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RESUMO

O Brasil, sendo o centro de diversidade de pimedtaggéneroCapsicum,muito
contribui para dispersdo destas espécies em todmdanuNo entanto, apesar de
existirem mais de 20 espécies do género e da iampmat econdmica da exploracao
agricola, as potencialidades de muitas espécieda aiméio foram exploradas e
caracterizadas. Este trabalho teve como objetivactezrizar quanto ao teor de
compostos bioativoas e citotoxicidade em célulasalgoblastoma humano gendtipos
de pimenta€. chinensee C. annumprovenientes do Banco Ativo de Germoplasma da
Embrapa Amazoénia Oriental, e do herbario da Unigade Federal do Rio Grande do
Sul. Avaliou-se a eficiéncia do uso do solventea@t®6% na extracdo de compostos
bioativos (carotenoides, capsaicinoides e acidérhgm) em pimenta€apsicumalém

de identificar as variedades promissoras para satdéradas em futuros programas de
melhoramento em relacédo a presenca de quantidapgesssivas de fitoquimicos e sua
atividade antioxidante. Também foi avaliado efeito processo de secagem em
diferentes temperaturas (8@, 70°C, 80°C) no teor de carotenoides e proposto um
modelo matematico que melhor representasse o pmckssecagem. Capsaicinoides,
carotenoides e acido ascorbico foram quantificguinscromatografia liquida de alta
eficiéncia - CLAE. A andlise de atividade antioxitla foi realizada por meio do
método de atividade antioxidante total - TRAP. Pseleerificar que a concentracéo e a
atividade dos compostos bioativos presentes em npamepode ser diretamente
relacionado com as propriedades do solvente usa@xtracdo. O etanol foi efetivo na
extracdo de &cido ascorbico e capsaicinoides costagiee para extracdo de
carotendides. Dentre os cinco amostras analisadasesso Guiana destacou-se em
relagdo aos carotenoides e a citotoxicidade emasétie neuroblastoma humano e o
genotipo PCL-02 destacou-se com relacdo a atividatiexidante, teor de compostos
fendlicos e capsaicinoides. Obteve-se também, legfies positivas entre o contetdo
de capsaicinoides e atividade antioxidante (r &,08<0.05) e entre o contetudo de
compostos fendlicos e carotenoides (r = 0.76, B0.00 processo de secagem
apresentou-se adequado e possivel de ser modekldonpdelo Dois Termos
Exponencial. A secagem a 50 °C possibilitou um auionde carotenoides resultando
em uma concentragao total superior a encontragénmentain natura A secagem sob
temperaturas mais elevadas (70 °C e 80 °C) mos&qurejudicial as propriedades
bioativas em relacéo ao teor de carotenoides.

Palavras-chavepimentasCapsicum compostos bioativos, processo secagem, solvente
etanol



ABSTRACT

Brazil, being the center dfapsicumdiversity, greatly contributes to spread of these
species worldwide. However, although there areg&ties of the genus and despite the
economic importance of farming, the potential ofnpapecies have not yet been
explored and characterized. This work proposesctieracterization the content of
compounds bioativoas and cytotoxicity in human oblastoma cells of genotypes of
Capsicumpeppers,C. chinenseand C. annum from the Active Germplasm Bank of
Embrapa Eastern Amazon and the herbarium of theddsity Federal of Rio Grande
do Sul to evaluate the efficiency of the use of %¥anol solvent in the extraction of
bioactive compounds (carotenoids, capsaicinoidsl ascorbic acid) inCapsicum
peppers. Additionally, work should be undertakerdemtify promising varieties for use
in future breeding programs to select for signiiicamounts of phytochemicals and
high antioxidant activity as well as to evaluate tbffect of the drying process at
different temperatures (50 °C, 70 °C, 80 °C) orotemoid content and propose a
mathematical model that best represents drying.s&eimoids, carotenoids, and
ascorbic acid were quantified by high performangeidl chromatography (HPLC). The
antioxidant activity analysis was performed usiig tmethod of total antioxidant
activity (TRAP). It can be seen that the concemratand activity of bioactive
compounds present in peppers can be directly telatéhe properties of the solvents.
Ethanol was effective in the extraction of capsaims and ascorbic acid and very
effective in the extraction of carotenoids. Amomhg ffive genotypes, Guiana pepper
stood out in terms of carotenoid contents and oyioity in human neuroblastoma cells
and genotype PCL-02 pepper stood out in terms dbyxadant activity, phenolic
content, and capsaicinoids. Positive correlatioagevobtained between the capsaicinoid
content and antioxidant activity (r = 0.87, p <%).and between the contents of
phenolics and carotenoids (r = 0.76, p < 0.05). @ngng process proved to be
appropriate and can be modeled by a two-term exp@henodel. The drying process at
50 °C increased the carotenoid content, resultirytotal concentration higher than that
found in fresh pepper. However, drying at highengeratures (70 °C and 80 °C) proved
to be detrimental to the bioactive properties imteof the carotenoid contents.

Keywords:pepper<apsicumbioactive compounds, drying process, ethanolestlv
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1 CAPITULO 1

INTRODUCAO

Os alimentos sofrem naturalmente constantes maddis, sejam elas tanto
alteracdes fisicas, enzimaticas, quanto microbioédgou mesmo alteracbes quimicas,
tais como as reacfes de oxidacdo de nutrientegpisgEis a acdo do oxigénio e
radicais livres que causam efeitos indesejaveisalimmento como: degradacdo de
lipideos, vitaminas, pigmentos, perdas no valoriciohal, desenvolvimento de sabores
e odores indesejaveis e a diminui¢do da vida delpia dos alimentos.

A fim de evitar estas altera¢des indesejaveis @asimni de alimentos faz uso de
antioxidantes, no entanto os mais utilizados pedastria de alimentos séo artificiais e
estudos toxicologicos em modelos com animais témodstrado a possibilidade de
estes apresentarem efeitos carcinogénicos (RAMALHORGE, 2006). Neste
contexto, ha grande interesse em encontrar nasasglzs naturais, principios ativos
gue possuam acao antioxidante, que sua producageréodanos ao ambiente e que
possam contribuir para a conservacao de alimeséws,causar danos a saude humana
(COSTA, et al. 2009).

A importancia também em explorar a acdo antioxeldet substancias naturais
estd em avaliar a capacidade de protecdo celdatefrao estresse oxidativo e a
formacdo de radicais livres, observada em algunagsiqgias como, por exemplo, o
cancer, a doenca de Alzheimer, arteriosclerosefeareumatoide, catarata, diabete,
doencga de Parkinson, entre outras (HALLIWELL; GURIEGE, 1990; LIPINSKI,
2001).

Estima-se que existam de 250.000 a 500.000 espdeigdantas no mundo
(BOSE, 1958), sendo que, uma pequena porcentagd®?l é usada na alimentacdo
humana e animal. Por outro lado, as populacdegends empregam iniUmeras plantas
como fontes de agentes medicinais para o tratantenttbencas (COWAN, 1999). As
pimentas e pimentdes foram possivelmente os pas@ditivos alimentares utilizados
pelas civilizagdes antigas do México e da Amére&dl (REIFSCHNEIDER 2000).

Atualmente as pimentas sdo amplamente valorizaalasimaria mundial como
condimentos. Na industria sdo amplamente utilizaosseus pigmentos, aromas e
substancias pungentes; elas sédo ricas em vitaniiaasnoides, carotenoides e outros

metabolitos secundarios com propriedades antiotedaigue reduzem o risco de



13

desenvolvimento de cancer e de outras doencas cordegenerativas. (LUTZ,
FREITAS, 2008).

Estima-se a existéncia de 20 a 25 espécies de g@mesilvestres e apenas 4
espécies domesticadas (MCLEOD; GUTTMAN; ESHBAUGH983). Segundo
Bianchetti (1996) o Brasil € babitat de varias espécies @apsicumdesconhecidas,
nao utilizadas ou ainda ndo caracterizadas. Algutasts espécies estdo ameacgadas de
extingdo (BUSO, et al., 2001).

A importancia do cultivo de pimenta no Brasil deeg- tanto pelas
caracteristicas de rentabilidade, principalmentanda o produtor agrega valor ao
produto e pela necessidade de poucos investimaqntasto pela importancia social, por
empregar elevada méo de obra, principalmente agacultura familiar (RUFINO;
PENTEADO, 2006).

Este trabalho, desenvolvido em parceria com a Bpabratravés do projeto
Amazoénia Oriental objetivou aprofundar a caracts@ de alguns gendtipos de
pimentaCapsicum Chinense Capsicum annume modo a estimular a exploragéo da
biodiversidade nacional, esclarecendo as potedaidis destes frutos, sua utilizacdo
em prol dos beneficios a saude, bem como prop@ciaom avanco da economia

através da comercializacao.

1.1 Revisao

1. 1.2 PimentagCapsicum

As pimentas do génerGapsicum (palavra grega Kapto = morder ou picar),
pertencem a famili&olanacead REIFSCHNEIDER, 2000). Este género é composto de
20 a 25 espécies de pimentas silvestres e dentas gsiatro sdo domesticadas:
Capsicum annuum, Capsicum baccatum, Capsicum &ceeis e Capsicum chinense
(MCLEOD; GUTTMAN; ESHBAUGH, 1983). Grande parte daspécies brasileiras
deste género ainda né&o foi estudada e domestiBRMINCHETTI,1996).

Segundo Reifschneider (2000) a domesticacdo deespecie ocorre quando o
homem interfere no processo natural de selecaonimdd de acordo com seus

interesses de cultivo, produtividade e qualidadegisyas caracteristicas que deseja
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perpetuar, passando assim a selecionar apenas nasntee das plantas cujas
caracteristicas desejadas forem mais nitidas.

As espécieapsicum chinense Capsicum annunsdo consideradas as mais
brasileiras das espécies, visto que foram cultsvadecialmente pelos indigenas na
Amazoénia. Esta regido apresenta uma area de maersidade, onde o cultivo de
pimentas € um importante fator de geracdo de rpadaas populacdes agricolas. Sabe-
se que atualmente as espécies apresentam mais deriddades ou genadtipos
(REIFSCHNEIDER, 2000).

A designacaachinensendo € apropriada, pois ndo ha nenhuma relacdo desta
pimenta inegavelmente americana, com a China. &giacie destaca-se pela ampla
adaptacdo as condicbes ambientais e por possursilade de formas e cores dos
frutos que séo geralmente muito picantes e aroas&{{CARVALHO et al. 2006).

S&o0 gendticos da espéciapsicum chinense Capsicum annunas pimentas
cujos nomes comuns sdo: pimenta “Biquinho”, pimé@&aiana’, pimenta “Biquinho;
pimenta “Amarela olho de peixepimenta “cheiro comum”pimenta “Goiania’ e
pimenta “PCL - 02'(Figura 1).

FIGURA 1- Gendétipos de pimentas das espédiapsicum chinense Capsicum

annum

Pimenta PCL-02 Pimenta Cheiro Comum Pimenta Amarela Olho de peixe Pimenta Goidnia
(C. annuum L. var. (C. chinense Jacq.) (C. annuum L. var. annum) (C. annuum L.)
annuum)

Pimenta Guiana Pimenta Biquinho

(C. annuum L. var. annuim) (C. chinense Jacq.)
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Segundo Neto (2004) a tamanha diversidade das fasdn géner@apsicune
propiciada pela facilidade com que ocorrem cruzdoseantre uma mesma espécie ou
de espécies diferentes. As abelhas meliferas gainoipal agente de dispersdo do
polen das flores. Uma caracteristica da espécieaéit@egamia onde as flores séo
hemafroditas e se autofecundam.

Embora o Brasil seja rico em diversidade e vaiiddile para o género
Capsicum, ainda pouco se sabe sobre muitas espécies e pouco seraexad

potencialidades de diversas espécies silvestresmiecsiltivadas.

1.1.3 Dados de Producéo

A pimenta é um dos produtos do agronegdcio brasilgue incentiva a
agricultura familiar contribuindo para o0 aumentogeaacéo de renda e emprego no pais
(KAPPEL, 2007).

Segundo dados da FAO, em 2010 foram cultivadosacdec 3,8 milhdes
halqueires de pimentas e pimentdes por todo o muotidizando uma producéo de
30,6 milhdes de toneladas. A area anual cultivaglapithenta no pais possibilita
producdo de 249.000 toneladas de frutos por anagodufividade meédia de 200
toneladas por alqueire, conforme o tipo de pimeNtaBrasil, a producdo ocorre em
praticamente todas as regides tendo como princgstexios produtores, Minas Gerais,
Goiés, Sao Paulo, Ceara, e Rio Grande do Sul (RALR).

A producdo de pimenta cresceu significativamente tilbmos anos. Estima-se
gue atualmente a demanda deste mercado seja denaguiamente 80 milhdes de reais,
valores que reforcam a representatividade dessacdd agronegoécio. Segundo dados
do Trade Information Brief (TIB, 2005), 0 aumentm ¢consumo de pimentas em escala
mundial € justificado pelo aumento da renda alémmdir preocupacdo com uma dieta
saudavel em paises desenvolvidos e é reflexo doerdomda producdo e
industrializagdo em paises em desenvolvimento.

O faturamento anual proporcionado pelo aumentcedaadda do mercado o tem
impulsionado a um aumento da &rea cultivada e abelgicimento de agroindustrias,
classificando o agronegécio de pimentas (docescanf@s) como um dos mais
importantes do pais, (REIFSCHNEIDER; RIBEIRO, 2Q04a



16

Segundo Reifschneider e Ribeiro (2004a), os preddim processamento de
pimentas doces e picantes podem ser divididos ém tipos, de acordo com sua

utilizacdo na industria de alimentos:

* Flavorizantes: frutos processados ainda verdes aduros, que dao apenas
sabor e aroma ao alimento, sendo a coloracdo uraetedstica secundaria;

» Corantes: sua funcao principal é dar cor aos posgdebmo a paprica vermelha,
que pode ser suave ou picante;

« Condimentos: processadas na forma de po, flocokespiescabeches, molhos
liguidos, conservas de frutos inteiros e geléias.

Apesar da sua importancia comercial as pimentagderoCapsicumém sido
pouco exploradas no Brasil em relagdo ao seu cdampento fisiologico (atividade
respiratoria, evolucdo de etileno, teores de pigosearotenoides e clorofilicos e
potencial antioxidante) no periodo pés colheita (M®S et al. 2007), fato este que
torna o fruto desconhecido por muitos.

Embora atualmente o mercado brasileiro de pimeaiada seja pequeno
comparado com o das demais hortalicas, em virtodeatko consumo e da quantidade
comercializada. Um dos problemas apontados pelasndgstrias processadoras de
pimenta € a baixa diversificacdo, ou seja, numenado de cultivares disponiveis no
mercado (REIFSCHNEIDER; RIBEIRO. 2008). A explomgéde novos tipos de
pimentas e o desenvolvimento de novos produtos m@mor valor agregado, como
conservas ornamentais, geléias especiais e ownamad processadas, apresenta boas
perspectivas de mercado tanto para as pimentagtura como para processadas
(HENZ; RIBEIRO, 2008).

1.1.4 Radicais livres

Os radicais livres sdo atomos ou moléculas prodszidntinuamente durante os
processos metabolicos e atuam como mediadoresapeamsferéncia de elétrons em
vérias reagfes bioquimicas, desempenhando funef®samtes no metabolismo. Sao
derivados do oxigénio, nitrogénio e moléculas deoffe no sistema biolégico e sdo
altamente ativos para reagir com outras moléculdsyido seus elétrons

desemparelhados. Estes radicais sdo parte imporidos grupos de moléculas
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chamadas reativas de oxigénio e as espécies aménio (ROS / RNS), que sao
produzidos durante o metabolismo celular e ativedatuncionais, tendo um papel
importante na sinalizacdo celular, apoptose, espoegénica e do transporte de ions
(LUE et al., 2010).

A presenca de radicais livres tem sido correlaclana um grande namero de
doencas. O excesso de ataque dos ROS em A&cidaSicosclcadeias laterais de
aminoacidos e em liga¢gfes duplas de acidos grasasurados causa estresse oxidativo
que pode danificar DNA, RNA, organelas celularesm@amitocondria e membranas,
proteinas e lipidios, provocando alteracbes daitesér e funcéo celulares; (LUE et al.,
2010), o que indica que estas espécies nao tépapei etioldgico na grande maioria
dos estados patolégicos, mas que participam disgtlen dos mecanismos
fisiopatolégicos que determinam a continuidade e@splicacbes presentes nestes
processos (HALLIWEL, 2001; LIPINSKI, 2001).

O estresse oxidativo, portanto, € caracterizadoupma intensa sobrecarga de
radicais livres resultantes do desequilibrio eatredox, a formacédo e a eliminagcédo de
ROS (VITVITSKY, 2006; FLORA, 2007), gerando o des#iprio entre moléculas
oxidantes e antioxidantes (SIES, 1993). Portantojnsuficiéncia dos sistemas
biolégicos em neutralizar a formacdo excessiva at#icais livres, que resulta na
inducdo de danos celulares e doencas é o estradativio (FLORA, 2007)

O organismo possui mecanismos de protecdo pararewitacumulo de
radicais livres gerados por reacbes de oxidacdosavéd de compostos
antioxidantes. Antioxidantes sdo compostos queegash sistemas bioldgicos contra
os efeitos potencialmente danosos de processosagias que promovem a oxidacao
de macromoléculas ou estruturas celulares. O sstden defesa antioxidante do
organismo compreende um grande numero de substdgo® atuam em diferentes
niveis. O sistema de defesa primario é formadespbstancias que impedem a geragao
ou sequestram espécies reativas, de forma a euéainteragdo com alvos celulares
bloqueando a etapa de iniciacéo radicalar (HALLIWEGUTTERIDGE, 1999).

Os antioxidantes, geralmente, catalisam a inafivage radicais livres no
ambiente intracelular, previnem ligacbes com metkstransicao, como ferro e
cobre, interrompendo a interagcdo desses com o jpkrde hidrogénio e com o
radical anion superoxido e, consequentemente, mdgdio de espécies altamente
reativas, como o radical hidroxila. Os dois prir@gpmeios de defesa antioxidante

sSao 0s meios enzimatico.e ndo enzimatico (HALLIWELR91).
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O sistema de defesa enzimatico inclui as enzimgeréxido dismutase
(SOD), catalase (CAT) e glutationa peroxidase (@8Hi- A SOD elimina, por
catalizacao, os radicais superdxidos convertenderogeroxido de hidrogénio e
oxigénio. O peroxido de hidrogénio pode ser elidmaela CAT e peroxidase.
Entre as peroxidases esta a GSH-Px que, junto cgiatationa redutase, possue
um papel importante na eliminacdo do peréxido didgénio, evitando assim o
acumulo de radicais hidroxilas (HALLIWELL; GUTTERI(EE, 1999).

O sistema de defesa antioxidante ndo enzimaticeakzada por substancias
como as vitaminas E e C, os carotenoides, comptetoscos ou aminas aromaticas
que atuam bloqueando a etapa de propagacdo da cadmalar, sequestrando radicais
intermediarios (peroxila ou alcoxila e varios axiiantes sintéticos (HALLIWELL;
GUTTERIDGE, 1999).

1.1.5 Acao de compostos antioxidantes no organismo

As pimentas além de micro e macronutrientes cont@ra serie de substancias
com propriedades antioxidantes que podem interglires 0 curso de doencas,
contribuindo assim para a saude. Dentre tais coimpogode-se destacar: acido
ascorbico, capsaicinoides, tocoferol e carotenpidebstancias estas, que possuem
efeitos importantes na protecdo contra o dano txaa&ausado por radicais livres.
(OGISO et al.2008).

Melo et al. (2011) avaliaram a atividade antioxigdanas pimenta€apsicum
chinense(bode), Capsicum baccatumariedade praetermissum (cumariCapsicum
frutescengmalagueta) através do ensaio com DPPH (2,2-difepitril-hidrazil). Os
autores verificaram que a capacidade antioxidari® gimentas ndo esta apenas
relacionada com o teor de compostos fendlicos. Pents principais compostos
antioxidantes encontrados em pimentas do généapsicum destacam-se 0s
capsaicinoides, carotenoides, compostos fenolamdp ascoérbico e tocoferol (HENZ;
RIBEIRO, 2008).
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1.1.7 Capsaicinoides

Os capsaicinoides sdo compostos bioativos preseatepimentas do género
Capsicum responsaveis pela sensagdo de pungéncia e pic&stes sdo sintetizados
naturalmente na placenta da pimenta, e armazemadobolhas situadas na superficie
externa da placenta conforme apresentado na FRJUWGONZALEZ; PALENIUS;
ALEJO, 2010).

FIGURA 2 - Tecidos de frutos de pimenta dessecados e sem &snfa) Septo
interlocular mostrando as bolhas onde os capsa&i@ase acumulam (b).

Fonte: GONZALEZ, PALENIUS , ALEJO, (2010).

A sintese dos capsaicinoides ocorre por meio ddogdenilpropandides através
da condensacdo de uma molécula de vanililanida eomacido graxo ramificado
sintetizado (CURRY et al., 1999).

Segundo Mazourek et al. (2009), atualmente ja ®mdentificadas mais de dez
estruturas de capsaicinoides. A capsaicina e arditapsaicina correspondem a 90%
destes (CHOI et al. 2006).
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FIGURA 3 - Estruturas quimicas dos principais cajisaides encontrados nas

pimentas
&}
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Fonte: GONZALEZ; PALENIUS ; ALEJO, (2010).

Os principais capsaicinoides encontrados na pimesda: capsaicina,
dihidrocapsaicina e nortidihidrocapsaicina, cujatruturas quimicas S80 expressas
atraves da Figura 3 (DAVIS et al 2007).

O grau de pungéncia e o contetudo de capsaicindagénerdCapsicunpodem
variar conforme a espécie e seus genotipos. Osefatpue influenciam na pungéncia
sao o estagio de desenvolvimento, crescimentoadeidos frutos, além das condicdes
de manejo (BOSLAND, 1993). O inicio do acumulo a@agsaicinoides em pimentas
ocorre entre 14 e 40 dias ap6s a antese (aberagdlates), atingindo os valores
maximos entre os 25 e 70 dias. Por outro lado,serdeimo do teor de capsaicinoides
comeca a ocorrer somente acima de 50 dias apawezifhento (ESTRADA et al.,
2000) Kirschbaum-titze et al. (2002) afirmaram gumentas cultivadas nas estacdes
primavera e verdo sao mais pungentes que as datvaas estacbes outono e inverno.
Tal fato se deve ao estresse que ocorre nas estagie quentes que influencia a via
dos fenilpropandides e afeta diretamente a sirdesecapsaicinoides. Siqueira et al.
(1988), encontraram teores de 0,174% de capsaoainfutos deCapsicum annuuma
fase de maturacao.

O primeiro método desenvolvido para avaliar o tder capsaicinoides em
pimentas foi o teste de Scoville, criado em 199B® mriimico Wilbur Scoville. O
principio do teste consistia em um método de diloie prova no qual um extrato de
pimenta pura era diluida em solucdo de agua concaacé submetida a analise

sensorial. Quanto mais agua fosse necessaria plagdol maior seria o calor
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proporcionado pela pimenta e maior a pungénciattigada em unidades de calor
Scoville (Scoville Heat Units — SHU). A concentragde uma parte por milhdo (ppm)
de capsaicinoides corresponde a 15 SHU. Devidatasckmitacdes desse método, em
virtude da subjetividade humana, atualmente asmdk capsaicinoides € realizada por
meio de analises cromatograficas (BOSLAND, 1993).

A capsaicina e a dihidrocapsaicina possuem difeseatividades biol6gicas das
quais se destaca a acao antioxidante. Materskarwekae(2005), ao avaliarem a
atividade antioxidante pelo método DPPH verificargoe a acdo antioxidante da
capsaicina foi maior que da dihidrocapsaicina, nosio que a dupla ligacdo da cadeia
lipidica do primeiro composto influéncia nesta agéio mesmo outro fator que pode
explicar tal diferenca, seja a presenca dos gropeisxi e OH na posigéo orto do anel
aromatico.

Por meio de experimentos realizadios/itro, Ahuja et al. (2006) demostraram
que extratos de pimenta contendo capsaicina, e€rdddapsaicina proporcionam um
aumento na resisténcia quanto a oxidacao no LDig f@or meio do atraso do inicio da
oxidacao ou por retardar a taxa de oxidacao.

Em experimentof vivo, com ratos alimentados com dietas com elevado teor
de gordura, o tratamento com capsaicina reduziwlesterol total e o nivel de
peroxidos lipidicos, (MANJUNATHA; SRINIVASAN, 2006) Estes trabalhos
demostraram a propriedade antioxidante de capséaies indicando sua importancia
na prevencao de doencas cardiovasculares.

Apesar do poténcial antioxidante que os capsamasoiapresentam, a aplicagcéo
destes, como antioxidantes em alimentos € limieadavirtude da forte pungéncia. No
entanto recentemente, descobriu-se que no gé@amsicum existem substancias
analogas aos capsaicinoides encontradas em €ajpsicurnao pungentes, o capsiate

e dihidrocapsiate que também apresentam atividaizxaante. (ROSA et al. 2002a)

1.1.8 Carotenoides

A cor vermelha intensa, caracteristica dos frutesCdpsicumé devido aos
carotenoides, pigmentos que sdo sintetizados palmente durante a maturacao
(MENICHINI et al. 2009)
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Os carotenoides sdo compostos bioativos preseage$rutas e hortalicas que
além de serem responsaveis pela cor apresentatergesepropriedades antioxidantes.
Eles tanto podem atuar na protecdo de célulasacoatiicais livres como sequestrar
espécies reativas de oxigénio, (EDGE; MCGARVEY; BGQOTT, 1997). Segundo
Young e Lowe (2001) a propriedade antioxidante cystenoides se deve a presenca
de um sistema de duplas ligacdes conjugadas, guereoa estes a capacidade de
capturar os radicais livres.

O principio da atuacdo dos carotenoides na desativdo oxigénio singlete
ocorre por meio da transferéncia de energia qu® fapde ser por meio de reacdes
quimicas (processo quimico) como reacgles fisicasc€pso fisico) (STRATTON;
SCHAEFER; LIEBLER, 1993; RIOS; ANTUNES; BIANCHI, PO). A desativacao
fisica envolve a transferéncia de energia de epdmtalo oxigénio singletez(()lAg), para
o carotenoide’CAR), resultando em formac&o de oxigénio no seadestundamental
0, (Y, estado triplete excitado do carotenoid€AR*). A energia do’CAR* é
dissipada através de interacdes rotacionais e ciimas entre o carotenoide e o
solvente, para recuperar o estado fundamental dammesem ocorrer degradacdo
Diferente da desativacao fisidaq) (Equacéo 1), o processo quimi¢a ) (Equacao 2)
resulta em destruicdo do cromdéforo e na formacagrddutos de oxidagdo com a
possibilidade de reacdes de adicdo (STRATTON; SOHAE LIEBLER, 1993;
RIOS; ANTUNES; BIANCHI, 2009)

0:(*Ag +'CAR X9, 0% ) + °CAR* Eq. (1)
Oy(*Ag) + 'CAR X produtos Eq. (2)

Radicais de oxigénio, como o anion superoxidg)(@ode ser reduzido pefd
caroteno devido a capacidade do carotenoide emetlietapns para espécies reativas de
oxigénio (Equacdo 3). (STRATTON; SCHAEFER; LIEBLERL993; RIOS;
ANTUNES; BIANCHI, 2009).

O+ CAR +2H — CAR' + H,0O, Eq. (3)
Levy et al. (1995) classificaram os carotenoides des grupos: grupo com

atividade de pro-vitamina A, do qual fazem pariecaroteno,- caroteno ep-

criptoxantina, e o grupo das xantofilas oxigenaglaem atividade de pré-vitamina A,
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mas que no entanto, sdo considerados potentesgidatites que auxiliam na prevencao
da catarata e na degeneracdo macular relacionada eovelhecimento (MATSUFUJI
et al., 1998). Para Goddard e Mathews, (197%e@scompostos mais importantes que
conferem protecdo aos estresses oxidativos saecaroteno ep-caroteno, luteina,
Zeaxantina e p-criptoxantina.

Os principais carotenoides das pimen@apsicumsdo a capsorubina e a
capsantina cujas concentracoes variam de 30 a 60%tal dos carotenoides em frutos
plenamente maduros (MATSUFUJI et al. 1998). As pitag contém ainda, as pro-
vitaminas:p-carotenop-carotenoy-caroteno e -criptoxantina, que sao transformadas
no figado em vitamina A. O consumo diario de medther de sopa de pimenta
vermelha desidratada em pd pode suprir as necdssidde vitamina A, que
corresponde a 600 microgramas/dia. (LUTZ; FREITA88). Topuz e Ozdemir (2007)
detectaram em cultivares @apsicum annuuratravés de cromatografia liquida de alta
eficiéncia - CLAE a concentracdo de carotenoidesmndo de 2310-2390 mg/Kg de
pimentas em base seca.

O acumulo de carotendides € dependente, além da@iesgegetal, de fatores
ambientais externos, como caracteristicas clingtigae envolvem incidéncia de luz,
temperatura e solo (ZANATTA; MERCADANTE, 2007). Astabilidade desses
carotendides depende de outros fatores como, ducesie oxigénio dissolvido na
amostra, temperatura durante o armazenamento (VAZAQLAICEDO, et al., 2007) e
a matriz em que estéao contidos.

O processamento pode afetar a qualidade do proWéattas sdo as mudangas
que um alimento pode sofrer durante o processamantazenamento e distribuigcéo,
desde alteracbes no aspecto fisico, estrutura (HARE al., 1993) e reacdes
bioquimicas que envolvem a degradacédo de substanatativas (ROOS e KAREL,
1991). A secagem € um dos processos, cujo princigmsciste na retirada de umidade
de um produto/substancia, visando a preservacaoabimentos. No entanto, este
processo é dependente de muitas variaveis (RATOJMMDAR, 1995). Os produtos
obtidos pela secagem podem ter vida de pratelsiem@da por um ano ou mais, porém
a qualidade inicial pode ser parcialmente ou drastente reduzida (RATTI, 2001).

O tratamento térmico incluindo o processo de sevagede diminuir o
contetdo de carotendides nos alimentos pela swusemat propensa a degradacdo ou
isomerizacdo (MAIANI et al., 2009), ainda podemdeacer a inativacdo da enzima

lipoxigenase que, nos tecidos vegetais, cataligar@xidacao lipidica, dando origem a
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hidroperéxidos que se descompdem nas formas ragieaoxil e alcoxil responsaveis

pela degradacao destes pigmentos (BALL, 2006).

1.1.9 Compostos Fendlicos

Os compostos fendlicos sao estruturas que possoeha@matico com um ou
mais substituintes hidroxilico (LEE, et al. 200Byeosti (2000) afirma que existem
mais de 8000 compostos fendlicos.

Segundo Li et al. (2009), os compostos fendlicadepo ser dividido em dois
grandes grupos: os flavondides, subdivididos envoflas, flavanodis, flavonais,
flavanonas, isoflavonas e antocianidinas, e osfla&ondides, que compreendem os
grupos dos acidos fendlicos, lignanas e estilbenos.

Os compostos fendlicos se destacam pela sua eteelmpacidade antioxidante
(RICE-EVANS; MILLER; PAGANGA,1996). A efetividade edtes compostos como
antioxidantes depende do numero e da localizac&aatticais hidroxila na molécula
(MELO; GUERRA, 2002; BURNS et al., 2001).

Estes compostos possuem a capacidade de bloqagaoalos radicais livres,
transformando-os em produtos estaveis por meimdaa de hidrogénio aos elétrons.
Atuam também nas reacOes com radicais lipidicospdndo complexo antioxidante-
lipidio (ARAUJO, 2001). Segundo Atoui et al. (20@¢s também podem atuar como
guelantes de metais.

As antocianinas sdo um grupo de compostos fenéligms podem prevenir
injarias causadas pelos radicais livres por meiegiabilizacdo das espécies reativas de
oxigénio mediante sua reagcdo com o componentevoedt radical. O alto poder de
reacao do grupo hidroxil das antocianinas com aathz com que 0 mesmo torne-se
inativo (NIJVELDT et al., 2001).

Melo et al. (2011) avaliaram o teor de composta®lieos nas pimentas
Capsicum chinensébode), Capsicum baccatumariedade praetermissum (cumari) e
Capsicum frutescennalagueta). As concentracfes de compostos fespkogpressas
em acido galico foram: 29400 mg EAG /100g de matédaco para pimenta “bode”,
34712 mg EAG/100g de matéria seca para pimenta ddune de 1328,28 mg

EAG/100g de matéria seca para pimenta malagueta.
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Alvarez-Parrilla et al. (2011) avaliaram concenbes; de compostos fendlicos
em pimentas@. annuum frescas e processadas encontraram concentragacds de
568 mg EAG/100g de matéria seca para pimentas ggadas em concerva e valores de
1032 mg GAE/100g para pimentas frescas. Esteseglooincidem com trabalhos
propostos por Chuah, et al (2008); Deepa, et &l04R que encontraram valores
variando na faixa de 33 a 250mg g EAG/100g pesscdrgpara pimentas frescas e de
400-1200 mg EAG/100g peso seco para pimentas sAcgsantidade de compostos
fendlicos em frutos depende da espécie, da vagedim meio ambiente, do estado

fisioldgico e das condicOes climaticas (Scalbefikiamson, 2000).

1.1.10 Acido Ascérbico

O é&cido ascorbico é uma vitamina hidrossolluvel eimportante antioxidante,
ele reage diretamente com o oxigénio, radical kithcee radical superéxido, além de
regenerar a vitamina E, esta vitamina mantém asnaszsulfidrilicas em seus estados
reduzidos e poupa a glutationa peroxidase, que é importante antioxidante
intracelular e cofator enzimético (CARR; FREI, 1999

O acido ascorbico pode ser considerado também comoantioxidante
sinergistico, ou seja, aquele que atua como renooviE oxigénio e complexante por
agir na regeneracao de radical fenoxil, doandmb#lnio e regenerando o antioxidante
primario. Assim pode-se utilizar um antioxidanted®co em menor quantidade quando
for utilizado junto com um sinergistico (ARAUJO, ®X). O &cido ascérbico é
considerado um marcador para a determinacdo do dgaoxidacdo em frutas e
hortalicas minimamente processadas (BARTH et 8831

Apesar de ser amplamente conhecido por sua alidatioxidante, o acido
ascorbico também pode atuar como pré-oxidante, poisloar os dois hidrogénios
redutores fica susceptivel a receber elétronsddea® radical ascorbila formado, que é
um agente oxidante (HASSIMOTO et al., 2005). Assbmjxas concentracdes de
ascorbato aumentam a atividade dos radicais deémig enquanto que altas
concentracdes de ascorbato atuam sequestrandaisadidroxila, oxigénio singlete e
peroxidos (SAKAGAMI et al., 2000).
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Segundo Reifschneider (2000) o gén€apsicumé considerado uma boa fonte
de acido ascorbico. O conteudo de acido ascorbicorgrado nas pimentas brasileiras
varia de 52 a 134 mg/100g nos frutos frescos. AeptatCapsicum chinens@iquinho)
contém 99mg de acido ascorbico/100g de produtocdreguantidade superior a
necessidade diaria de um individuo (60 mg/dia), TZIUFREITAS 2008).

1.2 Objetivos

1.2.1 Objetivo Geral

Devido ao grande potencial, em relacdo aos compdstwionais encontrados
em outras espécies deapsicum este projeto propde caracterizar genotiposCde
chinense e C. annuiio Banco Ativo de Germoplasma da Embrapa AmazOniental,
visando identificar os genétipos promissores patarés programas de melhoramento
com relacdo a presenca de quantidades expressvéitoguimicos e sua atividade
antioxidante, bem como avaliar o efeito do proaessdo térmico na quantidade de

compostos bioativos.

1.2.2 Objetivos especificos

1. Avaliar a atividade antioxidante dos gendétipegpimenta por meio da analise
de potencial reativo total TRAP.

2. ldentificar o perfil de compostos bioativos gres nos gendtipos de pimenta
capsaicinoides, acido ascorbico, carotenoidesigastos fendlicos.

3. Verificar qual dos gendtipos de pimenta destamem relacdo ao potencial
antioxidante total, compostos bioativos e nas sealde viabilidade em célula para uso
em programas de melhoramento genético.

4. Verificar o teor de carotendides dos genotipapsicunchinenselacquin em
relacdo ao processamento térmico em diferentes etatopas, quanto ao teor de

carotenoides.
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EXTRACTION OF BIOACTIVE COMPOUNDS FROM PEPPERS USIN G A
FOOD GRADE SOLVENT

ABSTRACT

The present study examined the efficacy of eth@@s}o) for the extraction of bioactive
compounds (ascorbic acid, carotenoids and capsaisin from severalCapsicum
annumpepper genotypes (Amarela olho de peixe, Guiamgari and PCL-02) and
from one Capsicum chinensdacquin pepper genotype (Cheiro comum) by high
performance liquid chromatography (HPLC). Extragtsolution prepared with ethanol
96% presented higher carotenoids concentralibe.use of 96% ethanol was effective
the preparation of extract with lower concentragioof capsaicinoids is a viable
alternative and can be exploited in the food ingust

Keywords:ethanol, carotenoids, capsaicinoids, ascorbic, aeppers.

1. INTRODUCTION

Bioactive compounds, such as ascorbic acid anderaoims, are found naturally
in many foods, including fruits and vegetables,hsas peppers (WAHYUNI et al.,
2011). The diversity and levels of each bioactivempound found in foods are
determined by both genetic factors and environméatéors (BATTINO et al., 2009).
According to Bae et al. (2012), another factor oesjible for the variation in the levels
of these compounds is the analytical method usetdktermine their concentration in
foods.

Mithen et al. (2000) and Weiss et al. (2008) regmbrthat one of the factors
complicating the quantification of bioactive compdulevels may be attributed to the
synergy between the compounds of the food matrat tan bind and inactivate
compounds of interest, thereby yielding inaccurasailts.

The choice of extraction solvent can influence éffectiveness of bioactive
compound concentration measurements (BETTAIEB; REBH al., 2011; CHUNG et
al. 2010). The concentration and activity of bioaetcompounds naturally present in
foods can be directly related to the propertiessolivents, such as lipophilic and
hydrophilic solvents, and their respective pola(MENICHINI et al., 2009; SUN et al.,
2007). Carotenoids, which are lipophilic compouratg, easily extracted with nonpolar
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solvents, but flavonoids, which are hydrophilice axtracted in higher quantity with
polar solvents.

Although the use of organic solvents in the prounctof plant extracts is
conventional, questions remain regarding the phapiogical and environmental
toxicity of these extracts as well as the dangeulting from manipulating these
extracts. Thus, substitution of other solvents B$69ethanol is of great interest for
decreasing operational costs, environmental impaadstoxicity.

Considering, the presence of the high content efivactive compounds in
extracts de peppe&apsicum the influence of solvent of the extracts, thesprg work
was designed to investigate the efficiency of ettoa of bioactive compounds from
pepper genotypes using ethanol (96%).

2 MATERIALS AND METHODS

2. 1 Chemical Reagents

The following standards were purchased from Sigi@a [ouis, Missouri,
USA): capsaicin (purity > 98%), dihydrocapsaicirmmurity > 90%), p-cryptoxanthin
(purity > 97%), B-carotene (purity > 93%)q-carotene (purity > 95%), zeaxanthin
(purity > 95%), ascorbic acid (purity98%) and supra pure sulfuric acid.

The lutein standard (purity > 95%) was purchasethfindofine (Hillsborough,
New Jersey, USA). The HPLC-grade solvents, inclgdinetonitrile, methyl-tert-butyl,
and methanol, were purchased from Scientific H&Jasdiai, S&o Paulo, Brazil). Acetic
acid, 96% ethanol, and glycine were purchased fvatec (Duque de Caxias, Rio de

Janeiro, Brazil).

2.2 Plant material

Fruits from four genotypes o€apsicumannun L. var. annuumpeppers
identified in the Embrapa Amazonia Oriental as @@ia(voucher number IAN
186314), Guiana (voucher number IAN 186303), PCL{@&ucher number IAN
186306), and Amarela olho de peixe (voucher numBbr 186308) as well as one

genotype ofCapsicumchinenselJacquin pepper identified as Cheiro comum (voucher
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number IAN 186307) were used in the present stldhese plants were harvested

between the months of August and September 20ttieiregion of Belém, Para, Brazil.
Fruits were selected and packed under vacuum (\facBealer F200 Flash,

Brand Fastvac, Ansan-City, South Korea) in polykthg bags with aluminum foil to

avoid contact with light, and the packaged fruisvitmzen (-10 °C) until analysis.

2.3 Preparation of extracts

Extracts prepared with food-grade ethanol resulextracts rich in bioactive
compounds that are likely used in foods and are tiogic compounds. To compare the
content of bioactive compounds in the alcoholiaaots, quantitative extractions were

performed with each pepper extracted by methodkestblished in the literature.

2.3.1 Alcoholic extraction

The peppers were weighed, macerated with an ethswioent (96%) until
complete removal of pigments and filtered usingaauwm system. The extract was
concentrated under reduced pressure in a rotargoeatr at ambient temperature
(Fisatom, Model 801, St. Paul), diluted in 5 mL ethanol, fractionated into 2 mL
aliquots and placed in amber vials. The solvent rgasoved under nitrogen flow, and
the extracts were stored at -10 °C until the gfiaation of carotenoids, ascorbic acid
and capsaicinoids by high performance liquid chroge@phy (HPLC). The results
were compared with those obtained by other metkdedsribed below.

2.3.2 Extracts for quantification of total bioactive compounds

The quantification of total carotenoids was perfednas previously described by
Mercadante and Rodriguez-Amaya, (1998). This meailogy consists of pigment
extraction with acetone and methanol, saponificatiath 10% KOH for 24 hours at
room temperature, removal of alkali and concertratinder reduced pressure in a
rotary evaporator (Fisatom, Model 801) (T<25 °C)nmiediately after being
concentrated, the sample was rediluted with a smajuot of solvent, dried with
nitrogen flow and stored in the freezer (-18 °Cj fater quantification by high

performance liquid chromatography.
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The quantification of total capsaicinoids was perfed as previously described
by Collins, Wasmund and Bosland, (1995). Was ctl&#@ g of sample was added to
12 mL of acetonitrile, and the mixture was inculdaite a water bath for 4 hours at 80
°C. Subsequently, a 1 mL aliquot was collectedfdteded (0.45um Millipore filter).

The quantification of ascorbic acid was carried aatording to Rose et al.
(2007) with modifications proposed by Pereira e{(2012). Briefly, 5 g of sample was
homogenized in an Ultra-Turrax (Ultra-digital loggeads T25) with 20 mL of 0.05 M
supra pure sulfuric acid for 1 minute and centifdigunder cooling at 4°C for 30
minutes at 3500xg (Walita-PhiliBsS&o Paulo, Brazil). A 1 mL aliquot was used for

quantification using a high performance liquid achedography system.

2.5 Chromatographic conditions

The analyses were performed using an HPLC systagite(/ series 1100 anta
Clara, CA, USA) that was equipped with an onlingaleser, a quaternary pump, and an

automatic injector.

2.5.1 Carotenoids

For the chromatographic analysis, the concertrex¢ract was diluted in methyl
tert-butyl ether (MTBE), placed in an ultrasoundnigiie, Model USC 1400) for 15
minutes and filtered (0.45 pm Millipore filter) fosubsequent injection into the
chromatograph.

The carotenoids were separated on a polymericsev@rase column (YMCsg
250 micrometer x 4.6 micrometer; particle size ahBl) with a mobile phase gradient
elution beginning with water/methanol/MTBE at 5®@nd reaching 0:95:5 after 12
minutes, 0:89:11 after 25 minutes, 0:75:25 afterndi@utes and 00:50:50 after 60
minutes with a flow rate of 1 mL/minutes at 33 °@natta and Mercadante, (2007). The
spectra were conducted between 250 and 600 nm,tl@ndchromatograms were
processed at a fixed wavelength of 450 nm for emats. Identification was
performed by comparison of peak retention timesiakbtl in each sample with the
retention times of standards analyzed under the samditions.

The quantification was performed constructing s#mdd curves for the

carotenoids in the following concentration rang®$50 pg/mL forp-carotene, 2-25
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png/mL fora-carotene, 1-65 pg/mL for lutein, 4-100 pg/mL foyptoxanthin and 1-40
png/mL for zeaxanthin.

The limits of detection (LOD) and limits of quamdtion (LOQ) were
determined as previously described by Long and Yuideer, (1983). The following
LOD and LOQ scores were, respectively obtainedkB5 and 10.9x18 mg/kg forp-
carotene; 6.9xI® and 1.2x1G mg/kg for lutein; 2.1x18 and 3.5x1G mg/kg for
cryptoxanthin; 9.6x10* and 1.6x1G mg/kg for zeaxanthin; and 2.0x1@nd 3.3x16

mg/kg fora-carotene.
2.5.2 Capsaicinoids

For the analysis of capsaicinoids, the concerdraktract was diluted in 1 mL of
HPLC grade acetonitrile, placed in an ultrasoundigue, model USC 1400, S&ao Paulo,
Brazil) for 5 minutes and filtered (0.45 pm Milligo filter) before injection into the
chromatograph. The capsaicinoids were separatea polymeric Vydac & column
(218TP54; length of 250 mm length, internal diamefe4.6 mm and particle size of 5
mm) with an acetonitrile/water/acetic acid mobilleape (100:100:1) for 23 minutes
with a flow rate of 1.2 mL/min at 20° C as prevityudescribed by Peusch et al. (1997).

The spectra were conducted between 250 and 60@minthe chromatograms
were processed at a fixed wavelength of 280 nm. idéetification was performed by
comparing the peak retention times obtained forstaedard and for samples analyzed
under the same conditions.

The quantification was performed by constructingndtird curves for the
carotenoid in the following concentration range€300.08 pg/mL for capsaicin and
0.04-0.22 pg/mL for dihydrocapsaicin.

The limits of detection (LOD) and limits of quamdtion (LOQ) were
determined as previously described by Long and YWrdeer, (1983). The following
LOD and LOQ values were, respectively obtained2616% and 1.10x18 mg/kg for
capsaicin and 2.90xT0and 4.84x10 mg/kg for dihydrocapsaicin.
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2.5.3 Ascorbic acid

The ascorbic acid was eluted isocratically usir@pM supra pure sulfuric acid
as the mobile phase with a flow rate of 1 mL/mid an injection volume of 10 pL. The
chromatograms were processed at 254 nm. Quantiicatvas carried out by
constructing standard curves according to Rosal.et(2007) with concentrations
ranging from 0.001 to 1 mg/mL.

2.3 Statistical analysis

The results were evaluated by analysis of varigA®8OVA). Tukey’s test was

used to compare the mean differences using Stati$€@ software.

3 RESULTS AND DISCUSSION

3.1 Extraction of bioactive compounds
3.1.1 Carotenoids

The measured content of carotenoids depends omypleeof solvent used to
extract peppers Bae et al., (2012). To obtain &mtant products or dyes for the food
industry, extractions are usually performed usirgter, alcohol or an alcohol/water
mixture Costa et al., (2000).

Figure 1 shows the total content of carotenoidthe96% ethanol extract. The
extraction method with 96% ethanol allowed greaeraction of carotenoids in all
genotypes, except for the PCL-02 genotype, compardte method of Mercadante and
Rodriguez- Amaya, (1998).

The total amount of carotenoids extracted with 9&¥anol from the Guiana,
Cheiro Comum, Amarela olho de peixe, PCL-02 anciGiai peppers was 36417, 2144,
31274, 14162 and 1038y of carotenoids/100 g of dry pepper, respectiElgure 1).
Extraction with 96% ethanol allowed higher extrantof total carotenoids compared to
the methodology proposed by Mercadante and Rodrigueaya (1998), who obtained
values of 27382, 462, 2298, 29099 and 4§0of carotenoids/100 g of dry pepper for
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the Guiana, Cheiro Comum, Amarela olho de peixe -BZland Goiania peppers,

respectively.

Figure 1: Comparison of carotenoids i€apsicum pepper extracts prepared as
previously reported by Mercadante and Rodriguezan (1998) to carotenoids
extracted with 96% ethanol (concentrations expresas ug/100 g dry weight).
Different letters for the same pepper indicate isicgnt differences between treatments
(p <0.05).
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According to Mercadante and Rodriguez Amaya (198&rotenoids are
lipophilic, insoluble in water and soluble in orgasolvents, such as acetone, alcohol,
ethyl ether, chloroform, and ethyl acetate. Careseare readily soluble in petroleum
ether, hexane, and toluene, but xanthophylls dissbktter in methanol and ethanol,
which is the solvent used in the present work.

According Rodriguez-Amaya et al. (1988), saponifara is an effective mean
of removing chlorophylls and unwanted lipids, whighay interfere with the
chromatographic separation and shorten the lith@tolumn in HPLC.

However, saponification extends the analysis timed it may provoke
degradation of carotenoids. The extent of degradadiepends on the conditions used
with more degradation occurring with higher alkatoncentrations and hot
saponification (KIMURA et al., 1990). According ®odriguez-Amaya et al. (1988),
lutein, violaxanthin, and other carotenoids are ucedl considerably during
saponification and the subsequent washing stepqRP®ORRINI, 1997).

Bae et al. (2012) evaluated the influence of the ab solvents, including
hexane, ethyl acetate, acetone, methanol, and n@thaater (80:20; v/v), on samples
without saponification. The gradient mobile phaseswomposed of (A) MeOH and (B)
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tert-butyl methyl ether with a flow rate of 0.8 mihih, and the samples were eluted as
follows: 0-80% B (0—15 min), 100% B (15-20 min)dal00-0% B (20—25 min). For
the extraction of bioactive compounds from pepp#rs, highest levels of carotenoids
were found in hexane extracts followed by ethyltaiee and acetone extracts. The
highest amount of carotenoids was found in hexatieads (72200 pg/100 g dry
weight) from the C. annuumcv. ‘Tuxtlas’ cultivar, and the lowest amount of
carotenoids (3100 pg/100 g dry weight) was foundhexane extracts from the
Capsicum annuuncv. ‘CA408 and ‘Mesilla’ cultivars. The differees in the
carotenoid concentrations may be attributed tadtfierent cultivars.

The concentrations obtained in this study with S&#@nol ranged from 1039 to
36417ug/100 g dry weight, which were lower than the valueported by Bae et al.
(2012). Although the use of organic solvents in pgweduction of plant extracts is
conventional, questions regarding the pharmacoébgod environmental toxicity as
well as the danger in manipulating the plant extratust be considered.

Santamaria et al. (2000) obtained of extractinghwiitdustrial ethanol (96%
purity from ADYDSA, Mexico) both directly from drée flour and from the paste
resulting after an agueous enzymatic treatment, ¢aétenoids from Chili Guajillo
Puya Capsicum annuurh.). Extraction with 96% ethanol in the presenidst allowed
greater extraction of carotenoids in all genotygesept for the PCL-02 genotype.

Finding a single method that is suitable for th&aotion of a carotenoid group
is important, but it is not an easy task due to dheersity of structures, chemical
variations and sensitivity of compounds to ext@ctconditions. The polarity of the
solvent can affect the transfer of electrons ardtdryen atoms, which are key aspects in
the measurement of antioxidant activity.

The large variance in carotenoid content indicatieat the Guiana pepper
contained more carotenoids than the PCL-02 peppearela olho de peixe pepper and
other cultivars, thereby suggesting that the levélsarotenoids were influenced by the
genetic variation of the peppers Wahyuni, et aD1(Q).

In some pepper genotypes, the extract prepared 6% ethanol allowed a
greater preservation of the original content ofotamoids compared with method
reported by Mercadante and Rodriguez-Amaya, (1998).

The carotenoid profiles found in peppers vary doehte differences in the
matrices analyzed (Chili Guajillo Puya peppers pegpers in nature). In addition to

plant species, the accumulation of carotenoidsegeddent on external environmental
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factors, such as climate characteristics, whicholvesr the incidence of light,
temperature and soil (ZANATTA; MERCADANTE, 2007).

The carotenoid, aliranslutein, in the Cheiro-comum, Amarela Olho de Peixe
and Goiania peppers exhibited higher concentratidren extracted with 96% ethanol

than when extracted by the saponification methodpgsed by Mercadante and
Rodriguez-Amaya (1998) (Figure 2).

Figure 2: Comparison of each carotenoid concentratioGapsicumpepper genotypes
obtained according to the method proposed by Martadand Rodriguez-Amaya
(1998) and obtained by extracting with 96% ethafeancentrations expressed as

ug/100 g dry weight). Different letters for the sarpepper indicate significant
differences between treatments (p <0.05).
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In the present study, the use of 96% ethanol iseckahe extraction of-
carotene in all genotypes. Some carotenoids, ssdfrcarotene,a-carotene andg-
cryptoxanthin, are capable of being converted tamin A, which indicates that they
have an important nutritional role (OLSON, 1989%e8t et al. (1994) reported that
carotene is the carotenoid with the greatest agtofi provitamin A, and they suggested
that there is a significant association between levels of 3-carotene and increased
incidence of myocardial infarction and that a dieh in f-carotene is associated with a
lower risk of premature death from coronary hegtase.

With regard to the profile of carotenoids, the Gaiand Goiania genotypes had
higher levels oB-carotene compared to the other genotypes. Irtiaddp containing
high levels offf-carotene, Cheiro comum peppers had high levelatein. Moreover,
Amarela olho de peixe peppers contained high cotstei3-carotenea-carotene and
cryptoxanthin. The PCL-02 genotype did not havehéiglevels off-carotene but
instead had a considerable amount of lutein andedommounts of cryptoxanthin,
zeaxanthin and-carotene.

Studies have shown that carotenoids are responfablesducing the risk of
degenerative diseases, preventing cataracts, reglncacular degeneration caused by
aging and reducing coronary heart disease Kringk§94). In the present study, the
identification of five carotenoidsall-translutein, zeaxanthin,f-cryptoxanthin, -
carotene, and-carotene) was possible through chromatographiaraépn.

The results obtained with the 96% ethanol extractiemonstrated that the
concentrations of zeaxanthin exhibited the lowesiation among the genotypes. In the
Capsicum annuungultivars, B-cryptoxanthin showed less variation indicatingt ttiee
synthesis oB-cryptoxanthin inCapsicum annuurfruits is independent of the cultivar
Topuz and Ozdemir, (2007).

3.1.2 Capsaicinoids

Capsaicinoids (capsaicin and dihydrocapsaicin) ragarded as compounds
responsible for the pungency in peppers (BENNETTREY, 1968). The fractions
obtained by chromatographic analysis revealed tasegmce of capsaicinoids, including
capsaicin and dihydrocapsaicin, in all genotypeéscating thatCapsicumannunL. var.

annuum andC. chinenselacquin can be considered as pungent peppers.
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The use of an ethanol solvent allowed an averagesagzinoid extraction of
6.16% in the pepper genotypes as compared to theohef Peusch et al. (1997). The
capsaicinoid concentrations ranged fromu8@100 g dry weight for the Amarela Olho
de Peixe pepper to 3Q4/100 g dry weight for the PCL-02 pepper (FigureAdsimilar
range of values (78.65 to 386.38 pg/g) has beendfdar Capsicumannun peppers
(Jalapefio and Serrano) using an extract prepaoad rinethanol and utilizing HPLC-
MS for the identification and quantification of h@épper capsaicinoids Alvarez-Parrilla
et al. (2011).

Figure 4: Comparison of the amount of capsaicinoids by te#-established method of
Peusch et al. (1997) and by extraction with 96%mthin Capsicumpepper genotypes
(concentrations are expressedug#l00 g dry weight). Different letters for the same
pepper indicate significant differences betweeattments (p <0.05).
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Despite the antioxidant potential that capsaiciagidesent, the application of
these as antioxidants in foods is limited due ®gtrong pungency Rose et al. (2002).
Because the ethanol extract contained a low coratemt of capsaicinoids, it is an
excellent option for use as antioxidants in foadadldition to the low cost of ethanol,
the use of ethanol does not provide major envirortalémpacts.

Govindarajan et al. (1987) determined the concaatraof capsaicinoids in
various species of peppers, includifg. annuum and C. chinensg using a
spectrophotometric method. These authors founddiffatent solvents extract different

concentrations of capsaicinoids. For tBe annuumvar. L. variety, extraction with
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alcohol, acetone, chloroform, ether and hexandtegbin capasaicinoid concentrations
of 0.523, 0.515, 0.587, 0.701 and 0.605%, respagtivn their research, the results of
extraction with nonpolar solvents were better thtamse with polar solvents, which is
consistent with the present study.

Zhuang et al. (2012) obtained ethanol extracts frone varieties of peppers,
including varieties ofCapsicum annuurh. andCapsium frutescenis., and they found

total capsaicinoid concentrations ranging betweiiband 1242.88g/g fresh weight.

3.1.3 Ascorbic acid

The ascorbic acid contents of the five genotypesesh peppers in the present
study are shown in Figure 4.

Figure 4: Concentrations (mg/g fresh weight)asfcorbic acidound in the genotypes of
Capsicumpeppers. Different letters for the same peppeicatd significant differences
between treatments (p <0.05).
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Not allow the quantification of ascorbic acid by thwd of Rosa et al. (2007)
Figure 4. The chromatogram obtained by analysithefextract prepared from 96%

ethanol showed two peaks in all samples in the ee&ntion time of ascorbic acid,
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which may represent isomers that were not separafeeteby preventing the
guantification of ascorbic acid.

The extraction with 96% ethanol may have contridute the formation of
isomers because the method proposed by Rose @0@l7) allowed the identification
and quantification of total ascorbic acid in the@pers analyzed.

Zhuang et al. (2012) analyzed the ascorbic acidecwnn 80% ethanol extracts
of nine peppers, includinGapsiumfrutescens L. an@apsium annuurh. varieties, and
reported low concentrations of ascorbic acid raggwom 0.93 to 3.35 mg/g fresh
weight, but these values were higher than the galeported by Castro et al. (2008) and
Ghasemnezhad et al. (2011), who repo@agsicum annuurh. pepper ascorbic acid
contents of 0.12-2.77 mg/g fresh weight. Topuz @aeémir (2007) studied ascorbic
acid contents in five differen€apsicum annuunvarieties, and they reported lower
values ranging between 0.15 and 0.57 mg/g fresphuei

The total quantification method resulted in asaorécid values ranging from
0.03 mg/g fresh weight for the Cheiro comum pefpe3.9 mg/g fresh weight for the
Guiana pepper. The ascorbic acid content of thar€ltsemum pepper was lower than
the values of the other genotypes with a value .68 Ong/g fresh weight. These
differences can be explained by genetic diversitpag genotypes.

The variability of the ascorbic acid results amogenotypes can also be
explained in terms of differences in cultivars,l,sgrowing conditions and maturation
(ZHUANG et al. 2012). For green peppers, Yahiale(2001) found values of ascorbic
acid between 0.12 and 1.80 mg/g fresh weight. rédrpeppers, Howard et al. (1994)
reported ascorbic acid contents between 0.75 ai@d 21g/100 g fresh weight
demonstrating a decrease in ascorbic acid contiémtfrit ripening.

Therefore, optimization of mixed solvents to belegapin the extraction of each

specific food results in a significant recoverybadactive compounds.
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4 CONCLUSIONS

Using 96% ethanol to prepare extracts of peppehsin carotenoids is a viable
alternative and can be widely exploited in the faodustry. The use of 96% ethanol
was effective in the preparation of extracts watv llevels of capsaicinoids. Moreover,
the concentration and activity of these bioactisenpounds naturally present in foods
can be directly related to the properties of sdlsesuch as lipophilic and hydrophilic
solvents, and their respective polarity. For futuverk based on the present data
obtained, mixtures of other nontoxic solvents trat permitted in food should be tested

for use in extracting bioactive compounds of pepper
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2.2 ARTIGO 2: Bioactive compounds, and its cytotoxi effect of peppers
(Capsicun) on human neuron-like cells (SH-SY5Y)
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BIOACTIVE COMPOUNDS AND ITS CYTOTOXIC EFFECT OF PEP PERS
(CAPSICUM) ON HUMAN NEURON LIKE CELLS (SH-SY5Y)

ABSTRACT

Four genotypes of peppe@apsicumannunL. var. annuum(Amarela olho de peixe,
Guiana, Goiania, PCL-02) and one genotype of pefagsicumchinense(Cheiro
comum) were analysed for concentrations of totanohic compounds, capsaicinoids,
carotenoids and total antioxidant activity to ewduthe potential of these compounds
for bioactivity, and obtain subsidies that allow fbe advancement of the breeding
program of pepper, with emphasis on the contentrtfoxidants. The anticancer
activity of the extracts were tested by methode BRB, LDH assay for cell viability,
morphological analysis and cytotoxicity. The gempeis that stood out in relation to
total antioxidant activity were the PCL-02 and Gu#peppers, there was a positive
correlation (r = 0.87, p <0.05) of the total antdant reactivity — (TAR) with the
content of capsaicinoids. At 72hours in concenimacbf 200 pg/mL the genotype
Guiana pepper there was about 48.6% decreasminman neuroblastoma cell
viability. The genotype Guiana stood out on theotamoid content, and the genotype
PCL-02 stood out in the phenolic. These genotyggsepper stood out as candidates
for use in breeding programs, given the market aehfar new sources of bioactive
compounds

Keywords:Antioxidants, carotenoids, capsaicinoids, phenpipperCapsicum

1. INTRODUCTION

PepperLapsicumssp. are important spices used in cooking worldwahd are
considered excellent sources of antioxidants (HOWAR al., 2000). This antioxidant
property of the fruit is justified by the presencot bioactive compounds, such as
capsaicinoids, carotenoids, flavonoids, phenolitlsactocopherol and ascorbic acid
(ZHUANG et al., 2012). These components provideialer of health benefits such as
the prevention in the treatment of neurodegeneraligeases (DAIRAM et al. 2008),
protection against cisplatin nephrotoxicity (SHIMEDet al., 2005)and anticancer
propertie{MIN et al. 2004).

Although the speciesCa@psicumannunlL.) and Capsicum chinengeare the
most cultivated pepper in South America (DEWITTd&0SLAND, 1996), many of

its varieties are yet unknown about chemical contijposand bioactive compounds,
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which can be a factor affecting both the consunmpéind in the selection of genotypes
of this species for breeding programs.

Agribusiness pepper has a promising future withagprospects and potential
given its versatility for culinary purposes, indimt medicinal and ornamental. In
addition, there is a growing demand for new cufsvaf pepper that combine
agronomic characteristics of interest such as highgitional quality, productivity and
disease resistance (BUSO et al.,, 2001). Howeverethdll only be increasing
production, higher nutritional quality and reduciegvironmental impacts the genetic
diversity available is used efficiently. The chaljes of agribusiness pepper can be
overcome through genetic improvement and obtaiosmmgmercial materials with high
standards of quality and productivity

Considering, the presence of the high content ef divactive compounds in
extracts of peppers, and the therapeutic poteotigthe extracts, the present work was
designed to investigate to select the best amoagdenotypes of€apsicumannunL.
var. annuumand one o€. Chinenselacquin, belonging to the Active Germplasm Bank
(AGB) of Embrapa Amazoénia Oriental, to based onttitel antioxidant activity and the
concentrations of capsaicinoids, carotenoids andnglic compounds, for use in
breeding programs and obtain subsidies that alowhfe advancement of the breeding
program of pepper, with emphasis on the conteantbxidants from fruits.

2 MATERIALS AND METHODS

2.1 Chemicals

Luminol, capsaicin (purity > 98%), dihydrocapsagirfpurity > 90%), -
cryptoxanthin (purity_>97%), B-carotene (purity > 93%)-carotene (purity >95%),
zeaxanthin (purity > 95%) were purchased from Sig@hamical St. Louis, MO, USA.
2,2'-Azobis(2-methylpropionamidine)dihydrochlorid®APH) was purchased from
Aldrich Chemical, Milwaukee, WI, USA. The carotedsilutein standard (purity >
95%), was purchased from Indofine Chermical Compamy Hillsborough, USA.
Acetonitrile HPLC grade, methyl-tert-butyl HPLC demnand methanol HPLC grade,
were purchased from Scientific HEXIS the S/A (MexicAcetic acid, ethanol 96%,
and glycine, were purchased from Vetec (Duque deaSaRJ, Brazil).
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2.2 Plant material

Fruits from four genotypes of peppefSapsicumannun L. var. annuum
identified in the AGB - Embrapa Amazonia Oriental &oiania (voucher number IAN
186314), Guiana (voucher number IAN 186303); PCL{9Bucher number IAN
186306); Amarela olho de peixe (voucher number 286308) and one genotype of
pepperCapsicumchinenseJacquin identified Cheiro comum (voucher numbeN IA
186307), were harvested between the months of AwgusSeptember 2011.

Fruit, was selected vacuum packaged (Vacuum S8akder F 200 Flash, Brand
Fastvac) wrapped in polythene bags with aluminuiintéoavoid contact with light and

frozen (-10 °C) until the time of analysis.

2.3 Preparation of extracts

For the analysis of the antioxidant activity, caraiids and capsaicinoids the
extract were prepared with solvent 96% ethanol. Thet was ground in a
microprocessor (Arno Performa Magiclean Duetto) 3ominutes. Five grams of the
genotypes of (Goiania) pepper and (Cheiro comurppg@eand 2.5 g of the genotype
(Guiana) (PCL-02) and (Amarela olho de peixe) vseraked with 96% ethanol solvent,
until all of pigments were removed, following white samples were vacuum filtered.
The extracts were prepared in duplicate.

The extract was concentrated on a rotary evaposwdt@mbient temperature
(Fisatom, Model 801 - St. Paul), diluted in 5 mL38% ethanol and fractionated into
aliquots of 2 mL in amber vials. The the solventsvewaporated under nitrogen flow
and the concentrated extracts were stored in adrgel0°C) until the time of analysis.

For the analysis of phenolic compounds, the solweas methanol and the
extract was prepared as described by Swain ands H{l1959), 5 g of sample was
homogenized in an Ultra-Turrax (Ultra-digital od@i25) with 20 mL of methanol and
centrifuged (Walita-Philips ®) under cooling to € for 30 minutes at 3.500g. An

aliquot of 1 mL of supernatant was collected ardtéld in 1 mL of water.
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2.4 Total reactive antioxidant potential (TRAP) andtotal antioxidant reactivity
TAR)

TRAP and TAR were measured and calculated as prelyiodescribed by
Dresch et al. (2009). The ethanol extract concentnas diluted with water. Briefly,
TRAP represents the non-enzymatic antioxidant dapaé the cells once they are
treated (in this study, with extracts of peppef)is is determined by measuring the
luminol chemiluminescence intensity of emissionuceld by thermolysis of 2;2zobis
(2-amidinopropane) hydrochloride (AAPH) as freeicatisource.

The system was left to stabilize for 2 hourscatnn temperature (22C). Then,
samples (final concentration 16pg/mL) were added thie readings monitored for 2
hours. Results were transformed into a percenditk rand the area under the curve
(AUC) was calculated by utilizing the GraphPad waftie (San Diego, CA, USA), as
previously described. The smaller the AUC is (imparison to the system), the higher
is the total reactive antioxidant potential of teemple. TAR represents the total
antioxidant properties of all antioxidants. Thiggraeter is closely related to the quality
of the antioxidants within the sample. In our stu@R was calculated as the ratio of
light in the absence of sampldg)flight intensity right after sample additioh).(The

higher these values are, the higher is the totadxadant reactivity of the sample.

2.5 Total phenolic content

The extract of peppers was diluted with water, eghently either 2QL of
sample or 2QuL of the control (methanol), was combined with 1168 of water, 100
mL of Folin-Ciocateau and 300 mL of saturated sodzarbonate and then incubated
for 2 hours at room temperature before the abscebavas read at 734 nm on a
spectrophotometer (Amersham, Model 3100 UV-Vis ddpec Pro Amersham
Bioscience). The standard curve was constructedjuantify using gallic acid in
concentrations ranging from 0.00g@/mL to 0.005ug/mL. The results were expressed

as gallic acid equivalents GAE/100 g dry weight (PW
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2.6 Profile of carotenoids and capsaicinoids by Higperformance liquid

chromatography (HPLC)

The analysewere carried out using an HPLC system (Agilent setiE0Q Santa
Clara, CA, USA) that was equipped with an onlingakeser, a quaternary pump, an
automatic injector.

For the analysis of carotenoids, the concentraxéch@ was diluted in 2 mL of
methyl tert-butyl ether (MTBE) HPLC grade, placed an ultrasound (Unique model
USC 1400, Sao Paulo, Brazil) for 5 minutes anérdt through a Millipore filter (0.45
um) as described by Zanatta and Mercadante, (2008.sample was then run on a
YMC Cjz reverse phase polymer column (250 mm length xnh6 internal diameter
and 3 mm particle size), with an elution gradiehtrmbile phase was composed of:
water/methanol/methyl tert-butyl ether (MTBE) tisédirted at a ratio of 5:90:5, reached
0:95:5 within 12 minutes, 0:89:11 at 25 minutes/5®5 at 40 minutes and finally,
00:50:50 after 60 minutes with a flow rate of 1/min at 33 °C.

For the analysis of the capsaicinoids, the conatdrextract was diluted in 1
mL of acetonitrile HPLC grade, placed in an ultrast (Unique, model USC 1400, Sao
Paulo, Brazil) for 5 minutes and filtered throughMallipore filter (0.45 mM) for
injection into the chromatograph. A Vydags&olumn polymer (218TP54), 250 mm
long, 4.6 mm internal diameter anduf in particle size was used with a mobile phase
of acetonitrile/water/acetic acid in the ratio 10@D: 1 for 23 minutes with a flow rate
of 1.2 mL / min at 20 °C as described by Peuscah.g(1997)

The spectra were conducted between 250 and 600ndntha chromatograms
processed in fixed wavelength of 450 nm to 280 anmcéarotenoids and capsaicinoids.
Identification was performed by comparing the rétantimes of peaks obtained for the
standard with those of the samples, analyzed uhdesame conditions.

Quantification was performed by constructing stadaairves for the carotenoid
for the B-carotene 5-50ug/mL, a-carotene 2-25ug/mL, of a lutein 65ug/mL,
cryptoxanthin 4-100ug/mL zeaxanthin and 1-4Qg/mL, and for the capsaicinoids,
capsaicin 0.03 to 0.08y/mL and dihydrocapsaicina 0.04 to Oj&gmL.

The limits of detection (LOD) and of quantificatiolLOQ) determined
according to the methodology described by Long Whdefordner, (1983) and were,
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respectively, for the followingB-carotene: 6.5xI0 and 10.9x18 mg/kg; lutein:
6.9x10° and 1.2x18 mg/kg; cryptoxanthin: 2.1xIDand 3.5x13 mg/kg; zeaxanthin:
9.6x10 % and 1.6x13 mg/kg; o-carotene: 2.0xI® and 3.3x18 mg/kg; capsaicin
6,6x10° and 1,1x108 mg/kg; dihydrocapsaicina 2,9x1@nd 4,8x1d mg/kg.

Cell culture

Human neuroblastongerived SH-SY5Y cells were purchased from Rio de
Janeiro Cell Bank (BCRJ, Rio de Janeiro, BraziheTcells were cultured in a 1:1
mixture of Ham's F12 and Dulbecco Modified Eaglediien (DMEM) supplemented
with 10% heat-inactivated fetal bovine serum (FB&ye maintained in a humidified
atmosphere of 5% CGOPreliminary MTT viability assay indicated thatllceability

was not affect during incubations.
Sulforhodamine B (SRB) incorporation-based viability assay

The sulforhodamine B (SRB) has been widely usedtiie assessment of
cytotoxicity and cell proliferation assays on miter plates (LIN et al. 1999).This
colorimetric assay estimates cell number by stgirtotal cellular protein with SRB
(SKEHAN et al., 1990). Briefly, cells were fixed lgyering 100uL of ice-cold 40%
trichloroacetic acid (TCA) on top of the culture ainem and incubated at 4°C for 1 h.
Plates were then washed five times with cold waldre excess water was then
decanted and the plates left to dry in air. SRB1q80 pul; 0.4% in 1% acetic acid) was
added to each well and incubated for 30 min. THis eeere then washed with 1%
acetic acid and rinsed 4 times until only the dgleaing to the cells was left. The plates
were then air-dried and 1QQ of 10 mM Tris base (pH 10.5) were added to eaell w
to dilute the dye. The plates were gently shaker2@omin on an orbital shaker and the
absorbance of each well was read in a microplatdere(Perkin Elmer, Massachusetts,
USA) at 492 nm. Cell survival was measured as tihe &dbsorbance compared to the

absorbance of control (non-treated cells).
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Quantification of activity of Lactate DehydrogenasgLDH)

Activity of LDH released to the cell culturenedium was monitored
following the formation of formazan by coupled emmtic reaction at 500 nm
according to the manufacture kit. Cell membrandurgp was defined as the ratio of
LDH activity in the supernatant of treated celbsthe LDH activity released in the
control cells. When in cultured cells, the analydi$ DH activity in the culture medium
provides a good index of cell disruption due torogc or apoptotic processes late.
Cells (60 cells/mL) were seeded to 96-well plated imcubated for 24h. Thereafter, the
cells were exposed to extrac of pepper at condemntgathe 200pg/mL, 100pug/mL and
50ug/mL for 24h and 48h. The optical density wasasneed in a microplate reader
(Perkin Elmer, Massachusetts, USA) at 500nm. Tfiecte of the peppers extracts on
cell viability was expressed using the followingrrfaula: Percent of viability =
(Absorbance of peppers extract treated sampl@G@ird wave length / Absorbance of
peppers extract non treated sample at 500nm veanggeh) * 100%.

2.3 Statistical analysis

The results were evaluated by analysis of varia@B8OVA). Pearson’s
correlation coefficient and the Tukey test for meldferences using Software Statistic
10.

3 RESULTS AND DISCUSSION

3.1 Antioxidant activity

Through the analysis of TAR and TRAP tinevitro uptake of free radicals can
be assessed. According to Dresch et al. (2009)[ AP is an accurate method, and its
main advantage is that it applies to antiradicalh wifferent kinetic behaviours. In
other words, TRAP applies equally well for anticandls that exhibit distinct lag phases
and or do not exhibit phase lags, and may thusskd tor any antioxidant compound
(or complex mixture) independent of the compourkiisetic emission profile. The
results of TRAP expressed by the area under theeddUC) (Fig. 1A).
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Figure. 1. A) Area under the curve — AUC. The smaller the AldGin comparison to

the system), the higher is the total reactive ardent potential of the sample. B) TAR
light in the absence of sampldg)flight intensity right after sample additioh) profile

five fruit genotypesCapsicum chinensgacquin. The values are expressed as the mean
+ deviation of the mean. Different letters in colwndiffer significantly between

samples (p< 0.05).

Guiana Cheiro PCL  Amarela Goiania

1200 -
1000 -
800 +
600 -
400 A
200 -

TRAP - AUC
= (=] (=]
wu [an] wu

=
[an]

TAR (lo/1)

[an]

According Dresch et al. (2009), loss in chemilursgence can be assessed by
measuring the AUC. When the extent of the decathefluminescence is large, the
expected AUC value is low, i e the sudden lossheihtiluminescence (TAR) and the
AUC value are inversely proportional. The smallee tvalue of the AUC increased
antioxidant activity of extracts.

The genotypesGapsicumannunL. var. annuurjy (Cheiro) and (Goiania) did
not differ significantly (p<0.05) between itselfetrAUC. When compared with other
genotypes that were grown in the same environntethieasame time and collected and
analyzed at the same concentrations, these twaotktthad a greater ability to
neutralize free radicals. According to Dresch et(2009), AUC has the advantage of
incorporating both the inhibition and the duratiofi inhibition of the free radical
generator.

The results of the TAR analysis also revealed that extracts of the five
genotypes of pepp&apsicumannunL. var. annuunand one ofC. Chinenselacquin,
(Fig. 1B) were reactive, provides a sudden reductio the chemiluminescence of
luminal. There were significant differences (p<Q,b8tween the genotypes according
to TAR.

In addition to the AUC, the TAR differentiated thgenotypes (Goiania),
(Cheiro) and (PCL-02) from the other genotypes eppers, because of their higher
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quality in relation to the antioxidants evaluatgdrbeans of a sudden decrease in the
initial luminescence of luminol after addition dfet extract to system generating free
radicals.

Corroborating these results Kappel et al. (2008p adbserved that extracts
prepared with peppersCépsicumbaccatumL. var. Pendulunm were also active in
reducing the chemiluminescence of luminol.

The antioxidant capacity of fruits and vegetablssdirectly related to the
presence of bioactive compounds. There are sefamtalrs that influence the variability
of these compounds in peppers, including: cultigaowing conditions, maturity, post
harvest handling (MATERSKA and PERUCKA, 2005) andumtry of origin
(ANTONIOUS et al. 2009). In addition, the extractiof such compounds of the fruit is
directly influenced by the solvent used (BAE ef 2012)

The solvent used in the preparation of extractstdtal antioxidant activity of
the, carotenoids and capsaicinoids was 96% ethahalh besides being a solvent
permitted for use in food. The extract was diluteth water and because capsaicin, the
major component responsible for the pungency ofppedGALANO; MARTINEZ,
2011), tends to react more quickly as an antioxidgainst oxygenated free radicals in
agueous solutions than nonpolar solutions accormdii@ORDELL; ALLEN, 1993)

3.2 Capsaicinoids

Capsaicinoids are regarded as compounds resporfigibfeingency in peppers
(KRAJEWSKA and POWERS, 1988) provide a range ofthdaenefits, especially for
the treatment of rheumatic diseases, neural diseheadaches (TSUCHIYA, 2001)
besides having antimutagenic and anticancer priepgNIN et al., 2004).

Capsaicin and dihydrocapsaicin are found in theomeg@psaicinoids peppers
and correspond to 90% of the total pungent compeAdZA-GONZALEZ; NUNEZ-
PALENIUS; OCHOA-ALEJO, 2010).

The fractions obtained by chromatographic analybig. 2A) revealed the
presence of capsaicinoids, capsaicin and dihydsageipa in all genotypes indicating
that the Capsicumannun L. var. annuumand C. chinenseJacquin are considered
pungent, this feature makes it suitable both fe@r as seasoning in cooking but also for
use as parents in breeding programs.
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Figure 2. A) Chromatogram of capsaicinoids in genotype PQLifepper (1 —
Capsaicin; 2 — Dihydrocapsaicin. B) Chromatogrdnsavotenoids found in genotype
amarela-olho de peixe (1 -llAranslutein 2 - Zeaxanthin 3 B-Cryptoxanthin 4 -
carotene,$-carotene)
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Extraction of the peppers with ethanol to obtaingamtrations of capsaicinoids
total (the sum content of the capsaicin with dilogdypsaicin), yielded a range of 87
ug/g DW to the genotypeC@psicumannunL. var. annuurjy (Amarela olho de peixe)
and 304ug/g DW for genotype (PCL-02), (Table 1).

Table 1

Capsaicinoids found in the genotypes of pepper€épsicumannun L. var. annuunj
and (Capsicum chinenselacquin) with their respective concentrations j§g/100g
DW).

Concentrationsy@/100g DW).

N° Capsaicinoid Rt range Amarela
Peak (min) Guiana PCL-02 Goiania  Cheiro olho
comum de peixe

1 Capsaicin | 4.93-4.95 | 141 + 0.2% 142 +1.3% 74 +0.02 76 +0.03 76 +1.50

2 |Dihydrocapsaicin 6.20-6.22 | 13 +0.42° 162 +0.12° 173 +0,14" 136 +0.02° 11 +0.98"

Total 154 304 247 212 87

The values are expressed as the medaviation of the mean. Means with same letters
in the vertical do not differ significantly betwesamples (p< 0.05).

This study’s results coincide with those found kKyuZng, et al., (2012) who
obtained extracts with ethanol solvent seven vageif peppersGapsicum annuur.)
and Capsium frutescenis.) found total capsaicinoid concentrations betw88.77 and
1242.88ug/g DW. Alvarez-Parrilla et al., (2011) found siarilvalues 78.65 to 386.38
ug/g to were pepper€apsicumannur) (Jalapefio) and (Serrano).

A positive correlation (r= 0.87, p<0.05) contentcapsaicinoids with TAR (Fig.

3A) was observed, supposedly the capsacinoid ctratiem this is a major contributor
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to the antioxidant activity of these extracts. Mska and Perucka, (2005) also found a
positive correlation between antioxidant activitydacontents of capsaicinoids among

peppers of the specieSgpsicum annujn

Figure 3. A) Correlation between TAR (lo/l) and capsaiciri(lig/100g DW) in
genotypes ofCapsicum chinenseJacquin. B) Correlation between carotenoids
(ng/100g DW) and phenolics (ug GAE/g DW) in fivenggypes ofCapsicunchinense
Jacquin.
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Kappel et al. (2008) observed that extracts prepangh shares of fruit as the
placenta and the seed @@gpsicumbaccatumL. var. Pendulun), presented a higher
antioxidant activity than pericarp. According t@tAza-Gonzalez, Nunez-Palenius, and
Ochoa-Alejo (2010) it is justified because it is in the pla@megion of the fruit that
the synthesis of these compounds.

However, it is important to note that the extraobsmsist of a complex matrix
with a number of bioactive compounds, including: rotanoids, phenolics,
capsaicinoids, as revealed by the analysis of thegact thus the antioxidant activity

can be explained by the synergism of these commound

3.3 Phenolic compounds

Phenolic compounds also stand out because they &atiexidant activity,
associated with the redox property of the hydraxylups and the ability to establish
structural relationships between its chemical s$tme&c components (MATERSKA,;
PERUCKA, 2005). Because these antioxidant propertghenolic compound, are
considered important compounds in the preventiondsieases such as cancer,
cardiovascular and neurodegenerative diseases (WSKA; PERUCKA, 2005)
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The analysis of phenolic compounds (Table 2), destnated a significant
difference (p <0.05) between the extracts and ésealts ranged from 934g GAE/g
DW for the genotype peppeCépsicum chinensdacquin), (Cheiro comum) pepper
GAE 2187 ug/g matters dried for genotypeCqpsicumannun L. var. annuury
(Guiana), Zhuang, et al. (2012) obtained similaules when analyzed nine species
peppers Capsicum frutescens.) and Capsicum annuunh.) from seven cultivars in
China in a range of 1078.26 to 4992 4HGAE/g DW.

Table 2
Phenolic compounds found in the genotypes of pepeCapsicumannun L. var.
annuum) and Capsicum chinensdacquin with their respective concentrations (ug

GAE /g DW)
Genotypes of peppers Phenolic compounds
Capsicunchinenselacquin (ug GAE / g DW)
Guiana 2079 +0.67
PCL-02 2187 +0.78
Goiania 1040 +0.64
Cheiro comum 934 +1.04
Amarela 1782 +0.69

The values are expressed as the medewviation of the mean. Different letters in the
same row indicate significant differences betweeatments (p <0.05).

The amount of phenolic compounds in fruits alsoetels on the species,
variety, environmental, physiological status andnatic conditions (SCALBERT;
WILLIAMSON, 2000), factors that may explain the adility in the phenolic content
of the varieties of peppers.

The method of determination of the total phenotintent by the Folin-Ciocalteu
method consists of a simple and widely used metifddoward et al. (2000) and the
use of methanol as a solvent is justified becaaseording to Bae et al. (2012) is a
solvent that has higher throughput and thus allmva greater extraction of flavonoids.

The analysis of Person correlation showed a peasiterrelation (r= 0.76,
p<0.05) between phenolic compounds and caroter(&ids 3B). Although there are
studies reporting that the amount of total phencbenpounds decreases with fruit
ripening. Conforti, Statti and Menichini, (2007)etlopposite effect was observed for
genotypes in this study, possibly indicating theg genotypes with a higher content of
carotenoids may also have a higher total phenolntent.
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This result consistent with those found by Howatrdle(2000) and Deepa et al.
(2007) who observed a trend of increase in totanphcs during the maturation stage

in cultivars of Capsicum annuurh).

3.4 Carotenoids

Studies show that carotenoids offer protection regjamacular degeneration
Mares-Perlman et al. (2012) and coronary heartadsésganian et al. (2003), have
chemopreventive activity Mayne, (1996) and suchqmtion does not depend on the
consumption of high doses of carotenoids. Accordiogthe Institute of Medicine
(2000) a suitable dietary intake for carotenoidsdioemopreventive effects is greater
than 2.5 to 5.Qug/day for p-carotene, 1- jgg/day fora-carotene and 4.Rg/day for
lutein and zeaxanthin.

Identification of five carotenoidsall-translutein, zeaxanthinp-cryptoxanthin,
B-carotene,a-carotene) was possible through chromatographiaragpn (Fig. 2B).
High concentrations of carotenoids were observedepper genotypes genotypes
(CapsicumannunL. var. annuurp(Guiana) and (Amarela olho de peixe), (Table 3).

Table 3 Carotenoids in order of elution found in the genotpes of peppers Capsicum
annun L. var. annuun) and (Capsicum chinenseJacquin) with their respective
concentrations f1g/100g DW).

Concentrationsp@/100g DW).
N° Carotenoid Rt range Amarela
Peak (min) Guiana PCL - 02 Goiania Cheiro comum olho
de neiv
All-trans
1 lutein 18.03- 570+ 0.25"
19 1r - 863 +1.32° 244 +0.25° 1981 +1.32° 904+1.12°
2 Zeaxanthin 21.07- 127 +0.60" ) . . A
o1 15 360 .+0.80 150 +0.40 163.+0.24 421 +0.76
3 B- 31.89- 2599 + ) .
C.runtayanthii 29 ¢ N RE¢ 1766 +0.42 ND ND 9125 +1.1
4 o-carotene 38.4-38.53 1389 +0.70° "
2457 +0.50 ND ND 9416 +0.5%
5 f-carotene 42.95- 31730.+1.0° . J b
43 4- 8576 +4.3 643 +0.2 ND 11407+1.6
Total 36417 14162 1039 2144 31274

ND: No detect. The values are expressed as the ftdawiation of the mean. Different
letters in the same row indicate significant difieces between treatments (p <0.05).
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A significant difference (p<0.05) was observed agdhe five genotypes in
analysis of carotenoids. Those genotypes with celarying from red to orange
(Guiana) and (Amarela olho de peixe), had a greatetent of carotenoids, 36417 and
31274ug/100 g DW respectively. Have Topuz and Ozdemi®0O{3 reported that the
red color represents more than 60% of total caoiisnfor all cultivars of the species
(Capsicum annuurh). According Conforti, Statti and Menichini, (20) the variability
of carotenoids in fruits may be explained by gen&ictors as well as in the stages of
maturation.

Deepa et al. (2007) found values of carotenoidgingnfrom 5700 to 4320Qg /
100 g of dry matter varieties @apsicum annuungreen and a 11400 and 134500
Hg/100g dry matter varieties to mature. Have Topud @zdemir, (2007) reported that
in mature cultivars of Gapsicum annuujncarotenoid concentrations ranging from
231000 to 2390009 /100g WD.

The concentrations of the carotenoid zeaxanthiribéeld the least variation
among the genotypes. Topuz and Ozdemir (2007) tegbothat in cultivars of
(Capsicum annuujmthe carotenoid3-cryptoxanthin showed less variation, indicating
that the synthesis di-cryptoxanthin in fruits Capsicum annuujnis independent of

cultivar.

Increasing concentrations of extrats of peppers deease the number of viable SH-
SY5Y cells by elevating the percentage of late aptmic cells for SRB

The obtained results indicate that tested peppetsact has an anticancer
activity against human neuroblastoma cell Iwé&h notable effect even at low
concentration (Fig. 3). At 72hours in concentiattof 200 pg/mL the genotype
Guiana pepper there was about 48.6% decreaselliviability and at 50 pg/mL
concentration cell viability decreased to letisan 10%. The results were
evaluated statistically (T-TEST) with significanset at a p value of < 0.02.

The anti cancer effectiveness of peppers in lowcentrations could be due to
targeting one or more of the signaling pathwayated more to cancer cells than to

normal cells.
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Figure 3. Percentage of viable of human neuroblastoma &HsSY5Y were then

treated with extract of peppers (20/mL, 100ug/mL and 50ug/mL) for 72, 48 and
24 hours.
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Currently there are already several studies demaiesthat the capacity of
capsaicina to inhibit in vivo and in vitro the gritwof tumor cells such as leukemia,
adenocarcinoma and glioblastoma cells (ITO ET A002 QIAO et al., 2005; MORI et
al., 2006) by inducing apoptosis. As well as fopsaicin there are already several
papers showing that carotenoids too are very impbrin cancer prevention.

Milder signs of the morphological events were atdiserved in cells treated
with 200 pg/mL of extract of pepper Guiana (Fig. 4). In #hesiltures, cells seem to
have lost the typical neuronal phenotype and cheriatic neuritic processes of SH-
SY5Y cells, became rounded, and thereafter, |dst. @nticancer activity against both
cell lines increased by increasing the extramncentrations from 50 to

200ug/mL for all three extracts.
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Figure 4. Extract pepper altered cellular morphology andeglforming potential of
human neuroblastoma cells. SH-SY5Y cells were theated with extract (200g/mL)

for 48 hours.

Quantification of activity of Lactate Dehydrogenase- LDH

The effect of extracts was studied in the humanai#gastomacell culture (SH-
SY5Y) through the cell viability by measuring thellcmembrane integrity using the
lactate dehydrogenase released method (LDH)S)ig

The assay principle is based on consideration tilmabr cells possess high
concentration of intracellular LDH. In the presermdethe drugs, cytokines or extracts
that trigger cell death receptors superfamily tunoeils undergo apoptosis or necrosis.
After cell membrane damage, LDH can be releasefithns we detect death cells.
(HAGGINS, 1999).
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Figure 5. The released of LDH from human neuroblastderaved (SH-SY5Y)
cells after 48 h of treatment with extract ofppers (200pg/mL, 100pg/mL, and
50ug/mL). Data are presented as mean valtesstandard deviation from

experiments made in triplicate.
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For calculation of percentage of dead cells, itneeded to calculate the
intracellular LDH amount in respect to the releakBdH amount. In the present work
all extract of peppers tested increased the releadeDH from the cells into the

surrounding culture medium significantly and weighler than control

4 CONCLUSIONS

Analyses of four genotypes of pepp&apsicumannunL. var. annuumandC.
chinenselacquin revealed that all extracts are redox @cfitis antioxidant property of
the fruits can be attributed supposedly the condérapsaicinoids. The genotypes that
had higher content and antioxidant activity of @agpsoids and phenolic compounds
wereCapsicumannunL. var. annuun{PCL-02). Regarding the content of carotenoides,
phenolic compounds and cytotoxic effect in humaurolelastoma cells the genotype
Capsicumannun L. var. annuum(Guiana) presented itself as a candidate for ose i

breeding programs.
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2.3 ARTIGO 3: Effect of drying on carotenoid conten of Capsicum chinense
Jacquin peppers
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EFFECT OF DRYING ON CAROTENOID CONTENT OF CAPSICUM
CHINENSE JACQUIN PEPPERS

ABSTRACT

The processing of fresh food by removing watermisr@éasingly being used for both
preservation and providing seasonal products alt yeund. Furthermore, there is great
interest in processes that retain bioactive comgsupresent in foods, such as
carotenoids, which help to protect against andgmedisease. This study evaluated the
effects of the temperature of the drying process 96, 70 °C, and 80 °C) on the
carotenoid levels ii€. chinenselacquin peppers (Biquinho). The peppers provdzeto
good sources of carotenoids, and the fruits drieg’D&2C showed total carotenoid levels
twelve times higher than those of fruit in nature.

Keywords:drying, carotenoidsJapsicum chinensgacquin)

1. INTRODUCTION

PeppersCapsicum ssp.are important spices in cooking worldwide ard
considered excellent sources of antioxidants (HOWA®R al., 2000). Peppers are
commonly consumed fresh or processed, such askpapiehydrated peppers, sauces
and other products.

Taking into account the variations in the consuomptof different peppers
regions of the country and the pep@erchinenselacquin peppers Biquinho can achieve
high commercial value, it has shown an interesattgrnative for families of small
producers. You can grow it in small areas with alsmumber of plants and still get a
satisfactory income. Its consumption is populapeeglly in its processed form as a
function of pickled aroma, crispness and lack afispss

To prevent fungal proliferation and improve the lguyaof pepper products,
different drying methods have been employed (TORWAI., 2011). The control of
temperature, humidity, and water activity is essgifdr obtaining a quality product.

Processing can affect the stability of bioactivenpounds present in peppers
that play an important role in the prevention i tineatment of neurodegenerative
diseasefDAIRAM et al., 2008), protection against cisplatin nepdxiity (Shimedaet
al., 2005), and protection against cancer (MM al., 2004) due to the bioactive
compounds, including carotenoids.

The heating and drying processes break up the rfwatdx, which can increase
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the bioaccessibility of many phytochemicals and rionp the nutritional quality of
plants (PELLEGRINI et al.,, 2010). These processeay nalso decrease the
phytochemical content (BALL, 2006) depending ontdraperature used.

Various physical, chemical, and/or biological ches@ccur during processing
and storage. The color of ripe pepper fruits, whadlginates from carotenoids, changes
over time. The quality of some dyes including plpriprepared with peppers is
evaluated using the intensity of the red color psimary criterion; the intense red color
of paprika originate mainly from carotenoids, whicim in the fruit during ripening
(KIM; PARK; HWANG, 2004).

Before the color of pepper fruit changes, carotnbiosynthesis occurs,
increasing the content of the carotenoid precurfecarotene,f-cryptoxanthin, and
zeaxanthin. These compounds are further transfornmed antheraxanthin and
violaxanthin, which are substrates for capsanthjpsorubin synthase, which produces
capsanthin and capsorubin, red carotenoids thdbarel exclusively irCapsicumspp.
(HIRSCHBERG, 2001). These processes also occur ladfteest and at the beginning
of the drying process (HORNERO-MENDEZ; MINGUEZ-MOBE&RA, 2000).

The yellow carotenoids of peppers are mainly cosgati of zeaxanthin,
violaxanthin, antheraxanthifi;cryptoxanthin8-carotene, and capsolutein. All of these
compounds are present in the chloroplast of regpgrepnd partially esterified with fatty
acids (MINGUEZ-MOSQUERA; HORNERO-MENDEZ, 1994).

The two main roles of carotenoids in photosyntladifcactive plant tissue are
trapping light energy at wavelengths poorly adsdrbg chlorophyll and protecting
photosynthetic apparatus, dissipating energy, guoeriching” harmful reactive species,
such as singlet oxygen and excited chlorophyll (NRACOGDELL, 1993).

Considering, the presence of the high content efddrotenoids in extracts of
pepper the therapeutic potential of the dry exsractd the carotenoids are vulnerable to
heat the objective of this study was to evaluate #ffect of different drying
temperatures (50 °C, 70 °C, and 80 °C) in the lprafi carotenoids irC. chinense

Jacquin peppers.
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2 MATERIALS AND METHODS

2.1 Chemicals

B-Cryptoxanthin (purity> 97%),B-carotene (purity > 93%j-carotene (purity
95%), and zeaxanthin (purity > 95%) were purchdsma Sigma Chemical (St. Louis,
MO, USA). The lutein standard (purity > 95%) wasghased from Indofine Chemical
Company Inc. (Hillsborough, USA). HPLC-grade acdtida, methyl-tert-butyl, and

methanol were purchased from HEXIS S/A (Mexico).

2.2 Plant material

One genotype of peppéZapsicumchinenseJacquin (Biquinho pepper) was
identified in the herbarium of the Federal Univegrof Rio Grande do Sul (voucher
number ICN 173142). The peppers were harvestedeeetihe months of August and
September 2011.

The fruit was vacuum packaged (Vacuum Sealer 5€al200 Flash, Brand
Fastvac), wrapped in polythene bags with aluminaiitd avoid contact with light, and
frozen (-10 °C) until analysis.

2.3 Drying process

The peppers were dried in a tray dryer under cotémperature convection.
The samples 15g were distributed evenly on a temd the hot air was passed
perpendicularly to the tray with a velocity of 0.7Fs.

The drying curve was obtained by weighing the &intervals of 15 min until
the weight variation was less than 1 g. The expemisiwere performed in duplicate for
temperatures of 50 °C, 70 °C, and 80 °C. The vamia the weight of the samples was
measured using a balance accurate to 0.01 g.

The dryer temperature was monitored throughoutpiteegess using a manual
thermometer with a maximum variation of + 2 °C.

To obtain the water content and water activiy) (curves, the samples were
removed from the dryer and immediately analyzedd&rmine the carotenoid profile,

dried pepper was then vacuum packed and kept fie28r?C) until analysis.
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2.4 Water content and water activity

Water content and water activity curves were olagim duplicate for each of
the three temperatures. The water content wasrdigted in duplicate by weight loss in
a 105 °C oven to constant weight (AOAC, 2005) onaaalytical balance with a
precision of 0.0001 g. To determine water activéigmples were cut into 4 pieces and
measured using a portable meter (Rotronic Hygropammodel Hygropalm AW1,
Crawley, UK) after calibration with supersaturatmutions of potassium sulfate and

sodium chloride. Water activity measurements weréopmed in duplicate.

2.5 Mathematical modeling and cofficient diffusivity

The modeling of the drying process was performed dmjusting the

experimental data to the equations of Table 1 uSkagjstica ® software version 10.

Table 1

Five commonly used drying curve models

No. Model name Model References

1 Newton MR = exp(kt) Ayensu (1997)

2 Page MR = exp(kt") Sharma and Prasad (2001)
3 Modified Page MR = exp(kt)" Diamante and Munro (1993)
4 Henderson and Pabis MR = a exp(kt) Westerman et al. (1973)

5 Two-term exponential MR = a exp(kt) + Sharaf-Eldeen et al. (1980)

(1 -a) exp(kai)

To evaluate the quality of fit of each model, tloefficient of determinationRg),
root mean square error (RMSE), and reduced chirsqd) were used. These

parameters can be calculated according to equatlong), and (3):

J 2
\/;(MRi,pre - MR exp)
N RMSE= N
N 2
, Z:;, (MRi exp MRi,pre)
2 N-p
MR= 2" Xe

3. XO_XE
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where MR is moisture dimensionlessMRye and MRey, are the predicted and
experimental values for moisture ratidlR) respectively; N is the number of
experimental pointg) is the number of constants in the drying modett &nXg, andXo
are thewater content (expressed in kilograms of waterkggegram of dry solid, kg/kg)
at any given moment, the equilibriuwater contentand initial water contenof the
pepper, respectively. The equilibriutumidity content was determined by the
extrapolation of the curvéX/dtin the graphdX/dtversusX to dX/dtequal to zero.

The best model for describing the drying behaviopeppers was chosen as the
model with the highest coeficient of determinatitire least mean relative percent error,
and the least root mean square error. In additieduced chi-square was used to
determine the goodness of fit, with a lower valudating a better goodness of fit.

The difusivities was calculated by general ser@st®on of Fick’s second law in
spherical coordinates with the assumptions of eorisimoisture diffusivity and

temperature, negligible shrinkage during dryingiigen as follows (CRANK, 1975).

e
0 E n=1 (4)

WhereDet is the moisture effective diffusivity (is) andr is the radius of the sphere

(m). For long drying timesMR < 0.6) the solution of Fickian equation can beucsdl

by considering only the first term in its seriepamnsion solution (CRANK, 1975):

- Dt
R = XX g,{ J
0 E r (5)

The difusivities are typically calculated by piog experimental drying data in terms

of IN(MR) versus drying time, which give a straight linetwsélope of 7#Deff/r?
2.6 Color analysis
The color analysis dried product was performed bWIBNOLTA CR 310

colorimeter using the* a* b*, illuminant D65, and a factor observer angle df. The

readings were performed in triplicate.
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2.7 Preparation of extracts

The carotenoid extract was prepared according tocMiante & Rodriguez-
Amaya, 1998. The pigments were extracted with aeettnd methanol saponification
with 10 % KOH overnight at room temperature. Aftee removal of alkali, the extract
was concentrated on a rotary evaporator (FisatoodeM801) T < 25 °C), dried in a
stream of nitrogen and stored in the freezer (-C8 for quantitation by high

performance liquid chromatography (HPLC).

2.8 Carotenoid profiling by high-performance liquid chromatography (HPLC)

The analyses were carried out using an HPLC syfAgitent series 1100anta
Clara, CA, USA) equipped with an online degasseruaternary pump, and an
automatic injector coupled to aC

For the analysis of carotenoids, the concentraxéc@ was diluted in 3 mL of
HPLC-grade methyl tert-butyl ether (MTBE), placed an ultrasound (Unique model
USC 1400, Sao Paulo, Brazil) for 5 min and filtetebugh a Millipore filter (0.4%m)
for subsequent injection into the chromatograph.

The sample was then run on a YMGy @verse phase polymer column (250 mm
length x 4.6 mm internal diameter and (Bn particle size) with the following
water/methanol/methyl tert-butyl ether (MTBE) m@bphase elution gradient: initially
5:90:5, 0:95:5 at 12 min, 0:89:11 at 25 min, 0:B52 40 min, and 00:50:50 at 60 min
with a flow rate of 1 mL/min at 33 °C (ZANATTA; MERADANTE, 2007). The
spectra were recorded between 250 and 600 nmharchtomatograms were processed
at fixed wavelengths from 450 nm to 280 nm for tamoids and capsaicinoids.
Identification was performed by comparing the rétantimes of the peaks obtained for
the standard with those of the samples analyzedrihd same conditions.

Quantification was performed by constructing a d&éad curve for the
carotenoids in the following concentration rangesarotene, 5-5Qug/mL; a-carotene,
2-25ug/mL; lutein, 1-65ug/mL; cryptoxanthin, 4-10Qg/mL; zeaxanthin, 1-4Qg/mL.
The limits of detection (LOD) and quantification@Q) (Long & Winefordner, 1983)
were, respectively, as followg:carotene, 6.5 x 1Dand 10.9 x 18 mg/kg; lutein, 6.9
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x 10° and 1.2 x 18 mg/kg; cryptoxanthin, 2.1 x T0and 3.5 x 18 mg/kg; zeaxanthin,
9.6 x 10° and 1.6 x 18 mg/kg;a-carotene, 2.0 x IPand 3.3 x 18 mg/kg.

2.9 Statistical analysis

The results were evaluated by analysis of varigAd#OVA) and the Tukey test
for mean differences using Statistic ® softwaré@.

3 RESULTS AND DISCUSSION
3.1 Water activity, water content, and mathematicamodeling

The average initial water content of the pepper 8&%6. The 50 °C, 70 °C, and
80 °C drying processes corresponded to total dabigdr durations of 300 min, 210
min, and 180 min and final water contents of 381%%, and 7.0%, respectively.

The drying rates as a function of moisture raMR] are shown in Figure 1,

where it can be seen that the higher the tempexate higher the drying rate.

Figure. 1. Drying curves of peppéZ. Chinens&acquin as a function of time%@ °C,
70 °C, and 80 °C
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The drying curves were modeled using the NewtorgeP&odified Page,
Henderson and Pabis, and Two-term exponential modéle values calculated from
the regression coefficienR), root mean square error (RMSE), and reducedaghare
(x3), shown in Table 2, indicate that although alld®ls can express the drying process

the curves for each temperature were best deschiyethe Two-term exponential
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model.

This model showed the highd®t values, 0.9998, 0.9999, and 0.9989 for drying
temperatures of 50 °C, 70 °C, and 80 °C respegtiaetl the lowest RMSE ang
values when compared to the other models, and huessthe best representation of the

drying behavior of peppers.

Table 2
Statistics ofC. chinensgepper drying curves &0 °C, 70 °C, and 80 °C
Temperature Model R2 RMSE x°
50 °C Newton 0.9951  6.18 x 10° 8.42 x 10’
Page 0.9951  1.55x 1C° 5.30 x 10
Modified Page 0.9951 6.18 x 10° 8.42 x 10
Henderson and Pabis 09967 5.08 x 10° 5.98 x 10’
Two-term exponential 0.9998  1.10 x 1C° 2.83 x 10°
70°C Newton 0.9973  4.46 x 10° 4.39 x 10
Page 0.9973  4.46 x 10° 4.39 x 10
Modified Page 0.9973  4.46 x 10 4.39 x 10
Henderson and Pabis 0.9982  3.65x 10° 3.09 x 10
Two-term exponential 0.9999  7.89 x 1¢ 1.44 x 10°
80 °C Newton 0.9952  7.54 x 10’ 8.00 x 10’
Page 0.9952  7.54 x 10’ 8.00 x 10’
Modified Page 0.9952  7.54x 10 8.00 x 10
Henderson and Pabis 0.9957  7.10 x 10’ 7.74 x 1¢f
Two-term exponential 0.9989  3.58 x 10’ 1.97 x 10

The values of humidity and Aw, was 0.9 for peppemsature and for 0.34 dried
peppers, with humidity between 7% having aw betw@&4. The moisture content is
an important parameter for food preservation, refgrto the quality and stability.

Table 3
Water content, water activitya() and effective diffusivity Des) of dried C. chinense
pepper at drying temperaturesséf °C, 70 °C, and 80 °C

Temperature Water content ay Effective diffusivity
(%) (m*s)
50 °C 38.9 0.36 8.48x 10™°
70 °C 15.5 0.33 1.01x 10°
80 °C 7.4 0.31 4.00% 10°

Fick’s second diffusion law has been widely useddscribe the drying process
during the falling rate period for biological matds (DOYMAZ, 2008). Moisture
diffusion in solids during drying is a complex pess that may involve molecular
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diffusion, capillary flow, Knudsen flow, hydrodynaenflow, surface diffusion and all

other factors which affect drying characteristi&nce it is difficult to separate
individual mechanism, combination of all these pimaena into one, the effective or
apparent diffusivity (a lumped value) can be defifrem Fick’s second law (ABBASI;

MOWLA, 2008).

The effective diffusivities determined for temperatiof 50 °C, 70 °C, and 80
°C whereB.48x 10*° m%s, 1.01x 10° m?/s, and 4.00 I®m?/s, respectively ( Table 3).

These values are comparable with the reported sabfiel.5x 10° m%s for
raisin (LOMAURO, et al., 1985), 2.02 10° m?/s for 60 °C hot-air drying of paprika
(RAMESH, et al., 2001), and 1.7910° m%s to 4.45x 10° m?s for apple slices at 60
°C (VELIC, et al. 2004).

It can be also observed an increase of effectifieisivity with temperature,
indicating that the increase of the temperaturéingrease the drying rate (as observed
in Figure 1). Similar behavior was observed foresalsfood drying process as fresh
green beansin a fluidized bed dryer (ABBASI; MOWLAR008), strawberries
(DOYMAZ, 2008), grape by-products (CELMA et al., @) and seedless grapes
(ESMAIILI et al., 2007).

3.2 Carotenoids

The color of Capsicumfruit is determined in large part by the quantiyd
composition of carotenoids deposited in the chrdasip. Previous studies indicated
that red fruits tend to accumulate a larger amoffiftuit carotenoids than non-red fruits
(Ha et al., 2007).

Identification of five carotenoids (alfanslutein, zeaxanthinp-cryptoxanthin,
B-carotene, a-carotene) was possible through chromatographicaragipn. High
concentrations of carotenoids were observed.ichinenselacquin pepper.

Table 4



75

Carotenoids in order of elution found @ chinenselacquin peppedried at 50 °C, 70
°C, and 80 °Qvith their respective concentrationgy(100 g DW).

Concentrationsuyg/100 g DW)

Peak . Rt range Pepper
No. Carotenoid (min) in nature 50 °C 70°C 80 °C

1 | All-trans-lutein | 17.4-18.53 7976+3.2 2580+0.° 625+ 0.1 752 +0.2

2 Zeaxanthi 20.8-21.53| 1084+0P 28425+0° 5947+4% 8594+0.2

3 | p-Cryptoxanthii | 31.01-32.87 350+0.° 23834+0° 3798+0.2 3408+0.%

4 a-Caroten 38.4-38.5¢ 578+0.2 2328+0. ND ND
5 B-Caroten | 42.95- 43.4:¢ 677 +0.% 70402+1.7* 13833+1D 7173+0.%
Total 10 66 127 57: 24 203 19 928

ND: Not detected. The values are expressed as ¢ae mstandard deviation. Different
letters in the same row indicate significant digieces between treatmenps{(0.05).

Peppers in nature haal greatercontent oflutein (7976 pg/100 g DW) than
peppers dried at 50 °C, 70 °C, or 80 °C. Luteithésprimary carotenoid pigment in
chlorophyllous tissues (HA et. al., 2007; RODRIGUEMIAYA, 2001) and plays an
important role in photosynthesis (SANDMANN et. #006). Food sources of lutein
and zeaxanthin are of interest because they aeatedsn protecting the macula of the
eye (BOTELLA-PAIVA; RODRIGUEZ-CONCEPCION, 2006).

According Minguez-Mosquera and Hornero-Mendez (}9%ith increasing
temperature, there is decrease in lutein contegltofy color) and an increase in the
contents of carotenoids, such as zeaxanfaaryptoxanthin, and- andp-carotene (red
color). Their study postulated that a slow dryimggess, depending on drying time and
temperature, would increase the production of radotenoids from their yellow
precursors and that the newly formed pigments wdé@dassociated with incomplete
maturation (MINGUEZ-MOSQUERA; HORNERO-MENDEZ, 1994)

Topuz et al., (2011) demonstrated that the quaatibn method also affects the
carotenoid content in paprika. The drying methaat thaintains the carotenoid content
is natural convective drying, which provides a 90ridrease in th@-carotene content
relative to fresh sample. In the drying method usethis work, thef-carotene content
in the sample dried at 50 °C was approximately a\@€r times greater than that found

in fresh peppers.
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KevreSan et al. (2009) driggapsicum annurpeppers at 60 + 5 °C in the same
manner as used in this study and observed a decmeake number of carotenoids
present in the samples. The total yellow carotendiecreased by a factor of 2.48 and
the total red carotenoids increased by a factorldb after the drying process,
demonstrating yeloow carotenoid degradation andeased bioaccessibilidade of red
carotenoids.

Carotenoid degradation occurs at temperaturesaresbove 40 °C (THAKKAR
et al., 2009). In this work, 50 °C yielded an irage of carotenoids this can be justified
by the fact that the heating causes the ruptutheofood matrix, which can provide for
increased bioaccessibilidade many phytochemicalsimprove the nutritional quality
of plants (PELLEGRINI et al. 2010). Thus for foodentaining high amounts of
bioactive compounds, choosing the right methodtlf& preservation becomes very
important to successful operation, since processamgpartially or completely affect the
quality of a product.

The peppers dried at 50 °C exhibited total caratemontents twelve times
higher than that found in fresh peppers. Relatigefresh pepper, the pigment
concentrations were approximately 26 times higberzéaxanthin, 68 times higher for
B-cryptoxanthin, 4 times higher far-carotene, and 104 times higher fdcarotene.
Relative to the sample dried at 50 °C, samplesidrierO °C and 80 °C exhibited lower
total carotenoids content by factors of 5.27 ard 6respectively, but still higher when
compared to in nature pepper because the ruptuteddod matrix, which can provide
for increased bioaccessibilidade of carotenoids.78t°C and 80 °C, the carotene
contents were undetectable due to degradatioraateld temperature.

3.3 Color analysis

The decrease of color in dried peppers may be mquaaby degradation and

synthesis of carotenoids with increasing tempeeafliable 5).
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Table 5 Color analysis parameters fGr chinenselacquin peppedried at 50 °C, 70 °C, and 80
°C.

L a b C*

In nature 358+1.0 22.3+1.0 20.1+1.0 30.0+1.%
50 °C 30.8+1.6 25.7+1.0 16.9£0.7 30.8+1.%
70 °C 30.4+2.4 31.2+4.7 16.6 £ 4.5 349+1.2
80 °C 282+1.4 332:18 152+ 1.8 36.5+ 2.6

Different letters in the same row indicate sigraft differences between treatmens(
0.05).

The achromatic componenL* (lightness) decreased with increasing
temperature, which is in agreement with previousliss indicating thaL* decreases
with the appearance of red color, causing a losbrightness due the synthesis of
carotenoids and decreased chlorophyll (LOPEZ CAMEGOMEZ, 2004).

The chromatic componena¥), which express the degree of red ai}and
green {a*), increases with increasing temperature, corredipgnto the increase of
some carotenoids (zeaxanthifi;cryptoxanthin, -carotene, anda-carotene) and
degradation of lutein (yellow). The chromatic coment values ob* (+b*, grade of
yellow; -b*, degree of blue) indicated a decrease in yellovorcwith increasing
temperature.

The chroma €*) parameter incorporates bo#f and b* parameters and is
directly related to color stability. Even for a gi@ variety of red pepper, the color
stability could differ by the area of cultivatiomagenvironmental factors. The value of
red pepper powders could be estimated by the diffar in theC* value (KIM et al,.
2002). However, in this case, there were no siggufi differences in the chroma of
fresh and dried peppers, indicating that the cadarained stable for drying at 50 °C, 70
°C, and 80 °C.
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4 CONCLUSION

The drying of peppers to produce dehydrated pemiesd °C, 70 °C, and 80 °C
was adequate to create safe products for humathheath values og,, below the limit
of growth by pathological microorganisms. Addititipathe drying of peppers at 50 °C
presented the highest total content of carotenbylsrupture of the food matrix,
providing for increased bioaccessibilidade of camoids. The two-term exponential
model best simulated the drying of pepper. Theltesinow that the proposed model
can be used to optimize the drying process to oltajher-quality dried red pepper

from a nutritional perspective with respect to ¢tanoids.

5 REFERENCES

AOAC Official methods of analysis.Gaithersburg: Association of Official Analytical
Chemists International. Official Method 18th ed @00

AYENSU, A. Dehydration of food crops using a salayer with convective heat flow.
Solar Energy, 59, 4-6, 121-126, 1997.

BALL, G. F. M. Vitamins in foods: analysis, bioalability, and stability. Boca Raton:
CRCPress785 p. 2006.

BOTELLA-PAIVA, P. RODRIGUEZ-CONCEPCION, M. Camroid biotechnology
in plants for nutritionally improved foodRhysiologia Plantarum 126, 369-381, 2006.

CRANK, J. The Mathematical of Diffusioglarendon Press Oxford, 1975.

DAIRAM, A.; FOGEL, R.; DAYA, S.; LIMSON JL. Antioxdlant and iron-binding
properties of curcumin, capsaicin, and S-allylcysteeduce oxidative stress in rat
brain homogenatéournal of Agriculture and Food Chemistry. 56, 9, 3350-6, 2008.

DIAMENTE, L. M., MUNRO, P. A. Mathematical modelfof the thin layer solar
drying of sweet potato sliceSolar Energy51, 4, 271-276, 1993.

ESMAILLI, M.; et al. Influence of dipping on thilayer drying characteristics of
seedless grapeBiosystems Engineering98, 411-421, 2007

FRANK H. R.J. COGDELL. Photochemistry and dtian of carotenoids in
photosynthesis. In: Young, A., Britton, GCarotenoids in Photosynthesis253—
326. Chapman & Hall, London, 1993.

Ha, S. H., et al.. A comparison of the carotenactumulation in Capsicum varieties
that show different ripening colours: deletioh the capsanthin-capsorubin
synthase gene is not a prerequisite forfdiraation of a yellow peppedournal of
Experimental Botany. 58, 3135-3144, 2007.



79

HIRSCHBERG J. Carotenoid biosynthesis in flowenntants. Current Opinion in
Plant Biology. 4, 210-218, 2001.

HORNERO-MENDEZ D. MINGUEZ-MOSQUERA |. XanthophyEsterification
Accompanying Carotenoid Overaccumulation in ddwplast of Capsicum annuum
Ripening Fruits Is a Constitutive Process &rseful for Ripeness Indexlournal
of Agricultural and Food Chemistry. 48, 1617-1622, 2000.

HOWARD, L. R., TALCOTT, S. T., BRENES, C. H., & VLALON, B. Changes in
phytochemical and antioxidant activity of selecpeghper cultivarsGapsicunspecies)
as influenced by maturityournal of Agriculture and Food Chemistry. 48, 1713—
1720, 2000.

KEVRESAN Z. et al., Carotenoid content in fresh ang peppeCapsicum Annuurh.
fruits for paprika productionFood Processing, Quality and Safet{-2, 21-27, 2009.

Kim, S. et al. Quality Attributes of Various Variet of Korean Red Pepper Powders
(Capsicum annuurh.) and Color Stability During Sunlight Exposuf@od Chemistry
and Toxicology. 67,8, 2957-2961, 2002

LAFFINGWELL, J.C. Carotenoids as flavor & fragrangrecursord.affingwell
reports, 2, 1-5, 2002.

LONG, G. L.; WINEFORDNER, J. D. Limit of detectioa,closer look at the IUPAC
definition. Analytical Chemistry, 55, 712-724, 1983.

LOMAURO, C. J., BAKSHI, A. S., LABUZA, T. P. Moiste transfer properties of dry
and semimoist fooddournal of Food Science50, 397—400, 1985.

LOPEZ CAMELO, A.F.; GOMEZ, P.A. Comparison of coiadexes for tomato
ripening.Horticultura Brasileira, 22, 534-537, 2004.

LOPEZ-RODRIGUEZ, F. Experimental modelling of infed drying of industrial grape
by productsFood and Bioproducts Processing87,4, 247-253

MERCADANTE, A. Z. RODRIGUEZ-AMAYA, D. B. Effects ofipening, cultivar
differences, and processing on the carotenoid csitipo of mangoJournal of
Agricultural and Food Chemistry, v.46, n.1, p.128-130, 1998.

MINGUEZ-MOSQUERA, M. I. & HORNERO-MENDEZ, D. Forntian and
transformation of pigments during the fruit ripegpiof Capsicum annuum cv. Bola and
Agridulce.Journal of Agricultural and Food Chemistry, 42, 1, 38—44, 1994.

MINGUEZ-MOSQUERA, M. I., JAREN-GALAN, M., GARRIDO-ERNANDEZ, J.
(1994). Competition between the processes of btbegis and degradation of
carotenoids during the drying of peppe&lsurnal of Agricultural and Food
Chemistry, 42, 3, 645-648, 1994.



80

MINGUEZ-MOSQUERA, M. I., PEREZ-GALVEZ, A., GARRIDG-ERNANDEZ, J.
Carotenoid content of the varieties Jaranda andaJ@apsicum annuurh.)

and response during the industrial slow drying gmading steps in paprika
processingJournal of Agricultural and Food Chemistry, 48, 7, 2972-2976, 2000.

MIN, J. K.; et al. (2004). Capsaicin Inhibits intkd and in Vivo Angiogenesi€ancer
Research 64, 644—-651, 2004.

PELLEGRINI, N.; et al. Effect of different cookimgethods on color, phytochemical
concentration, and antioxidant capacity of raw fioden Brassica vegetablesurnal
of Agricultural and Food Chemistry, 58, 4310-4321, 2010

RAMESH, M. N., WOLF, W., TEVINI, D., JUNG, G. Influee of processing
parameters on the drying of spice paprikaurnal of Food Engineering 49(1), 63-72,
2001.

VELIC, D., PLANINIC, M., TOMAS, S., BILIC, M. Inflence of airflow velocity on
kinetics of convection apple dryingournal of Food Engineering 64, 1, 97-102,
2004.

RODRIGUEZ-AMAYA, D. B. A guide to carotenoids analysis in foodwWashington:
International Life Sciences Institute Press, 2@h.

SANDMANN, G.; ROMER, S.; FRASER, P. D. Understargicarotenoid metabolism
as a necessity for genetic engineering of croptpldfetabolic Engineering, v.8, p.
291-302, 2006.

SHARMA, G. P., & PRASAD, S. Drying of garlic clovéy microwave-hot air
combinationJournal of Food Engineering,50, 99-105, 2001.

SHARAF-ELDEN, Y. I., BLAISDELL, J. L., HAMDY, M. Y.A model of ear corn
drying. Transactions of the ASAE, 5, 1261-1265,0198

SHIMEDA, Y.; et al. Protective effects of capsaieaigainst cisplatin-induced
nephrotoxicity in rat®8iol Pharm Bull. 28, 9,1635-8, 2005.

THAKKAR S. K, et al.p-carotene micellarization during in vitro digestiand uptake
by Caco-2 cells is directly proportional facarotene content in different genotypes of
cassavaJournal Nutrition. 2229-2233, 2007.

TOPUZ et al. Influence of different drying methaatscarotenoids and capsaicindides
of paprika Cv., Jalapenp Journal Food Chemistry 129, 860-865, 2011.

WESTERMAN, P. W.,et al. Relative humidityfect on the high temperature drying of
shelled cornlransactions of the ASAE,16, 1136-1139, 1973.



81

ZANATTA, C. F. MERCADANTE, A. Z. Carotenoid compagin from the Brazilian
tropical fruit camu—camuMyrciaria dubig) Food Chemistry, 101,1526-1532, 2007.

DOYMAZ, |. Convective drying kinetics of strawbgriChemical Engineering and
Processing 47 914-919, 2008.

SOURAKI, B. A.; MOWLA D. Axial and radial moisturdiffusivity in cylindrical
fresh green beans in a fluidized bed dryer withrgyearrier: Modeling with and
without shrinkageJournal of Food Engineering18, 9-19, 2008.



3. CAPITULO 3

DISCUSAO GERAL

82



83

DISCUSAO GERAL

O presente trabalho foi desenvolvido com o intutte obter e difundir
informacdes a respeito da pimenta, um fruto conrreaopotencial de producédo e
elevada capacidade antioxidante, a fim de incensiga cultivo e sua comercializacao
no pais, especialmente em prol dos beneficios desaie lhe sdo alegados, bem como
do favorecimento da economia regional e nacionsio\gue os fitoquimicos presentes
sdo capazes de produzir efeitos protetores ao isrgane que tais frutos podem
oferecer uma fonte de renda adicional ao pequeriouéigr, fortalecendo o sistema
produtivo.

Nesse sentido, no primeiro capitulo, foram abordads principais aspectos
referentes a cultura da pimenta, perspectivas mel@gicas e propriedades bioativas e
antioxidantes. Aléem disso, tratou-se dos compaggtesentes neste fruto, em especial,
0s capsaicinoides, carotenoides, compostos fersoéicacido ascorbico. Apresentou-se
uma revisdo a respeito da estrutura quimica, esdgidddgicas dessas substancias na
prevencao e tratamento de doencas degenerativas.

O capitulo 2 foi elaborado com os artigos cientdic desenvolvidos,
correspondendo o artigo 1: “Extracdo de composioatisos em pimenta€apsicum
usando solvente de grau alimenticio”. Pode-se igarifque a concentracdo e a
atividade destes compostos bioativos naturalmerdgeeptes em alimentos pode ser
diretamente relacionado com as propriedades dogerges tais como solventes
lipofilicos e hidrofilicos e a sua respectiva palade. O etanol foi efetivo na extracdo
de &cido ascérbico e capsaicinoides com destaque gp@&xtracdo de carotenoides,
apresentando-se muito efetivo pois segundo métadpopto por Mercadante e
Rodriguez-Amaya (1998) durante a saponificacaorsl@arotenoides como a #aikns
luteina sdo degradados. Embora o uso de solveng@sicos para a producdo de
extratos de plantas seja convencional, questdatvied & toxicidade farmacoldgica e
ambientais, bem como o perigo da manipulacdo perceam. Assim, a substituicdo de
outros solventes organicos por etanol a 96% ¢€ dedgrinteresse para a reducdo de
custos operacionais, impactos ambientais e deidaxie. As pimentas possuem varios
compostos bioativos alguns apolares e outros lasendo assim, todos estes
compostos ndo podem ser extraidos apenas por wensml Sugere-se que em

trabalhos futuros, com base nos dados obtidos, siurai de outros solventes nao
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toxicos, cuja utilizacdo seja permitida nos alineenpara a extraccdo de compostos
bioactivos seja explorada.

No artigo 2: “Compostos bioativos e efeito citottixide extratos de pimentas
(Capsicum em células de neuroblastoma humanos (SH-SY5Y)nde o objetivo foi
selecionar o genodtipo que se destacasse em relagapotencial antioxidante,
viabilidade em células e compostos bioativos pacaam programas de melhoramento
genético Foi possivel observar que, 0s cinco acessos posemconsiderados
antioxidantes e fonte de compostos bioativos. Rewis cinco o acesso Guiana
destacou-se em relacédo aos carotenoides e propoaucieducdo de 52% na células de
neuroblastoma humano apés 72horas e o gendtipeOR@estacou-se com relacédo a
atividade antioxidante, teor de compostos fenélieocapsaicinoides. Obtiveram-se

também, correlacbes positivas entre o0 conteudo aesainoides e atividade

antioxidante (r 0.87, p <0.05) e entre o contew#o compostos fendlicos e

carotenoides (r = 0.76, p <0.05). No entanto, éoi@mte destacar que 0s extratos
consistem numa matriz complexa, com um numero dgostos bioativos, incluindo:
carotenoides, fendlicos, capsaicinoides, como aelelpela analise destes extratos,
assim, a actividade antioxidante pode ser explipattasinergismo dos compostos.

O artigo 3: “Efeito da secagem no conteddo de eafitles em pimentas
Capsicum Chinensdacquin”. A secagem dos frutos de pimenta biquagresentou-se
adequada e possivel de ser modelada, com valores, debaixo do limite de
contaminacgao por microrganismos patologicos (napéeaturas de 50 °C, 70 °C e 80
°C). Dentre os cinco modelos, o de Dois Termos B&poial foi que mais representou
secagem da pimenta biquinho, por apresentar malores deR* e menoreRRMSE e
2 que outros modelos nas trés temperaturas test@tlasrvou-se por meio do estudo
que o processo de secagem a 50 °C possibilitownmereto de carotenoides resultando
em uma concentracdo total superior a encontragénmentain naturadevido a ruptura
da matriz estrutural da pimenta que proporcionouwomhiodisponibilidade desdes
carotendides. O aumento da temperatura a secagefC 78 80 °C mostrou-se
prejudicial as propriedades bioativas quanto aa w® carotenoides como, por
exemplo, para oo-caroteno que nas temperaturas de 70 °C e 80 °@npAossivel a
sua quantificacdo. A estabilidade dos carotenogddss frutos esta relacionada tanto
com a magnitude quanto com a duragéo do tratanté@miico. O melhor entendimento
dos fatores envolvidos na degradacao de tais sulis$aé, portanto, fundamental para

maximizar a qualidade nutritiva e sensorial de ptos alimenticios.
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