aldrich® (St. Louis., USA). (all-E)-a-carotene and
zeaxanthin were donated by Fluka Analitycal®; (all-E)-lutein was obtained from Indofine
Chemical Company (New Jersey, USA); and standard ascorbic acid was acquired from Neon
Comercial® (Sdo Paulo, Brazil). Analytical grade reagents, such as hydrochloric acid, supra
pure sulfuric acid, 85% formic acid, acetone, ethanol, methyl alcohol, petroleum ether, and
ethyl ether, were obtained from Dindmica Quimica Contemporanea® (S&o Paulo, Brazil), and
cartridge strata SPE Cis Phenomenex® from Allcrom (S&o Paulo, Brazil). High-performance
liquid chromatography (HPLC) grade reagents, such as acetonitrile, methyl tert-butyl ether
(MTBE), and methanol, were acquired from Panreac AppliChem® (Barcelona, Spain). The
water, type |, was purified by a Milli-Q® system. The samples and solvents were filtered
through Millipore 0.45 pm membranes (Millex LCR 0.45 pm, 13 mm).

2.2 Plant materials and growth conditions

Parsley (Petroselinum crispum cv. ‘Flat Leaf), green basil (Ocimum basilicum var.
minimum cv. ‘Greek’), and purple basil (Ocimum basilicum cv. ‘Red Rubin”) (Figure 1) were
cultivated under the following growing systems: open field (organic cultivation), greenhouse,
and indoor. The plants were grown in seed trays filled with Carolina Soil® substrate, by way
of a floating system under natural light at the Post-harvest laboratory of the Horticulture and
Forestry Department of the Agronomy University of the Federal University of Rio Grande do
Sul (UFRGS) in Porto Alegre, Brazil (30° 04* 14.0 S, 51° 08* 23.6 W). The seeds were
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purchased from the following seed companies: parsley and green basil from Isla Sementes®;
and purple basil from Feltrin Sementes®.

Parsley seeds were sown in seed trays of 200 cells (5 seeds/cell) using a floating
system. Forty days after, the seedlings were transplanted.

Under the greenhouse system, three plantlets were transferred to 8 L-pot containing
Carolina Soil® substrate and added 400 g/m® of mineral fertilizer PG mix (formula 14-16-18).
The pots were arranged in a randomized block design with four lines spaced 30 cm between
lines and pots. In this system, 48 plants were used. The pots were watered every day with 150
mL/pot.

In the open field system, the seedlings were transplanted to a definitive location at the
village of Dom Pedro de Alcantara, Rio Grande do Sul, Brazil (29° 22' 36.0" S, 49° 51' 55.8"
W). Chicken manure was applied before the transplant (4 ton/ha). The soil had been analyzed
previously. The seedlings were planted in a spacing 30 cm by 30 cm, resulting in a total of 27
plants (three plants per pit). Plants were irrigated by overhead spraying when necessary.

For the indoor system, in which the plants were cultivated in the Plantario®s chamber,
three plants were transplanted to 1.7 L-pot resulting in a total of 27 plants. The pots were
filled with a substrate mixture of 60 % Carolina soil® substrate and 40% perlite. The pots
were supplied with a mineral fertilizer at a dose of 2 kg for 9 pots. That amount of fertilizer
contained 16 g of calcium nitrate, 8 g potassium nitrate, 2.4 g mono ammonium phosphate,
6.4 g magnesium sulfate, 0.16 g of a mixture of micronutrients, and 0.48 g of iron. The plants
were irrigated three times a day for 15 minutes via an automated irrigation system. The
photoperiod was 18 hours of light and a 6 hours interval of darkness. The photosynthetically
active radiation (PAR) supplied 400 pmol.st.m=2. The Plantario®s chamber was kept in a
room at a constant temperature of 20 °C.

The parsley plants, in the three cultivation systems, were harvested at a plant height of
25 cm, the commercial harvesting point (Table 1). The other species, green and purple basil,
were grown under the same procedures. The basil seeds were sown and transplanted either 20
days or 30 days after sowing. In the three cultivation systems, two plants were planted in
every pot or pit on the ground. In the greenhouse system, a total of 32 plants were used. These
plants received 500 g/m?® of PG mix™ mineral fertilizer (formula 14-16-18). The pots were
irrigated every day with 200 mL/pot. In the indoor and open field systems, a total of 18 plants
were used. The plants were harvested at the commercial harvesting: plant height of 30 cm
(Table 1).
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After sample harvest and determination of plant development parameters, the tissue
samples were lyophilized and packed in plastic vacuum packages (FASTVAC®, F200 flash,
Sdo Paulo, Brazil) and stored at -18 °C in a freezer for further evaluations. For the analysis of

bioactive compounds of the plants, only the leaves were used.

Figure 1 — Images of Petroselinum crispum cv. ‘Flat Leaf’(A), Ocimum basilicum cv. ‘Red
Rubin’(B), and Ocimum basilicum var. minimum cv. ‘Greek’ (C)

©

Table 1 — Minimum and maximum temperature conditions, photosynthetically active radiation (PAR),
on clear and cloudy days, in three different cultivation systems of the aromatic plant species.

Scientific Commom Cultivation  Thmin - Tmax PAR Seeding Transplant Harvest
name name system (°C) (umol. st.m?)  (m./d.ly.) (m.Jd.ly.) (m.Jd.ly.)
Petroselinum Indoor 20 400 D b 01/24/2019 02/08/2019
crispum cv. Parsley Greenhouse 19-38 1200 - 450 chezrglgr 01/24/2019 02/20/2019
‘Flat Leaf” Field 24 -26 1500 — 600 ’ 01/27/2019 03/05/2019
(_)(_:imum Indoor 20 400 10/25/2018 11/29/2018
basilicumvar.  Green  Greennouse  19-35 1300350  SEPmMber 101555018 12/07/2018
minimum cv. Basil ) 27,2018
‘Greek’ Field 24 -26 1500 — 600 10/28/2018 01/02/2019
Ocimum Indoor 20 400 12/14/2018 01/03/2019
- Purple November
basilicum cv. . Greenhouse 20-40 1100 - 400 12/14/2018 01/03/2019
. 2 basil ) 27,2018
Red Rubin Field 24 -26 1800 — 600 12/16/2018 01/28/2019

PAR: photosynthetically active radiation — average on clear and cloudy days. m./d./y.= month/day/year

2.3 Plant development parameters

After the plants had been harvested, the leaf area was determined by using an area
integrator (Licor L13100), comprising all leaves of each plant. The following characteristics
were evaluated in them: plant height, weight of fresh and dry root mass, and weight of fresh
and dry mass of aerial part. For those parameters a precision digital balance was used.
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2.4 Chlorophyll measurement and extraction of ascorbic acid

A portable chlorophyll meter (ClorofiLOG, CFL1030 Falker) was used during the
harvesting process directly from the base portion, median portion and top portion of the leaves
of each plant.

The vitamin C extract was made based on the methodology proposed by ROSA et
al.*, with modifications. For the acid extraction, 0.2 g of lyophilized sample was
homogenized in an Ultra-Turrax® (IKA, digital T25) with 20 mL of 0.05 M sulfuric acid
solution for 1 min. The extract was centrifuged (Hitach CR21 GIII-HIMAC) at 25.400 g for

15 min, and then filtered through a millipore 0.45 pum membrane.

2.5 Extraction of carotenoids and phenolic compounds

The carotenoids were exhaustively extracted in triplicate, according to Mercadante &
Rodriguez-Amaya’s method.’® The carotenoid dried extract was dissolved in MTBE,
sonicated (Unique, USC 1400 model) for 15 min, and filtered (Millex LCR 0.45 um, 13 mm)
for subsequent injection in the chromatograph.

The extraction of phenolic compounds (non-anthocyanics) was done following the
methodology described by Rodrigues et al.'®, with modifications. The absence of phenolic
compounds in the supernatant was previously verified using the Folin-Ciocalteau reagent,
following the methodology proposed by Singleton & Rossil’ and Becatti et al.'®, with
modifications. For the quantification of the phenolic compounds, the extracts were evaporated
(Fisatom®, Model 801) (T < 25 °C) and increased to a 25 mL volumetric flask. Subsequently,
the extracts were filtered Millex LCR 0.45 um and injected in the chromatograph.

The extraction of anthocyanins from purple basil was performed according to the
methodology proposed by Vargas et al.!®, with modifications. The compounds were
exhaustively extracted from the freeze-dried sample (0.1 g) with 20 mL of a 1% methanolic
HCI solution, and homogenized in ultra-turrax (IKA®, digital T25 1/min x 1000). After that,
the solution was vacuum filtered. This procedure was performed in triplicate and repeated five
times until colorless state. Finally, the extract was evaporated (Fisatom®, Model 801) (T < 25
°C) to remove methanol, and then increased to 10 mL in a volumetric flask. Afterwards, the
anthocyanin extract was filtered on a Millex LCR 0.45 pm, and injected in the
chromatograph.

Before identification analysis, the phenolic compounds extracts were purified.?
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2.6 HPLC-DAD-MS/MS Analysis

Vitamin C was quantified using a Waters Alliance (2695, Milford, MA, USA)
chromatograph equipped with a quaternary solvent pump system connected to a DAD (DAD
2996), and a wavelength of 254 nm, following the method proposed by Rosa et al.!4, with
modifications. The separation was done with a Cig polymer column [250 mm x 4.6 mm, 5
pum]. The mobile phase was 0.05 M sulfuric acid at a flow rate of 1 mL/min, and an injection
volume of 10 pL. Vitamin C was quantified by the injection of the ascorbic acid standard on
the day of the analysis. The results were expressed in mg/100 g sample (dry weight and fresh
weight).

To identify the carotenoids, the phenolic compounds (non-anthocyanics), and the
anthocyanins, a Shimadzu® (Kyoto, Japan) HPLC apparatus was used. The HPLC system was
equipped with two pumps (Shimadzu LC-20AD), a degasser (Shimadzu DGU-203R), and a
column oven (Shimadzu CTO-20A), connected in series to a diode array detector (DAD)
(Shimadzu SPD-M20A) and a mass spectrometer (MS), with a quadrupole flight time
analyzer (Q-TOF) and atmospheric-pressure chemical ionization (APCI), and electrospray
ionization (ESI) sources (model micrOTOF-QIII, Bruker Daltonics, Bremen, Germany).

The carotenoids were quantified using an Agilent® chromatography equipment, 1100
series (Santa Clara, CA, USA), equipped with a quaternary solvent pumping system
(G1311A — DE14917573 Agilent 1100 Series, Waldbronn, Germany) with a UV-Vis detector
(G1314B — DE71358944 Agilent 1100 Series, Waldbronn, Germany), and a fluorescence
detector (G1321A- Agilent 1100 Series, Waldbronn, Germany). The carotenoids were
separated according the method of Zanatta & Mercadante?’, on a Cso reversed-phase
polymeric column (YMC, model CT99S03-2546WT) [250 mm x 4.6 mm (inside diameter), 3
pum] using as mobile phase water:methanol:MTBE. The chromatograms were processed at
450 nm, and the results were expressed in pg/g sample (dry weight). The identification of
carotenoids was done on a Czo YMC column (Ireland) [250 mm x 4.6 mm, 5 pm] using the
same conditions as De Rosso and Mercadante??. The flow rate was of 0.9 mL/min, and the
injection volume of 20 pL.

The non anthocyanics phenolic compounds were quantified using the Waters Alliance
chromatograph. For parsley, the phenolic compounds were separated on a Cig Merck
(Allcrom®, Sdo Paulo, Brazil) [250 mm x 4.6 mm, 5 pm]. Green and purple basil were eluted
on a C1s Phenomenex Synergi TM, Allcrom®, Sdo Paulo, Brazil) [250 mm x 4.6 mm, 4 pum].

For both quantification and identification of non-anthocyanic phenolic compounds, the
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methodology used was that described by Rodrigues et al.®. A flow rate of 0.7 mL/min was
used, the column temperature was set at 29 °C, and 20 pL of the sample were injected. The
obtained UV-Vis spectra were in the range of 200 and 600 nm, and the chromatograms were
processed at 280, 320, and 360 nm. To acquired the mass spectra a scan range from m/z 100
to 1000 was used. The MS parameters were: ESI source in negative mode; capillary voltage,
3000 V; dry gas temperature (N2), 310 °C; flow rate, 0.35 L/min; nebulizer gas, 4 bar. MS?
was set in automatic mode.

The anthocyanins were quantified and identified according to Vargas et al.°, with
modifications. For the quantification the Agilent® chromatograph was used. The compounds
were separated with a reversed phase C1g Shim-pak CLC-ODS column [250 mm x 4.6 mm, 5
pum]. The mobile phase was a linear gradient of Milli-Q water/formic acid [96:4 (V/V)]
(solvent A), and 100 % methanol (solvent B); from 85:15 (v/v) A/B to 20:80 (v/v) A/B in 25
min, maintaining this isocratic ratio for 15 min. The flow rate was 1 mL/min, the injection
volume was 5 pL, and the column temperature was maintained at 29 °C. The chromatograms
were processed at 520 nm. The anthocyanins were identified with a C1g Merck reverse-phase
column [250 mm x 4.6 mm, 5 um]. The mobile phase flow was 0.8 mL/min, the injection
volume was 5 pL, and the ESI source was in positive mode.

The analytical curve was linear for all standards of carotenoids, anthocyanins, and
phenolic compounds (Table 2).

Table 2 — Work range, determination coefficients (r?), limit of detection (LOD), limit of
quantification (LOQ) of standards

Standards Work range r LOD LOQ
Carotenoids (pg/mL)
Lutein 1-65 0.9991 6.90x 10 1.15x 102
Zeaxanthin 1-40 0.9997  9.56 x 102 1.59 x 102
a - carotene 2-25 0.9934  1.97x10? 3.28x 10
B - carotene 5-50 0.9998  6.53x 10 10.89 x 102
Phenolic compounds (non anthocyanics) (mg/L)
Gallic acid ® 5-12 0.9992 0.2452 0.7430
Caffeic acid ? 5-12 0.9994 0.2167 0.6572
Rutin 2 5-12 0.9989 0.2904 0.8800
Gallic acid ® 1-120 0.9993 4.0117 12.1566
Caffeic acid® 1-120 0.9996 2.8828 8.7357
Rutin® 1-120 0.9966 8.3454 25.2890
Anthocyanins (ug/mL)
Cyanidin-3-glicoside 5- 40 0.9987  1.69 x 10?2 2.81x102
Delphinidin-3B-glicoside 5-100 0.9944  1.16x10* 1.93 x 10!

2 C15 Phenomenex. P Cig Merck.
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The limits of detection and quantification, and the range of linearity are presented in
Table 2. The bioactive compounds were identified based on the results of the following
combined parameters: UV-vis spectral characteristics (Amax), elution order, retention time, MS

spectral features, and by comparison with data available in the literature.

2.7 Antioxidant capacity

The assay was determined by the capture of the ABTS free radical.?® In order to obtain
the extract, 0.1 g of the sample was homogenized with 20 mL of 50 % methanol in ultra-
turrax; after that, the extract was left for 60 min in the dark. Afterwards, the extract was
centrifuged at 25.400 g for 15 min, and the supernatant was transferred to a 50 mL amber
volumetric flask. This procedure was repeated with 70 % acetone instead of methanol, and
finally the flask was increased up to 50 mL. Test tubes with three different dilutions of the
extract were prepared in triplicate. In dim light, 100 uL of each dilution extract were
transferred to test tubes with 1mL of ABTS radical, then the tubes were homogenized on a
shaker, and after 6 min had passed, the reading was made at 750 nm in a spectrophotometer
(Shimadzu UV-Vis 1800/08302). The results were expressed in Trolox equivalent (UM TE/g
of sample) in dry weight.

2.8 Statistical analysis

The data were analyzed for variance (ANOVA) using the software Statistica 12.0
(STATSOFT Inc.). The averages were compared by Tukey’s multiple range test at a

significance of p < 0.05.

3 RESULTS AND DISCUSSION

3.1 Plant development parameters

The leaf area index of parsley plants showed a higher value for the indoor cultivation
system, approximately 1.5 times higher than the greenhouse value, and 2 times higher than
the field value (Figure 2). In the case of indoor system, the plants were different from their
typical natural appearance. The leaves were much larger than usual and, furthermore,

disproportionate. In addition, the leaf blade morphology of them had different characteristics

66



than those of the species. In the field and greenhouse cultivation, the leaf area value found of
this plant was mainly due to a large number of small leaves, more evenly distributed on the
stems, and with the characteristics of the species. It has been observed, for hydroponic lettuce
(Lactuca sativa L. var. capitata), that the supply of white LEDs to a red-blue LED system
increased plant growth because improved light penetration into the leaves for
photosynthesis.?* Besides, the proportion of the blue spectrum of the white LED may vary,
and this appears to affect plant morphogenesis. In a study that evaluated growth and
development in soybean (Glycine max, cv. Hoyt), radish (Raphanus sativus, cv. Cherry
Belle), and wheat (Triticum aestivum, cv. Perigee), it was found that cool white LEDs with 28
% of blue light resulted in more compact plants and warm white LEDs with 11% of blue light,

promoting leaf expansion and stem elongation.?

Figure 2 - Leaf area of one plant of parsley, green basil and purple basil (A) and
Productivity of the system of cultivation (B)
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The green basil leaf area index was also higher in plants from the indoor system, 1.85
times higher when compared to the greenhouse data, and 1.2 times higher than in the field
(Figure 2). The indoor plants did as well have small and large leaves at the same time.

The purple basil leaf area was higher in plants cultivated in the greenhouse,
approximately 1.1 times higher than plants cultivated in the field, and 2 times higher than the
leaf area of indoor plants (Figure 2). The plants cultivated into the greenhouse did develop
more homogeneously and evenly. Plants from the indoor system were more disproportionate

and presented evident differences in height.
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These features of the leaves being much larger than usual in the indoor system are
probably caused by the need of the plant to capture more light, and could also be associated
with a shade-shifting behavior. Such phenomenon may be necessary in light competition
when the plants are shaded by the surrounding vegetation.?® Liu et al.?” showed that most
plants produce leaves with a higher leaf area when shaded. Furthermore, the leaf area index
depends on the level of incident radiation, and also on the characteristics of interception of the
canopy, which are functions of other factors, such as size, angle, and shape of the leaf,
architecture and azimuthal orientation of the plant.?8

The plants grown inside the Plantario®s chamber had higher productivity than the
plants of the other cultivation systems (Figure 2). Parsley from the indoor cultivation reached
higher productivity, greater efficiency in mass accumulation per area, 7 times more than the
parsleys from the greenhouse and field cultivation. Basil from the indoor system had a
productivity that was approximately 11 and 8 times higher than the greenhouse and field
cultivation systems, respectively. Purple basil from the indoor system reached a productivity
that was 3.5 and 3.8 times higher than the greenhouse and field cultivation, respectively.

Parsley plants showed no significant difference (p > 0.05) between the averages of the
dry weight of leaves, in the three cultivation systems. The same result was determined on the
averages of the dry weight of stems. Regarding roots, the greenhouse cultivation presented
dry weights that differed significantly (p < 0.05) from the averages of root dry weight of
plants of both the indoor and the field cultivation systems (Figure 3).

Green basil plants leaf dry weight was not significantly different (p > 0.05) in plants
from either cultivation systems. The average of the dry weight of stems of basil plants
cultivated in the field was 1.85 and 2.16 times higher when compared to the values of the
indoor and greenhouse systems, respectively. In relation to the roots, the average value of
plants from field cultivation was 4.56 times higher than the values determined from plants of
the other two cultivation systems: indoor and greenhouse (Figure 3).

The average of the dry weight of leaves of purple basil cultivated in the field or in a
greenhouse differed significantly (p < 0.05) in comparison to the dry weights from plants of
the indoor system. Similar results were observed for the stems. Regarding the roots, the
average of the dry weight of roots from plants of the field cultivation was 3.67 and 1.83 times
higher than the root dry weight of plants from the indoor and greenhouse systems,

respectively.
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Figure 3 - Dry weight of leaves, stems, and roots of parsley (A), green basil (B), and purple
basil (C)
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Studies point out that plants that grow under intense radiation have a higher

metabolism, and, therefore, they have higher dry matter production.?®

3.2 Chlorophyll and ascorbic acid contents

Parsley plants cultivated in the indoor system presented a total chlorophyll content of
1.25 and 1.7 times higher than the contents of plants from the greenhouse and the field
cultivation, respectively. As for green basil, the contents of chlorophylls determined in plants
from all the cultivation systems did not differ. Nonetheless, total chlorophyll of purple basil
plants cultivated in the field was significantly different (p < 0.05) in comparison to the
contents in plants from the indoor system (Table 3).

The higher accumulation of total a and b chlorophylls of parsley, grown in the indoor
chamber, as well as of green basil plants, may be ascribed to the lower light intensity in the
indoor cultivation setting off a compensatory effect of the plant to smaller amounts of
irradiance available.®® The higher photosynthetic rates may have resulted from increases in
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chlorophyll a and b contents. In contrast, this may have helped out for higher growth observed
in the indoor cultivation system, especially regarding light uptake.

The lower chlorophyll concentration found in purple basil in indoor cultivation may
have been due to a limited light absorption (white LEDs have a higher light in the blue region)
that influenced, at the same time, the biosynthesis of anthocyanins, which also absorb light in
the photosynthetic region of the spectrum.®132 In relation to the field cultivation, purple basil
had a higher chlorophyll level as a result of the full and dynamic daylight spectrum, i.e. the

photon flux covers all the wavelengths.

Table 3. Content of total chlorophyll, chlorophyll a and b - Content of vitamin C

Csuﬁt\‘jgt‘lg‘; Total chlorophyll  Chlorophylla  Chlorophyll b (m\é};gg‘;”é:w) (m\é;;%g‘;”é:w)

Indoor 4174+ 4.70° 33.03+456%  870+165° 190.09+1051°  39.69%2.19°

Parsley Greenhouse  33.52%5.02° 2740+461°  612+138°  10442+339¢  19.22+0.62°
Field 24,58 £9.34 ¢ 1003+£8.60°  555+143%  502.02+£5242 103.27 £1.082

Indoor 33.30 + 4.86 2 2621+£335%  7.08+1602" 13489+968° 11.38+0.82°

g;gﬁ” Greenhouse 2870 £4.20 @ 231542952  555+147°  134.24+237%  14.24+0.25°2
Field 32.77 £ 4,682 2546+416°  7.63+148°  11609£515% 13.77+061°

Indoor 40.85+3.19" 30.59+2142  1026+107° 146957542 12.95+0.662"

E;’Sriﬁ"e Greenhouse  43.16+2.372%  31.64+1362 1148+110%" 136.85+8.75%" 13.30+0.852
Field 44.97 +3.66 ° 3238+208%  1257+162° 12360+7.29°  11.69+0.69"

The Chlorofi LOG, like all electronic chlorophyll meters, presents its measurement with adimensionless index. In the case of
Chlorofi LOG, this index is called Falker chlorophyll index (ICF). Vitamin C results are expressed in mg/100g of sample dry
weight (DW), and mg/100 g of sample fresh weight (FW). Values are the average of three replications (+ standard error).

Different superscripts indicate significant difference (p < 0.05).

The ascorbic acid content in parsley plants of the field was 2.6 times higher than the
content of ascorbic acid in plants grown in the indoor system, and 5.4 times higher when
compared to the contents found in plants of the greenhouse (Table 3). In parsley plants grown
in the field, 103.27 g ascorbic acid/100 g fresh weight (FW) were determined. That value is
similar to those found in the studies of Kopec® (136.90 mg/100 g FW) and Zenoozian®* (130
mg/100 g FW). In a trial in which parsley of the cv. Petra was cultivated directly in the soil,
and samples analyzed immediately after harvest, 172.63 mg ascorbic acid/100 g FW were

determined.®
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Green and purple basil plants cultivated in the greenhouse system presented the
highest content of vitamin C on a fresh weight basis. In the case of green basil, there was no
significant difference in comparison to the data found in the field cultivation (13.77 mg/100 g
FW). The same happened with purple basil in relation to the indoor system (Table 3). In a
study, the levels of ascorbic acid in fresh aerial parts of seven different varieties of basil
grown in different seasons of the year ranged from 3.43 mg/100 g FW to 22.2 mg/100 g
FW. Dumbrava et al.*® found even higher contents of the vitamin in basil leaves (27.05
mg/100g FW).

Ascorbic acid, which is an antioxidant, is related to several processes, such as
photoprotection and resistance to environmental stresses.®” Some studies with plants indicate
that the capability of increasing ascorbic acid biosynthesis or the activity of enzymes related
to this vitamin is associated with stress tolerance to adverse environmental conditions.%®3°
Researches that carried out on the pathway of ascorbic acid biosynthesis showed that its
concentrations are regulated by demand. In situations of high light intensity, for example,
ascorbic acid concentrations in leaves increase.*

Little is known about specific aspects of the ascorbic acid metabolism in plants,®’ as
about the role of environmental stress for the regulation of vitamin C concentrations.° In the
present study, the high content of ascorbic acid seen in parsley plants from the field may be
explained by both, light absorption (through biosynthesis), and environmental stress, which
may have elevated the ascorbic acid demand of the plants to an optimum level.*°

The chromatograms of ascorbid acid of parsley, green and purple basil are presented in

supporting information.

3.3 Carotenoids

Eleven carotenoids from parsley and green basil, and twelve from purple basil plants
were separated; nine carotenoids from parsley, ten from green basil, and eleven from purple
basil were identified or tentatively identified (Tables 4, 5, and 6, respectively). The MS and
MS/MS spectrum figures are presented in supporting information. The carotenoid profile for
each studied sample of the three species was the same in all cultivation systems. The main
carotenoids in the three species were B-carotene and lutein.

In the case of parsley, the plants cultivated in the indoor system presented a higher
total carotenoid content (2620.87 pg/g dry weight (DW)) than the content of the greenhouse

and field plants. The B-carotene value of indoor system was 22 and 30 % higher than the
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concentration determined in the greenhouse and field cultivation, respectively. Considering its
fresh weight (11,291 pg/100 g FW), that concentration is higher than data found in other
studies with parsley. Daly et al.* informed a concentration of 4107 pg/100 g FW, and Batista
et al.*!, of 6232.5 ug/100 g FW. Lutein content in plants of the indoor system was 25 % higher
than parsley plants from the field cultivation, and almost 100 % higher when compared to the
greenhouse parsley plants.

As for green basil, the plants cultivated in the indoor system (3742.89 ug/g DW) had a
total carotenoid content of approximately 2 times higher than the values observed in plants
from the greenhouse and the field. The p-carotene content of the green basil plants from the
indoor system was approximately 2.4 times higher than the concentrations determined in
greenhouse and field green basil plants. The lutein content in the indoor system plants was 1.6
times higher than the concentrations determined in the other two systems. In the present
study, the B-carotene content of the indoor system green basil plants (2035.12 pug/g DW),
considering dry weight (DW), was higher when compared to the data observed in Thai basil
(590 pg/g DW)*?; even though not much higher when compared with data determined in the
greenhouse plants (842.71 pg/g DW) and in the field cultivation system (885.12 pug/g DW).

The total carotenoid content in purple basil plants was very noticeable in the
greenhouse system (2090.82 pg/g DW). The B-carotene concentration in those plants grown
in the same system did not differ significantly from the concentration determined in purple
basil plants from the indoor system. Both values of -carotene were 23 % higher than the
value determined in purple basil plants grown on the field. The lutein content found in purple
basil plants from the field corresponded to 10 and 31 % higher than the content of the indoor
and greenhouse systems, respectively. Purple basil B-carotene contents in the greenhouse
(1,118.49 pg/g DW) and in the indoor (1,109.49 pg/g DW) systems were higher than the data
determined in Osmin Purple basil (610 ug/g DW)*?, although not significantly higher when
compared to the data observed in purple basil plants in the field system (904.80 ug/g DW).
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Table 4. Carotenoid content of parsley (Petroselinum crispum cv. ‘Flat Leaf”). Chromatographic, UV-Vis, and mass spectroscopy characteristics.

PARSLEY - Concentration

Theorical Experimental MS/MS o o Assignment .
Pﬁik (rr?itn) (};1“;;3 (m/z) (m/z) fragmentation Ilfl)ll A 70A (AEI’I’OrI;]) '\;lg:fr(]::j::r tentative (Hg/g dry basis) Ref.
[M+H]* [M + H]* (m/z) B PP identification Indoor Greenhouse Field
1 76 % 014251 6014317 - 89 ; 2108 CaoHseO all-trans- <L0Q N.D N.D 2]
' 438, 467 ' ' ) A0risela neoxanthin | T T
411 583 (36), 565 (16), all-trans-
2A 8.4 ' 601.4251 601.4306 541 (80), 491 (17), 82 - -9.2 C10Hs604 - 103.84+0.73 2 5747 +2,06° 100.97 +10.46 @ &l
435, 463 367 (7) neoxanthin |1
3 8.9 42?6931‘ 16 585.4318 491 (56), 375 (7) 100 - - - Not identified <LOQ <LOQ N. D.
4186, 567 (27), 549 (15), all-trans-
A - - b 66,67
4 10.2 440, 470 585.4302 585.4337 351 (20) 34 59 C10Hs603 antheraxanthin 73.83+4.44¢4 57.47+£1.00 N. D. [607]
418 551.4339 551 (57), 533 (4),
58 12.8 444 4‘71 569.4353 (source); 476 (18), 431(44), 61 - -99 C1oHs602 all-trans-lutein ~ 780.52 £58.202  406.28 +30.90 621.85+2.20" |
' 569.4409 338 (27)
420, 551 (20), 533 (4), all-trans-
D - - b b a 22
6 15.1 448, 475 569.4353 569.4381 477 (13), 337 (18) 30 49 C1oHs602 seaxanthin 79.81+£5.14 83.70 £ 10.68 236.70 + 3.68 [*]

(continued on the next page)
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PARSLEY - Concentration

Theorical Experimental MS/MS o o Assignment .
Pzik (rrlitn) ();] mr;X) (m/2) (m/2) fragmentation “f;“ A 7;\ (frroI:l) h?g:ifz:zr tentative (Hg/g dry basis) Ref.
[M +H]* [M+H]* (m/z) Bl PP identification Indoor Greenhouse Field
334, 15-cis-B-
7 26.9 422, 537.4455 537.4489 444 (9) 16 44 -75 CaoHss <LOQ <LOQ <LOQ &
446, 475 carotene
335, 13-cis-p-
8A 28.2 419, 537.4455 537.4489 444 (18) 20 24 -6.3 CaoHss 64.28 + 6.07 2 55.40 + 2.60 54.51 +3.612 &
442, 469 carotene
9¢ 416, . . . all-trans-a- 21.93+6.072 <LOQ <LOQ 2
306 444y 5374455 537.4499 67 8.2 CaoHss carotene &
10~ 348 4% 5374455  537.4517 444 (19) 25 - 115 CaoHss all-trans- B~ 1537 76 4 98,922 1094.25490.395  1020.09 +78.63° [
' 451, 476 ' ' ’ carotene U e U
339, 9-cis-B-
114 37 420, 537.4455 537.4495 457 (9), 444 (17) 29 11 -75 CaoHsg 158.91 +5.03 @ 121.61+6.08 " 120.90 +9.49° [
4451 471 carotene

Total carotenoids

(ng/g dry basis)

2620.87 £79.55 4

1876.18 £65.94 ¢

2164.02 +87.50 °

Results expressed in pg/g dry basis. Values are the mean of three replications (+ standard error). Superscripts in uppercase: the peaks were quantified as p-carotene equivalents (A), lutein

equivalents (B), a-carotene equivalents (C), and zeaxanthin equivalents (D). Different superscripts in the same line indicate significant difference (p < 0.05). N.D.: not detected. < LOQ: value

lower than the limit of quantification. Ref.: reference.
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Table 5. Carotenoid content of green basil (Ocimum basilicum var. minimum cv. ‘Greek’). Chromatographic, UV-Vis, and mass spectroscopy

characteristics.

GREEN BASIL - Concentration

R Theorical Experimental MS/MS Assignment .
Peak (mti henex (m/z) p(m/z) fragmentation % % Error Molecular tenqcative (ng/g dry basis) Ref
° .
n n) (nm) [M + H]* [M + HJ* (m/z) NI AslAn (A ppm) formula identification Indoor Greenhouse Field
A 413, 438, 583 (29), 565 (6), all-trans- b 2
1 74 6014251 6014217 509 (10), 491 (15), 89 - 5.7 CaoHs604 : 34042 +31.40% 18623 +20.20° 7045+1243°  [Z]
467 367 (7) neoxanthin |
583 (22), 565 (5), R -
on g5 MBS 401451 6014230 500 (15), 491 (23), 78 - 35 CaoHse0x all-trans 12626+7.732  76.19+11.58° 101701343  [%]
465 367 (8) neoxanthin 11
3 88 St 585.4225 491 (64) (',:I"g‘) - Notidentified 7144 +880°  108.97 +3.522 <L0Q
417, 441, 567 (24), 549 (12), all-trans-
A _ 66
4 9.7 s 5854302  585.4230 295 (11), 351 (16) 37 124 CuHssOs &8s [%6]
132.31+18.312 100.98 +8.60° 4847 £0.25¢
105 fég’ Z‘é‘;' 6014251  601.4313 583 (4118)1' ?86)5 @), 33 42 -10.3 CauoHssOs  cis-violaxanthin %]
415, 443 551.4228 551 (55), 533 (5),
50 123 00 5604353 (source); 476 (13), 431 (47), 62 - 7 CaoHssO2  all-trans-lutein  730.89 +34.552 45054 +47.48° 452.16+4111°  [?]
569.4313 338 (26)
420, 447 all-trans-
D ’ ' _ - b 22
6 145 475 569.4353 569.4300 551 (20) 30 9.3 CaoHs602 seaxanthin 9.83+1.09°¢ 58.97 £ 0.422 13.18 £ 0.15 [?4]
. 334, 417, : 2
7 259 o 474 5874455 537.4405 444 (14) 15 60 -93 CaoHss 15-cis-B-carotene <LOQ <LOQ <LOQ [22]

(continued on the next page)
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GREEN BASIL - Concentration

Peak R - Theorical Experimental MS/MS ' % % Error Molecular ASS|gnn_1ent (ug/g dry basis) Ref.
e (min)  (hm) (m/z) (m/z) fragmentation M/ As/An  (Appm)  formula tentative
[M +H]* [M+H]* (m/z) identification Indoor Greenhouse Field
336,
8A 27.6 417, 537.4455 537.4396 444 (8) 23 43 10.9 CaoHss 13-cis-B-carotene 109.86 £ 6.132 53.26 £0.55" 4212+1.00°¢ &
443, 470
418, 481 (5), 444 (5), all-trans-a-
c _ 22
9 29.6 444, 472 537.4455 537.4375 213 (12) 67 14.9 CaoHse carotene 24.02 £1.99 <LOQ <LOQ [%]
423 all-trans-p-
A ’ _ a b b 22
10 34.1 451, 476 537.4455 537.4394 444 (8) 25 11.3 CaoHse carotene 2035.12 + 68.66 842.71 + 31.44 885.12 + 72.47 [%]
3ar, 457 (7), 444 (7) .
114 36.1 419, 537.4455 537.4394 , ’ 25 13 11.3 CaoHse 9-cis-p-carotene 17257 £9.70 2 93.88+524° 98.02 +6.83°P &l
413 (12)
445, 473
Total carotenoids
3742.89+73.462 1971.74+85.15° 1689.96 +134.25°¢

(1g/g dry basis)

Results expressed in pg/g dry basis. Values are the mean of three replications (+ standard error). Suprescripts in uppercase: the peaks were quantified as p-carotene equivalents (A), lutein

equivalents (B), a-carotene equivalents (C), and zeaxanthin equivalents (D). Different superscripts in the same line indicate significant difference (p < 0.05). N.D.: not detected. < LOQ: value

lower than the limit of quantification. N.C.: not calculated. Ref.: reference.
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Table 6. Carotenoid content of purple basil (Ocimum basilicum cv. ‘Red Rubin’). Chromatographic, UV-Vis, and mass spectroscopy

characteristics.

PURPLE BASIL — Concentration

Peak Re - Theorical Experimental MS/MS' % % Error Molecular ASS|gnn_1ent (ug/g dry basis)
o (min) (nm) (m/z) (m/z) fragmentation NI As/An (A ppm) formula tentative Ref.
[M+H]* [M +H]* (m/z) identification Indoor Greenhouse Field
583 (33), 565 (6), o
1A 78 M348 gg1 051 6014319 500 (10), 491 (13), 83 - 112 CaoHse0x all-trans 5002+404b 11992419582 136.11+13.13° [%]
467 367 (7) neoxanthin
409, 435, 565 (17), 491 (9), all-trans-
A - - 68
2 8.1 163 5834146  583.4183 403 5) 76 6.4 CaoHsOs o N. D. 111.93 +7.88 N. D. [68]
396, 419, ) Mix ) ) ) o
3 0 e 466 585.4291 491 (63) (N.G) Not identified N. D. 56.83 + 4.14 N. D.
564 (100), 567 (23), -trans-
an 107 AR gerazgp 5854296 549 (6), 491 (12), 33 - 1 CaoHs603 all-trans- 6]
466 493 (6) antheraxanthin
62.88+0.35°  52.96 +0.87° <LOQ
330, 412, 583 (18), 565 (7), ) o . »
10.8 439 466 601.4251 601.4268 491 (15), 367 (9) 43 38 2.8 CaoHs604 cis-violaxanthin [#4]
551.4307
58 13 M08 5694353 (source),  2oL(37). 476(16), o, ; 231 CiHssO:  alltrans-lutein  519.34+ 16435 436.15+23.60° 57264425732  [Z]
471 431(49), 338 (30)
569.4371
6 15.2 N.D 560.4353  569.4342 - - ; 1.9 CaoHs602 all-trans- <LOQ <LOQ <LOQ [22]
’ Y ' ' ) zeaxanthin

(continued on the next page)
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PURPLE BASIL — Concentration

Theorical Experimental MS/MS Assignment

[0) [0) i
Pﬁik (rr?itn) (;;1 mnzx) (m/z) (m/z) fragmentation “f/’“ A 7; (Errol:]) “ﬂgﬁﬁﬂ:gr tentative (g/g dry basis) Ref.
[M + H]* [M + H]* (m/z) B pp identification Indoor Greenhouse Field
a7 533 (17), 495 (6),
7 283 44 4m - 551.4257 471 (4), 459 (4), 67 - - - Not identified <LOQ N. D. N. D.
' 429 (11), 345 (12)
8 269  N.D.  537.4455 537.4494 444 (10), 413 (28) N.D.  N.D. =72 CaoHss 15-cis-B-carotene <LOQ <LOQ <LOQ &
3 457 (14), 444 (15) - 6544+176°  50.98+002°
9A 281 418,  537.4455  537.4473 ! ' 17 38 -35 CaoHss  13-cis-p-carotene A4+ 1. 98 +0. 5126+4.06¢  [Z]
413 (13)
444, 472
419 all-trans-a-

C ’ - _ 22
10 305 44 47, 5374455 5374468 444 (11), 413 (18) 67 25 CaoHss car et <LOQ 15.27 £ 0.07 <LOQ &
114 346 42 5374455  537.4478 444 (8), 413 (12) 25 - 44 CaoHss all-trans-B- 110049+ 6922  1118.49+78.89°  004.80+7522°  [%]

449,475 ' ' ' : carotene AIE0 A9 Efo. QU £ /0.
338, 457 (9), 444 (8)
120 37 420,  537.4455  537.4486 * ' 22 11 -57 CaoHss O-cis-B-carotene 12402 +£9.842  119.27 £9.622 81.53+3.93% [
446, 473 413 (12)

Total carotenoids

(ng/g dry basis) 1931.17 £16.46°  2090.82 +52.33%  1746.35+61.41°

Results expressed in pg/g dry basis. Values are the mean of three replications (x standard error). Superscripts in uppercase: the peaks were quantified as p-carotene equivalents (A), lutein
equivalents (B), a-carotene equivalents (C), and zeaxanthin equivalents (D). Different superscripts in the same line indicate significant difference (p < 0.05). N.D.: not detected. < LOQ: value

lower than the limit of quantification. N.C.: not calculated. Ref.: reference.
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Parsley and green basil plants presented the highest carotenoid content on the indoor
system. White LEDs (460 - 560 nm), like those of the Plantario®s chamber, are characterized
by a larger portion of blue and green light, a lower proportion of UV, and a smaller red:far-red
ratio.*® Such attribute may favor energy absorption by carotenoids. At the same time, these
pigments are associated with chlorophyll molecules, and may assist, through energy transfer,
in photosynthetic performance. On the contrary, plants cultivated in full sun may undergo
photoinhibition since they need a balanced light absorption. This could elicit low levels of
photosynthetic pigments, such as carotenoids and total chlorophyll.* Therefore, parsley and
green basil plants cultivated on the indoor chamber did most likely benefit from this, as
pigments have specific absorption wavelengths (absorption spectrum) with carotenoids and
chlorophylls having low light absorption at 530 - 610 nm, and high light absorption at 400-
500 nm and 630 - 680 nm.%

On the other hand, the carotenoid content determined in purple basil plants in the
indoor system was not the highest among the three systems of cultivation. That behavior may

have happened due to the same reasons already explained for chlorophylls.

3.4 Phenolic compounds (non-anthocyanics) and Anthocyanins

The phenolic profile for each of the studied samples from the three species was the
same in all cultivation systems (MS and MS/MS spectrum figures are presented in the
supporting information). The total and individual phenolic compounds for parsley, green
basil, and purple basil are in Tables 7, 8, and 9, respectively.

Although there was significant difference of total phenolic (TP) values in parsley
plants among the three cultivation systems, the concentrations found are within values
reported in literature.*>'2 Besides, it has been proven that different results of concentration of
TP are determined when different methods of analysis are used. Luthria et al.*%, using Folin
Ciocalteu assay, found 12.8 mg GAE/g DW, using the sum of peak areas of the HPLC
analysis 32.761 mg GAE/g DW.

Parsley proved to be a source of flavonoids: its majority peaks were 15, 19 and 26
(Table 7). Peak 15 was identified as apigenin 7-apiosylglucoside (apiin), a compound
derivative of kaempferol, and diosmetin 7-apiosylglucoside. Peak 19 was formed by
diosmetin-acetyl-apiosylglucoside, apigenin 7-malonyl-apiosylglucoside (malonyl-apiin), and
apigenin-acetyl-apiosylglucoside (acetyl-apiin). Peak 26 was formed by derivatives of

coumaric acid. Parsley plants cultivated in the indoor system and in the field had a 1.5 times
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less content of apiin, kaempferol derivative, and diosmetin-apiosylglucoside (peak 15), when
compared to the same plants in the greenhouse system. The content of flavonoids of peak 19
in the greenhouse plants was approximately 1.8 times higher than the values determined in the
other two systems of cultivation. Concerning the values of peak 26, there was a significant
difference observed between the cultivation systems.

Total phenolic (TP) concentration of green basil plants ranged from 16.64 mg/g DW in
the indoor system to 25.50 mg/g DW in the field, being this last value the highest among the
three cultivation systems (Table 8). The total phenolic concentration of purple basil plants
varied from 24.01 mg/g DW in the indoor system to 33 mg/g DW in the field (Table 9).
McCance et al.*’ determined the total phenolic content of three purple basil cultivars at
different stages of plant development, in the range of 3.30 to 20.08 mg/g DW. The levels of
total phenolic determined in a study of fifteen different basil varieties, most of them of the
green type, ranged from 3.47 mg GAE/g DW to 17.58 mg GAE/g DW.* In an other assay, in
which eight different purple basil varieties were examined, the total phenolic concentration
ranged from 13.1 mg GAE/g DW to 26.9 mg GAE/g DW.*® An even higher concentration of
total phenolic (36.4 mg GAE/g DW) was reported in Sweet basil.>°

In the present study it was observed that green and purple basil are a rich source of
phenolic acids, such as caffeic, chicoric, caftaric, rosmarinic, and ferulic, and also of
flavonoids, mostly flavonols and flavones, and some flavanones and flavanonols. For both
basil cultivars, rosmarinic acid, a caffeic acid dimer, was the major phenolic compound in all
of the evaluated cultivation systems.

For green basil, the preponderant peak of phenolics was number 6 (Table 8), which
was identified as rosmarinic acid. The content of this acid — quantified in equivalents of
caffeic acid (CAE) — in green basil plants in the field cultivation, was of 11.96 mg/g DW,
whereas in the greenhouse, it was of 11.45 mg/g DW. Those concentrations are almost twice
as higher as the concentration determined in green basil plants from the indoor system: 6.42
mg/g DW.

In purple basil plants, the predominant peaks of phenolics (non-anthocyanics) were
peaks 6, 10, and 11 (Table 9). Peak 6 consisted of flavonols, such as quercetin and
kaempferol derivatives, and flavanones (the eriodictyol derivatives). Peak 10 was formed by
derivatives of flavonols and flavanones. Lastly, peak 11 was identified as rosmarinic acid, and
in the same peak apigenin-glucuronide was also identified. The highest content of rosmarinic
acid (9.25 mg CAE/g DW) was detected in purple basil plants of the field. This value was 1.4
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times higher than the amount found in the greenhouse system (6.76 mg CAE/g DW), and 1.65
times higher than the content found in the indoor system (5.61 mg CAE/g DW).

Rosmarinic acid is mentioned in the specialized literature as the predominant phenolic
acid in basil plants. In a specific study, the concentration of that phenolic compound in
different cultivars of purple basil ranged from 0.66 mg/g DW to 1.72 mg/g DW.*° Sweet Dani
Lemon and Mrs. Burns Lemon cultivars presented concentrations of 0.06 mg/g DW and 6.09
mg/g DW, respectively.®® Lee et al.°® determined, from leaves of basil purchased in the
market, concentrations of rosmarinic acid of 1.12 mg/g DW (Sweet basil) and 1.28 mg/g DW
(Thai basil). In dry flakes of basil, the levels of rosmarinic acid have been found in the values
of 0.11 to 1.67 mg/g DW.>? Although rosmarinic acid was the major compound in several
studies, results of Shen et al.>® in Thai holy basil (0.3 mg/g DW) and in Thai sweet basil
(0.1 mg/g DW) demonstrated a lower content of rosmarinic acid than the concentration of
chicoric acid. The results for rosmarinic acid of the present research were higher when
compared to the data referred in the literature, even though they were lower when than the
data reported by Javanmardi et al.>* These authors evaluated 23 basil accesses from Iran, and
the highest level of rosmarinic acid detected was 99.62 mg/g DW. Moreover, in comparison
to another study, the concentration of rosmarinic acid in three purple basil cultivars ranged
from 1.31 mg/g DW to 21.31 mg/g DW.*’
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Table 7. Phenolic compounds content of parsley (Petroselinum crispum cv. ‘Flat Leaf”). Chromatographic, UV-Vis, and mass spectroscopy
characteristics.

PARSLEY

Peak Rt Amax Th(e;c:/r;)cal Exptzrrrl]?;)e ntal MS/MS fragmentation Error Molecular Assignment Concentration (mg/g dry basis) Ref.
. . A A
n (min) (nm) M - H] [M - H (m/z) (A ppm) formula tentative identification Indoor Greenhouse Field
1 16.4 N. D. 445.1349 269 (22), 113 (95) Not identified <LOQ <LOQ <LOQ
2 175 312 417.1038  417.1036 241 (10), 152 (100), 153 (11) 0.6 Ci7H2012 Pmt%c:‘rti‘ig:wg acid <LOQ <LOQ <LOQ [59]
3 17.9 280  325.0929  325.0925 119 (100 1.2 CisHisOp ~ P-ooUMaric acid hexoside <LOQ <LOQ <LOQ 7071
|
4 184 282 361.0686 163 (100), 119 (96) coumaric acid derivative <LOQ <LOQ <LOQ
5 194 285 349 595.1674 475 (21), %55 ((%i)) 385 (83), Not identified <L0Q <LOQ <L0Q
6 19.7 N. D. 437.1255 401 (40)1 ii% ((793))1 161 (75)v Not identified
<LOQ <LOQ <LOQ
7 202  N.D. 553.2054 517 (100), 205 (23), 149 (21) Not identified
<LOQ <LOQ <LOQ

(continued on the next page)
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PARSLEY

Peak Rt Amax Th(e;c:/r;)cal Exptzrrrl]?;)e ntal MS/MS fragmentation Error Molecular Assignment Concentration (mg/g dry basis) Ref.
< . 20 .
n (min) (nm) [M- HT [M - H (m/z) (A ppm) formula tentative identification Indoor Greenhouse Field
Gentisic acid derivative or
8 205  N.D. 431.1932 153 (100) Protocatechuic acid
derivative
<LOQ <LOQ <LOQ
519 (92), 293 (14), 207 (14), Not identified
206 N.D. 565.2498 161 (20), 149 (13), 113 (10)
Kaempferol 3,7-O- B-D- 71
9 20.9 346 609.1561 609.1431 447 (85), 285 (63) 4.9 C27H30016 diglucopiranoside <LOQ <LOQ <LOQ M
503 (18), 473 (57), 383 (24), ) Apigenin 6,8-di-C- 72
10 214 254,351 593.1512 593.1520 353 (37) 14 C27H30015 glucoside (Vicenin 2) &
<LOQ <LOQ <LOQ
519 (3), 477 (100), 357 (6), 315 Isorhamnetin-3,7-O- B- 12
214 254,351 639.1567 639.1548 (76) 3 Ca2sH32017 diglucopiranoside [*4
11 228 253, 725.1571 725.1565 681 (33), 561 (8), 519 (100), 0.7 Ca1H30 ma'uifhuamfl?dif 7- <LOQ <LOQ <LOQ [
© 266,353 ' ' 476 (37), 357 (10), 315 (44) ' sLHaa20 ylgluce
glucoside
124 235 278 3250029  325.0928 119 (100) 0.1 CisHigOg ~ Preoumarnic flc'd hexoside [7]
1.82+0.042 1.05+0.04° 165+£0.142
23.7 278, 344 367.1035 119 (100) Not identified

(continued on the next page)
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Theorical

Experimental

PARSLEY

Ref.

Peak Rt Amax (mi2) (m/2) MS/MS fragmentation Error Molecular Assignment Concentration (mg/g dry basis)
. . e S
n (min) (nm) [M- H [M - H (m/z) (A ppm) formula tentative identification Indoor Greenhouse Field
13 277 271,349 367.1026 119 (98) Not identified <LOQ <LOQ <LOQ
14 219 32 539.2263 503 (100), 371 (38), 161 (12) Not identified
Not identified <LOQ <LOQ <LOQ
503 (100),371 (58), 233 (6),
27.9 322 549.2562 161(13)
Apigenin 7-
B 12,46
15 29.3 267,336 563.1406 563.1404 269 (100) 0.4 C26H28014 apiosylglucoside (apiin) [*249]
Kaempferol-3-O-[6""-
) malonyl-B-D- b a b 71
29.8 266,340 665.1359 665.1361 621 (100), 489 (4), 285 (7) 0.2 C29H30018 apiofuranosyl-(1—2)-p- 1.58 £ 0.06 2.43+0.28 1.67 £0.03 [
D-glucopiranoside]
253, . Diosmetin 7- 1246
30 ,gp 343 5931512 593.1513 563 (9), 299 (100) 0.2 C27H30015 apiosylglucoside | [1249]
16 304 267,338 431.0984 431.0988 268 (100), 269 (34) -1 C21H20010 Apigenin 7-glucoside '3
253 Diosmetin 7 <LOQ <LOQ <LOQ
, ) iosmetin 7- 12,46
30.7 269, 343 593.1512 593.1513 299 (100) 0.4 C27H30015 apiosylglucoside I1 [*=%]

(continued on the next page)
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Theorical

Experimental

PARSLEY

Ref.

Peak Rt Amax (mi2) (m/2) MS/MS fragmentation Error Molecular Assignment Concentration (mg/g dry basis)
o . OV .
n (min) (nm) [M- H [M - H (m/z) (A ppm) formula tentative identification Indoor Greenhouse Field
Apigenin-acetyl-
17 309 266,338 6051512  605.1498 20 (88), 545((13033)’ 413 (4). 269, CasHs0015 apiosylglucoside [4073]
(acetyl-apiin) |
605 (16), 563 (16), 545 (100), Apigenin 7-malonyl- <LOQ <LOQ <LOQ 15
309 266,338 649.1410 649.1405 269 (39) 0.8 C29H30017 apiosylglucoside | [*]
446 (100), 299 (22), 298 (42), i Chrysoeriol 7-O- 74
31.1 267,343 461.1089 461.1091 283 (60) 0.3 C22H22011 glucoside [
Apigenin-acetyl-
18 316 267,343 605.1512 605.1513 563 (72), 455 (31), 269 (94) 0.2 C2sH30015 apiosylglucoside <LOQ <LOQ <LOQ [#679]
(acetyl-apiin) 11
593 (61), 575 (29), 443 (4), Diosmetin-acetyl-
B -
19 321 267,343 635.1618  635.1633 299 (100) 24 C29H32016 apiosylglucoside | [79]
605 (90), 563 (8), 473 (3), Apigenin 7-malonyl-
32.2 267,339 649.1410 649.1405 269 (100) 0.8 Ca9H30017 apiosylglucoside 1 1.72+0,03° 3.04+0082 1.72+0.02°P [46.73]
Apigenin-acetyl-
326 267,337 605.1512  605.1511 563 (6), 455 (2), 269 (100) 0.2 Ca28H30015 apiosylglucoside [79]

(acetyl-apiin) 111

(continued on the next page)
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Theorical

Experimental

PARSLEY

Ref.

Pe;gk R_t Amax (m/2) (m/2) MS/MS fragmentation Error Molecular Assi_gnmgr!t _ Concentration (mg/g dry basis)

n (min) (nm) [M- H [M - H (m/z) (A ppm) formula tentative identification Indoor Greenhouse Field

20 328 252,345 6351618  635.1605 593 (5), 299 (100), 163 (3) 2 CaoH32016 a?):gzg:gtliu”gggﬂg'l'l [79]
32.8 2626% 45 6791516 6791530 635 (79), 593 (9), 299 (100) -2 CaoHz2015 Da&?ﬁé?u?:sﬂney: <LOQ <LoQ <LoQ [%]
328 252,345 777.1219 635 (34), 299 (9) Not identified

21 333 2626?23' 44 6791516 6791522 635 (14), 593 (4), 299 (100) -09 CsoHs:01s '2;)?32;?3{[‘1 g‘;’lggﬁ'l <LOQ <LOQ <LOQ [4]

22 339 268 341 563.2691 209 (20). 13 ((fgg) 161 (15), Not identified <L0Q <L0Q <LOQ

23 39 315 471.1296 307(3), 1‘1?151(%%))’ 145 (23), Not identified <L0Q <L0Q <LOQ

24 369 349.0909 201 (100) Not identified <LOQ <LOQ <LOQ

(continued on the next page)
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PARSLEY

Peak Rt Amax Th(eﬁrc:/r;)cal Exptz:?;)e ntal MS/MS fragmentation Error Molecular Assignment Concentration (mg/g dry basis) Ref.
o . OV T
n (min) (nm) [M- HT [M - H (m/z) (A ppm) formula tentative identification Indoor Greenhouse Field
25A 375 311 513.1419 163 (100), 145 (15), 119 (22) coumaric acid derivative
349 (3), 307 (2), 163 (100), 145 N L
375 311 557.1302 (21), 119 (22) coumaric acid derivative <LOQ <LOQ <LOQ
37.8 284 471.1272 163 (100), 145 (27), 119 (34) coumaric acid derivative
264 385 282 513.1375 163 (100), 145 (44), 119 (45) coumaric acid derivative
249 (5) 163 (100 3 5.76 £0,09 2 5.39+0.11° 5.69+0.142
385 282 557.1311 (5), 163 (100), 145 (37), coumaric acid derivative
119 (20)
Total phenolics 10.88+0.14° 11.92+0.092 10.73+0.30°

Results expressed in mg/g dry basis. Values are the mean of three replications (+ standard error). Results expressed in dry basis. Superscripts in uppercase: the peaks were quantified as gallic
acid equivalents (A), and caffeic acid equivalents (B).Different superscripts in the same line indicate significant difference (p < 0.05). N.D.: not detected. < LOQ: value lower than the limit of

quantification. Ref.: reference.
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Table 8. Phenolic compounds content of green basil (Ocimum basilicum var. minimum cv. ‘Greek’). Chromatographic, UV-Vis, and mass
spectroscopy characteristics.

heorical _ | ] GREEN BASIL
Peak Rt hmse 1heorical - Experimenta MS/MS fragmentation Error  Molecular Assignment Concentration (mg/g dry basis)
n° (min) (nm) (m/z) (m/z) (m/z) (Appm) formula . ter]t{:uve_ Ref.
[M-H] [M-H] identification Indoor Greenhouse Field
18 247 292,322  179.0350 179.0325 135 (100) 13.8 CoHsO4 Caffeic acid 0.13+0.00¢ 0.26+0.01® 0.35+0.002 [57677]
2 27.8 N. D. 447.0933 447.0900 285 (98) 7.4 C21H20011 Kaempferol-3-O-hexoside <LOQ <LOQ <LOQ [6978]
3A 30.2 273,325  463.0882 463.0858 300 (100), 178 (11) 52 C21H20012 Quercetin- 3-O-hexoside [6978.79]
304 274,323 593.1512 593.1451 285 (100), 150 (27) 10.3 C27H30015 Kaempferol-3-O-rutinoside 290+0.192b 255+0.23P 2.99+0.072 [6578]
309 268,328 431.0984 431.0939 269 (100) 10.3 C21H20010 Apigenin-7-O-glucoside [
4 31.9 275,325 505.0988 505.0966 300 (100), 197 (19) 4.4 C23H22013 Quercetin-O-acetylhexoside [
<LOQ <LOQ <LOQ
505 (8), 429 (15), 387 (6), AL . 81,62
319 270,330 549.0886 549.0856 300 (100), 151 (8) 5.4 C2sH22015  Quercetin 3-O-malonylglucoside [BL82]
5B 325 281,327 473.0725  473.0687 179 (67), 149 (100), 135 (9) 4.8 Ca2H18012 Chicoric acid [51.69.83]
feovl ic acid 3.29+021¢ 580+0.1328 521+0.03°
326 283,328 3110409  311.0390 149 (100), 135 (100) 6 C1sH1209 Caffeoyl tartaric aci &

(Caftaric acid)

(continued on the next page)
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GREEN BASIL

Peak Rt hma | eorical - Experimental MS/MS fragmentation Error  Molecular Assignment Concentration (mg/g dry basis)
n° (min) (nm) (m/z) (m/z) (m/z) (Appm) formula . ten_tr?uve. Ref.
[M-H] [M-H] identification Indoor Greenhouse Field
68 35 288,329  359.0772 359.0757 179 (28), 161 (100), 135 (23) 44 CisH160s Rosmarinic acid 6.42+049° 1145+0.122% 11.96+0562 ]
7 36.2 277,326  193.0506 193.0504 161 (8), 133 (100) 1 C10H1004 Ferulic acid <LOQ <LOQ <LOQ [7584
8A 36.6 276,325 163.0765 163.0752 148 (70), 121 (100) 7.8 C10H1202 Eugenol 9
179 (25), 161 (100), 135 (25), 80
36.7 277,326 357.0616 357.057 123 (83) 12.8 CisH1408 Santaflavone 0.29+0.02 2 0.21£0.00° 0.28+0,008 |
219 (43), 193 (100), 179 (85), ) . o5
37.3 276,327  487.0882 487.0889 161 (30), 149 (26), 135 (63) 15 CasH20012  Caffeoyl feruloyl tartaric acid | [*3]
98 37.7 295,328 325.0565 325.0532 193 (33), 178 (14), 134 (100) 10.1 C14H1409 Fertaric acid [39]
0.38+0.00°¢ 0.40+0.01> 0.52+0,012
37.9 295,328  487.0882 487.0858 - 5 C23sH20012  Caffeoyl feruloyl tartaric acid I [
197 (57), 181 (57), 161 (100), o
10 39.1 277,320 343.0800 145 (70), 135 (91) Not identified <LOQ <LOQ <LOQ
239 (7), 197 (25), 179 (57), o
11 39.7 283,325 373.0903 160 (39), 135 (100) Not identified <LOQ <LOQ <LOQ
12 41.7 288,328 285.0405 285.0379 175 (35), 150 (33), 133 (100) 8.9 Ci15H1006 Luteolin <LOQ <LOQ <LOQ [7687]
13 439 281,321 387.0699 311 (28), 207 (18), 179 (90), Not identified <LOQ <LOQ <LOQ

135 (100)

(continued on the next page)
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GREEN BASIL

Peak Rt hméx Tt}?ﬁg; al Exp(zrl;:r/g;e ntal MS/MS fragmentation Error  Molecular Aieselr?tr;ri?/zm Concentration (mg/g dry basis) Ref
0 1 .
e ming M) oEe M- HF (m/z) (Appm)  formula identification Indoor  Greenhouse Field
14 463 302,334 a130600 101 (100 151 (10). 133 (34), Not identified
(11) <LOQ <LOQ <LOQ
464 302,333 2600455 2600448 129 (29),150(66), 130 (57), 29 CisHioOs Apigenin [577]
117 (100)
b
154 478 281 325.1815 216 (4), 183 (91) Not identified 321+0.09> 1.78£004° 4.18£0.05°
b
Total phenolics 16.64+069¢ 2245+017° 2550+0.70%

Results expressed in mg/g dry basis. Values are the mean of three replications (+ standard error). Results expressed in dry basis. sh: shoulder. Superscripts in uppercase: the peaks were

quantified as gallic acid equivalents (A), and caffeic acid equivalents (B).Different superscripts in the same line indicate significant difference (p < 0.05). N.D.: not detected. < LOQ: value lower
than the limit of quantification. Ref.: reference.
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Table 9. Phenolic compounds content of purple basil (Ocimum basilicum cv. ‘Red Rubin’). Chromatographic, UV-Vis, and mass spectroscopy
characteristics.

PURPLE BASIL

Peak Rt Amax TQ?;);Z')C al Exp(z:;l]?;;e ntal MS/MS fragmentation Error Molecular Atsg‘:ggtrin\fem Concentration (mg/g dry basis)
n° (min) (nm) i . (m/z) (A ppm) formula . e Ref.
M- H] M-H] identification Indoor Greenhouse Field
1A 226 282 5630772 563.0719 303 (54), 285 (100), 275 (44) 95 CasH160s Kaempferse';%s’%f‘:”osy"o T 023+001° 019+001° 019+001°  [*9
2A 229  N.D. 343.1479 179 (100), 121 (72) Not identified 1.30+0.08% 1.33+0.042 1.23+0.022
3B 247 290,322  179.0350 179.0324 135 (100) 145 CoHsO4 Caffeic acid 0.43+0.022 034+0.01" 0.44+0012 [317677]
44 26.1 288 465.0987 285 (82), 179 (15), 151 (100) Kaempferol derivative
465 (50), 313(13), 285(65), KaempferoI-O-rhamnosyI-O- 0.29+0.00° 0.60+0.022 0.63+0.042 88
26.1 288 563.0772 563.0750 179 (20), 151 (100) 4 C3sH160s pentoside 11 [%4]
Eriodictyol hexoside or 9.87
26.3 283 449.1031 449.1046 287 (24), 151 (100) 9.6 CatH22011 Dihydrokaempferol hexoside | [°87]
5A 281 288  609.1461  609.1417 487 (25), ggg ((1733) 301 (72), 73 CoHOms Q”erce“?slﬁr'];”“”os'de [7677]
K ferol-3.0-al 7.0 0.35+0.03¢ 071+0.01° 1.10+0.072
aempferol-3-O-glucosyl-7-O- a2
28.7 280,325 697.1622 697.1554 449 (30), 287 (100) 9.7 CaoH34019 (6 "-malonyl)-glucoside &
64 30 274,320 463.0882 463.0867 301 (61), 300 (100) 3.3 C21H20012 Quercetin-3-O-hexoside | [6979.81]
Eriodictyol hexoside or
30.2 284,329 449.1089 449.1050 287 (67), 175 (8), 151 (100) 12.5 Ca1H22011 Dihydrokaer¥1pfer0| hexoside ] 7-130.88° 9.01£0072 7.75+040° 7]
283 330 Eriodictyol or 2-
30.5 (s’h) 287,0561 287.0523 151 (22), 135 (100) 13.3 Ci5H1206 Hydroxynaringenin or [8999]

Dihydrokaempferol

(continued on the next page)
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PURPLE BASIL -

Peak Rt Amax Tt}?;)/rzl)(: al Exp(z:;l]?;;e ntal MS/MS fragmentation Error Molecular Af::]gigtrin\?ent Concentration (mg/g dry basis)
n° (min) (nm) . . (m/z) (A ppm) formula . e Ref.
M-H] M-H] identification Indoor Greenhouse Field
7 31 284,325  447.0933 447.0856 285 (100), 151 (90) 17.2 C21H20011 Kaempferol-3-O-hexoside | 6]
312 284,325 463.0882 463.0837 287 (83), 151 (100) 9.6 Ca21H20012 Eriodictyol glucuronide <LOQ <LOQ <LOQ [°]
Kaempferol glucuronide or 60,77.01
315 275,330 461.0725 461.0669 285 (100) 12.2 C21H18012 Luteolin glucuronide [ ]
8 31.6 287,330 505.0988 505.0994 301 (60), 300 (100) 05 C23H2:013 Quercetin-O-acetylhexoside | ]
31.6 287,330 549.0886 549.0818 301 (60), 300 (100) 125 Ca4H2:015 Quercetin malonyl-hexoside <LOQ <LOQ <LOQ ]
31.8 287,330 519.1872 519.1801 357 (83), 311 (6), 151 (100) 13.6 C26H32011 Pinoresinol-4-O-hexoside 9
98 325 280,320 447.0933 447.0892 285 (41), 284 (100) -4 Ca1H20011 Kaempferol-3-O-hexoside II 9]
279, 320 SArie An 9,83, 93
32.6 <h 473.0725 473.0685 179 (95), 149 (100), 135 (23) 8.6 C22H18012 Chicoric acid [983.99]
298. 320 Caffeov] i< acid 3.66+0.11¢ 513+0.052 4.45+0.06°
, affeoyl tartaric aci 83
32.9 <h) 311.0409 311.0357 179 (31), 135 (100) 16.6 Ci13H1200 (Caftaric acid) 23]
290 320 P 9,94
33.1 (<h) 303.0510 303.0464 179 (22), 151 (42), 125 (100) 15.3 CisH1207 Taxifolin [2%]

(continued on the next page)

92



PURPLE BASIL -

Peak Rt Amax Tt}?ﬁg; al Exp(z;l]?;;e ntal MS/MS fragmentation Error Molecular Af::]gigtrin\;eent Concentration (mg/g dry basis) Ref.
o .
n (min) (nm) [M-H] [M-H] (m/z) (A ppm) formula identification Indoor Greenhouse Field
A 285, 322 - - 8
10 334 (sh) 505.0988 505.0957 301 (45), 300 (100) 6.1 C23H22013 Quercetin-O-acetylhexoside I1 29
283, 330 Eriodictyol-O- g
34 ) 5851093 535.1070 491 (1), 287 (100), 151 (86) 44 C24H2:014 malonylhexoside | ]
3.20+£0.10° 3.39+0.09° 4.46+0.092
341 28?5830 271.0612  271.0568 177 (30), 151 (42), 119 (100)  16.3 C1sH1205 Naringenin | %]
283, 326 Hydroxyarctigenin-O- 50
34.3 <h 549.1978 549.1919 387 (100), 161 (94) 107 C27H34012 hescoside %]
118 345 288,328 3500772  359.0733 197 (24), 117395(3303)’ 161(100). 11 CaeHis0s Rosmarinic acid ]
5.61+0.27°¢ 6.76 £0.12°> 9.25+0.162
345 288,328 445.0776 445.0749 269 (100) 6.3 CaiH1011 Apigenin-glucuronide [76:80]
12 361 287,324 193.0506 193.0504 161 (12), 133 (100) 13 C10H1004 Ferulic acid [7684]
o <LOQ <LOQ <LOQ
36.2 286,320 5351093  535.1048 491 (8), 287 (100), 151 (70) 8.4 CaaH24014 Eriodictyol-O- ]
' ' ' ' ' ' ' malonylhexoside I1
. 280, 323 76
13 36.6 (sh) 163.0765 163.0732 148 (100), 139 (59), 121 (83) 9.9 C1H1202 Eugenol [7%]
280, 325 fl %
268 (sh) 357.0616 357.0561 161 (45), 135 (89), 123 (100) 155 C1sH140g Santaflavone | %]
Nari 0 <LOQ 0.09+0.00° 0.16+0.002
aringenin-O- s
g7 279,324 510.1144 519.1091 271 (100), 151 (9) 10.1 Ca4H24013 malonylhexoside [°]
g7p 279,325 2710562 271.0573 151 (30), 119 (91) 145 C1sH120s Naringenin I1 [2]

(continued on the next page)
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PURPLE BASIL -

Theorical ~ Experimental . Assignment
Peilk Rt Amax (m/2) p(m/z) MS/MS fra?mentatlon AError h?olecu:ar tenq(ative Concentration (mg/g dry basis) et
n (min) (nm) [M-H] [M - H] (m/z) (A ppm) ormufa identification Indoor Greenhouse Field et
282, 330 475 (21), 303 (23), 271 (100), . . -
A
14 374 (sh) 639.0699 161 (13) Naringenin derivative
375 28(25'h3;30 541,091 415 (11), 293 (100) Not identified
375 28(28'h3;30 641.1455 475 (11), 271 (100), 151 (11) Naringenin derivative 063+002°¢ 084+003° 11540032
282, 330 475 (10), 359 (18); 271 (100), . . —
375 (sh) 879.1963 161 (26) Naringenin derivative
376 280,321 711.3908 679 (20), 503 (100) Not identified
154 38.2 288,325 357.1849 161 (100), 135 (59) Not identified
0.17 £0.01 <LOQ <LOQ
197 (25), 179 (43), 145 (80), S
38.7 287, 327 343.0772 135 (100) Not identified
164 394 280,322 373.0929 373.0880 179 (36), 160 (41), 135 (100) 131 C19H180s Methyl rosmarinate 0.35+0.02° 047+0.022 051+£0.042 [%]
17 40.2 286, 320 595.1696 453 (31), 249 (100) Not identified <LOQ <LOQ <LOQ
18 415 285,321  285.0405 285.0359 151 (42), 135 (100), 107 16.1 Ci15H1006 Kaempferol 9]
Eriodictyol or 2-
417 287,326  287.0561 287.0536 199 (11), 151 (25), 135 (100), 8.8 CisH1206 Hydroxynaringenin or <LOQ <LOQ <LOQ [8%%9]
107 (19) )
Dihydrokaempferol 11
419 287,325 357.0616 357.0583 179.(83), 161 (73), 151 75) 9.2 C18H140s8 Santaflavone 11 9]

135 (100)

(continued on the next page)
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PURPLE BASIL -

Theorical ~ Experimental . Assignment
Pe;gk Rt Amax (m/2) p(m/z) MS/MS fra(}:;mentatlon AError h?olecu:ar ten%ative Concentration (mg/g dry basis) et
n (min) (nm) [M-H] [M - H] (m/z) (A ppm) ormufa identification Indoor Greenhouse Field et.
19 438 286,323 387.0682 311 (16), 179 (52), 135 (100) 10.3 C19H1609 Not identified <LOQ <LOQ <LOQ
20 452 286,327 3130685  216(19). 1f§’3(%§%) 161 (100), Not identified <LOQ <LOQ <L0Q
21 458 295,333 313.0679 161,0214 (100), 133 (59) Not identified <LOQ <LOQ <LOQ
22A 47.1 283,325 271.0612 271.0578 161 (20), 151 (44), 119 (100) 12.7 Ci15H1205 Naringenin 111 0.81+0.00°¢ 0.96+0.01° 1.68 +0.022 9
Total phenolics 2401+£071°¢ 2982+036° 33.00+0.89%

Results expressed in mg/g dry basis. Values are the mean of three replications (+ standard error). Results expressed in dry basis. sh: shoulder. Superscripts in uppercase: the peaks were
quantified as gallic acid equivalents (A), and caffeic acid equivalents (B). Different superscripts in the same line indicate significant difference (p < 0.05). N.D.: not detected. < LOQ: value lower

than the limit of quantification. Ref.: reference.
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The concentrations of total and individual anthocyanins of the purple basil plants
in all cultivation systems, are in Table 10. Related to these plants, the concentration of
total anthocyanins (TA) was 18.80 mg/g DW in the greenhouse, 21.66 mg/g DW in the
indoor, and the highest concentration (25.33 mg/g DW) was determined in plants from
the field (Table 10). McCance et al.*” indicated concentrations of total anthocyanins in
different purple basil cultivars varying from 2.07 mg/g DW to 9.72 mg/g DW for Sweet
Petra Dark and Purple Ruffles, respectively. In other studies, varying TA concentrations
were determined. In Cinnamon and Petra Dark Red basil, concentrations of 0.48 and
8.74 mg/g DW, respectively, were found.*® In a research with different purple basil
varieties, Flanigan and Niemeyer determined TA concentration in the range of 7.55
mg/g DW to 16.6 mg/g DW.*°® Lower values of TA were reported by Phippen &
Simon® among diverse purple basil varieties (including Red rubin): from 0.07 to 0.19
mg/g of fresh weight, when the extraction used all parts of the plants. The findings of
TA concentration in the present work were higher than the values reported in the
literature.

Our results showed that most observed anthocyanins are derived from the
aglycone cyanidin, some of which are acylated, mainly with p-coumaric, caffeic, and
malonic acid, and glycosylated. Moreover, other anthocyanins with different aglycones,
such as delphinidin, peonidin, pelargonidin, and malvidin were exposed. The most
significant concentration of individual anthocyanins was determined in peak 6 in the
field cultivation: 4.22 mg/g DW, quantified as equivalents of cyanidin 3-glicoside. In
this peak, three anthocyanins were identified: cyanidin-3-(caffeoyl) diglucoside-5-
glucoside, cyanidin 3-(p-coumaroyl 6 caffeoyl) sophoroside, and cyanidin 3-hexoside.

It is known that plants, in general, synthesize an ample assortment of substances
that seem to have no direct relation to their growth and development. These substances
are known as secondary metabolites (terpenes, phenolic compounds, and nitrogenous
compounds). Phenolic compounds have various functions in plants, and in the case of
flavonoids, they act as protection against UV radiation and as seed dispersers.
Flavonoids also work as attractants to pollinators and as well as a defense system
against herbivores and pathogens.®

Biosynthesis of phytochemicals in plants dependens on the species®’, and some
species naturally produce high levels of specific compounds such as rosmarinic acid, the
main phenolic compound of basil. According to Dou et al.*®, phytochemical

biosynthesis is strongly influenced by environmental conditions, and light is one of the
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most important factors; more specifically, light intensity, photoperiod, and the quality of
light, i.e., the light spectrum.

Some other studies have shown that blue, red or UV light might result in an
increased concentration of phenolic compounds in herbs, such as flavonoids and
anthocyanins. Furthermore, the increased activities of major metabolic enzymes may
also cause a rise in these compounds in herbs, promoting an improvement on the
pigment synthesis.>® For instance, it has already been observed that, under blue light, the
expression of chalcone synthase (CHS), phenylalanine ammonia lyase (PAL), and
dihydroflavonol 4-reductase (DFR), key enzymes in anthocyanin synthesis, enhance the
accumulation of these pigments in lettuce Gerbera hybrida and Salvia miltiorrhiza.>*®

Increased exposure of plants to UV-B light results in elevated flavones and
flavonols synthesis. These two classes of flavonoids accumulate in the epidermal layers
of leaves and stems, aiding in the protection of cells against the excess of UV-B
radiation, by intensily absorbing the light in the UV-B region (280 - 320 nm), at the
same time as the visible light lengths pass by these epidermal cell layers in a continuous
way.*® Furthermore, the synthesis of anthocyanins, which absorb between 500 and 600
nm, has been related to the tolerance of different environmental stresses, such as
resistance to desiccation, freezing and cooling effects, heavy metal contamination, as
well as injuries. Anthocyanins are associated with protective role against UV-B
radiation, particularly when acylated by absorbing in the region of the UV spectrum.
Unlike colorless flavonoids, anthocyanins in leaves may not be primarily involved in
UV protection, because they are usually located in the internal mesophilic tissues rather
than in the epidermis, the critical site for UV interception.®!

For all these phenomena described above, the UV-B radiation may have
influenced the high content of phenolic compounds and anthocyanins in green and
purple basil plants cultivated in the field. In this case, the plants were exposed to a
broad spectrum of sunlight.
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Table 10. Total and individual anthocyanins of purple basil (Ocimum basilicum cv. ‘Red Rubin’). Chromatographic, UV-Vis, and mass

spectroscopy characteristics.

i i PURPLE BASIL — Anthocyanins
Peilk Rt Amax Th(i?/rzl;: al Exptz;:;?)e ntal MS/MS fragmentation Error Molecular A.\ssignme.nlt _ Concentration mg/g dry basis
n (min) (nm) [M]+ [M]* (m/z) (A ppm) Formula Tentative identification Indoor Greenhouse Field Ref.
1A 10 283, 520 6111607  611.1571 449 (4), 287 (96) 5.9 CorH31015 Cyanidin 3,5-diglucoside 1.98+0.09° 1690:+007¢ 212+0042 [
2A 111 281, 518 697.1611  697.1573 535 (1), 449 (2), 287 (100) 5.4 CaoH33019 Cyanidin 3-(malonyl)- 0.39+0.02¢ 080+00l° 186+0052 [
glucoside-5-glucoside
34 121 281, 519 7111723 7111723 449 (3), 287 (100) 6.3 CaiHas019 Cygm‘g%:f dcg'lny' 055+001¢ 0.77+003b  104+0042  [%]
4r 126 281, 523 630.1556  639.1506 477 (8), 287 (100) Cyanidin derivative
Cyanidin 3-(p-coumaroyl- .
12.7 280, 524 910.2503  919.2419 757 (2), 449 (7), 287 (100) 9.1 Ca2H47023 & caffeoyl) Sophorosid [°]
255£0072  231+014°>  2.54+0.032
12.7 280, 525 791.1968 483 (100), 303 (47), 163 (8) Delphinidin derivative
12.7 280, 525 645.1419 483 (40), 303 (100) Delphinidin derivative
54 137 281, 524 4491078 449.1051 287 (100), 163 (8) 6.1 CatH21011 Cyanidin 3-hexoside | [559]
- N. D. 0.49£0.03>  0.74+0.012
138 281, 524 505.1446  595.1444 287 (100) 0.4 CaoH21013 Cyanidin-3-(p-coumaroyl- [5597]

glucoside)

(continued on the next page)
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Theorical

Experimental

PURPLE BASIL — Anthocyanins

Pezgk Rt Amax (mi2) (mi2) MS/MS fragmentation Error Molecular A.\ssignme.n.t ' Concentration mg/g dry basis
n (min) (nm) [M]+ [M]* (m/z) (A ppm) Formula Tentative identification Indoor Greenhouse Field Ref.
281, 320 (sh), Cyanidin 3-(caffeoyl)
A 95
6 14 o 9352452  935.2364 449 (7), 287 (100) 9.4 CaHarO24 diglucoside.b-glucoside [*9]
14.2 287, gzzg(Sh)’ 775.2025 467 (100), fgg ((Zlf)) 287 (25), Cyanidin derivative
282, 3126 yanidin 3. | 385+013%  3.53+£009¢ 4.22+0.112
, 312(sh), yanidin 3-(p-coumaroyl- .
14.4 e 9102503  919.2425 757 (7), 449 (10), 287 (100) 8.4 CaHar023 & caffeoyl) sophoroside I ]
146 BLIZEN a910 4491063 287 (100) 35  CouHxOn Cyanidin 3-hexoside 11 [55%5]
7r g P2V0EN 5asi0s0 5351043 287 (100), 163 (4) 74 CuHzOw  Cyanidin malonoyl glucoside 7]
148 2% 320N, 947.2299 477 (28), 287 (100) Cyanidin derivative
282,315 (5 eonidin 3caffoorirutinosge | CCLEO00°  075£003" 12920040
) sn), eonidin s-carreoy -rutinoside 98
152 Son 9332659  933.2555 771 (2), 463 (6), 301 (100) 111 CiHasO2 5 glucoside %]
155 283, 524 465.1277 303 (100) CatH21012 Delphinidin 3-hexoside | [%597]
8A 16 282, 526 947.2321 477 (6), 287 (100) Cyanidin derivative 1.34£0022  097£019° 1110.07°
94 163 282, 525 4491078  449.1055 287 (100) 5.2 CatH21011 Cyanidin 3-hexoside 111 [55:95]
167 282, 526 463.0871  463.0857 287 (100) 3 CarH1s012 Cyanidin-3-O-glucuronide 262+010° 201+008° 398+0.25% [¥]
16.7 282, 527 7731924  773.1877 449 (3), 287 (100) 6 CasH7019 Cyanidin 3-glucoside 5- [100]

caffeoylglucoside

(continued on the next page)
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Theorical

Experimental

PURPLE BASIL — Anthocyanins

Pe;gk Rt Amax (m/2) (m/2) MS/MS fragmentation Error Molecular Assignme.n.t ' Concentration mg/g dry basis
n (min) (nm) [M]+ [M]* (m/z) (A ppm) Formula Tentative identification Indoor Greenhouse Field Ref.
108 17.1 283, 527 611.1607 611.1569 303 (100) 6.1 C27H31016 Delphinidin-3-O- rutinoside [*%]
172 285 376N, 633.1382 331 (100) Malvidin derivative
173 P IBON 465008 4650002 303 (100) 76 CaHuOn Delphinidin 3-hexoside I [%597]
283 324(sh 0.70+£0.032 0.54+001° 0.71+0.002
17,6 o0, 6133352 303 (100), 265 (15), 163 (29) Delphinidin derivative
283, 321(sh) ) Delphinidin 3-(malonyl) 97
17.7 e 551.1031 551.1038 303 (100) 11 CasH23015 glucoside [7]
Cyanidin 3-(p-
177 283.386M: 757107 7571008 287 (100) 88  CaHsrOus coumaroylglucoside) [%9]
5-glucoside |
114 18.2 284,529 657.3613 287 (80), 133 (25) Cyanidin derivative
18.3 282,528 433.1129 433.1128 271 (100) 0.4 Ca1H21010 Pelargonidin 3-glucoside 271+0102 208+0.08° 275+0112 [®%]
Cyanidin 3-O-
18.3 282,528 843.1978 843.1940 287 (100) 4.6 C39H39021 (p-coumaroyl)glucoside- [2?]
5-O-malonylglucoside |
12A 18.6 281, 529 447.0922 447.0906 271 (100) 35 C21H10011 Pelargonidin 3-glucuronide [299]
Cyanidin 3-O-(p- 1.79£003%  1.31+0.05° 1.41+0.05"
18.6 284, 529 843.1978 843.1911 287 (100) 8 CaoH39021 coumaroyl)glucoside-5-O- [2?]
malonylglucoside Il
13 18.8 282,528 565.1158 495 (8), 303 (100) Delphinidin derivative
<LOQ <LOQ <LOQ
18.8 284, 529 780.4507 477 (8), 287 (100), 177 (20), Cyanidin derivative

133 (59)

(continued on the next page)
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Theorical

Experimental

PURPLE BASIL — Anthocyanins

Pe;gk Rt Amax (mi2) (mi2) MS/MS fragmentation Error Molecular A.\ssignme.n.t ' Concentration mg/g dry basis
n (min) (nm) [M]+ [M]* (m/z) (A ppm) Formula Tentative identification Indoor Greenhouse Field Ref.
13 18.9 282,528 477.1028 477.1014 301 (100) 2.9 C22H21012 Peonidin glucuronide | Lo
<LOQ <LOQ <LOQ (]
19 286, 528 595.1657 595.1633 287 (100) 4.2 C27H31015 Cyanidin 3-rutinoside %]
144 195 283, 529 477.1028 477.1008 301 (100) 4.1 C22H21012 Peonidin glucuronide I1 [°4
19.8 287,530 491.1195 271 (100), 163 (13) Pelargonidin derivative
19.8 857.2077 287 (100) Cyanidin derivative
19.9 285, 530 789.4366 287 (100), 133 (57) Cyanidin derivative
2.57+£0.072 1.55+0.05° 1.54 £0.07°
19.9 285, 530 644.1050 287 (100) Cyanidin derivative
19.9 285, 530 873.4586 287 (100), 177 (27), 133 (72) Cyanidin derivative
Pelargonidin 3- 95
20.5 285, 531 519.1133 519.1095 271 (100) 7.4 C24H23013 (malonoyl)glucoside [*]
286, 320 (sh), Cyanidin 3-(6"-succinyl) 96
20.8 530 549.1239 549.1194 287 (100) 8.2 C25H25014 glucoside [*]
15 214 2 gég (sh), 461.1054 271 (100) Pelargonidin derivative <LOQ <LOQ <LOQ
Total anthocyanins 21.66+049° 1880+0.38¢ 2533+0.332

Results expressed in mg/g dry basis. Values are the mean of three replications (+ standard error). Superscripts in uppercase: the peaks were quantified as cyanidin 3-glicoside equivalents (A),

and delphinidin 3-glicoside equivalents (B) .Different superscripts in the same line indicate significant difference (p < 0.05). N.D.: not detected. < LOQ: value lower than the limit of

quantification. Sh: shoulder.
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3.5 Antioxidant capacity

The average of ABTS antioxidant capacities of the parsley, geen and purple basil
extracts are presented in Table 11. The ABTS assay is based on the ABTS radical
capture, a method with reproducible results, good stability, and solubility, which is one
of the fastest tests of antioxidant activity. Moreover, it provides a variety of maximum
absorption and analyzes both lipophilic and hydrophilic compounds. 2

The extracts from parsley leaves of field cultivated plants were able to scavenge
ABTS radical with a value of 76.57 uM TE/g DW which was approximately 1.4 times
higher than the values of extracts from plants of the indoor and greenhouse systems.
The averages of the antioxidant capacity of extracts of parsley leaves of plants from the
indoor and greenhouse systems were not significantly different from each other (p >
0.05). In the research of Shan et al.*®, the ABTS antioxidant capacity of parsley
presented levels of 63.1 uM TE/g DW.

Table 11. Antioxidant capacities determined by the ABTS assay

ABTS - Equivalent trolox ( uMol TE/g d.w.)

Parsley Green Basil Purple basil

Indoor 53.99 +0.33° 21553 £0.56 ° 241.11+2.84°
Greenhouse  53.05+1.07° 34212 £2.14° 225.19+0.84 "

Field 76.57 £1.58 2 490.93+6.81°2 514.71+£9.52%

Results expressed in pMol TE/g dry weight. Values are the mean of three
replications (+ standard error). Different superscripts in the same column
indicate significant difference (p < 0.05)

The extracts retrieved from green basil leaves from the field cultivated plants
scavenged ABTS radical with a high value: 490.93 uM TE/g DW. This value is 1.4
times higher than the data determined in plants from the greenhouse system and 2.3
times higher than the value of plants from the indoor system. In the purple basil plants,
the same trend was observed. Samples of the field stood out with their scavenging
capacity (514.71 uM TE/g DW). The extracts of purple basil leaves from the indoor and
greenhouse plants, in relation to the average of antioxidant capacity, did not differ
significantly (p > 0.05). Shan and coworkers>® found, for the ABTS antioxidant capacity
of sweet basil leaves, a value of 295.9 uM TE/g DW. The authors also observed that the
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antioxidant capacity of basil leaves, when compared to other six species (oregano, sage,
thyme, rosemary, mint, and sweet basil), was more than three times lower than in
oregano plants, which presented 1,000 uM TE/g DW.

The data described above are within the results reported in the literature; the
exception is the higher antioxidant capacity of plants grown under field conditions.
These results on antioxidant capacity of the extracts emphasize the importance of
phenolic compounds, which is an indicative of a noteworthy contribution. Moreover,
the antioxidant capacity produced by flavonoids is increased with the number of
substituted hydroxyl groups on ring B (especially at C-3").%

In parsley plants, the elevated antioxidant activity detected in samples retrieved
from plants in the field cultivation system might be an outcome of high vitamin C
concentration that would complement the action of phenolics and carotenoids. As for
basil plants, extracts of phenolic compounds were rich in rosmarinic acid, which has
four hydroxyl groups. Furthermore, flavonols and flavones were found in the extracts,
as well as other hydroxycinnamic acids. There is evidence that rosmarinic acid is a
potent antioxidant, just like other hydroxycinnamic acids.’*® Lastly, rosmarinic acid
demonstrated to have a higher antioxidant activity than butylated hydroxytoluene
(BHT) and a-tocopherol when the antioxidant activity using the Rancimat Method was
evaluated, and it was used as lipid substrate corn 0il.®> Samples from field cultivation of
purple basil had higher antioxidant power. This could probably be attributed to the
concentration of anthocyanins whose content was higher in that cultivation system.

Thus, from the results of the research it was shown that: in the case of the
ascorbic acid content, it is noticeable that the field system was able to modulate it in a
much better way for parsley plants, whereas basil plants (green and purple) had their
best values of ascorbic acid in the greenhouse system.

The carotenoids of the three studied herbs were well modulated by the indoor
system, with the exception of purple basil that had its highest amount of carotenoids in
the greenhouse system, perhaps due to its coloration and for not having achieved the
maximum concentration in this type of cultivation.

The results observed in terms of phenolic compounds modulation were different
for parsley and basil (green and purple) plants. The concentration of these compounds in
parsley had their greatest value in the greenhouse system, although with not much

difference than the other cultivation systems. In the case of green and purple basil, the
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phenolic compounds (including anthocyanins) were modulated better in the field
(organic cultivation).

In what concerns productivity, plants grown in the indoor chamber were the ones
with the better results. Along with a satisfactory modulation of carotenoids, this system
presented the shortest harvesting point. Therefore, a high productivity with a high
concentration of carotenoids could be achieved in a short production time.

Overall, the results of the present study indicate that the evaluated aromatic plant
species present abounding concentrations of bioactive compounds of a wide-ranging
complexity and diversity. For that reason, these species are a potential source of natural
antioxidants. It is also evident that the quality and intensity of light influence in the
quantity of the bioactives in each cultivation system, as all the evidences showed that
the indoor system provides a sufficient ambiance for bioactive compounds synthesis. At
the same time, they show that the synthesis of bioactive compounds that generates the
highest antioxidant activity is, among the three, the open field system (the organic

cultivation).

SUPPORTING INFORMATION

Contents about LED light spectrum of the indoor chamber, chromatograms of
ascorbid acid, and chromatograms obtained by HPLC-DAD, MS, and MS? spectra,
along with the descriptions of some of the identified carotenoids, phenolic compounds,

and anthocyanins in the three plant species.
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Considering that the description of all the carotenoids, phenolic compounds, and
anthocyanins found in our study was already reported in literature, hereon we present
the chromatograms, the MS, and MS? spectrum obtained by HPLC-DAD, along with

descriptions of some of the identified compounds on the research.
1. Carotenoids

The chromatograms, the MS, and MS? spectrum obtained by HPLC-DAD of the
carotenoids from parsley (Petroselinum crispum cv. ‘Flat leaf”), green basil (Ocimum
basilicum var. minimum cv. ‘Greek’), and purple basil (Ocimum basilicum cv. ‘Red
Rubin’) were the following:

1.1 Parsley

Figure 1 - Chromatogram obtained by HPLC-DAD of the carotenoids from parsley

(Petroselinum crispum cv. ‘Flat Leaf”).
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Peak 1 and 2 were identified as all-trans-neoxanthin | and II. The two isomers
had the same precursor ion at m/z 601 [M + H]*, and MS? fragmentation presented ions
at: m/z583 [M+H-18]", m/z565[M -~ H —18 — 18] ", and m/z 491 [M — H — 18 —
92]" due to the loss of one water molecule, two water molecules, and one water

molecule and toluene, respectively. Other fragments were found at m/z 541 and m/z 367.
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Peak 4: all-trans-antheraxanthin. Its precursor ion was found at m/z 585 [M +
H]*, and MS? fragmentation presented ions at m/z 567 [M + H — 18] *, and m/z 549 [M —
H — 18 — 18], due to the loss of one water molecule, two water molecules, and one

water molecule and toluene, respectively. Other fragment was found at m/z 351.
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Peak 5: all-trans-lutein. The UV-vis spectrum has the following features:
maximum absorption limits Amax at 418, 444, 471 nm, and fine structure (% I11/11 = 61).
The mass spectrum in MS showed the protonated molecule at m/z 551 [M + H - 18],
and at m/z at 569 [M + H]", this last one in a minor intensity, evidence that it is lutein
because molecules that have non-epsilon ring hydroxyls have, as feature, the presence
of the fragment as the most stable molecule. In addition, MS? (551) presented the
following fragments: at m/z 551 [M + H - 18]", losing one hydroxyl radical; at m/z 533
[M +H - 18 - 18], due to the loss of two hydroxyl radicals; and at m/z 476 [M + H —
92 - H]*, with loss of toluene.
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Peak 6: all-trans-zeaxanthin. The UV-visible spectrum had the following
characteristics: maximum absorption lengths Amax at 420, 448, 475 nm, and fine
structure (% I11/11 = 30). The mass spectrum in MS showed that its stablest form was a
protonated molecule 569 [M + H]*, which is the opposite behavior of lutein, and MS?
(569) presented the following fragments derived from the polyenic chain: at m/z 551 [M
+ H - 18]", losing a hydroxyl radical; at m/z 533 [M + H — 18 -18 ]*, losing two
hydroxyl radicals; and at m/z 477 [M + H - 92]*, due to the loss of toluene.
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Peak 9: all-trans-a-carotene
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Intens.

+MS, 34.8min #2070
x106

537.4517

1 347.27612:553.4413

0.00 _-_I_"x.muu?l . | T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z

Peak 11: 9-cis-B-carotene

290 390 490 590 690 IWavelength[nm]l
Intens. | 537.4495 +MS, 37.0min #2203
x10° 1
1.5
1.0
0-57 663.4565
I
] 3:391.3365553.443331 8577634
0.0 1 ml 'Y AL N " Lk AbALAAL AL
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z

123



1.2 Basil

Figure 2 - Chromatogram obtained by HPLC-DAD of the carotenoids from

green basil (Ocimum basilicum var. minimum cv. ‘Greek”).
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Peak 5: all-trans-lutein
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Peak 7: 15-cis-B-carotene
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1.3 Purple basil

Figure 3 - Chromatogram obtained by HPLC-DAD of the carotenoids

from purple basil (Ocimum basilicum cv. ‘Red Rubin’).
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Peak 1: all-trans-neoxanthin
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Peak 2 was tentatively identified as all-trans-diadinoxanthin. It had a precursor
ion at m/z 583 [M + H]*; MS? fragmentation presented ions at m/z 565 [M — H — 18],

due to the loss of a water molecule; and at m/z 491 [M — H — 18 — 92]*, due to the loss

of one water molecule and toluene.

200

583.4183

|
447.38375

+MS, 8.5min #505

400 600

800 1000 1200 1400 1600 1800 2000 m/z

131



Intens. +MS2(583.4183), 29.26V, 8.5min #506
5 583.4174

2

x
[
o
»
'

N w »
PRI AN IR S S A B S T S A NS S W A R

[y

T M .Il . hi‘l T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z

o

Peak 4:

e all-trans-antheraxanthin

Intens‘i +MS, 10.5min #625
x10% 7

8_

545.5096

3552860 585.4307

853.3765

ATV \

200 400 600 800 1000 1200 1400 1600 1800 2000 m/z

Intens. 1 +MS2(585.4307), 29.3eV, 10.5min #626
] 564.5347
3000
2000 L
1000 -
] 351.2684
O_- I.Jl = T T b T T T T A T T
200 400 600 800 1000 1200 1400 1600 1800 2000 m/z

132



e cis-violaxanthin
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Peak 9: 13-cis-B-carotene
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Peak 12: 9-cis-B-carotene
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2. Phenolic compounds (non anthocyanics)

The chromatograms, the MS, and the MS? spectrum, obtained by HPLC-DAD of
the phenolic compounds from parsley (Petroselinum crispum cv. ‘Flat leaf”), green basil
(Ocimum basilicum var. minimum cv. ‘Greek”), and purple basil (Ocimum basilicum cv.

‘Red Rubin’) were the following:
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2.1 Parsley

Figure 4 - Chromatogram obtained by HPLC-DAD of the phenolic compounds

from parsley (Petroselinum crispum cv. ‘Flat Leaf”).
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Figure 5 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from
parsley (Petroselinum crispum cv. ‘Flat Leaf”) — Detector responde at 280 nm (mAU)
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Figure 6 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from
parsley (Petroselinum crispum cv. ‘Flat Leaf”) — Detector responde at 320 nm (mAU)
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Figure 7 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from

parsley (Petroselinum crispum cv. ‘Flat Leaf”) — Detector responde at 360 nm (mAU)
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Peak 2: Protocatechuic acid derivative
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Peak 3 was identified as p-coumaric acid hexoside. It presented the deprotonated
molecule [M - H] at m/z 325, while the MS? spectrum showed a peak at 119 [M - H —

hexose - 44], due to the loss of a hexose moiety and decarboxylation.

H OH

HO\)
X HO OH

O H OH

p-coumaric acid hexoside
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Peak 8 was tentatively identified as gentisic acid derivative or protocatechuic

acid derivative. It presented the deprotonated molecule [M - H] at m/z 431, and the MS?

spectrum showed a peak at m/z 153 (C7HsO4).
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Peak 9: Kaempferol 3,7-O-B-D-diglucopiranoside. It showed the deprotonated
molecule at m/z 609 [M - H]", MS?fragment ions at m/z 447 [M — H — 162]", due to the
loss of a hexose moiety, and at m/z 285 [M — H — 162 — 162] the aglycone ion

kaempferol.
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Intens. ] -MS2(609.1431), 38.3eV, 20.9min #1227
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Peak 10

e 593: Apigenin 6,8-di-C-glucoside (Vicenin 2)

HO H
Apigenin 6,8-di-C-glucoside

e 639: Isorhamnetin-3,7-O- B-diglucopiranoside

Peak 10 presented two compounds. The first was identified as apigenin 6,8-di-C-
glucoside (Vicenin 2), it had a [M - H] at m/z 593, and fragmentation MS? spectrum at
m/z 503 [M —H —90], 473 [M - H - 120], 383 [M —H - 90 - 120], and 353 [M — H —
120 — 120]". The second was identified as isorhamnetin-3,7-O- B-diglucopiranoside, it
showed the deprotonated molecule [M - H] at m/z 639, and its fragmentation in MS?
spectrum gave major peaks at m/z: 477 [M —H — 162], corresponding the loss of a
hexose, and 315 [M — H — 162 — 162]".
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Peak 11 was identified as isorhamnetin 3-malonylglucoside-7-glucoside. It had a
precursor ion at m/z 725, and its fragmentation in MS? spectrum gave major peaks at
m/z: 519 [M -H - 162 — CO2], corresponding the loss of a hexose and

144



decarboxylation, 476 [M — H — 162 — 86 - H]", due to the loss of a hexose and malonic
acid residue; and 315 [M — H —162 — 86 - 162]".
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Peak 12: p-coumaric acid hexoside Il
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Intens. ; -MS2(325.0928), 35.0eV, 23.6min #1385
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Peak 15 was formed by three compounds. The first one presented the
deprotonated molecule [M — H] at m/z 563 and fragmentation MS? spectrum at m/z 269
[M — H —294]", due to the loss of an apiosylglucoside moiety. The second one showed
a base peak at m/z 665, and fragment ions at m/z 621 [M — H — 44], due to
decarboxylation; at m/z 489 [M —H — 176 ] ; and at m/z 285 [M — H — 86 — (132+162)],
due to the loss of apiofuranosyl and glucopiranoside moiety, and the residue of malonic
acid. The third one had [M — H] at m/z 593, and MS? fragment ions at m/z: 563 [M — H
—-30], corresponding the loss of two metil radicals, and 299 [M — H — 294]", due to the
apiosylglucoside moiety. These compounds were identified as apigenin 7-
apiosylglucoside (apiin), kaempferol-3-O-[6""-malonyl-p-D-apiofuranosyl-(1—2)-p-D-

glucopiranoside], and diosmetin 7-apiosylglucoside, respectively.

e Apigenin 7-apiosylglucoside (apiin)

Apigenin 7-apiosylglucoside (apiin)
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Peak 16 presented two compounds. The first was identified as apigenin 7-
glucoside, it had a [M - H]  at m/z 431, and fragmentation MS? spectrum at m/z 269 [M

— H - 162], due to the loss of a hexose. The second was identified as diosmetin 7-

apiosylglucoside 11 (described above).
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e Apigenin 7-glucoside
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Peak 17 was formed by three compounds. The first presented the deprotonated
molecule [M — H] at m/z 605 and fragmentation MS? spectrum at m/z 269 [M — H —
336]", due to the loss of an acetylapiosylglucoside moiety. The second showed a base
peak at m/z 649, and fragment ions at m/z 605 [M — H — 44]", due to decarboxylation, at
m/z 563 [M — H — 86]", at m/z 545 [M — H — 86 — H>O]’, and at m/z 269 [M — H — 380],
due to the loss of malonyl-apiosyl-hexoside moiety. The third had [M — H] at m/z 461,
and MS? fragment ions at m/z: 446 [M — H — 15] because of the loss of a metil radical,
and 299 [M — H — 162]", due to the hexose moiety. Therefore, these compounds were
identified as apigenin-acetyl-apiosylglucoside (acetylapiin), apigenin-7-malonyl-

apyosilglucoside I, and chrysoeriol 7-O-glucoside, respectively.

e Apigenin-acetyl-apiosylglucoside (acetylapiin)

I
H3C/\O OH
OH
O OH
0]
(0] O
Wﬂ\\
HO\\%J/@/
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HO OH O
OH
Acetylapiin
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e Chrysoeriol 7-O-glucoside
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Peak 18: Apigenin-acetyl-apiosylglucoside (acetylapiin) Il
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Peak 19 was formed by three compounds. The first was identified as diosmetin-
acetyl-apiosylglucoside. It presented the deprotonated molecule [M — H] at m/z 635 and
fragmentation MS? spectrum at m/z 299 [M — H — 336], due to the loss of an acetyl-
apiosylglucoside moiety. The second was identified as apigenin-7-malonyl-
apyosilglucoside 11, and the third as apigenin-acetyl-apiosylglucoside. These two last

compounds were described before.
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e Apigenin-acetyl-apiosylglucoside (acetylapiin) I11
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Peak 20: two compounds were identified. The first was identified as diosmetin-
acetyl-apiosylglucoside 11, commented in peak 19. The second was identified as
diosmetin-malonyl-apiosylglucoside, it presented the deprotonated molecule [M — H]" at
m/z 679 and fragmentation MS? spectrum at m/z: 635 [M — H — 44], due to
decarboxylation; and 299 [M — H — 380]", due to the loss of a malonylapiosylglucoside

moiety.
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e Diosmetin-acetyl-apiosylglucoside Il and Diosmetin malonyl-apiosylglucoside

Intens. 4 -MS, 32.8min #1930
%104 679.1530

2.0
1.5

1.0 635.1605

] 777.1219
0.5-_

871.1826

0'0 ] T T T T T T T T T
100 200 300 400 500 600 700 800 900 m/z

Intens. ] ~MS2(635.1605), 39.1eV, 32.8min #1932
40007 299.0580

3000

20001

] 635.1624
1000

163.0384

0

100 200 300 400 500 600 700 800 900 m/z

Intens.'_ -MS2(679.1530), 40.4eV, 32.8min #1931
x104 ]
| 299.0560

1.5
E 635.1623

1.0

0.54
J 593.1505

00 -I T T T T T ’ T T T

100 200 300 400 500 600 700 800 900 m/z

Peak 21 was identified as diosmetin-malonyl-apiosylglucoside II. It presented the
deprotonated molecule [M — H] at m/z 679 and fragmentation MS? spectrum at m/z: 635
[M — H — 44], due to decarboxylation; and 299 [M — H — 380], due to the loss of a

malonylapiosylglucoside moiety.
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Figure 8 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from

green basil (Ocimum basilicum var. minimum cv. ‘Greek”)
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Figure 9 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from
from green basil (Ocimum basilicum var. minimum cv. ‘Greek’) — Detector responde at
280 nm (mAU)
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Figure 10 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from
from green basil (Ocimum basilicum var. minimum cv. ‘Greek’) — Detector responde at
320 nm (mAU)
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Figure 11 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from
from green basil (Ocimum basilicum var. minimum cv. ‘Greek’) — Detector responde at
360 nm (mAU)
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Peak 1: Caffeic acid. It presented the deprotonated molecule [M - H] at m/z 179,
and the MS? spectrum showed a peak at 135 [M - H - 447, due to the decarboxylation.
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IntenS‘i— -MS2(179.0325), 35.0eV, 24.7min #1454
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Peak 2: Kaempferol-3-O-hexoside. It showed the deprotonated molecule at m/z
447 [M - H]", MS? fragment ions at m/z 285 [M — H — hexose]", and at m/z 163 [M — H —

285 - HJ, due to the loss of the aglycone ion kaempferol.
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Intens. -MS2(447.0900), 35.0eV, 27.8min #1636
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Peak 3 was formed by three compounds. The first one presented the
deprotonated molecule [M — H]" at m/z 463 and fragmentation MS? spectrum at m/z 300
[M —H — 162 - H], due to the loss of a hexose moiety and a hydrgogen in the source.
The second one showed a base peak at m/z 593, and fragment ions at m/z 285 [M — H —
3087, due to the loss of rutinose moiety. The third one had [M — H] -at m/z 431 and MS?
fragment ions at m/z 269 [M — H — hexose] . In addition, the algycone ion for quercetin,
kaempferol, and apigenin is at m/z 301, 285, and 269, respectively. Thus, these
compounds were identified as quercetin-3-O-hexoside, kaempferol-3-O-rutinoside, and
apigenin-7-O-glucoside, respectively.

e Quercetin-3-O-hexoside

Quercetin-3-0O-hexoside
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e Apigenin-7-O-glucoside
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Intens. ] -MS2(431.0939), 35.0eV, 30.9min #1821
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Peak 4 presented two compounds. The first was identified as quercetin-O-acetyl-
hexoside, had a [M - H] at m/z 505, and fragmentation MS? spectrum at m/z 300 [M — H
— 205], due to the loss of a acetyl-glucose residue. The second was identified as
quercetin 3-O-malonylglucoside, showed the deprotonated molecule [M - H] at m/z
549, and its fragmentation in MS? spectrum gave peaks at m/z: 505, corresponding to
the loss of carboxyl group [M — H - COg];; 387 [M — H — hexose], and 300 [M — H —

2497, due to the loss of a malonyl-glucose residue.

e Quercetin-O-acetyl-hexoside
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IntenS‘i__ -MS, 31.9min #1880
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Peak 5 was composed by two compounds. Firstly, the molecule at 32.4 min
produced a precursor ion at 473 [M — H]; MS? fragments revealed ions at m/z 301 [M —
H — 162] , due to the loss of caffeic acid; at m/z 179 [M — H — 294]", because of
additional loss of tartaric acid. Moreover, other ions were also noted at m/z 149 [M — H
— 294 — 30] (tartaric acid), and at m/z 135 [M—H — 294 — 44] (decarboxylated caffeic
acid). Thus, this compound was identified as chicoric acid. The second molecule
produced a precursor ion at m/z 311 [M — H], and fragmentation MS? spectrum at m/z
179 [M — H — 132]" (caffeic acid), at m/z 149 [M — H — 162] (tartaric acid), and at m/z
135 [M- H -176], this last one due to the decarboxylation of caffeic acid. Hence, this

molecule was identified as caffeoyl tartaric acid.
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e Chicoric acid
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e Caffeoyl tartaric acid (caftaric acid)
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Intens. MS2(311.0390), 35.06V, 32.6min #1921
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Peak 6 was identified as rosmarinic acid, a caffeic acid ester based on the parent
ion at m/z 359 [M — H]", which, through a process of fragmentation, led ions at m/z 179
[M — H - 180], that expresses a deprotonated caffeic acid, at m/z 161[M — H — 180 —
18] 7, as a result of the 179 ion prior dehydration, and at m/z 135 [M — H — 180 — 44] -,
due to the decarboxylation of caffeic acid.
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Peak 7 was identified as Ferulic acid, as it presented the deprotonated molecule
[M —H] at m/z 193, and produced the main fragment ion at m/z 133 [M — H — CH3 —
COz] .
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Peak 8 was formed by three compounds: one at 36.6 min, which was identified
as eugenol (m/z 163), and its fragmentation in MS? spectrum gave a major peak at m/z
121, as a result of the loss of propenyl radical. Other ions were found at m/z 148 [M — H
— CH3J, and at m/z 131 [M —H — CH3OH]". The second was tentatively identified as
santaflavone, according to the precursor ion at m/z 357 and the MS? fragmentation
pattern. The last one was identified as caffeoyl feruloyl tartaric acid, in which MS
analysis produced a precursor ion at m/z 487 [M — HJ;, and, in MS? spectrum, two
intensive fragments were observed, at m/z 193 [M — H —294], and at m/z 179 [M — H —
308]; in the case of 294 Da (132 + 162), due to the loss of tartaric acid and caffeic acid
moiety; and in the case of 308 Da (132 + 176), because of a tartaric acid, and a ferulic
acid moiety. Other fragments were observed at m/z 161 [M — H — 308 — 18], which
indicates the loss of water of caffeic acid residue; at m/z 149 [M — H — 176 — 162]", and
at m/z 135 [M — H — 308 — 44], due to the decarboxylation of caffeic acid.

169



e Eugenol
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e Caffeoyl feruloyl tartaric acid I

Intenss. g -MS, 37.3min #2197
x10°]

2.0

823.2651

15] 163.0758

1.0
] 367.1362  °09.1026
0.5-_
1 459.1470:89 679.3567
0.0-I |‘ A ﬂl \ |Il n’l’ll N N — ’Ik A AI k.; ; A ; :
100 200 300 400 500 600 700 800 900 1000 1100 m/z
Intens. | “MS2(487.0889), 35.0eV, 37.3min #2198
193.0466
800 -

600135.0403

| bl |“| Ilnl gy

100 200 300 400 500 600 700 800 900 m/z

Peak 9 was composed by two compounds: First, the molecule at 37.7 min was
identified as fertaric acid, an ester of tartaric acid and ferulic acid, based on the
precursor ion at 325 [M — H]", which, when fragmented, managed ions at m/z 193 [M —
H — 132], that shows a deprotonated ferulic acid, at m/z 178 [M — H — 132 — 15], as a
result of further radical metil loss, and at m/z 134 [M — H — 176 — 15], due to ferulic
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acid and metil radical moiety. The second, at 37.9 min, was identified as an isomer of
caffeoyl feruloyl tartaric acid.
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Peak 12 was identified as luteolin. It showed a precursor ion at m/z 285, and MS?
led fragments ions, produced by the loss of Retro Diels Alder (RDA) residue: at m/z 175
[M — H — 1107, resulted from the loss of ®*B- RDA, and m/z 150 [M — H — 135], due
to the loss of *B"RDA, and at m/z 133 [M — H — 1527, due to the loss of 3A- RDA.
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Peak 14: Apigenin. It presented the deprotonated molecule [M - H] at m/z 2609,
and the MS? spectrum showed a peak at m/z 150 [M - H - 1197, because of the loss of A
residue, and at m/z 117 [ M — H — 152] ], as a result of the loss of B residue and water.
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2.3 Purple Basil

Figure 12 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from

purple basil (Ocimum basilicum cv. ‘Red Rubin’)
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Figure 13 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from
purple basil (Ocimum basilicum cv. ‘Red Rubin”) — Detector response at 280 nm

~—~

) Intens. |

g [mAU] |

= 1500

= _

c

o

w B

o 1000

= _

@

)

c

8- B

Q 500 -

f<b) _

-

. _

5 ] uf\—/\’_/\’—/L
+—

o _

% O T T T T T T T T
Q 15 20 25 30 35 40 45 Time [min]

175



Figure 14 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from
purple basil (Ocimum basilicum cv. ‘Red Rubin”) — Detector response at 320 nm

~
<DE Intens.
[mAU] -
g ™
e 2000
= j
I ]
™ 1500
o j
CU -
% B
o 1000
o
o i
B i
= 500
o _
O 4
-+ 4
ot ] _A_,_AJ\J l\__m_,_\_gg
% 0 T T _‘I_._h T T T T T
) 15 20 25 30 35 40 45 Time [min]

Figure 15 - Chromatogram obtained by HPLC-DAD of the phenolic compounds from

purple basil (Ocimum basilicum cv. ‘Red Rubin’) — Detector response at 360 nm
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Peak 1: Kaempferol-O-rhamnosyl-O-pentoside I.

It presented the deprotonated

molecule [M - H]  at m/z 563, and the MS? spectrum showed a peak at m/z 285 [M - H -

278]", because of the loss of rhamnosyl-pentoside residue.
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Peak 3: Caffeic acid
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Intens. ] -MS2(179.0324), 35.0eV, 24.7min #1452
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Peak 4: Two compounds were identified. Firstly, the molecule at 26.1 min was
identified as kaempferol-O-rhamnosyl-O-pentoside Il. Secondly, the molecule at 26.3
min was tentatively identified as eriodictyol hexoside or dihydrokaempferol hexoside,
based on the precursor ion at 449 [M — H]", which, when fragmented, managed ion at
m/z 287 [M — H — 162]", that shows a hexose moiety.
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e Eriodictyol hexoside or Dihydrokaempferol hexoside
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Peak 5: Two compounds were identified. Firstly, the molecule at 28.1 min was

N Y
T

800 900 m/z

identified as quercetin 3-O-rutinoside (rutin); it presented the deprotonated molecule [M
- H]  at m/z 609, and the MS? spectrum showed a major peak at m/z 301 [M - H - 3087,
corresponding to aglycone quercetin, due to the loss of rutinose. The molecule at 28.8
min was tentatively identified as kaempferol-3-O-glucosyl-7-O-(6"-malonyl)-glucoside,
based on the precursor ion at 697 [M — H]", which, when fragmented, managed ions at
m/z 449 [M — H — 162 - 86]", due to hexose and malonic acid moiety, and at m/z 287 [M
—H - (162 + 86) - 162]".
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e Quercetin 3-O-rutinoside (rutin)
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Peak 6 was formed by three compounds: the first, at 30 min, was identified as
quercetin-3-O-hexoside (m/z 463), and its fragmentation in MS? spectrum gave a major
peak at m/z 301 [M — H — 162]". The second was tentatively identified as eriodictyol
hexoside or dihydrokaempferol hexoside Il, previously commented in peak 4. The last
one was tentatively identified as eriodictyol or 2-hydroxynaringenin or
dihydrokaempferol. The MS analysis produced a precursor ion at m/z 287 [M — HJ".
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e Eriodictyol or 2-hydroxynaringenin or dihydrokaempferol
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Peak 7 was formed by three compounds: the first, at 31 min, was identified as
kaempferol-3-O-hexoside (m/z 447), and its fragmentation in MS? spectrum gave a
major peak at m/z 285 [M — H — 162]. The second was tentatively identified as
eriodictyol glucuronide (m/z 463), and its fragmentation in MS? spectrum gave a major
peak at m/z 287 [M — H — 176] due to the loss of glucuronic acid residue. The last one
was tentatively identified as kaempferol glucuronide or luteolin glucuronide. The MS
analysis produced a precursor ion at m/z 461 [M — H], and fragments at m/z 285 [M — H

— 176], due to the loss of glucuronic acid residue.
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o Kaempferol-3-O-hexoside
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o Kaempferol glucuronide or Luteolin glucuronide
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Peak 8 was formed by three compounds. One presented the deprotonated
molecule [M — H] at m/z 505 and fragmentation MS? spectrum at m/z 301 [M — H —
204], due to the loss of an acetyl-hexoside moiety. Another showed a base peak at m/z
549, and fragment ions at m/z 301 [M — H —86-162]", due to the loss of a hexose, and the
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residue of malonic acid. And other had [M — H]  at m/z 519 and MS? fragment ion at
m/z: 357 [M — H — 162], corresponding to the loss of a hexose. Hence, these compounds
were identified as quercetin-O-acetylhexoside, quercetin malonyl-hexoside, and

pinoresinol-4-O-hexoside, respectively.
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e Pinoresinol-4-O-hexoside
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Peak 9 was formed by four compounds. The first one was identified as
kaempferol-3-O-hexoside Il - mentioned above (peak 7). The second one showed a base
peak at m/z 473, and the third one had [M — H] at m/z 311; these compounds were
identified as chicoric acid and caftaric acid, respectively. Furthermore, they were
described in basil (Greek) in peak 7. The last compound was identified as taxifolin; it
showed a base peak at m/z 303, and with fragment MS? at m/z 151 [M — H — C¢HgO:2 -
CoH20].
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o Kaempferol-3-O-hexoside Il
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e Taxifolin
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Peak 10: In this peak, four compounds were identified. The first as quercetin-O-
acetylhexoside Il, which presented the deprotonated molecule [M —H] at m/z 505,
commented in peak 8 in details. The second one was identified as eriodictyol-O-
malonylhexoside I, it showed a base peak at m/z 535, and fragment ions at m/z: 491 [M
— H — CO2]’, due to decarboxylation, 287 [M — H — 86 -162], due to the loss of
malonylhexoside moiety. The third one was identified as naringenin, and it had [M —
H] at m/z 271. The last molecule had [M — H]  at m/z 549 and MS? fragment ion at m/z:
387 [M — H -162], corresponding to the loss of a hexose; this last compound was

identified as hydroxyarctigenin-O-hexoside.
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e Quercetin-O-acetylhexoside Il
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e Hydroxyarctigenin-O-hexoside
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Peak 11: two compounds were identified in this peak: rosmarinic acid, and
apigenin-glucuronide. Rosmarinic acid was discussed in green basil. In the case of
apigenin-glucuronide, the parent ion was at m/z 445 [M — H]", and the MS? fragment ion

was at m/z 269 [M — H — 176], as a result of the moiety of glucuronic acid.
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Peak 12: In this peak, two compounds were identified. The first as ferulic acid,
which presented the deprotonated molecule [M —H] at m/z 193, and a prominent
fragment ion at m/z 133 [M — H — CHs —CO2]". The second one was identified as

eriodictyol-O-malonylhexoside 11, and it was commented in peak 10.
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Peak 13: Four compounds were identified: eugenol, santaflavone, naringenin-O-
malonylhexoside, and an isomer of naringenin. The first two were discussed in basil

(peak 10). Naringenin-O-malonylhexoside (m/z 519), at 37 min, showed at MS?
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spectrum a major peak at m/z 271 [M — H — 86 -162], because of the loss of malonic
acid residue and a hexose.
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e Naringenin Il
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Peak 16: Methyl rosmarinate (m/z 373)
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Intens. -MS2(373.0880), 35.0eV, 39.4min #2326
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Peak 18: Three compounds were tentatively identified: kaempferol (m/z 285),

eriodictyol or 2- hydroxynaringenin or dihydrokaempferol 1l (m/z 287), and
santaflavone Il (m/z 357).

o Kaempferol

-MS, 41.5min #2448
311.1634

441.2438

595.1402

714.1361

487.2453

151.0042
OOO NN LANR Y Adii i Ny b I Lt AT BTN VRS sV L Wy I R SAYTEN AT ATV S b A i N s A S SNSRIy
100 200 300 400 500 600 700 800 900 m/z
2(|)0 3(|)0 4(?0 5(|)0 6(|)O IWavelength [nm]I
Intens. | -MS2(285.0359), 35.0eV, 41.5min #2449
1135.0439
3000
2000

285.0378

199.0295

100 200 300 400 500 600 700 800 900 m/z

199



e Eriodictyol or 2- Hydroxynaringenin or Dihydrokaempferol II
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3. Anthocyanins in purple basil

The chromatograms, the MS, and the MS? spectrum, obtained by HPLC-DAD of
the anthocyanins from purple basil (Ocimum basilicum cv. ‘Red Rubin’) were the

following:

Figure 13 - Chromatogram obtained by HPLC-DAD of the anthocyanins from

purple basil (Ocimum basilicum cv. ‘Red Rubin’) — Detector response at 520 nm
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Peak 1 was tentatively identified as cyanidin 3,5-diglucoside. The MS data
showed the molecular ion [M]* at m/z 611, and the MS? showed the following
fragments m/z 449 [M - 162 ]*, and 287 [M - 324 ]*, which corresponds to the aglycone

cyanidin, due to the loss of a hexose-hexose.
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Peak 2 was identified as cyanidin 3-(malonyl)-glucoside-5-glucoside. It had a
[M]* at m/z 697, and the MS? showed fragments at m/z 535 [M - 162 ]*, due to the loss
of a hexose, at m/z 449 [M — 86 -162]", due to the loss of malonic acid residue and

hexose, and at 287 [M - 410]* which corresponds to the aglycone cyanidin.
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Peak 3 was tentatively identified as cyanidin succinyl diglucoside I. The mass
spectrum showed a [M]* at m/z 711, and the MS? showed fragments at m/z 449 [M —
100 - 162]", due to the loss of succinic acid residue and hexose, and at 287 [M — (100 +
162) - 162]", which corresponds to the aglycone cyanidin.
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Peak 4 was formed by cyanidin and deplhinidin derivatives. One molecule was
identified as cyanidin 3-(p-coumaroyl-6"caffeoyl) sophoroside, and it showed a [M]* at
m/z 919, and the MS? showed fragments at m/z 757 [M — 162]*, at m/z 449 [M — 146 -
324]", due to the loss of cumaric acid residue and sophorose, and at 287 [M — 632]",

which corresponds to the aglycone cyanidin.
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Peak 5: two compounds were identified. One as cyanidin 3-hexoside | ([M]" at m/z
449, and MS? at m/z 287 [M — 162]%), and another as cyanidin-3-(p-coumaroyl-
glucoside) ([M]* at m/z 595, and MS? at m/z 287 [M — 146 - 162]", corresponding to the

loss of cumaric acid residue and a hexose).
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Peak 6 was formed by four compounds, all cyanidin derivatives. Two of them
were described above (isomers of cyanidin 3-(p-coumaroyl-6"caffeoyl) sophoroside,
and cyanidin 3-hexoside). One molecule was identified as cyanidin 3-(caffeoyl)
diglucoside-5-glucoside. It showed a [M]* at m/z 935, and the MS? showed fragments at
m/z 773 [M — 162]", at m/z 449 [M — 162 — 162 -162]", due to the loss of caffeic acid
residue, and hexose-hexose moiety, and at m/z 287 [M — 648]*, which corresponds to

the aglycone cyanidin.
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e Cyanidin 3-hexoside
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Peak 7: Four compounds were identified in this peak. The first was identified as
cyanidin malonoyl glucoside, it showed a [M]* at m/z 535, and the MS? showed a
fragment at m/z 287 [M — 86 - 162]", due to the loss of malonic acid residue and a
hexose moiety. The second was a cyanidin derivative. The third was identified as
peonidin 3-caffeoyl-rutinoside5-glucoside, which showed a [M]" at m/z 933, and the
MS? showed fragments at m/z: 771 [M — hexose]*, 463 [M — 162 - 308]", due to the loss
of caffeic acid residue, and a rutinose moiety, and 301 [M — 632]*, which corresponds to
the aglycone peonidin. The last one was identified as delphinidin 3-hexoside, its MS
spectra showed a [M]* at m/z 465, and the MS? showed a fragment at m/z 303 [M —

162]*, which corresponds to the aglycone delphinidin.
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e Delphinidin 3-hexoside
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Peak 9: Three compounds were identified in this peak. The first was an isomer
of cyanidin 3-hexoside. The second was identified as cyanidin-3-O-glucuronide, it
showed a [M]" at m/z 463, and the MS? showed a fragment at m/z 287 [M — 176]*, due

to the loss of glucuronic acid residue. The third was identified as cyanidin 3-glucoside
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5-caffeoylglucoside, it showed a [M]* at m/z 773, and the MS? showed fragments at m/z:
449 [M — 324]", due to the loss of caffeic acid residue and a hexose moiety, and 287 [M

—486]*, which corresponds to the aglycone cyanidin.
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Peak 10: Six compounds were identified in this peak. The first was identified as
delphinidin-3-O-rutinoside, it showed a [M]* at m/z 611, and the MS? showed a
fragment at m/z 303 [M — 308]*, due to a rutinose moiety; the second was a malvidin
derivative; the third was an isomer of delphinidin 3-hexoside; the fourth was a
delphinidin derivative; the fifth as delphinidin 3-(malonyl) glucoside, which showed a
[M]* at m/z 551, and the MS? showed fragments at m/z: 303 [M — 86 - 162]*, due to the
loss of malonic acid residue and a hexose moiety; and the last one was identified as
cyanidin 3-(p-coumaroylglucoside)-5-glucoside. Its MS spectra showed a [M]* at m/z
757, and the MS? showed a fragment at m/z 287 [M — 146 - 162 — 162]*, which

corresponds to the aglycone cyanidin.
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Peak 11: Three compounds were found in this peak. The first one was a cyanidin
derivative. The second one was identified as pelargonidin 3-glucoside, it showed a [M]*
at m/z 433, and the MS? showed a fragment at m/z 271 [M — hexose]*. The third one
was identified as cyanidin 3-O-(p-coumaroyl) glucoside-5-O-malonylglucoside, it
showed a [M]" at m/z 843, and the MS? showed a fragment at m/z 287 [M —146 - 162 —

86 — 162]", which corresponds to the aglycone cyanidin.
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Peak 12: Two compounds were found in this peak. The first one was identified
as pelargonidin 3-glucuronide, it showed a [M]* at m/z 447, and the MS? showed a
fragment at m/z 271 [M — 176]". The second one was an isomer of the cyanidin 3-O-(p-

coumaroyl)glucoside-5-O-malonylglucoside, reported in peak 11.
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Peak 13: Four compounds were found in this peak. The first and the second one

were delphinidin and cyanidin derivatives. The third was identified as peonidin 3-

glucuronide, it showed a [M]* at m/z 477, and the MS? showed a fragment at m/z 301

[M — 176]". The last compound was identified as cyanidin 3-rutinoside, it showed a
[M]* at m/z 595, and the MS? showed a fragment at m/z 287 [M — 308]".
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Peak 14: In this peak, three compounds were identified. The first one was an

isomer of peonidin 3-glucuronide (peak 13); the second one was tentatively identified as

pelargonidin 3-(malonoyl)glucoside, it showed a [M]* at m/z 519, and the MS? showed

a fragment at m/z 271 [M — 86 - 162]; the last one was identified as cyanidin 3-(6""-

succinyl) glucoside, it showed a [M]* at m/z 549, and the MS? showed a fragment at m/z
287 [M - 100 - 162]".
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CAPITULO 4 - DISCUSSAO GERAL E CONCLUSSAO
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DISCUSSAO GERAL

Este trabalho, conforme ja relatado, foi desenvolvido com o objetivo de avaliar o
comportamento de trés plantas — salsa (Petroselinum crispum ‘Lisa Stella’), manjericao
verde (Ocimum basilicum var. minimum cv. ‘Grecco a Palla’) e manjericdo roxo
(Ocimum basilicum cv. ‘Vermelho Rubi’) — em meio a trés diferentes sistemas de
cultivo (indoor, vaso em estufa e campo aberto organico), especialmente em relacdo a
qualidade e a quantidade de compostos bioativos.

Em termos de desenvolvimento, as plantas estudadas apresentaram os seguintes
resultados: as plantas de salsa tiveram o maior indice de area foliar no cultivo indoor.
Entretanto, no sistema indoor, as plantas ndo apresentaram uma aparéncia propria da
espécie, com folhas muito maiores e desproporcionais entre elas; a morfologia do limbo
foliar também diferiu das caracteristicas tipicas da espécie. Por outro lado, nos outros
dois sistemas de cultivo, a morfologia das plantas de salsa seguiu o padrdo da espécie.
Os maiores indices de area foliar das plantas de manjericdo verde e roxo foram
observadas no sistema indoor e na estufa, respectivamente. Sobre a
desproporcionalidade de tamanho das folhas, esta também ocorreu nos dois tipos de
manjericdes no cultivo indoor. Isso pode ter ocorrido devido a necessidade das plantas
(no sistema indoor) de captarem mais luz e ter acontecido um fenémeno de fuga ao
sombreamento na camara.

Por outro lado, a média do peso seco das raizes das plantas de salsa cultivadas na
estufa foi menor do que os valores encontrados nos outros dois sistemas de cultivo. Os
maiores valores de peso seco dos caules e das raizes das plantas de manjericdo verde se
deram no campo. No manjericdo roxo, o peso seco de folhas e caules das plantas
cultivadas no campo e na estufa foram maiores quando comparados aos valores do
sistema indoor. Em relacdo ao peso seco das raizes, o maior valor encontrado foi no
campo. Finalmente, as trés espécies de plantas tiveram sua maior produtividade no
sistema indoor.

Os resultados indicaram que as plantas de salsa cultivadas no sistema indoor
apresentaram um teor total de clorofila 1,25 e 1,7 vezes superior ao valor encontrado na
estufa e no campo, respectivamente. No caso do manjericdo verde, os valores nédo
mostraram diferenca significativa entre todos os sistemas de cultivo; porém, no caso do
manjericdo roxo cultivado no campo, o teor de clorofila mostrou diferenga significativa

(p < 0,05) em relacdo ao valor do sistema indoor.
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Em todas as plantas estudadas, o teor de acido ascérbico foi avaliado, sendo que
a salsa cultivada no campo apresentou um teor (peso seco) 3 vezes maior do que o valor
encontrado no sistema indoor e 5 vezes maior do que o cultivo em estufa. Os
manjericGes verde e roxo apresentaram o maior teor de vitamina C (peso fresco) na
estufa.

Os resultados de carotenoides, compostos fenolicos e antocianinas tiveram o
mesmo perfil em cada amostra estudada (nas trés plantas) em todos os sistemas de
cultivo. Os principais carotenoides que se destacaram nas trés plantas foram o f-
caroteno e a luteina. A salsa e o manjericdo verde tiveram seu maior conteudo de
carotenoides totais no sistema indoor. Na salsa, o valor de p-caroteno do sistema indoor
foi 22 - 30 % maior que o encontrado em estufa e campo, respectivamente. No sistema
indoor, 0 conteido de p-caroteno e de luteina no manjericdio verde foi de
aproximadamente 2,4 e 1,6 vezes superior aos valores encontrados nos outros dois
cultivos, respectivamente. Ja o contetido total de carotenoides no manjericdo roxo se
destacou na estufa, sendo que o teor de p-caroteno na estufa ndo diferiu
significativamente do valor encontrado no sistema indoor. Ambos os valores foram
23 % mais elevados do que o valor encontrado no manjericdo do campo. Entretanto, o
contetido de luteina se destacou no campo e correspondeu a 10 - 31% a mais do que 0s
conteddos encontrados nos sistemas indoor e estufa, respectivamente.

Em relacdo aos compostos fendlicos, a salsa demonstrou ser uma rica fonte de
flavonoides. Alguns dos compostos majoritarios encontrados nesta erva foram a
apigenina-7-apiosilglucésido (apiina), a apigenina-malonil-apiosilglucésido (malonil-
apiina) e a apigenina-acetil-apiosilglucésido (acetil-apiina). No caso dos manjericdes
verde e roxo, a maior concentracdo de fendlicos totais foi encontrada nas plantas
cultivadas no campo. Estas ervas mostraram ser ricas fontes de acidos fenélicos (acidos
cafeico, chicorico, caftarico, rosmarinico e ferulico) e flavonoides (principalmente
flavonadis e flavonas e alguns flavanonas e flavanonois). Para ambos cultivares, o acido
rosmarinico foi o principal composto fenélico em todos os sistemas de cultivo.

Nas amostras de manjericdo roxo, as antocianinas também foram avaliadas. A
concentragdo mais elevada de antocianinas totais foi encontrada nas plantas cultivadas
no campo. Os resultados mostraram que a maioria das antocianinas encontradas sao
derivadas da aglicona cianidina, sendo algumas aciladas (principalmente com acido p-

cumarico, cafeico e maldnico) e glicosiladas. Alem disso, foram encontradas outras
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antocianinas com agliconas diferentes, como delfinidina, peonidina, pelargonidina e
malvidina.

Existem estudos que evidenciam fungdes de promocdo da salde por parte dos
compostos bioativos. Para citar alguns exemplos, o B-caroteno, além de ser conhecido por
ter propriedades antioxidantes, € um carotenoide com atividade pro vitaminica A, e a
luteina, assim como a zeaxantina, sdo carotenoides importantes que ajudam na
manutencdo da salde ocular (MEYERS et al., 2013; SCHWARTZ; ELBE; GIUSTI,
2010). No caso dos acidos fenolicos, um estudo sobre o &cido chicoérico mostrou seu
potencial como efeito antiobesidade, por meio da atenuacdo da resisténcia a insulina, e
do fortalecimento do sistema de defesa antioxidante, além de outros fatores (XIAO et
al., 2013). Por sua vez, o acido rosmarinico encontra-se associado a varias propriedades
benéficas, como antioxidante, antiinflamatdrio, neuroprotetor, antibacteriano, antiviral,
e antiangiogénico (ELUFIOYE; HABTEMARIAM, 2019; PETERSEN; SIMMONDS,
2003). Desta maneira, as ervas, além de poderem ser utilizadas como tempero para
realcar o sabor das preparacdes alimentares, também séo benéficas a salde.

Em relacdo a atividade antioxidante, os extratos obtidos das folhas de salsa no
campo foram capazes de eliminar o radical ABTS com um valor 1,4 vezes maior que 0
encontrado para as amostras do sistema indoor e estufa. Os extratos obtidos das folhas
de manjericdo verde do campo foram capazes de captar o radical ABTS com um valor
1,4 vezes maior que as amostras da estufa e 2,3 vezes maior que o valor do sistema
indoor. O mesmo comportamento ocorreu no manjericdo roxo, onde as amostras do
campo se destacaram pela sua capacidade de eliminacé&o.

Cada erva contém diferentes compostos bioativos e cada um deles aporta para a
capacidade antioxidante de seus extratos, o que indica que elas sdo uma fonte eficaz de
antioxidantes naturais. Assim, as ervas estudadas, enquanto alimento, podem ser

consideradas benéficas a salde.
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CONCLUSAO

Os resultados das analises das trés plantas nos trés sistemas de cultivo analisados

permitiram concluir que:

a)

b)

c)

d)

9)

h)

As plantas de salsa e manjericdo verde tiveram o maior indice de &rea
foliar no cultivo indoor. No caso do manjericdo roxo, o maior indice de
area foliar foi encontrado na estufa.

No sistema indoor as plantas de salsa ndo apresentaram uma aparéncia
prépria da espécie, com folhas muito maiores e desproporcionais do que
o usual. A morfologia do limbo das folhas diferiu das caracteristicas
tipicas da espécie. Também houve desproporcionalidade de tamanho das
folhas no cultivo indoor, nos dois tipos de manjericdes.

A média do peso seco das raizes das plantas de salsa cultivadas na estufa
foram menores em relacdo aos valores encontrados nos outros dois
sistemas de cultivo. Os maiores valores de peso seco dos caules e das
raizes das plantas de manjericdo verde ocorreram no campo. No caso do
manjericao roxo, o peso seco de suas folhas e caules cultivadas no campo
e na estufa foram maiores que os valores do sistema indoor. Em relacéo
a0 peso seco das raizes, o maior valor foi encontrado no campo.

As 3 plantas tiveram sua maior produtividade no sistema indoor.

O teor de clorofila total foi maior no cultivo indoor para as amostras de
salsa e manjericdo verde, sendo que, nesta Gltima, ndo houve diferenca
significativa em relacdo aos outros sistemas de cultivo; no caso do
manjericdo roxo, o maior valor observado foi no campo.

As amostras de salsa cultivadas no campo apresentaram um alto contetido
de vitamina C.

O conteudo de carotenoides nas amostras de salsa e manjericdo verde foi
maior no sistema de cultivo indoor e, para 0 manjericdo roxo, foi maior
na estufa.

O maior teor de compostos fendlicos totais na salsa foi encontrado na

estufa; ja no caso dos dois manjericdes, o maior valor esteve no campo.

i) A maioria dos compostos fendlicos majoritarios da salsa tem como base a

apigenina.
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j) O composto fendlico encontrado em maior quantidade para ambas
cultivares de manjericéo foi o acido rosmarinico.

k) As amostras de manjericdo roxo cultivadas no campo apresentaram o
maior teor de antocianinas totais.

I) A maioria das antocianinas encontradas sdo derivadas da aglicona
cianidina, encontrando-se aciladas e glicosiladas.

m) A atividade antioxidante dos extratos das folhas das trés plantas
cultivadas no campo (cultivo orgénico) tiveram o maior potencial de

eliminacéo do radical ABTS.

De maneira geral, a partir dos resultados obtidos, as trés ervas estudadas
mostraram ser ricas em compostos bioativos. Tais compostos representam uma fonte
potencial de antioxidantes naturais. Também observou-se que a intensidade e a
qualidade da luz de diferentes ambientes de cultivo afetam a qualidade e a quantidade
dos compostos das plantas. Finalmente, os resultados indicaram que o sistema indoor
forneceu condicdes suficientes para a formacdo de compostos bioativos, também
encontrados nos outros sistemas de cultivo (estufa e campo). Sobretudo, foi possivel
notar que o0 campo, entre os trés sistemas de cultivo, foi 0 ambiente que proporcionou as
plantas estudadas, por meio de sua sintese de compostos bioativos, a maior capacidade

antioxidante.
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