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INTRODUCAO GERAL

Além do seu papel como corante natural, os carotendides trazem beneficios
associados a saide humana como atividade pré-vitaminica A e redugdo do risco de doengas
degenerativas como cancer, enfermidades cardiovasculares, catarata e degeneracio
macular. Os carotendides demonstrados como importantes para a saide sio a-caroteno, -
caroteno, licopeno, B-criptoxantina, luteina e zeaxantina.

O Brasil oferece uma rica diversidade de frutas tropicais cuja composi¢io em
carotendides € complexa e variavel. Os fatores que influem na composi¢do de carotendides
em frutas sdo cultivar, estddio de maturacio, condicbes geograficas ou clima,
processamento ¢ estocagem dos alimentos. O processamento, de um lado, pode provocar a
degradag@io, mas por outro lado, pode aumentar a biodisponibilidade. Condicdes otimas de
‘processamento, portanto, devem ser estabelecidas para minimizar as perdas por remogdo
fisica e degradagdo dos carotenbides, a0 mesmo tempo que proporcionam maior
biodisponibilidade.

Embora muitos estudos investigando os carotendides de frutas brasileiras ja tenham
sido realizados, o pais ainda carece de maiores informagdes, tanto da composicio de
carotendides como dos fatores que influenciam a composicgo.

Este trabalho, portanto, foi realizado para determinar a composigiio de carotendides
de goiaba, acerola e pitanga e de seus produtos processados, verificando os efeitos de

cultivar, estadio de maturag8o, local de producio, remocio da pele e do processamento.



RESUMO GERAL

Diante da importincia dos carotendides como corantes naturais e seus efeitos
benéficos a4 saide, o presente trabalho foi realizado para quantificar os principais
carotenéides de goiaba (Psidium guajava 1.), acerola (Malpighia glabra 1..), pitanga
(Eugenia uniflora 1..) e de seus produtos processados. A influéncia de varidveis agricolas
como diferencas entre cultivares, estadio de maturagio, local de produgio, e de
processamento foi investigada.

Uma revisio bibliografica abrangendo os estudos sobre a composi¢iio de
carotendides em frutos tropicais brasileiros ¢ apresentada no Capitulo 1. Os fatores que
influenciam a composigio, incluindo os efeitos do processamento, sdo discutidos.

O Capitulo 2 apresenta os teores dos principais carotendides de goiaba mostrando as
diferencas entre cultivares e os teores de carotendides em produtos processados (polpa
congelada, suco, goiabada, polpa refinada e “guatchup”). Os teores de licopeno e B-
caroteno encontrados em goiaba, cultivares Paluma e Ogawa, oriundos do estado de Sdo
Paulo, foram de 66,0 + 52 ng/ge 57,0 £8,1 ug/g ede43+13 ug/ge 2,3 £ 0,8 ng/g,
respectivamente. Para varias marcas de goiabada, polpa congelada e suco processado de
goiaba comercializados em Campinas, estado de S3o Paulo, a faixa de concentragio de
licopeno foi de 59,8-83,0 ng/g, 37,4-72,6 ug/g, 32,6-60,0 ug/g e de B-caroteno foi 3,7-7,4
ug/g, 2,7-4.5 uglg, 2,1-3,4 ug/g, respectivamente. Acompanhando o processamento
industrial, os teores de licopeno foram de 85,2 + 4,7 pg/g para goiaba, 83,9 £ 2,0 ug/g para

goiabada, 134,0 + 3,0 ug/g para polpa refinada e de 98,3 £ 1,3 pg/g para “guatchup”.



No capitulo 3 estdo descritos os estudos sobre os principais carotendides de acerola
in natura, inclusive os efeitos de estadio de maturagio e retirada de casca, ¢ em seus
produtos processados. Os carotendides identificados foram neoxantina, violaxantina,
luteina, B-criptoxantina, qi-caroteno e PB-caroteno, este ntltimo sendo o predominante. A
acerola madura da variedade Olivier, proveniente de cultivo comercial do municipio de
Junqueirdpolis, apresentou concentragio trés vezes maior de B-caroteno que a variedade
indefinida, proveniente de jardins da cidade de Campinas. A retirada de casca reduziu os
niveis de o-~caroteno e B-caroteno, mas para a cultivar Olivier também diminuiram
violaxantina e luteina, enquanto que, os demais carotendides mantiveram-se praticamente

| inalterados. As concentracdes de a-caroteno e B-caroteno aumentaram cerca de duas vezes,
do estadio parcialmente maduro para o maduro. Todas as quatro marcas das polpas
congeladas analisadas apresentaram o-caroteno (0,1 a 0,5 ug/g), B-criptoxantina (0,2 2 1,0
11g/g) e B-caroteno (3,0 a 16,5 ug/g ). As marcas B, C e D continham luteina (0,6-1,2 ng/g),
a marca D neoxantina (0,5 pg/g) e a marca C e D, violaxantina (0,02-0,4 ug/g). Em sucos
processados de acerola a faixa de concentragio de luteina, B-criptoxantina, a-caroteno e -
caroteno foram de 0,2-0,6 ng/g, 04-1,0 uglg, 02-0,7 ug/g e 2,7-10,1 ug/g,

respectivamente. As marcas F e G apresentaram tragos de violaxantina.

No Capitulo 4 estfio apresentados os teores de carotenoides de pitanga in natura,
em dois estadios de maturagfo, provenientes de S3o Paulo e Parani, e em suco processado
¢ polpa congelada adquiridos no comércio de Campinas (estado de SZo Paulo). Quando
comparadas as pitangas de Medianeira (estado do Parana), as de Campinas tiveram
elevados teores de licopeno (14,0 vs 71,1 ug/g), 13-cis-licopeno (1,1 vs 5,0 ug/g) e v-

caroteno (1,6 vs 3,8 ug/g), porém, teores muito proximos de B-criptoxantina (12,8 vs 11,8



ug/g) e niveis menores de rubixantina (11,5 vs 9,4 pg/g), no estadio maduro. Do estadio
parcialmente maduro para maduro, licopeno aumentou de duas a trés vezes, P-
criptoxantina e rubixantina aumentaram apreciavelmente, e y-caroteno, B-caroteno, luteina
e violaxantina mostraram teores ligeiramente maiores. O conteudo de licopeno foi de 16,5
ng/g na polpa congelada e de 23,0 pg/g e 25,6 ug/g nos sucos processados de pitanga

marcas B e C, respectivamente.



ABSTRACT

Due to their importance as natural colorants and their beneficial effects to human
health, the present study was carried out to quantify the principal carotenoids of guava
(Psidium guajava L.), “acerola” (Malpighia glabra 1..), “pitanga” (Fugenia uniflora L.} and
their processed products. The influence of agricultural vaﬁables, such as cultivar
differences, stage of maturity, site of production, and of processing was investigated.

In Chapter 1, a review on the carotenoid composition of Brazilian tropical fruits is
presented. Factors that affect the composition, including processing, are discussed.

Chapter 2 presents the principal carotenoids of guava, demonstrating the differences
between cultivars and the carotenoid levels in processed products (frozen pulp, juice,
“goiabada”, refined pulp and “guatchup™). The lycopene and B-carotene concentrations
found in cultivars Paluma and Ogawa from the state of S3o Paulo were 66.0 £ 5.2 pg/g and
57.0+ 8.1 ng/g, and 4.3 + 1.3 ug/g and 2.3 + 0.8 ug/g, respectively. In various brands of
“goiabada”, frozen pulp and processed juice marketed in Campinas, state of Sdo Paulo, the
concentration ranges were 59.8-83.0 ug/g, 37.4-72.6 ug/g, 32.6-60.0 ug/g, respectively, for
lycopene and 3.7-7.4 ngfg, 2.7-4.5 ug/g, 2.1-3.4 pg/g, respectively, for B-carotene. In
industrial processing the lycopene levels were 85.2 + 4.7 pg/g in guava fruits, 83.9 £ 2.0
ug/g in “goiabada”, 134.0 + 3.0 ug/g in refined pulp and 98.3 + 1.3 pg/g in “guatchup”.

In Chapter 3 studies on the principal carotenoids in “acerola”, including the effects
of ripening and peeling, and in processed products are presented.  Neoxanthin,
violaxanthin, lutein, B-cryptoxanthin, o~-carotene and B-carotene were identified, with the

latter predominating. Mature “acerola” of the cultivar Olivier from a commercial orchard of



Junqueirdpolis presented a B{arotene concentration three times higher than that of an
undefined variety from home gardens in Campinas. Peeling reduced the levels of o-
carotene and P-carotene, with violaxanthin and lutein decreasing only for cultivar Olivier;
all the other carotenoids remained practically unchanged. The concentrations of o-carotene
and B-carotene doubled from the partially ripe to the ripe stage. All the four brands of
frozen pulp analyzed had a~carotene (0.1 to 0.5 pg/g), B-cyptoxanthin (0.2 to 1.0 pg/g) and
B-carotene (3.0 to 16.5 pg/g). Brands B, C and D had lutein (0.6-1.2 ug/g), brand D
neoxanthin (0.5 pg/g) and brands C and D violaxanthin (0.02-0.4 ng/g). In processed juice,
the concentration ranges of lutein, B-cryptoxanthin, a-carotene, and B-carotene were 0.2-
0.6 pg/g, 0.2-0.7 uglg, 0.4-1.0 pg/g and 2.7-10.1 pgfe, respectively. Brands F and G had
traces of violaxanthin.

Chapter 4 presents the carotenoid levels of “pitanga”, at two stages of maturity and
from the states of Sdo Paulo and Parand, and in processed juice and frozen pulp purchased
in Campinas, state of S&o Paulo. “Pitanga” from Medianeira (Parand) as compared to that
of Campinas (530 Paulo) had lIower levels of lycopene (14.0 vs 71.1 pg/g), 13-cis-lycopene
(1.1 vs 5,0 ug/g) and y-carotene (1.6 vs 3.8 ug/g), but close levels of B-cryptoxanthin {12.8
vs 11.8 pg/g) and lower values of rubixanthin (11.5 vs 9.4 jug/g) contents at the ripe stage.
From the partially ripe to the ripe stage, lycopene increased two to three times, B-
cryptoxanthin and rubixanthin increased appreciably, and y-carotene, B-carotene, lutein and
violaxanthin increased slightly. The lycopene content was 16.5 pg/g in frozen pulp and

23.0 ug/g and 25.6 pg/g in processed juice brands B and C, respectively.
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RESUMO

As frutas so fontes complexas e varidveis de carotendides, uma importante classe
de pigmentos naturais, ndo s6 devido 4 sua acio corante, mas também pelas suas
propriedades funcionais especiais associadas & sadde. Quantidades insignificantes destes
carotendides foram detectados em Ananas comosus (L.) Merril (abacaxi). Pigmentos
tipicos de cloroplastos tais como luteina, violaxantina e neoxantina foram encontrados no
estagio que antecipa a maturacdo das frutas em geral. O (-caroteno € o majoritario em
Passiflora edulis {. (maracuja), ao passo que licopeno predomina em Psidium guajava L.
(goiaba), Eugenia unifiora L. (pitanga), Carica papaya L. (mamio, culiivares Solo,
Formosa e Tailindia) e Citrullus vulgaris Schrad. ex Eckl. & Zeyh. (melancia). Em
Malpighia glabra L. (acerola), Mauritia flexuosa L. (buritl), Acrocomia aculeata (Jacq.)
Lodd. ex Mart. (bocaiGva), Cucumis melo L. (meldo) e Annona crassiflora Mart. (marolo),
o carotendide de maior concentragio é o PB-carofeno. A produgdo majoritaria de B-
criptoxantina ocorre em Anacardium occidentale 1. (caju), Spondias lutea L. (caja) e
Carica papaya L. (mamio cv. Common). Interessantemente, zeaxantina ¢ o dominante em
Caryocar brasiliense Camb. (pequi). A violaxantina € o carotendide predominante em
Mangifera indica L.. (manga, cultivar Keitt). A marcante variabilidade de carotendides entre
frutas é acentuada por variagOes entre amostras da mesma fruta devido as variaveis
agricolas (cultivar, clima, época de colheita, estadio de maturaciio) e efeitos do
processamento e estocagem de alimentos. Tendo em vista a importéncia de dados sobre a
composicio de carotendides em frutas, o presente artigo, apresenta uma revisdo
bibliografica que abrange as frutas tropicais carotenogénicas.

PALAVRAS CHAVE. Carotendides; frutas tropicais; composi¢io; maturagio; cultivares;

processamento.



INTRODUCAO

Os carotendides pertencem ao grupo dos terpendides e sdo encontrados amplamente
distribuidos numa grande variedade de alimentos: muitas frutas, hortaligas, peixes como
salmio e truta, gema de ovo, alguns crusticeos, grios, flores e raizes. Também estdo
presentes em alguns fungos, bactérias, leveduras e algas. Estes pigmentos sdo
biossintetizados pelas plantas superiores ¢ por microrganismos enquanto que os animais 08
adquirem através da dieta acumulando-os sem ou com ligeira modificacdo.

Devido & sua agHo corante, extratos naturais de urucum (bixina), paprica (capsantina
¢ capsorubina) e acgafrfio (crocina) vem sendo comercializados ao longo de muitos anos,
-enquanto que outros, licopeno, B-caroteno, cantaxantina, astaxantina, 8 -apo-f-carotenal,
etil 8"-apo-8-B-caroten-8’-oato ¢ citranaxantina, sio sintetizados em escala industrial®”.

Os carotendides geralmente sio compostos de 40 atomos de carbono, tendo uma
série de duplas ligacBes conjugadas, que constituem o croméforo responsével pela absorgio
de luz na regifo visivel. Podem ser aciclicos ou ciclizados em uma ou ambas as
extremidades (Figura 1 e 2). De acordo com o tipo e teor de carotendides, surgem as varias
cores caracteristicas de muitos alimentos, que podem variar desde o amarelo palido até o
vermelho intenso. Quimicamente, distinguem-se dois grupos de carotenoides: os carotenos,
constituidos por hidrocarbonetos, e as xantofilas ou oxicarotendides, que contém
substituintes com oxigénio como os grupos epoxi, furanoxi, hidroxi (monol, diol, polidis),
metoxi, ceto ou carboxi.

Além de ser corante natural, alguns carotendides sdo precursores da vitamina A,

sendo o B-caroteno a pro-vitamina A mais potente. Qutros carotentides pro-vitaminicos A



sdo a-caroteno, B-criptoxantina e y-caroteno. Esta atividade pro-vitaminica A € de suma
importdncia para os paises em desenvolvimento, onde a deficiéncia de vitamina A €
considerada urn grave problema mutricional.

Aos carotendides se tem atribuido, mais recentemente, propriedade antioxidante por
seqilestro de oxigénio singleto ou radicais livres, interrompendo a propagagéo da reagdo de
radicais livres em cadeia. Neste caso, o licopeno, que nfio apresenta atividade pro-
vitaminica A demonstrou-se mais eficiente que o B-caroteno™. Este é 0 mecanismo de agio
mais citada em relagio 4 possivel a¢fo dos carotendides contra doengas degenerativas,
como o cdncer, doencas cardiovasculares, degeneracio macular e catarata. Outros
mecanismos da acio protetora dos carotenodides sdo: modulagdio de carcinégenos, inibigio
de proliferacio celular; aumento da diferenciagio celular via retindides; estimulo da
comunicagio celular; aumento da resposta imune; filtracdo da luz azul®.

Luteina e zeaxantina constituem o pigmento amarelo da macula da retina*. A
ingestdo a nivel plasmatico destes pigmentos tem sido corfelacionada inversamente com o
risco de degeneragdo macular, principal causa da cegueira irreversivel em idosos®*°.
Moeller et al. %, relatou a existéncia de efeito protetor consistente no ser humano, da luteina

da dieta no desenvolvimento de catarata.

BIOSSINTESE DE CAROTENOIDES
As seqiiéncias de reagOes responsaveis pela formaciio dos carotendides em fontes
como plantas, fungos, leveduras e bactérias foram investigadas e elucidadas através de

estudos que envolveram inibidores, estimuladores, mutantes e marcadores radioativos

13,14,39



O caminho biossintético pode ser resumido em: (I) formagio do 4cido mevalBnico
(MVA); (IT) formagio de fitoeno; (II) dessaturagdo; (IV) ciclizagdo; V) fqrmagﬁo de
xantofilas'***.

Como primeira etapa ocorre a fusdo de trés moléculas de acetil-CoA para formar 3-
hidroxi-3-metilglutaril-CoA (HMG-CoA) que é convertido por agdo da HMG-CoA
redutase a acido mevalénico (Figura 1). O acido mevalbnico ¢ fosforilado seqiiencialmente
pelas enzimas mevalonato quinase e depois por mevalonato-5-pirofosfato quinase,
produzindo S-mevalonato pirofosfato. Este composto sofre decarboxilagdo catalisada por
pirofosfatomevalonato decarboxilase que ‘ requer adenosina trifosfato (ATP) e cation
divalente (Mn'?). O 4cido mevalbnico d4 origem ao isopentil pirofosfato (IPP) que é o
principal precursor de muitos compostos isoprendides de cadeia longa (Figura 1),

Para iniciar a elongacfio da cadeia, o IPP (Cs) é isomerizado ao seu isdmero alilico,
dimetilalil pirofosfato (DMAPP). A condensagio de IPP ¢ DMAPP leva a formagio de uma
molécula de 10 atomos de carbono, geranil pirofosfato (GPP). Uma adi¢do de IPP a GPP
resulta em famesil pirofosfato (FPP, Cis) que com outra adi¢io de uma molécula de IPP
origina geranil geranil pirofosfato (GGPP, Cz). Por dimerizagio de GGPP surge o
intermediario prefitoeno pirofosfato que por subseqiiente eliminagdo do grupo pirofosfato e
abstracdo especifica de proton leva 4 formagdo de fitoeno (Cao). Esta etapa é catalisada por
fitoeno sintase' >,

O fitoeno, incolor e com trés duplas ligagbes conjugadas, por uma série de reagdes

forma com a introdugio seqiiencial de duplas ligacdes: fitoflueno, C-caroteno, neurosporeno

e finalmente licopeno, com 11 duplas ligagSes conjugadas e coloragio vermelho intensa.



Licopeno é précursor para ciclizacio, formando os anéis a- € B-, grupos ciclicos
que diferem pela posi¢io da dupla ligagdio no anel e que dependem da enzima ciclase
(Figura 2).

Pela agdo de B-ciclase, ocorre a conversdo de licopeno em y-caroteno (um anel $§-) e
B-caroteno (dois anéis B-), enquanto que e-ciclase catalisa a formacio de 8-caroteno (um
anel g-) e a~caroteno (um anel e-), sendo que para o ultimo a B-ciclase leva a ciclizacdo da
outra extremidade em anel p***°.

A inser¢do das fungGes hidroxi e epoxi apos a ciclizagio leva & formagdo de
xantofilas. A hidroxilag8o ocorre na posicio C-3, formando rubixantina (monohidroxilado)
a partir de y-caroteno. Ao ocorrer a hidroxilagio nas posi¢cdes do C-3 e C-3° do B-caroteno
€ o-caroteno, resultam os dihidroxilados, zeaxantina ¢ luteina, via os monohidroxilados -
criptoxantina e ai-criptoxantina (zeinoxantina), respectivamente'>!*.

Violaxantina ¢ formada a partir da epoxidacio de zeaxantina (grupos 5,6-epoxi e
5’,6’-epoxi s3o introduzidos em 3-hidroxi-anel-B e 3°-hidroxi-anel-8), via o intermediario
monoepoxidado anteraxantina, sendo a reac@o reversivel para zeaxantina por a¢8o catalitica

de zeaxantina epoxidase (de-epoxidagio)'**.
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Neoxantina contém um grupo alénico que se origina por abstragdo do préton no C-7
adjacente a 5,6-epoxi-5,6-dihidroxi do anel-B de violaxantina. A transformagdo ocorre por
agio de neoxantina sintase. Epoxidagio de carotenos e xantofilas produz uma variedade de

mono- e diepoxi-carotendides (Figura 2)'*°.

COMPOSICAO DE CAROTENOIDES EM FRUTOS TROPICAIS

O Brasil é um dos paises mais ricos em frutas tropicais, subtropicais ¢ de clima
temperado, que sfo aproveitadas cruas ou em saborosos sucos, doces e geléias. Entre elas,
estdo as frutas carotenogénicas como pitanga, acerola, goiaba, melancia, mamio, meldo,
ameixa-amarela, tangerinas, maracujé, caju, cajd e pequi' > . As estruturas quimicas dos
carotendides mais comumente encontrados nessas frutas sdo apresentadas na Figura 2.

Os carotenéides podem ocorrer em pequenas estruturas subcelulares denominados
cloroplastos, os quais sdo encontrados em folhas e em maiores quantidades na pelicula do
que na polpa verde de frutos imaturos*. Os carotendides de cloroplastos sdo neoxantina,
violaxantina, luteina e B-caroteno.

Sistematicamente a coloragio muda com o processo de amadurecimenio e na
maioria dos frutos, os pigmentos de cloroplastos diminuem, ocorrendo o aumento dos
outros carotendides com o inicio da biossintese. Estes iltimos sio encontrados em flores e
frutos maduros variando em coloracio do amarelo para laranja e para vermelho. Os
carotendides presentes nos cromoplastos possuem intensa atividade metabdlica e devido a

enzimas carotenogénicas altamente autOnomas e capazes de dar prosseguimento a
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biossintese, evidencia-se um aumento no namero e teor de carotendides em frutos durante
amadurecimento*%,
Em termos de contetido de carotendides as frutas podem ser divididas em 8 grupos
principais® %
(1)  fiutas que produzem quantidades insignificantes de carotendides;
(2)  frutas que produzem principalmente carotendides caracteristicos de cloroplastos
(neoxantina, violaxantina, luteina e $-caroteno);
(3)  frutas em que ha predominio da sintese de licopeno e seus precursores ;
(4)  frutas que sintetizam o B-caroteno e ;;eus derivados como pigmentos principais;
(5)  frutas que sintetizam pigmentos que s0 quase que exclusivamente especificos da
espécie;
(6) frutas que produzem grandes quantidades de epoxidos;
(7)  frutas que sintetizam principalmente poli-cis-carotendides;
(8)  frutas em que predominam os apocarotendides.
Junto com os pigmentos principais, varios outros carotendides sio geralmente
encontrados.
Serdo discutidos a seguir algumas frutas tropicais brasileiras cujas composicdes de
carotenodides ja foram determinadas. Os nomes' cientificos, familias e fotografias destas

frutas estfio no anexo L
ABACATE (Persea americana Mill)

O abacate ¢ da familia Lauraceae, fiutifica 0 ano inteiro, tem casca de coloragio

verde-oliva  brilhante com polpa verde-amarelada ou amarela envolvendo um grande
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carogo. No Brasil a polpa ¢ comumente consumida in nafura ou também misturada ao leite
ou € bebida ﬁﬁsturada com o suco de outras frutas. Os estados de Sdo Paulo, Mjnas Gerais,
Parana, Espirito Santo, Para e Rio Grande do Sul se destacam pela produgio nacional*®*%°,

A composi¢do de carotenéides de abacate (cv. Nabal) é caracterizada por luteina
(25,0 %), crisantemaxantina (20,4 %), neocromo (9,2 %), isoluteina (9,0 %), mulaxantina
(8.6 %), neoxantina (7,3 %), B-criptoxantina (5,2 %), violaxantina (4,0 %), B-caroteno (4,0
%), a-criptoxantina (1,2 %), luteoxantina (1,1 %), Cy7-apocarotenol (5,8-epoxido) (1,0 %),
B-citraurina (0,7 %), o-caroteno (0,9 %), (-caroteno (0,5 %), cis-neoxantina (0,5 %).
Entre estes, luteina foi predominante com 23 pg/g seguida por 1,6 pg/g de
auroxantina®>*"*. No abacate (Persea americana Mill)*® foi verificado que a luteina foi a

principal xantofila (<0,5 ug/g). Em abacate in natura, embora de cultivar desconhecida,

Muller®® demonstrou a presenga de luteina (2,3 pg/g), violaxantina (1,0 pg/g), B-caroteno

(0,4 ng/g), fitoeno (0,3 ng/g), B-criptoxantina (0,2 pg/g), cis-B-caroteno (0,12 pg/g), a-

caroteno (0,1 ug/g), a-criptoxantina (0,08 pg/g), e neoxantina (0,07 ug/g).

ABACAXI (Ananas comosus (L.) Merril)

Conhecido cientificamente como Ananas comosus (L.) Merril, pertencente a familia
Bromeliaceae, o abacaxi € uma fruta tropical conhecida mundialmente, e produzida o ano
inteiro. Observa-se uma coroa de folhas duras na sua porgio superior, de colora¢iio verde
intensa denominada bracteas, e, em torno de um ¢ixo central aglomera-se uma estrutura
ovodide cuja polpa é comestivel. A produgfio nacional se encontra concentrada nos estados

de Minas Gerais, Paratba, Para e Bahia sendo, no entanto, mais de 80 % ¢ consumida na
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regido Sudeste. Na grande maionia das vezes, ¢ comercializado como fruta fresca, porém, as
industrias fabricam principalmente suco, compota e geléia®**%°,

Em abacaxi in natura, 21 carotendides foram encontrados sendo que os constituintes
majoritarios foram di-cis-violaxantina (27 %), cis-violaxantina (25 %), neoxantina (9,6 %),
cis-luteoxantina (7,2 %), luteoxanting (6,2 %), B-caroteno (6,7 %), auroxantina (3,4 %),
luteina (2,5 %), trolixantina (2,1 %), criptoxantina (1,6 %), neocromo (1,5 %), o-
criptoxantina (0,9 %), {-caroteno (0,9 %) e flavoxantina (0,3 %).

Os estudos realizados por Heinonen er al.*® encontraram no abacaxi processado em

lata, baixas concentragBes de B-criptoxantina (0,018 ug/g), luteina (0,016 ng /g) e B-

caroteno predominante (0,18 ug/g).

ACEROLA (Malpighia glabra 1)

A acerola ou cereja-das-antilhas, Malpighia glabra L. ou pela principal sinonimia
Malpighia punicifolia L., e ainda denominada por Malpighia emarginata DC, da familia
das Malpiguidceas € originaria das Antilhas, norte da América do Sul ¢ América Central.
Conhecida ha mais de cingienta anos no pais, era encontrada em chdicaras, sitios e
fazendas, mas ndio como plantios com finalidades comerciais e/ou industriais®’. O cultivo
em escala comercial se iniciou apenas na década de 90 e ganhou posigio de destaque em
praticamente todos os estados no Brasil, particularmente Bahia (35 % da produgio
nacional), Rio Grande do Norte (26 %), Pernambuco (17 %) e Para (16 %), e em pequenas
quantidades em Parana e Sao Paulo™'®¢.

A acerola € uma fruta camnosa, de superficie lisa ou dividida em trés gomos,

coloragdio vermeltha intensa quando madura, com polpa macia e cheia de suco. Pode ser
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encontrada durante o ano todo na forma in natura e pode ser consumida tanto in natura ou
industrializada na forma de sucos, néctares, geléias, doces, sorvetes, alimentos infantis e
capsulas. Por se constituir em uma das principais fontes naturais de vitamina C, o fruto de
acerola também pode ser empregado no enriquecimento do suco de outras frutas com
baixos teores desta vitaming™' "',

Os carotenodides de acerola in narura de trés estados diferentes (Pernambuco, Ceara
¢ S80 Paulo) foram determinados por cromatografia em coluna aberta (CCA) por
Cavalcante e Rodriguez-Amaya'?°. O pigmento predominante foi B-caroteno, cujo teor foi
25,8 ug/g para frutas pernambucanas ¢ 21,5 ug/g para frutas cearenses, teores cinco a seis
vezes maior que em amostras do estado de Sd3o Paulo (4,0 pg/g). Foram encontrados
também B-criptoxantina (3,6 ug/g, 2,1 pg/g e 0,5 pg/g, para Pernambuco, Ceard ¢ Sdo
Paulo, respectivamente) e o-caroteno observado em tragos nas frutas dos estados de Ceara
e Sdo Paulo.

Eleutério®® observou o efeito do armazenamento sobre os niveis de B-caroteno em
suco e geléia de acerolas oriundas de Louveira, estado de Sdo Paulo. Os sucos foram
armazenados a ~18°C pelo periodo de 12 meses e a geléia armazenada por 6 meses a 7°C.
Apés o periodo de armazenamento, o contetido de B-caroteno diminuiu de 2,48 para 1,69
ug/g no suco de acerolas verdes, de 4,34 para 3,03 ug/g no suco de acerolas maduras e de
1,02 para 0,54 pg/g na geléia .

Agostini-Costa et al.,’ avaliaram, através da CCA, o efeito do congelamento e
tempo de estocagem na polpa da acerola proveniente de Fortaleza. A polpa de acerola

recém-processada ndc congelada continba: B-caroteno (7,1 ug/g), B-criptoxantina (1,7

ug/g) e a-caroteno (0,2 pg/g). A estocagem ocorreu por um periodo de 11 meses e ja no
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quarto més de estocagem os resultados indicaram uma perda de 20 % no teor de B-caroteno,
enquanto que B-criptoxantina reduziu em 37 % no primeiro més de estocagem, totalizando

uma perda de 62 % ao final de 11 meses.

BANANA (MusaXparadisiaca 1..)

Os frutos das bananeiras nascem em grandes cachos de cor verde quando ndo
maduros. A polpa de coloragdo amarelada € varidvel de acordo com a variedade. As regies
Norte e Nordeste se destacam como as maiores produtoras nacionais de banana. Para o
consumo in natura sdo produzidas as Macd, Ouro, Prata e Nanica. As mais utilizadas para
fritar sdo Terra e Figo. Para assar e fritar & milanesa € a Nanica. As variedades Figo e
Nanica geralmente sdo usadas para preparar compotas enguanto que a variedade Prata para
preparar a passa >+%.

Gross* constatou que o teor de xantofilas na forma livre e esterificada ¢ seis vezes
maior na casca que na polpa. Na polpa, do contetido total de carotendides de 0,8 ug/g, 33 %
representavam monoésteres, diésteres de luteina e luteina livre, 31 % o~caroteno ¢ 28 % B-
caroteno.

Hart e Scott ** relataram que a polpa de banana fresca (cultivar (cv.) ndo definido)
contém a-caroteno (0,50 ug/g), B-caroteno (0,39 ng/g), luteina (0,33 pg/g), além de
- .zeaxantina (0,04 ug/g).

Curiosamente, a presenca de licopeno foi relatado em Musa paradisiaca (Indonésia
- Bogor, West Java). Os teores de licopeno, criptoxantina e B-caroteno foram 1,14 ug/g,

0,97 pg/g e 0,03 pg/g, respectivamente™.
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Na polpa liofilizada de banana {cv. ndo definido) proveniente de Haifa, Israel, foi
encontrado um total de 23,3 ug/g de carotendides em base seca. Com enfoque na
determinagio de 9-cis-B-caroteno (0,3 ng/g ), os autores também detectaram 11,1 pg/g de
B-zeacaroteno, 5,7 ug/g de a-caroteno, 1,8 ug/g de zeaxantina, 0,9 pg/g de B-criptoxantina,
0,8 pg/g de cis-zeaxantina, 0,7 ug/g de o-~criptoxantina, 0,5 pug/g de cis-violaxantina, 0,5
ug/g de cis-B-criptoxantina, 0,4 pg/g de luteina, 0,4 pg/g de violaxantina, 0,3 ug/g de

neoxantina, todos em base seca, mas trans-8-caroteno ndo foi detectado’.

BOCAIUVA (4crocomia aculeata (Jacq.) Lodd. ex Mart.)

Da familia Palmae (familia Arecaceae), esta fruta é também conhecida por coco-
babdo, macaiba, macaiiba. Ocorre no estado do Mato Grosso do Sul, ¢, ha grandes
plantagSes em Minas Gerais®. Apresenta uma polpa de cor amarelo-alaranjada podendo ser
consumida na forma in natura, ou na forma de geléias e doces. A améndoa, pode ser
consumida iz natura e na forma de pagocas®.

Hiane e Penteado® detectaram através de CCA, cinco carotenéides em bocaiava in
natura madura. O teor total de carotendides foi 66,55 ug/g sendo 89,27 % do total
representado por B-caroteno (59,41 ug/g). O segundo principal foi cis-licopeno (4,43 ug/g)
seguido por B-criptoxantina (1,68 pg/g), y-caroteno (0,86 pg/g) e cis-flavoxantina (0,17
Hg/g).

Esses mesmos autores analisaram a farinha obtida da polpa de bocaiiva e
identificaram seis carotendides. Além de B-caroteno (22,32 ug/g) e y-caroteno (0,51 ug/g),

detectaram-se 5,6-monoepoxi-f3-caroteno (1,30 pg/g), mutatocromo (1,73 ug/g), 5,6-5'.,8-
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diepoxi-criptoxantina (1,25 pg/g) e auroxantina (0,36 ug/g). O processamento provocou a

formacio de isdmeros de B-caroteno e de y-caroteno que totalizaram juntos 4,92 pg/g*’.

BURITI ou MURITI (Mauritia flexuosa L. )

Mauritia flexuosa L. ¢ uma fruta de palmeira originaria da regifio AmazOnica
composta de casca, polpa, uma camada de celulose e semente. A superficie ¢ castanha-
avermethada revestida por escamas. Quando o fruto estd maduro a polpa adquire coloragio
amarela-avermelhada. Da polpa, além da extragio do o6leo de buriti, também pode-se
preparar sorvetes, cremes, geléias, licores e sucos de sabores exdticos com alta
concentragio de vitamina C*°.

Godoy e Rodriguez-Amaya®® investigaram frutos provenientes de Teresina, estado
do Piaui, por CCA. Nove carotendides foram identificados como f-caroteno (359,8 ug/g),
a-caroteno (80,1 ug/g), y-caroteno (36,8 ug/g), zeaxantina (20,1 ug/g), B-zeacaroteno (5,4
ng/g), {-caroteno (4,6 pg/g), 13-cis-a-caroteno (1,5 pg/g), 13-cis-B-caroteno (3,8 pg/g) e 9-
cis-B-caroteno (0,7 pg/g). O conteado total de carotendides perfez 512.8 pg/g. Entre as
frutas j estudadas, o buriti, apresenta portanto, o maior teor de B-caroteno.

Franga et al., através de extragio supercritica, obtiveram um 6leo a partir da casca

e da polpa de buriti, que teve um teor total de carotenoides igual a 10.430 ug/g.

CAJA (Spondias lutea L)
O fruto do cajazeiro (Spondias futea 1.} pertencente # familia Anacardiaceae ¢

tipico das regibes Norte e Nordeste do Brasil. A casca € fina e lisa, de cor amarelo-
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alaranjada, com polpa fibrosa contendo um “carogo” central grande que pode ou ndo
apresentar formas pontiagudas. Pode ser consumido na forma in nafura com ou sem casca,

ou processado como polpa, suco, sorvetes, picolés, aguardente e conservas®™ .

Kimura e Rodriguez-Amaya®*® em amostras provenientes de Recife (Pernambuco)
obtiveram, através de CCA, na polpa com casca 16,5 & 2,3 ug/g de B-criptoxantina, 4,3 +
0,6 ng/g de zeinoxantina, 1,8 +0,7 ug/g de criptoflavina, 1,6 £ 0,2 ug/g de B-caroteno, 0,9 .
+ 0,4 pg/g de a-caroteno, 0,4 + 0,3 ug/g de luteina e 0,3 £ 0,1 pig/g de {-caroteno. Na polpa
{-caroteno ndo foi encontrado, e as concentragOes correspondentes para os demais
carotendides foram 8,3, 1,7, 0,6, 2,6, 2,1 e 2,0 ug/g, respectivamente. Os resultados
indicaram que o o-caroteno, B-caroteno e luteina estavam mais concentrados na polpa e a
B-criptoxantina na casca.

Determinando apenas os carotendides pro-vitaminicos A, Godoy e Rodriguez-
Amaya® encontraram, em amostras vindas do estado do Maranhgo, a-caroteno (0,3 pg/g),
B-caroteno (1,4 ug/g) é B-criptoxantina (16,9 ug/g), todos em configuragdo trans, além de
tragos de neocriptoxantina.

Embora as frutas tenham sido de diferente origem geogrifica, B-criptoxantina
apresentou-se @mo o principal carotendide nos dois estudos e o maior contribuinte 3
atividade pro-vitaminica A.

Hamano e Mercadante® determinaram a composi¢io de carotenéides por CLAE em
polpa congelada ¢ suco pasteurizado de cajd. Em trés marcas de polpa congeladas foram
encontrados B-criptoxantina (5,97 a 8,19 ug/g), luteina (5,12 a 6,16 pg/g), zeinoxantina
(3,75 a 3,85 ug/g), P-caroteno (1,64 a 2,12 ng/g), a~caroteno (0,79 a 1,00 pg/g), cis-B-

criptoxantina (0,37 a 0,66 ng/g), 9-cis+13-cis-B-caroteno (0,29 a 0,50 ug/g), fitoeno (0,2 a
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0,49 ng/g). Uma marca de suco pasteurizado apresentou 5,54 ug/g de B-criptoxantina, 3,52
ug/g de luteina, 3,52 pg/g de zeinoxantina, 1,37 pg/g de B-caroteno, 1,14 pg/g de a-
caroteno, 0,82 pg/g de cis-B-criptoxantina, 0,38 ug/g de 9-cist+13-cis-B-caroteno e 0,40

ug/g de fitoeno.

CAJU (Anacardium occidentale 1..)

O caju € um pseudofruto composto pela castanha e pediinculo que pode ser amarelo,
laranja e avermelhado quando totalmente maduro. A forma pode ser esférica e cilindrica.
Embora a produgdo industrial explore a castanha, outros produtos vém sendo
comercializados, como o suco do pseudo-fruto cujo contetdo de vitamina C ¢ maior que o
suco de laranja®*>%°.

A composi¢io de carotendides do caju amarelo e vermetho oriundos dos estados de
Ceara, Pard e So Paulo, foi estudada por Cecchi e Rodriguez-Amaya>. Por CCA, os
carotendides identificados foram ci-caroteno (0,3 vs 0,1 pg/g), P-caroteno (1,7 vs 0,6 ug/g).
cis»B-ca_réteno (0,5 vs 0,3 pug/g), criptoxantina (1,1 vs 0,5 ug/g) e tragos de {-caroteno e
criptocromo para as frutas do tipo vermelho e amarelo. O fruto vermelho apresentou
propor¢do de carotendides duas vezes maior que o amarelo, mas o B-caroteno foi o
principal pigmento em ambos.

Recentemente, trés variedades de caju maduro (amarelo, vermelho e vermelho
redondo) foram estudadas por Assungio e Mercadante®™” por CLAE. Em todas as
variedades estudadas para as amostras do estado do Piaui, os carotendides encontrados

foram violaxantina, luteina, zeinoxantina, frams e cis-B-criptoxantina, o-caroteno, P-

caroteno, frans e 9+13 cis-B-caroteno. Zeaxantina foi detectada nos cajus amarelo e
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vermelho redondo. Na variedade vermelha, B-criptoxantina foi o principal carotendide
(0,530 a 0,644 ug/g) e apresentou maior contetdo total de carotendides (2,04 pg/g),
enquanto que a amarela ¢ vermelha redonda tiveram carotendides totais de 1,74 ug/ge 1,19
ug/g, respectivamente.

As variedades amarela e vermelha de caju do estado de Sdo Paulo nfo apresentaram
violaxantina e zeaxantina, enquanto que B-caroteno (0,381 vs 0;668 ug/g) e a-caroteno
(0,269 vs 0,519 ug/g) foram os carotendides em maiores quantidadess.

Estes mesmos autores’ investigaram a composigio de carotendides em produtos
industrializados de caju como suco concentrado, polpa congelada, suco pronto para beber,
néctar e suco concentrado ja adogado. Dentre todos os produtos citados, a polpa congelada
apresentou o maior teor de carotendides totais (1,978 ug/g), quase o dobro do suco (1,011
ug/g). B-Caroteno foi quantificado juntamente com fitoflueno e destacou-se como
majoritario na polpa congelada (0,778 * 0,278 pg/g), suco concentrado (0,471 + 0,061
ng/g), néctar (0,032 + 0,012 pg/g), suco pronto para beber (0,055 + 0,032 pg/g) e suco
concentrado ja adocado (0,104 + 0,023 pg/g). Nestes produtos foi encontrada
adicionalmente auroxantina (niveis inferiores a 0,01 ug/g) e {-caroteno presente somente
na polpa congelada (0,026 + 0,01 pg/g) e suco concentrado (0,011 + 0,037 ug/g). Em todos
os produtos 5,8, epoxi-luteina (0,001-0,020 ug/g) foi detectada, ao passo que, os epoxidos
de criptoxantina (0,018-0,036 pg/g) surgiram apenas na polpa, suco conce;itrado e suco
pronto para beber.

O suco processado de caju pasteurizado estudado por Cecchi e Rodriguez-Amaya®',

teve B-caroteno (0,6-0,8 pg/g) como majeritario, seguido por criptoxantina (0,5 pg/g) e cis-
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B-caroteno (0,1 ug/g). Auroxantina, criptocromo e AUTOCTOMO juntos totalizaram 0,4-0,5

ug/g, os quais ndo foram detectados na fruta in natura.

GOIABA (Psidium guajava L)

A goiaba (Psidium gugjava L.) da familia Myrtaceae, ¢ uma fruta originiria do
México, América Central, e Norte da América do Sul, porém, adaptou-se muito bem em
outros paises de clima tropical como Austrilia, India, sul dos EUA e alguns paises
africanos. A partir da década de 70, o Brasil iniciou a producdio de goiabas em escala
comercial e atualmente destacam-se as regides de Ribeirdo Preto e Monte Alegre no estado
Sdo Paulo, estado de Minas Gerais ¢ superplantagdes irrigadas do Vale do Sdo Francisco,
na Bahia e Pernambuco®®.

A fruta é saborosa e perfumada, cuja polpa colore-se do branco ao amarelo, rosa ou
vermelho. Sua utilizagdo ndo se prende s & fabricagio da goiabada (doce mais popular no
Brasil) como também ‘¢ matéria-prima para a produgiio de sucos, compotas, geléias,
goiabadas, sorvetes e outros produtos sofisticados como “guatchup” de grandes
possibilidades de exportacdo. Além de ser uma excelente fonte de vitamina C, também
fornece vitaminas By, K, pro-vitaminas A e fibras***’.

No Brasil a goiaba cultivar IAC-4 de polpa vermelha, oriunda da cidade de
Campinas, estado de Sio Paulo e outras de cultivar desconhecido de Pernambuco e Cearé,
foram estudadas por Padula e Rodriguez-Amaya’'. Os carotendides de goiaba IAC-4 foram
identificados como B-caroteno, {-caroteno, y-caroteno, zeinoxartina, licopeno, 5,6,5,6'-
diepoxi-B-caroteno e 5,8-epoxi-3,3 -trihidroxi-B-caroteno. O licopeno foi o principal

pigmento com teores de 56,6 Lg/g e 53,4 pg/g, na fruta com e sem pele, respectivamente.
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Quando comparadas as goiabas do nordeste, os niveis de licopeno foram ligeiramente
superiores enquanto que o teor de -caroteno (5,5 ug/g para Sio Paulo e 11,9 ng/g para a
de Pernambuco) foi maior 7.

Para essa mesma cultivar, Mercadante, Steck e Pfander® isolaram 16 carotendides
sendo que a elucidacio das estruturas utilizaram diversas técnicas ( '"H NMR, PC NMR,
EM e Dicroismo circular). Os carotendides identificados foram fitoflueno, (fodo-E)-f-
caroteno, (9Z)-fB-caroteno, (13Z)-B-caroteno, (15Z)-B-caroteno, (fodo-E)-y-caroteno, (fodo-
E)-licopeno, (9Z)-licopeno, (13Z)-licopeno, (15Z)-licopeno, (fodo-E,3R)-B-criptoxantina,
(todo-E,38,5R,88)-B-criptoflavina, (fodo-E,3R)-rubixantina, (fodo-E 3R,3’R,6R)-luteina,
(todo-E,3S,5R,6R,3°S,5'R,8’S)-neocromo ¢ (fodo-E,38,5R,6R,3’S,5°R,8’R)-neocromo.

Foram verificadas também as alteragdes nos carotendides de suco de goiaba cv.
IAC-4 na pasteuriza¢io (87°C, 5 min) e estocagem por 10 meses 4 temperatura ambiente.
No suco recém processado o teor de licopeno diminuiu (31,0 para 26,8 ug/g) enquanto que
o nivel de B-caroteno permaneceu estavel (2,7 ug/g). Além doé carotendides anteriormente
citados presentes na fruta /n natura, também foram detectados cis-licopeno, 5,8-epoxi-
3,3’,4-trihidroxi-B-caroteno e 5,6,5’,6’~diepoxi-B-caroteno .

Embora o tratamento térmico tenha sido mais severo que o comumente aplicado, o
suco de goiaba cv. JAC-4 pasteurizado em planta piloto e estocado por 10 meses, ainda
continha niveis consideraveis de licopeno (26,8 para 20,2 ug/g) e de B-caroteno (2,7 para
2,5 ug/g) quando comparado com duas diferentes marcas de sucos comerciais (Marca A =
93 ¢ 26 pg/g e Marca B = 25 e 04 ug/g para licopeno e p-caroteno,

respectivamente)’ >, O curioso foi a presenca de cantaxantina detectada nos sucos
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comerciais, evidenciando o uso de um pigmento sintético para a manutengio de cor, fato
observado também em suco de maracujd®>. |
Seguiram-se outras pesquisas e Wilberg e Rodriguez-Amaya™® determinaram por
CLAE licopeno e [B-caroteno em goiaba de cultivar desconhecida e alguns produtos
processados de goiaba, todos provenientes do estado do Rio de Janeiro. Para licopeno,
foram encontrados niveis de 44,8-60,6 ug/g em goiaba madura in natura, 27,8-29,9 ng/g
em doce em calda, 26,8-27,4 ug/g em doce em massa (goiabada), 11,1-40,6 ug/g em suco
e 11,5-23,2 ug/g em geléia. Para B-caroteno, foram obtidos niveis de 3,03-5,93 pg/g em
goiaba madura in natura, 3,11-4,50 pg/g em doce em massa (goiabada), 1,80-4,88 ug/g

“em, 1,70-1,94 ug/g em doce em calda, € 0,47-1,67 ug/g em geléia.

MAMAO (Carica papaya L)

No Brasil, este fruto (Carica papaya L.) € muito popular e disponivel o ano todo.
Seu tamanho é variavel, sua casca € lisa e firme, e, sua polpa espessa possui coloragdo
vermetho-alaranjada com numerosas sementes pretas. O mamio € consumido na forma in
natura ou na forma de doces. O Brasil é o principal produtor mundial e vem seguido por
Nigéria, México e Maldsia. Na produgio nacional destacam-se os estados da Bahia,
Espirito Santo, Minas Gerais ¢ Sdo Paulo®*®.

As cultivares de mamio Common, Solo, Formosa e Taildndia apresentaram (-
criptoxantina (8,1 + 1,7 a 9,7 = 1,8 ng/g), B-caroteno (1,2 + 0,9 a 3,7 + 2,7 uglg), &-
caroteno (0,8 £ 0,5 a 2,0 = 0,4 ug/g), B-zeacaroteno (< 0,1 ug/g), y-caroteno (< 0,2 ug/g) e
5,6-monoepoxi-B-criptoxantina (2,0 + 1,1 a 2.8 + 1.4 pug/g). Anteraxantina esteve presente

apenas nos cultivares Formosa (2,6 + 0,8 pg/g) e Tailandia (4,0 + 2,9 pg/g). O mamdo ov.
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Common de Szo Paulo teve B-criptoxantina (8,1 * 1,7 pg/g) como dominante, licopeno e
anteraxantina estiveram ausentes, e a criptoflavina (0,8 + 0,3 pg/g) foi detectada
unicamente nesta cultivar. Licopeno predominou nas cultivares Solo, Formosa e Taildndia
em frutas provenientes da Bahia com teores de 21,0 + 15,8 ug/g, 22,8 £ 51 ug/ge 40,0 +
6,3 ug/g, respectivamente®’".

Este estudo também demonstrou a influéncia geografica no cultivar Formosa, sendo
que os niveis de licopeno (26,5 + 2,6 pg/g vs 19,1 £4,1 ug/g), B-criptoxantina (8,6 + 2,2
ug/g vs 53 + 1.1 ug/g ng/g) e P-caroteno (6,1 = 1,4 ug/g vs 1,4 £ 0,5 ug/p) fora:ﬂ
maiores nas frutas produzidas na Bahia em comparagiio aquelas provenientes de Sio
Paulo’’.

O mamdo também ¢ comumente consumido em Israel e a composicio em
carotenéides consistin de B-criptoxantina (24,3 pg/g), a-criptoxantina (16,5 pg/g), B-
caroteno (10,6 ug/g), cis-B-criptoxantina (8,3 pg/g), B-zeacaroteno (7,5 pg/g), luteina (7,1
ug/g), 9-cis-B-caroteno (7,0 pg/g), a-caroteno. (5,6 pg/g), zeaxantina (4.6 ug/g),
violaxantina (3,9 ug/g), cis-zeaxantina (2,9 pg/g), cis-violaxantina (2,2 pg/g), neoxantina
(2,0 pg/g), perfazende um total de 103 pg/g. Neste caso, 9-cis-B-caroteno surgin em
elevada concentragio’.

Em estudos®™°

no maméo proveniente do Rio de Janeiro, foram obtidos teores de
17,1-28,6 ug/g, 5,4-7.8 ug/g e 0,96-1,76 pg/g para licopeno, B-criptoxantina e B-caroteno
em polpa madura. Os valores correspondentes na firuta imatura foram 0,2-13,2 pg/g, 0,6-
2,2 ug/g e 0,16-1,48 pg/g.

Neste mesmo trabalho, alguns produtos de mamio como a fruta cristalizada e bala

foram analisados. Para a fruta cristalizada, encontraram-se 78,4-80,5 ug/g, 16,6-24.4 ug/g
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e 6,76-8,04 ug/g para licopeno, P-criptoxantina e B-caroteno, respectivamente. A bala

apresentou apenas B-criptoxantina (1,2 pg/g) e B-caroteno (0,36 pg/g)™.

MANGA (Mangifera indica L)

Espécie originaria da Asia, a manga (Mangifera indica L.) é atualmente produzida
nas regides tropicais e subtropicais como India, Paquistdo, México, Brasil e China. No
Brasil os principais estados produtores sio Minas Gerais, S3o Paulo, Paraiba, Piaui, Cears,
Pernambuco ¢ Bahia®***,

Existemm muitas variedades, porélﬁ as mais cultivadas s@o de origem norte-
americana, como Haden, Tommy Atkins, Keitt, van Dyke, Parvin e Winter sendo as
preferidas para exportagio, Haden e Tommy Atkins®.

Estudos brasileiros sobre o perfil qualitativo e quantitativo de carotendides em
mangas foram realizados por Godoy e Rodriguez-Amaya®***. Os carotendides detectados
em cinco diferentes cultivares (Haden, Tommy Atkins, Bourboh, Extreme, e Golden),
oriundos de plantagBes comerciais do estado de S3o Paulo, foram B-caroteno, {-caroteno,
mutatocromo, o-criptoxantina, violaxantina, luteoxantina, mutatoxantina e auroxantina,
mas diferiram quanto as quantidades. O pigmento principal foi o B-caroteno (6,61 + 1,07 a
25,45 + 1,50 pg/g) seguido por luteoxantina (1,44 + 0,46 2 4,36 +£ 0,58 pg/g) e violaxantina
(0,81 +0,22 23,00 0,19 ng/g)™. )

Pronunciadas alteragGes quantitativas foram observadas, por CLAE, durante o
estadio de maturagio das cultivares Keitt ¢ Tommy Atkins®. Para a cultivar Keitt o todo-

frans-violaxantina, todo-frans-B-caroteno, 9-cis-violaxantina, isdmeros de Iuteoxantina,

todo-frans-zeaxantina, cis-neoxantina aumentaram, respectivamente, de 5.4 + 1.7 ug/g, 1,7
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0,3 pg/g, 1,720,4 ng/ge 1,0 +0,2 ng/g para 18,0 £4,0 uglg, 6,7+ 1,6 ug/g, 7.2+ 1,4
ug/e, 2,7 + 0,2 pg/g, do estadio imaturo a maduro. Para a cultivar Tommy Atkins, o todo-
frans-violaxantina, 9-cis- violaxantina, todo-frans-neoxantina, todo-trans-B-caroteno e os
isdbmeros de luteoxantina, aumentaram de 6,9 + 3,0 pg/g, 3,3 + 1,3 ug/g, 2,6 + 1,8 ug/g ,
2,0+08 ug/g, e 1,3+0,7 ug/gpara 22,4 +9,1 ug/g, 14,5 +4,7 ug/g, 4,9+ 4,5 ug/g, 5.8+
2,5 ng/g e 2,0 + 0,6 pg/g, do estadio imaturo a maduro, respectivamente. Os niveis de cis- ¢
trans-B-criptoxantina e todo-frans-zeaxantina juntos perfizeram 0,8 ug/g ao passo que cis-
neoxantina surgiu com 1,0 + 1,0 pg/g, no estddio maduro. Para ambas as variedades, no
estddio maduro, 13-cis-violaxantina desapareceu. Para os trés distintos estadios de
maturacdo o teor de carotendides totais variou de 12,3 £ 3.2 .;.s,g/g e 23,6 + 1,8 ng/g para
38,0 £ 7,7 uglg e de 17,0 + 7,8 nug/g e 45,1 + 20,7 ug/g para 51,2 £ 16,8 pg/g para os
estadios de vez, parcialmente maduro e maduro nas cultivares Keitt e Tommy Atkins,
respectivamente. No estadio maduro, ambas as variedades apresentaram como contribuinte
prncipal todo-frans-violaxantina o que estd de acordo com a cultivar Keitt proveniente do
estado da Bahia identificada por espectrometria de massa (EM)*>®. A violaxantina ¢
altamente instavel e facilmente perdida. Talvez seja por causa da perda de violaxantina,
que varios trabathos especialmente os mais antigos, apontaram B-caroteno como o principal
carotendide na manga.

Wilberg e Rodriguez-Amaya®*° relataram para manga de cultivar ndo definida,
proveniente do Rio de Janeiro, o B-caroteno (8,2 a 28,7 jig/g) como o principal contribuinte
pro-vitaminico A.

Segunde Godoy e Rodriguez-Amaya® o B-caroteno é também o principal

contribuinte pro-vitaminico A para as cultivares Extreme e Golden que continham 25,45 +
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1,5 uglg, 0,66 + 0,22 ug/g e 18,02 + 1,26 ugfg, 0,75 + 0,30 ug/g para B-caroteno ¢ frans-
o-criptoxantina, respectivamente.

Burns, Fraser e Bramley'® em manga da Costa Rica identificaram fitoeno e B-
caroteno, porém, somente este Gltimo foi quantificado, 49,8 + 9,8 ng/s.

Em mangas (cv. ndo definida) obtidas na area de Haifa (Israel), os autores’
detectaram resultados similares para o -caroteno (49,3 p.g/g),. o qual foi o pigmento
predominante. O segundo principal foi B-criptoxantina (26,4 ug/g), seguido por zeaxantina
(22,5 ug/e), a-caroteno (6,7 ng/g), luteina (25,8 pg/g) e neoxantina (5,9 ug/g).

Mangas indonesianas provenientes do distrito de Leste de Java de diferentes
variedades foram estudadas e neste caso foram somente reportados alguns pro-vitaminicos
A: todo-trans-a-caroteno (55-67 pig/g) e todo-trans-B-caroteno (190-3267 pg/g)®.

Mercadante ¢ Rodriguez-Amaya® investigaram trés diferentes marcas de suco de
manga processado e notaram que o processamento influenciou grandemente a composi¢io
de carotenoides. Diferentemente da manga in natura (cvs. Keitt e Tommy Atkins) na qual a
violaxantina predominava, o B-caroteno foi o carotendide majoritario, enquanto que
auroxantina, ausente na fruta, esteve presente em todos os sucos analisados.

Mangas de cultivar Tommy Atkins (Mato Grosso) e Golden (Sdo Paulo) apods
processamento para forma de fatias e puré, respectivamente, tiveram modificacBes em
relacio a composic8o de carotendides quando comparadas com a fruta in natura. A manga
em fatias sofreu pasteurizagiio (100 °C, 20 min.) ¢ o puré passou por um tratamento térmico
mantido a 80 °C durante 10 min>. Para a manga em fatias (cv. Tommy Atkins) B-caroteno,
luteoxantina ¢ auroxantina, aumentaram de 13,39 + 0,02 ng/g, 1,74 £ 0,40 pg/g e 0,28 +

0,07ug/g para 14,55 £ 0,38 pg/g, 2,45 + 0,12 ng/g e 0,55 = 0,16 ug/g, respectivamente.

30



Violaxantina e o-criptoxantina diminuiram de 2,68 £ 0,52 pg/g ¢ 0,39 + 0,03 pg/g para
1,58 £ 0,03 pg/g e 0,34 £ 0,01 pg/g, respectivamente. Para o puré de manga (cv. Golden)
B-caroteno, luteoxantina, violaxantina, a-criptoxantina, mutatoxantina diminuiram de 18,05
+ 0,07 ug/g, 1,83 £ 0,41 pg/g, 2,72 + 0,13 ug/g, 0,64 + 0,25 png/g e 0,51 + 0,22 pg/g para
15,74 £ 0,46 ugfg, 1,48 £0,05 ug/g, 1,83 £ 0,21 pg/g, 0,41 £0,03 ng/e ¢ 0,31 £0,55 ng/s.
Por outro lado, o {-caroteno aumentou de 0,07 + 0,01 pg/g para 0,12 = 0,06 ug/g.
Mutatocromo, presente na manga in natura (cv. Golden) com 0,08 + 0,02 ug/g
desapareceu, enquanto que, auroxantina anteriormente ausente foi detectada em puré de
manga (2,66 + 0,49) ug/g>.

Fstes mesmos autores’ avaliaram a influéncia da estocagem (24 meses a
temperatura ambiente). sobre a composigio de carotendides da manga em fatias ¢ em puré.
Em ambos os produtos, B-caroteno reduziu drasticamente (2,30 a 2,34 pg/g), enquanto que
auroxantina manteve-se em npiveis elevados (1,50 a 1,71ug/g) e os demais pigmentos
diminuiram ligeiramente.

Conserva, suco e fatias de manga em calda, produzidos no Rio de Janeiro,
apresentaram 1,2 ug/g, 17,8 ug/g e 5,2 -5,4 ug/g de B-caroteno, respectivamente®™”.

Pott et al.™

avaliou o efeito do processo de secagem (conduzido com presenca e
sob auséncia de luz) em mangas fatiadas {cvs. Kent ¢ Tommy Atkins, oriundas da
Alemanha; cvs. Namdok Mai e Kaew, oriundas da Taildndia). Observou-se perda de B-
caroteno e crescente aumento de formacgio dos seus cis-isdmeros: 13-cis-B-caroteno e 9-cis-
B-caroteno.

Para as cultivares Kent ¢ Tommy Atkins levadas a secagem sob auséncia de luz (75

°C, 3-3,5 h), B-caroteno diminui de 45,80 ug/g e 36,50ug/g para 42,70 ug/g e 25,10 pug/g,
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respectivamente. No entanto, 13-cis-B-caroteno manteve-se relativamente estavel, 11,20
ug/g e 13,90 pg/g para a cultivar Kent e 9,40 pg/g para 9,30 pg/g para a cultivar Tommy
Atkins, respectivamente. O 9-cis-f~caroteno para a cultivar Kent aumentou de tragos para
1,80 ug/g. Para as cultivares Namdok Mai ¢ Kaew seco sob luz solar (62 °C, 7-8 h), B-
caroteno reduziu de 36,50 pg/g e 116,80 ug/g para 24,00 ug/g e 6820 uglg,
respectivamente, ao passo que 9-cis-B-caroteno aumentou de tragos e 10,10 pg/g para 8,10
ug/g e 20,50 ug/e, respectivamente. Nesta condigio de processamento o 13-cis-B-caroteno
diminui de 9,90 ng/g para 7,30 ug/g para a cultivar Namdok Mai, mas aumentou de 12,20

11g/g para 14,30 ug/g para a cultivar Kaew’",

MARACUJA (Passiflora L)

O maracuja pertencente a familia Passifloraceae, apresenta sazonabilidade. Pode ser
espécie de coloracio amarelo-intenso com polpa alaranjada (Passiflora edulis var.
flavicarpa) ou parpura (P. edulis). O maracuja-amarelo é o mais cultivado e o Brasil é
atualmente o maior produtor mundial. O estado de S&o Paulo participa com mais de 50 %
da produ¢do anual de maracuja, disponibilizande para o mercade produtos como polpa
congelada, sucos, suco integral, ao natural ou congelado®*%%>.

Pruth e Lal” estudaram os principais pigmentos de P. edulis identificando uma
mistura complexa de pigmentos: xantofilas livres (10,3-21,5 %), xantofilas esterificadas
(11,1-34,6 %) e carotenos ndo saponificaveis (45,7-76,3 %). Os mesmos carotendides

foram mais tarde confirmados por Leuenberger ¢ Thommen™ citados por Gross*2. Em todas

as partes da fruta, foram encontrados fitoflueno, a-caroteno, B-caroteno, e {-carotenc ¢
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adicionalmente, B-apo-12'-carotenal e PB-apo-8'-carotenal, criptoxantina, auroxantina e
mutatoxantina.

Através de espectrometria de massa (EM) e ressonédncia magnética nuclear (RMN),
foram identificados e confirmados em maracujad amarelo (Passiflora edulis £ flavicarpa)
totalmente maduro, 13 carotendides: fitoeno, fitoflueno, {-caroteno (principal carotenéide),
neurosporeno, «o-caroteno, f-caroteno, licopeno, prolicopeno, monoepéxi-S-caroteno, f-
criptoxantina, B-citraurina, anteraxantina, violaxantina e neoxantina®. Os carotendides
principais foram C-caroteno (3,05 + 0,08 a 12,86 + 0,46 ng/g) e B-caroteno (2,39 £ 0,03 a
13,35 + 0,31 pg/g) na fruta in natura™ .

No suco de maracujié de duas marcas diferentes, foram detectadas por CCA, (-
caroteno (3,6 e 6,3 ug/g), neurosporeno (1,1 e 2,2 pg/g), B-caroteno (1,1 e 2,3 ug/g) e
tragos de a-caroteno, y-caroteno, licopeno, criptocromo, com auséncia de aurocromo e

auroxantina®”.

MAROLO (4Annona crassiflora Mart.)
O marolo (Annona crassiflora Mart.) € fruta tipica do cerrado brasileiro, pertencente
a familia das Anondceas. Popularmente se conhecem trés variedades como marolo amarelo,
vermelho e branco. Possui uma polpa altamente aromatica e é comumente consumida na
forma in natura ****,
Agostini ef al. ' estudaram a composigio de carotendides na polpa do marolo de

variedade amarela originaria de Alfenas, sul do estado de Minas Gerais, ¢ em produtos

preparados de modo caseiro come geléia e o licor {(processado com e sem protecio da luz).

33



A poipa in natura apresentou nove carotendides com um contetdo total de 9,0 ug/g.
Qs carotenoides detectados foram B-caroteno (7,0 ug/g), luteina (0,7 pg/g), a-caroteno (0,6
ug/g), mutatoxantina (0,2 pg/g), violaxantina (0,14 pg/g), B-criptoxantina (0,11 pg/g), C-
caroteno (0,07 pg/g), B-zeacaroteno (0,06 ng/g) e e-caroteno (0,07 pug/g)’.

Na geléia, violaxantina esteve ausente enquanto que B-caroteno (1,67 + 0,09 para
1,18 £+ 0,06 ug/g), luteina (0,28 + 0,03 para 0,22 + 0,01 ug/g), a~caroteno (0,20 + 0,02 para
0,22 £ 0,02 ugfg), mutatoxantina (0,10 £ 0,01 para 0,09 £ 0,01 ug/g), B-criptoxantina (0,05
+ 0,01 para 0,08 £ 0,0 ug/g), {-caroteno (0,04 + 0,0 para 0,03 £ 0,01 ng/g), ﬁ-zeacaroteno-
(0,03 £ 0,01 para 0,04 £ 0,01 pg/g) e e-caroteno (0,02 + 0,0 para 0,03 = 0,0 ug/g),
mostraram alteragdes durante estocagem por 90 dias a 10 °C.

O hcor recém processado sem e com protecdo da luz, apresentou B-caroteno (7,0
0,8 e 14,0 = 0,3 pg/g), luteina (0,7 £ 0,4 e 1,3 £ 0,3 pug/g), a~caroteno (0,5 £ 0,1 e 1,2 £
0,2 ug/g), mutatoxantina (0,2 £ 0,0 e 0,9 + 0,2 ug/g), respectivamente. A estocagem
também influenciou fortemente no teor de B-caroteno e nos demais carotendides, pois,
houve um decréscimo do contetido total de carotendides no licor processado na presenca de
luz (7,0 £ 0,8 ug/g para 2,21 £ 0,05 pg/g) e no licor processado com protecio da luz (14,0
+3,0 ug/g para 4,0+ 1,0 pg/g). Neste mesmo trabalho' os autores observaram na polpa in
natura (0,05 a 0,12 pg/g e 0,1 a 0,4 pg/g), geléia (0,06 a 0,07 ug/g e 0,072 0,14 pug/g) e
licor (0,25 ng/g e 0,16 a 0,23 ug/g), os isdmeros do B-caroteno (9-mono-cis e 13- mono-cis,

respectivamente).

34



MELANCIA (Citrullus vulgaris Schrad. ex Eckl. & Zeyh.)

A melancia, € ﬁ*uia da familia Curcubitaceae, de grande tamanho, arredondado ou
alongado, de casca lisa verde ou rajada por manchas amareladas. A cor da polpa, que
contém grande propor¢do de agua, varia de cor branco-résea, amarelada, avermelhada ou
purpura, pontilhada com sementes pequenas, chatas, lisas, pretas ou avermelhadas. Os
estados do Rio Grande do Sul, S&o Paulo, Bahia e Pernambuco destacam-se como
produtores nacionais . A melancia ¢ normalmente consumida in natura®.

Licopeno e seus cis-isdmeros foram os pigmentos majoritérios da melancia de
Queensland cv. Candy Red (Citrullus vulgaris), perfazendo juntos 81,30 % do conteddo
total de carotendides; B-caroteno (4,09 %), fitoeno (2,1 %), fitoflueno (1,43 %), {-caroteno
(1,59 %) e y-caroteno (0,36 %) também foram encontrados®.

Dados analiticos sobre carotendides em alimentos foram compilados por Mangels et
al®®. Para a melancia os valores médios citados para licopeno, B-caroteno e a-caroteno
foram 41 ug/g, 2,3 ug/g e 0,01 pg/g, respectivamente. A soma média de luteina e
zeaxantina foi 0,14 pg/g. O licopeno variou de 23 a 72 pg/g.

Melancias (Citrullus vulgaris) vermelha e amarela oriundas da Indonésia, foram
estudadas por Setiawan™. A melancia vermelha apresentou 113,89 pg/g de licopeno, 5,92
ug/g de B-caroteno e B-criptoxantina ndo foi detectada. Para a melancia amarela os teores
encontrados para -caroteno, B-criptoxantina e licopeno foram 1,40 pg/g, 0,90 ug/g e 0,71
ug/g, respectivamente. No entanto, os dados, especialmente para os de melancia amarela,
devem ser avaliados com precaucio uma vez que estes autores detectaram licopeno em
frutas como banana, manga abacaxi e macgi, nas quais este carotendide nunca foi

encontrado.
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No Brasil, a cultivar Crimson Sweet € 0 mais produzido e as frutas de dois estados,
S0 Paulo ¢ Goias, foram comparadas quanto a concentra¢io de licopeno e B-caroteno. Os
niveis de licopeno e PB-caroteno foram 36 + 5 pgfg e 4,7 £ 2,4 pg/g , respectivamente, para
as frutas de Sdo Paulo e 35 + 2 ug/g e 2,6 £ 1,7 pug/g, respectivamente, para as frutas de
Goias, dados que so equivalentes estatisticamente®,

Perkin-Veazie e Collins” verificaram em relagio as cultivares Summer Flavor 800 e
Sugar Chack, provenientes de Oklahoma, que o teor de licopeno ¢ afetado durante
estocagem sob atmosfera modificada. Apos 7 dias de estocagem a 2 °C o conteudo total de
licopeno mostrou-se 6 % menor para Summer Flavor 800 e 11 % menor para Sugar Chack
em relacio ao inicial e B-caroteno (2 pg/g) permaneceun estivel. Estes valores foram
ligeiramente inferiores aos reportados na database de carotendides do USDA

(Departamento de Agricultura dos Estados Unidos) (49 ug/g e 3ug/g, respectivamente) ™.

MELAO (Cucumis melo L)

O meldo (Cucumis melo L)) é da familia das Curcubiticeas. Os frutos variam em
tamanho, forma, cor da casca, cor da polpa, a qual é comumente de coloragdo esverdeada,
amarela ou salmfo. A cor externa tipica € um amarelo intenso quando a fruta esta madura e
as sementes s3o envolvidas por uma espécie de fibras que preenchem a cavidade central do
fruto®.

Normalmente a fruta é consumida in nafura, mas € possivel encontrar a polpa
congelada de melio. A regifio Nordeste ¢ um grande polo produtor, destacando-se os

estados do Rio Grande do Norte, Ceara, Pernambuco e Bahia®.



O meldo laranja (Cucumis melo 1.) ¢ comumente chamado de “cantaloupe” nos
EUA e ¢ conhecido como boa fonte de carotendides como B-caroteno que representou
84,7 % do conteudo total de carotendides. O (-caroteno perfez 6,8 %, seguido por
pequenas quantidades de fitoflueno (2,4 %), fitoeno (1,5 %), luteina (1,0 %), violaxantina
(0,9 %), zeaxantina (0,08 %) e outros mono- e poli-hidroxi, mono ¢ diepoxi carotenoides
minoritarios’*.

Outras variedades de meldo “cantaloupe” como Honeydew, Casba e Galia também
foram investigadas. Tanto na polpa como na casca, os carotendides de cloroplastos
predominaram mas em distintas concentragé“)es. Honeydew e Casba apresentaram tragos de
carotenoides (0,2-0,3 ug/g). A cv. Galia apresentou na polpa madura € na casca teores de
1,9 ug/g e 32,0 ug/g, respectivamente. Nesta mesma cultivar a polpa teve 20 % de B-
caroteno, 28 % de luteina+violaxantina, e 1,5 % neoxantina. Na casca encontrou-se 7,5 %
de B-caroteno, 14 % de violaxantina, 32 % de luteina e 3.4 % de neoxantina®?.

Para “cantaloupe” oriundo da Califérnia, os hidroc.ﬁrbonos B-caroteno e seus
isbmeros e {-caroteno foram majoritarios. Foram encontrados todo-#rans-B-caroteno + neo-
B-caroteno A + neo-B-caroteno B (15, 157) (215,6 ug/g), todo-frams-(-carotenc (3,94
ug/g), neo-B-caroteno U (39,36 ug/g), todo-trams- e cis-fitoflueno (0,44 ug/g) e todo-trans-
e cis-fitoeno (0,38 ug/g), perfazendo um total de carotenoides de 259,72 pg/g*.

Diferentemente dos estudos anteriormente citados, a presenca de ct-caroteno foi
relatada por Bureau e Bushway'”. Dentre as 22 frutas coletadas em cinco diferentes cidades
dos EUA (Los Angeles, Dallas, Chicago, Miami, Boston), o “cantaloupe” continha os pro-

vitaminicos B-caroteno (16,43 pg/g), a-caroteno (0,009 pg/g), e B-criptoxantina (0,006

ug/g).

37



A avaliacfio dos isOmeros cis e frans dos pro-vitaminicos ¢t-caroteno, B-caroteno e
B-criptoxantina foi realizada para as frutas de “cantaloupe” provenientes do estado de
Carolina do Norte. Para a configuragfio todo-frans, foram constatadas B-caroteno (162,8
ug/g), a-caroteno (0,9 pg/g) e B-criptoxantina (0,9 ng/g)’™*.

No Brasil, a cultivar de meldo laranja, Imperial 45, proveniente do estado de Sdo
Paulo foi qualitativamente caracterizado por CLAE-EM (espectrometria de massa)®. Os
carotendides identificados foram B-caroteno, luteina, 5 6-epoxi-f-caroteno, {-carotenc e

cis-B-caroteno®.

PEQUI (Caryocar brasiliense Camb.)

O pequizeiro ou piquiazeiro € planta do cerrado brasileiro caracteristico das regides
Norte, Nordeste e Centro-oeste do Brasil. A polpa de coloragiio amarelo-intenso, branca ou
rosea, envolve um carogo duro formado por grande quantidade de pequenos espinhos.
Quando maduro, sua casca que sempre permanece da mesma cor (verde-amarelada),
amolece. E possivel da polpa preparar o licor de pequi, sendo que a polpa crua ou cozida é
fonte de gordura e alimento. Nos supermercados, é possivel encontrar a polpa e a fruta
inteira congelada®>"%°.

O pequi foi considerado uma rica fonte em pré-vitamina A*® e Caryocar villosum e
Caryocar brasiliense sio consideradas as espécies mais importantes. A espécie villosum
apresentou sete pigmentos e, diferentemente de outras frutas, apresentou conclusivamente
zeaxantina (7.8 pig/g) como majoritario. A predominéncia de zeaxantina foi considerado

por Gross® bastante incomum de ocorrer em frutas. Outros pigmentos encontrados foram
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B-carotenc | (1,2 pg/g), (-caroteno (0,5 ug/g), neo-B-criptoxantina (0,4 ug/g), B-
criptoxantina (0,4 pg/g), a-caroteno (0,1 pug/g) e tragos de 13-cis-B-caroteno.

Para a espécie Caryocar brasiliense Camb. estudada por Ramos er al.”, tanto nas
amostras cruas como cozidas, foram encontrados adicionalmente criptoflavina,
anteraxantina, mutatoxantina. O contetido total de carotenodides foi superior para a polpa in
natura (231,09 ug/g), quando comparada com a polpa cozida (154,06 ug/g), sendo a B-
criptoxantina (93,67 ug/g) encontrada em maior teor na polpa in nafura enquanto que
Zeaxantina passou a ser majoritario apos cozimento (4,32 para 79,73 ug/g).

A polpa amarela de Caryocar brasiliense Camb. originiria de Campo Grande,
estado do Mato Grosso, apresenta um teor de carotendides totais quando in natura igual a
559,0 ug/g e apds branqueamento em vapor saturado 415,7 ug/g. Durante a desidratagio da
polpa amarela do pequi tratada a diferentes concentra¢des de acido ascorbico (0,0 %, 0,2 %,
0,4% e 0,8 %) em trés diferentes temperaturas (70 °C, 85 °C e 95 °C), ocorreram perdas de
carotendides totais, sendo que o aumento da temperatura de secagem provocou uma

porcentagem maior de perda’’.

PITANGA (Eugenia uniflora 1..)

A pitanga (FEugemia umiflora 1.) pertencente & familia Myrtaceae, cresce bem e €
bastante comum na regifo AmazObnica, nas regibes umidas do Nordeste, Sudeste, Sul e
Centro-oeste. Os primeiros plantios comerciais surgiram no municipio de Bonito no estado
de Pernambuco™’,

Cavalcante e Rodriguez-Amaya"?° determinaram a composi¢do de carotendides em

pitanga in natura, polpa congelada e suco processado de amostras oriundas de diferentes
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pontos do estado de Pernambuco. Na pitanga in natura, foram identificados por CCA,
licopeno (71,8 £ 1,1 a 73,7 = 1,5 nugfg), y-caroteno (49,4 + 1,2 a 58,2 = 0,2 ug/g), B-
criptoxantina (44,8 £ 2,0 a 47,0 £ 1,0 pg/g), rubixantina (21,5 + 1,0 a 25,3 = 1,6 pglg ),
fitoflueno (11,4 + 0,5 a 16,4 + 0,7 pg/g), PB-caroteno (8,1 + 0,6 a 12,5 + 0,8 ug/g), L-
caroteno (3,6 + 0,52 6,6 + 0,4 ug/g).

Ap6s congelamento a ~18 °C da polpa de pitanga, esta foi submetida a estocagem
por um periodo de 90 dias. Os teores dos carotenodides diminuiram para licopeno (25,9 +
2,1 pgfg para 16,6 £ 0,5 ug/e), rabixantir_xa (21,6 £ 0,8 ug/g para 148 + 0.4 ug/e), v-
caroteno (14,7 0,9 ug/g para 4,5 + 0,5 ug/g), B-criptoxantina (12,3 = 0,6 pg/g para 7,6 +
0,3 ng/g), B-caroteno (7,3 + 0,4 ug/g a 2,5 + 0,2 ug/g) e {-caroteno (2,5 £ 0,4 ug/g para 1,5
+0,2 ug/g)”’.

Os mesmos autores também observaram perdas no processamento (80 °C/3 min.) de
suco de pitanga. Licopeno (57,4 + 0,9 ug/g para 22,1 + 0,1 ug/g), y-caroteno (40,3 + 0,6
ug/e para 82 + 0,8 ng/g), P-criptoxantina (35,8 £ 1,6 ug/g para 9,4 £ 0,7 ug/g),
rubixantina (17,2 + 0,8 ug/g para 16,8 + 0,5 ug/g) e C-caroteno (2,9 + 0,4 ug/g para 2,0 &
0,1 ug/g) mostraram apreciaveis perdas. O cis-licopeno (1,5 = 0,5 ug/g) e cis-y-carotenc
(1,1 £ 0,1 ug/g) foram detectados apOs processamento, enquanto que, houve um ligeiro
aumento no teor de B-caroteno (6,5 + 0,5 para 7,5 £ 0.4 pug/g). Apods estocagem de 180 dias

(temperatura ambiente média de 28 °C) observou-se uma grande queda no teor de

carotenoides®.
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CONSIDERACOES FINAIS

- Os estudos aqui relacionados demonstraram a presenca de carotendides de
cloroplastos (luteina, neoxantina, violaxantina além de P-caroteno) em abacaxi, abacate e
banana. Verificou-se variag8o na composigdo de carotendides causada pela influéncia dos
diferentes processamentos, sejam estes ultimos caseiros ou industriais. Acusaram-se
diferencas devidas ao clima ou localizag8o geografica, cultivar, producdo, estadio de
maturacdo e retirada de casca. Goiaba, melancia, melfio, mamao (cultivar Solo, Formosa e
Tailandia), pitanga s3o exemplos de frutas ricas em licopeno, enquanto que acerola,
bocaiiva, buriti, manga e marolo, contém elevados teores de P-caroteno. Além do B-
caroteno, (-caroteno também se destacou em maracujd. B-Criptoxantina foi o principal em
caja e mamio Common, enquanto que zeaxantina predominou em pequi.

A revisdo demonstra que as frutas tropicais brasileiras bem como seus derivados
preparados de modo caseiro ou industrializados s@o ainda campo de pesquisa para o
terceiro milénio. Futuros estudos devem contemplar outras frutas ainda pouco estudadas
como aragd, aroeira, licuri, jaracatia, mangostfio, murumuru, mururerana, pindaiba, sapota-

dos-solimdes, entre outras.
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ABSTRACT

Fruits are complex and variable sources of carotenoids, an important class of natural
pigments not only because of their coloring action but also because of their functional
properties associated to health. Insignificant quantities of these carotenoids were detected in
Ananas comosus (L.) Merril (pineapple). The typical pigments of chloroplasts such as
lutein, violaxanthin and neoxanthin were found at the stage preceeding the ripening of fruits
in general. {-Caroteno is the major carotenoid in Passiflora edulis f. (passion fruit), while
lycopene predominates in Psidium guajava L. (guava), Eugenia uniflora L. (Surinam
cherry), Carica papaya L. (papaya cultivars Solo, Formosa and Tailindia) and Citrullus
lanatus Schrad. ex Eckl. & Zeyh. (watermelon). In Malpighia glabra 1.. (West Indian
cherry), Mauritia flexuosa L. (buriti), Acrocomia aculeata (Jacq) Lodd. ex
Mart.(bocaiuva), Cucumis melo L. (melon) and Annona crassiflora Mart (marolo), the
carotenoid of greater concentration is B-caroteno. Major production of B-cryptoxanthin
occurs in Anacardium occidentale 1.. (caju), Spondias lutea L. (caja), and Carica papaya L.
{papaya cv. Common). Interestingly, zeaxanthin is the dominant carotenoid in Caryocar
brasiliense Camb. (pequi). Violaxanthin is the predominant carotenoid in Mangifera indica
L. (mango cultivar Keitt). The high variability of carotenoids between fruits is accentuated
by variations between samples of the same fruit due to agricultural variables (cultivar,
climate, season, stage of maturity) and effects of processing and storage of foods.
Considering the importance of data on carotenoid composition in fruits, in the present
article a review of the literature is presented covering carotenogenic tropical fruits.

KEYWORDS: Carotenoids, tropical fruit, composition, maturation, cultivars, processing
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ANEXO 1

FOTOS, NOME CIENTIFICO E FAMILIA BOTANICA

DE FRUTAS TROPICAIS
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Abacate

Nome Cientifico: Persea americana Mill

Familia botinica: Lavraceae

Abacaxi

Nome Cientifico: Ananas comosus (L.)
Merril

Familia botinica: Bromeliaceae

Acerola ou cereja-das-Antithas

Nome Cientifico: Malpighia glabra 1.

Familia botiinica: Malpighiaceae

Banana

Nome Cientifico: MusaXparadistaca 1.

Familia botinica: Musaceae

Bocaifiva / Macauba
Nome Popular: bocaiiiva, coco
babdo, macaiba, macajuba, coco-de-espinho

Nome Cientifico: Acrocomia aculeata
{Jacq.) Lodd. ex Mart.

Familia botinica: Palmae (Arecaceac)

Buriii

Nome Popular: carandd; guagu; coqueiro
-buriti; palmeira-do- brejo; miriti.

Nome Cientifico: Mauritia flexuosa 1.

Familia botanica: Palmae (Arecaceae)

57




Caja
Nome Cientifico: Spondias lutea L.

Familia botinica: Anacardiaceae

Caju

Nome Cientifico: Anacardium
occidentale L.

Familia botinica: Anacardiaceae

Gotaba

Nome Cientifico: Psidium guajava L.

Familia botanica: Myrtaceae

Maméo

Nome Cientifico: Carica papaya L.

Familia betanica: Caricaceae

Manga

Nome Cientifico: Mangifera indica L.

Familia botinica: Anacardiaceae

Maracuja

Nome Popular: maracuja-mirim;
maracuja-suspiro; maracuji-marngo;
flor-da-paixio.

Nome Cientifico: Passiflora L.

Familia botinica: Passifloraceae
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Marolo

Nome Popular: araticum ou marolo

Nome Cientifico: Annona crassiflora
Mart.

Familia botAnica: Annonaceae

Melancia

Nome Cientifico: Citrullus vuigaris
Schrad. ex Eckl. & Zeyh.

Familia botAnica; Cucurbitaceae

Meldo

Nome Cientifico: Cucumis melo L.

Familia botanica: Cucurbitaceae

Pequi

Nome Cientifico: Cariocar brasiliense
Camb.

Familia botinica: Caryocaraceae

Pitanga

Nome Cientifico: Fugenia uniflora L.

Familia botanica: Myrtaceae
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Pink-fleshed guava and guava products as rich sources of lycopene,

Effect of industrial processing

Abstract

The principal carotenoids of guava and guava products were quantified by HPLC.
The analytical method was first assessed for accuracy, particularly for lycopene.
Lycopene and B-carotene levels of 66.0 pg/g and 4.3 pg/g and 57.0 pg/g and 2.3 pgfg,
respectively, were found in guava cuitivars Paluma and Ogawa from the state of Séo
Paulo (Southeastern Brazil). For three brands each of “goiabada”, frozen pulp and guava
juice taken from the market, the ranges for lycopene were 59.8-83.0 ug/g, 37.4-72.6
ug/g and 32.6-60.0 ug/g, respectively. The respective B-carotene ranges were 3.7-7.4,
2.7-4.5 and 2.1-3.4 pg/g. Concentration changes during industrial processing were also
monitored, the lvcopene content immediately after processing being 83.9 pg/g in
“goiabada”, 134.0 ug/g in refined pulp and 98.3 pg/g in “guatchup.” Although
degradation occurred during processing, both fresh and processed guava proved to be

rich sources of Iycopene.

Keywords: guava, carotenoids, lycopene, analysis, processing.
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1. Introduction

Lycopene has drawn considerable attention because of its potential health promoting
effects in terms of reducing the risk of degenerative diseases such as cancer and
cardiovascular diseases (Clinton, 1998; Gerster, 1997; Giovannucci, 1999; Sies & Stahl,
1998; Stahl & Sies, 1996). This vitamin A-inactive caroienoid has been shown to be
more effective in the quenching of singlet oxygen than the provitamin f-carotene (Di
Mascio, Kaiser, & Sies, 1989).

Unlike many countries where tomato and tomato-based products are practically the
only food sources of lycopene, Brazil has several food sources, such as pink-fleshed
guava (Padula & Rodriguez-Amaya, 1983, 1986), red-fleshed papaya (Kimura,
Rodriguez-Amaya, .& Yokovama, 1991), watermelon (Niizu & Rodriguez-Amaya,
2003) and pitanga (Eugenia uniflora L.) (Cavalcante & Rodriguez-Amaya, 1992). This
country is a major producer of pink-fleshed guava, which is commercially cultivated in
the states of S3o Paulo, Rio Janeiro, Minas Gerais, Pemambuco and Bahia. The annual
production of guava was 82,207,000 fruits in 1996, reaching 1,960,223,000 fruits in
2000, decreasing to 321,127,000 fruits in 2002 (Instituto Brasileiro de Geografia e
Estatistica, 2004). In terms of production, this fruit ranked 8™ among all fruits in 1996,
falling to 11% in 2002.

Guava producers have been making a conscientious effort to seek better cultivars and
diversify and improve guava products, including raising the lycopene content. Thus,
although Brazilian guava and guava products have been studied previously (Padula &
Rodriguez-Amaya, 1983, 1986; Wilberg & Rodriguez-Amaya, 1995), there has been a
change in the cultivars that are being marketed and in the industrial products derived

from guava, aside from refinements in the analytical method. This study was therefore
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carried out to determine the lycopene and P-carotene contents of current commercial

cultivars and processed products and to evaluate losses during industrial processing.

The highly unsaturated carotenoid molecule is known to be susceptible to degradation
during processing and storage of fruits. On the other hand, processing can increase the
bioavailability, as in the case of lycopene in heat-processed tomato juice (Stahl & Sies,
1992) and tomato paste (Géariner, Stahl, & Sies, 1997). Processing conditions should
therefore be optimized so as to minimize losses of these important compounds while

increasing their bioavailability.

2. Materials and methods
2.1. Evaluation of the method

The carotenoid extract was prepared according to Rodriguez-Amaya (1999). Guava
fruits were quartered and homogenized in a Waring blender. With a mortar and pestle
the carotenoids were extracted with cold acetone (a total about 200 ml per sample) from
guava samples (6 g), the extraction and subsequent filtration being repeated until the
residue became colourless (5 times). The carotenoids were partitioned to petroleum
ether (70-100 ml) and concenirated in a rotary evaporator (temperature < 35 °C) to a
volume of 25 ml. The total carotenoid content was determined spectrophotometrically,
using the absorption at the maximum wavelength (Ana) (470 nm in petroleum ether)
and the absorption coefficient of lycopene (A ;1 = 3450) (Davies, 1976). From this

solution, an aliquot (5 ml) was evaporated with N, redissolved in HPLC grade acetone,
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filtered in a syringe filter (0.22 pm PTFE) and a 10 pl aliguot was injected into the
liquid chromatograph. The rest of the solution (20 ml) was concentrated in the rotary
evaporator and the carotenoids separated by open column chromatography (OCC) with
MgO:Hyflosupercel (1:2) as adsorvent (Rodriguez-Amaya, 1999). B-Carotene was
eluted from the column with 0.5-1% ethyl ether in petroleum ether and lycopene with
12-18% acetone in petroleum ether. The concentration of each carotenoid was
determined spectrophotometricaily.

A Varian liquid chromatograph (model 9010) equipped with a UV-visible photodiode
detector (Waters model 994) was used. The column was Cys Vydac 218TP254, 5 um,
250 x 4.6 mm, the mobile phase consisting of tetrahydrofuran:water:methanol (15:4:81).
The flow rate was 0.5 mi/min Quantificaion was carned out by extemal
standardization. The calibration curve was constructed with five points in triplicate, the
concentration ranging from 43.6 to 218.0 pg/ml for lycopene and from 2.2 to 11.1
ug/mi for B-carotene. The coefficient of correlation was 0.9918 for lycopene and 0.9996

for B-carotene.

The standards were isolated from guava fruit (20-50 g) by OCC as described above,
and the average purity of the standards monitored by HPLC was 94 % for B-carotene
and 96 % for lvcopene. The concentrations of the standard solutions were corrected
accordingly.

The lycopene concentration was also calculated from the total carotenoid content
determined spectrophotometrically corrected by the percentage of the area of the
lycopene peak in relation to the total area of all absorbing carotenoids at the Agax of

Iycopene of the HPLC chromatogram.
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The parameters used for the identification of lycopene and B-carotene were the
absorption spectra, order of elution from the column, retention time and co-

chromatography with carotenoid standards.
2.2. Determination of the principal carotenoids of marketed fresh and processed guava

Samples of fresh guava, cultivars Paluma and Ogawa, were supplied by the Brazilian
Association of Guava Producers (GOIABRAS), through their central office in Sdo
Paulo. These guavas were ovoid in shape with a mean length of 7 and 6 cm for the
Paluma and Ogawa cultivars, respectively.

Five sample lots'were analyzed individually for each cultivar. Each lot consisted of
15 fruits, which were quartered and two opposite sections from each fruit were
combined and homogenized in a Waring blender. Analytical samples of 6 g were taken
for analysis; the total carotenoid content was determined spectrophotometrically and the

lycopene and B-carotene concentrations by HPLC as described above.

Three brands each of “goiabada”, a popular traditional guava dessert (sold in blocks),
frozen pulp and juice were also analyzed. The samples were bought at supermarkets in
the city of Campinas. For each brand, five sample lots were analyzed individually, three
units of 100 g and 500 ml, being taken at random at the market for each lot of frozen
pulp and juice, respectively. For “goiabada”, each lot was made up of three 500 g units.
For each lot, the three units were mixed and homogenized in a Waring blender;

“goiabada” had 1o cut into Ix2 cm slices first. Five g samples were submitied to

analysis.
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2.3. Evaluation of the effect of industrial processing

Guava cultivar Paluma was processed in the modem industrial plant of Indﬁsuia de
Polpas e Conservas Val Lida. The flowsheet and the points at which analytical samples
were taken are shown in Figure 1. Processing consisted initially of fruit reception and
washing. After fruit selection, the fruits that had only small defects were trimmed fo
make them acceptable for processing. The fruits were pulped in a paddie pulper to a
puree, followed by enzyme inactivation (90-94.5°C), then pumped to the finisher to
remove seeds and fibrous skin tissues through a 1.5 mm diameter screen. This pulp was
used for “goiabada” and *“guatchup” processing. For “goiabada”, after adding sugar and
citric acid, the pulp was concentrated (60-65°C, 2.5 h) to 74.8°Brix and hot filled into
Flow-Pack boxes of 500 g. For “guatchup” the finished pulp could be used immediately
or stored after refining until use. The pulp was refined in a colloidal mill (Ursheli,
USA), concentrated to 13.9°Brix, pasteurized and packed in asseptic bags (200 kg). For
“guatchup”, condiments, paprika, vinegar and xanthan gum were added to the refined
pulp, followed by concentration to 33 °Brix, pasteurization and hot filling/bottling The
°Brix was determined by an Abbe refractometer (Lambda 2WAJ, 20°C) and the pH by a
pHmeter (Micronal, model B474, 25 °C). Moisture was determined by drying to

constant weight in an air oven at 105°C.

Thirty guava fruits, three units of 500 g of “goiabada”, three units of 1 to 2 kg of
refined pulp and three units of 1 kg “guatchup” were taken at the initial, middle and
final part of the conveyor at the processing plant. The fiuits were quartered and two
opposite sections from each fruit were combined and homogenized in a Waring blender.

For “goiabada”, refined pulp and “guatchup”, the three units of each lot were mixed and

71



homogenized. Ten g of guava fruit and 5 g of the processed products were used for
carotenoid extraction.
“Guatchup” is a new product developed by the Brazilian Association of Guava

Producers, as an altemative to the tomato catchup.

2.4. Statistical analysis

The results obtained with the method evaluation were submitted to analysis of

variance (p < 0,05) and the Tukey’s test.

3. Results and discussion

3.1 Method performance

Participating in interlaboratory studies and analysis of certified reference materials
are considered the best means of verifying a laboratory’s capability to obtain accurate
results. Both procedures are, however, costly; access to interlaboratory studies is rare
and availability of reference materials that resembie the food samples of interest in
terms of matrix and carotenoid composition is limited. Thus, laboratories must have

some other means of verifying the validity of their results.

Among the carotenoids, lycopene has drawn concern analytically because of reported
low recoveries from HPLC column and high intralaboratory (Hart & Scott, 1995) and

interlaboratory (Scott, Finglas, Seale, Hart, & Froidmoni-Gortz, 1996) coefficients of
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variation. A lower range of linearity was also found for this carotenoid (Riso & Porrini,
1997). Konings & Roomans (1997) observed a considerable loss of lycopene, about
46%, even when biocompatible hastalloy frit was used. Metal surfaces, parﬁcularly
stainless steel frits in the guard and analytical columns, were previously reported to
promote carotenoid degradation (Scott, 1992), thus the use of metai-free columns and
tubing for column connections had been recommended (Craft, Wise, & Soares, 1992;
Hart & Scott, 1995). Because of the analytical problems with the HPLC determination
of lycopene, even after two interlaboratory studies (Scott et al.,, 1996; Sharpless, Gill,
Margolis, Wise, & Edgar, 1999), no reference material has been certified for lycopene;
only reference values are given for a baby food composite and a dehydrated vegetable
mix.

In the present study, before the lvcopene concentrations in fresh and processed guava
were determined and refention during processing was appraised, the analytical method |
was evaluated to guarantee the reliability of the results (Table 1). The lycopene
concentrations obtained by correcting the fotal carotenoid content with the area
percentage of lycopene, by the open column method and by HPLC are equivalent for
samples 3 to 8 (six out of 10 samples). The lycopene contents obtained by the HPLC
method are significantly higher (p < 0.05) for samples 1 and 10. Especially for sampie
1, the value appears erroneous because it is higher than the total carotenoid content. For
samples 2 and 9, the values obtained by open column method are significantly higher.
The results showed that errors could occur in either the OCC or HPLC method; thisis a
complicated analysis that requires careful execution whatever method is used. In any
case, the results showed that degradation of lycopene did not occur in the HPLC and
open column methods used. Determining the total carotencid content and correcting for

the presence of minor peaks in a food sample containing about 90 % lycopene is a rapid
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estimation of the concentration of this carotenoid. It is also an effective and simple
means of verifying the coherence of quantitative data obtained by HPLC and open
column methods, including the occurrence of degradation. The procedure can also be
used for other carotenoids in samples where there is a single predominating carotenoid.
Being the current method of choice internationally and considering the availability of

the instrument in our laboratory, the HPL.C method was used in the rest of this wérk

3.2 Lycopene and [-carotene contents of marketed guava and guava products |

B-Carotene exhibited a spectrum with Ams at 428 (shoulder), 455 and 480 nm in the
HPLC mobile phase with little fine spectral structure (% III/I = 25), consistent with a
chromophore of 11 conjugated double bonds, two of which situated in B-rings. The
absence of substituents was indicated by the retention time of 18.3 minutes under the
chromatographic conditions used. This carotenoid co-chromatographed with B-carotene
standard.

Lycopene absorbed maximally at 442, 473 and 502 nm in the HPLC mobile phase
with defined peaks (% II/Il = 67), commensurate with an acyclic structure with 11
conjugated double bonds. This carotenoid had a retention time of 23.0 minutes,
indicating the absence of substituents and it co-chromatographed with lycopene

standard.
The lycopene and B-carotene contents of fresh and processed guava are shown in

Table 2 and the typical chromatogram is presented in Figure 2. Lycopene comprised

about 91 and 93% of the total carotenoid content of the guava cultivars Paluma (66.0
ug/g) and Ogawa (57.0 ug/g), respectively, the levels being generally higher than those

found in the cultivar IAC-4 from the state of Sdo Paulo (53.4 pg/g) and guavas of
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unknown cultivars from ﬂ1e states of Pernambuco (53.4 ug/g), Ceard (48.5 and 47.0
ug/g for the round-shaped and pear-shaped guavas, respectively) and Rio de Janeiro
(44.8-58.6 ng/g) analyzed previously (Padula & Rodriguez-Amaya, 1986; Wilberg &
Rodﬁguez—Mmy& 1995). The cultivar Paluma has now substituted the cultivar IAC-4,
which used to be the most commercialized guava in Sdo Paulo.

The cultivar Paluma also had a higher B-carotene content (4.3 Lg/g) than the cultivar
Ogawa (2.3 pg/g). The B-carotene content obtained in this study for the cultivar Paluma
is also higher than that encountered by Padula and Rodriguez-Amaya (1986) for guava
IAC-4 of Sao Paulo (3.7 pg/g), but was lower than those of guavas from Ceara (6.6

ng/g for the round-shaped and 5.5 pg/g for the pear-shaped) and Pernambuco (11.9

Hey/'g).

The lycopene levels of the guava cultivars Paluma and Ogawa obtained in the present
study are higher than those found in watermelon cultivar Crimson (36.0 pe/g ) (Niizu &
Rodriguez-Amaya, 2003), papaya cultivar Formosa (19 pg/g) (Kimura et al., 1991) and
tomato cultivars Santa Cruz (31.1 pg/g) (Tavares & Rodriguez-Amaya, 1994) and
Carmen (35.4 pg/g) (Niizu & Rodriguez-Amaya, 2004), but lower than that of pitanga
(71.1 pg/g) (Porcu & Rodiguez-Amaya, unpublished resulf). All the above values are
those of fruits produced in S0 Paulo to eliminate geographic effects in the comparison.

“Goiabada™ had 59.8 to 83.0 pg/g of lycopene and 3.7 to 7.4 ug/g P-carotene, brand
A presenting the higher levels. Since this is a concentrated product which should have
much higher carotenoid contents than the fresh fruit, degradation apparently occurred,
commensurate with the long and drastic processing condition.

For the frozen pulp, lycopene ranged from 37.4 to 72.6 pg/g and B-carotene from a

2.7 to 4.5 pg/g, brand E and brand D having higher Iycopene and B-carotene contents,
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respectively. In the juice, iycopene varied from 32.6 to 60.0 pg/g and B-carotene from
2.1 10 3.4 pg/g, with brand G having the higher lycopene levels. The wide variation and
the lower values obtained for both products indicate that optimization of pr;)cessing
conditions is warranted to have better levels of lycopene in brands D and F of frozen
pulp and brands H and I for juice. Variation in the carotenoid contents of processed
products can be due to compositional variability of the raw material and variation in the
duration and conditions of processing The frozen pulp is not submitted to heat
treatrient and thus not subject to thermal degradation, but enzymatic oxidation can
occur. On the other hand, the thermal processing of the juice can provoke oxidative

degradation.
3.3 Effect of industrial processing

The concentrations of lycopene and ﬁ-camtme during industrial processing were also
monitored (Table 3). In the guava raw material, lycopene and f-carotene were 85.2 and
4.5 pg/g, respectively. In the manufacture of “goiabada™, the “Brix increased from 9.5 to
74.8 °Brix, and the moisture content reduced from 84 % to 23 %, demonstrating
concentration. of the product, which should result in much higher carotenoid levels.
“Goiabada”, however, had similar lycopene céntent (83.0 ng/g) and only a slightly
higher B-carotene level (5.8 ng/g). Indeed, the percent retention, calculated on a dry
weight basis, was only 20% for lycopene and 27% of B-carotene. Thus, considerable
degradation occurred during the drastic processing, confirming the analytical data

obtained with the marketed “goiabada”.
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The higher lycopene (134.0 pg/g) and B-carofene (9.7 pg/g) contents of the refined
pulp suggested some loss of water during processing, as indicated by the slightly higher

°Brix (from 9.5 to 13.9 °Brix).

Since other ingredients (condiments, paprika, vinegar and xanthan gum) were added
in the manufacture of “guatchup”, no conclusion can be drawn about its carotenoid

content. In any case, all products including “goiabada” are rich sources of lycopene.
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Fig. 1. Flowsheet of the industrial processing of pink-fleshed guava products, illustrating the four

points where samples were collected.
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Fig. 2. Typical HPLC chromatogram of the carotenoids of pink-fleshed guava fruit.
Identification of peaks: (1) P-carotene, (2) lycopene. Chromatographic conditions:
Column C;s Vydac 218TP254 (5 pm, 250 x 4.6 mm); Mobile phase:

tetrahydrofuran:water:methanol (15:4:81) at 0.5 mi/min.
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Table 1.

Comparison of the concentration of lycopene (ug/g) in pink-fleshed guava obtained by

different methods

Guava Total carotenoid Corrected total Lycopene by Lycopene by

sample carotenoid OCC method HPLC method
1 68.8+0.2 61.911.0Db 63.7+x0.1b 724+33a
2 78.1+09 66.9+04b 731+16a 673+06b
3 73.6+1.0 67.5 +1lla 628+15a 67.1+00a
4 78.0+ 00 68.6+1.8a 693+08a 674+57a
5 687106 60.2+02a 60.9+01a 60.2+13a
6 555%12 497+13a 487+ 1.0a 5194+30a
7 62.7+04 55.7+04a 573+08a 61.1+t34a
8 605+1.] 347+x1.1sa 528+28a 521%24a
9 564+ 1.0 499+03b 553x24a 496+06b
10 71.4+0.5 646x00b 63.7+£03b 695+03a

Means and standard deviations of duplicate analysis.

Means followed by the same letters in the same line did not differ stafistically at 5%

level of significance.

85



Table 2.

Lycopene and PB-carotene contents (ug/g) of pink-fleshed guava fruit and processed

guava products marketed in Campinas, Brazil

Sample Origin Total Lycopene B-Carotene
Municipality/state carotenoid

Guava
cv. Paluma Monte Alto/Sao Paulo 72.5+5.1 66.0x£52 43+£13
cv. Ogawa Monte Alto/Sio Paulo 61364 57.0+8.1 23+08
“Goiabada”
Brand A Vista Alegre do Alio/S&oPaulo 882+ 12.5 83.01+6.06 T4 +44
Brand B Goidnia/Goias 66.3+3.7 598+58 3728
Brand C Neropolis/Goias 756x161 6502130 40+25
Frozen pulp
Brand D Feira de Santana/Bahia 471+13.6 374+122 45+20
Brand E Jundiai/S&o Paulo 85.1£21.9 726%17.6 35+£07
Brand F Petrolina/Pernambuco 482+169 437+93 27+12
Processed juice
Brand G Jundiai/Sao Paulo 63.4+41 60.0x 4.6 32x06.7
Brand H Araguari/Minas Gerais 347+44 326+3.6 21+£05
Brand I Mogt das Cruzes/Séo Paulo 48.1+208 458120.0 34x1.1

Means and standard deviations of 5 sample lots analyzed individually in duplicate.
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Table 3.

Changes in carotenoid contents (ug/g), °Brix, pH and moisture (%) during industrial

processing of pink-fleshed guava
Sample Total Lycopene P-carotene ‘Brix pH  Moisture
carotenoid

Guava (cv. Paluma) 928+95 852+47 45+25 95 353 84

“Goiabada” 945+28 839+20 58+13 748 3.69 23
Refined pulp 1468+12 1340130 97119 139 367 ——
“Guatchup” 1256+08 983+13 58103 330 350 73

Means and standard deviations of 3 sample lots analyzed in triplicate.
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Abstract

Neoxanthin, violaxanthin, lutein, B-crypioxanthin, o-carotene and P-carotene were
found in the acerola fruit. B-Carotene predominated with mean concentrations of 12.4
and 38.1 pug/g in the ripe fruit, 8.8 and 30.1 pg/g in the peeled ripe fruit and 5.4 and 12.0
g/g in the partially ripe fruit of an undefined variety taken from home gardens and the
commercial cultivar Olivier, respectively. Except for lutein in the garden fruits and
neoxanthin in the commercial fruits, all carotenoids had lower levels in the partially ripe
fruits. Peeling reduced the levels of the provitamins A B-carotene and «-carotene;
violaxanthin and lutein decreased in the commercial fruits and the other carotenoids
remained virtually unchanged. Four brands of frozen pulp had B-cryptoxanthin (0.2 fo
1.0 ug/g), a-carotene (0.1 to 0.5 pg/g), and B-carotene (3.0 io 16.5 ng/g). Lutein (1.0 to
1.2 ug/g) was found in brands B, C and D; only brand D had neoxanﬁﬁn (0.5 pg/g) and
brands C and D, violaxanthin {0.02 to 0.4 pg/g). In three brands of processed juice, the
ranges for lutein, B-cryptoxanthin, a-carctene and B- carotene were 0.2 to 0.6 pg/g, 6.4

to 1.0 pg/g, 0.2 t0 0.7 pg/g and 2.7 to 10.1 pgfg, respectively.

Keywords: Carotenoids, acerola, §-carotene, liquid cromatography, processed products.
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INTRODUCTION

Brazil has a wide variety of tropical, subtropical and temperate fruits that are
carotenogenic (Rodriguez-Amaya, 1999b, 2002). Among the tropical Brazilian fruits is
acerola (Malpighia glabra Linn.) of the family Malpighiaceae. Dark red when ripe, the
succulent fruit originated from Central America and north of South America. It is also
known popularly as cherry of Antilles, cherry of Barbados or West Indian cherry (Silva,
1996). Production of this fruit is increasing worldwide with Brazil as the leading
producer.

In Brazil, acerola is now widely consumed as fresh fruit, fresh and thermally
processed juice, frozen pulp transformed into juice just before consumption or juices in
combination with other fruits. Acerola is being produced commercially for both the
domestic market and for export to Japan, U.S.A. and Europe. There is good potential for
expansion, but more research on this fruit is needed. For many years, the same
undefined variety was produced. In more recent years, concomitant with commercial
production, improved varieties are being developed.

Considered as one of the richest natural sources of vitamin C (Asenjo and Moscoso,
1950; Vendramini and Trugo, 2000), acerola is also a good source of f-carotene. In
acerola of an umspecified variety, this carotenoid varied from 4.0 pug/gto 21.5 and 25.8
ug/g in fruits from Sdo Paulo (Southeastem Brazil), Ceard and Pernambuco (the last
two states are both of Northeastern Brazl) (Cavalcante and Rodriguez-Amaya, 1992),
indicating that the hot climate of the Northeastem region favored carotenoid

biosynthesis.
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The purpose of the present work was to determine the concentrations of the carotenoids
of acerola fruit, verifying the effects of stage of maturity and peeling, and of frozen pulp
and botiled fruit juice.

MATERIALS AND METHODS

Sample Collection

Five sample lots of acerola (Malpighia glabra L..) were collected from home gardens
in the city of Campinas, state of S3o Paulo, Brazil, during the seasons of October/2000
to February/2001 and October/2001 to February/2002. Each lot consisted of 60 to 100
fruits, from which 15 to 20 fruits each were taken for the analysis of ripe, ripe and
peeled, and partially ripe fruits. An orange-red peel characterized the partially ripe stage
and the fully red peel the ripe stage. The partially ripe fruits had an average weight of 5
g and a mean size of 2 x 2 om, wereﬁrman;lhadasourtaste. The ripe fruits had the
same weight and size as the partially ripe fruits, had softer texture and also a sour taste.
The fruits were deseeded and homogenized with a food processor. Two subsamples of
15 to 20 g samples were taken for analysis.

Three sample lots of acerola were also purchased at a supermarket in Campinas in
January/2002, origiﬁaﬁng from a commercial orchard m Junqueirépolis, state of Sio

Paulo. These fruits were of the cultivar Olivier, which was developed and optimized by
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the Agricultural Association of Junqueirépolis for commercial production in this region.
Each sample lot consisted of 60-70 fruits, having a mean size of 2x 2.5 cm, froxil which
10-15 fruits each of ripe, ripe and peeled, and partially ripe fruits were taken. After
deseeding and homogenizmg with a food processor, subsamples of 15 g were taken for
analysis.

Three brands of processed fruit juice and four brands of frozen pulp were bought at
supermarkets in Campinas. Each lot consisted of three units (500 mL bottles, 100 g
packages), the contents of which were homogenized in a food processor, 15 g of frozen

pulp and 15 to 20 g of bottled fruit juice being taken for analysis.

Methods

Isolation of Carotenoid Standards and Construction of Standard Curves

Standards of neoxanthin violaxanthin and lutein were isolated from parsley, B-
cryptoxanthin was obtained from frozen pulp of acerola, and a-carotene and B-carotene
from carrot. The carotenoids were extracted (from about 30 g of parsiey, 100-200 g of
frozen acerola pulp and 20-30 g of carrot) with cold acetone and the extract of the
frozen pulp saponified (the exiracts of parsley and carrot were not saponified) as
described below. After concentration in a rotary evaporator, the desired carotenoids
were isolated by open column chromatography (OCC) using an activated
MgO:Hyflosupercel (1:1) column, according to Kimura and Rodriguez-Amaya (2002).

Violaxanthin was eluted from the column with 12% acetone, lutein with 18% acetone
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and neoxanthin with 50% écetone in petroleum ether. a-Carotene and P-carotene were
eluted with 0.5% and 1% ethyl ether in petroleum ether, respectively. Bmcmpt;)xanthin
was eluted from the column with 5% acetone in petroleum ether. The carotenoid
concentrations were determined spectrophotometrically (Davies, 1976).

The average purity as verified by HPLC was 99%, 99%, 93%, 95%, 96% and 96% for
violaxanthin, lutein, neoxanthin, o-carotene, p-carotene and B-cryptoxanthin
respectively. The concentrations of the standard solutions were corrected accordingly.

Aliquots of the carotenoid isolates (in petroleum ether) were taken in volumes that
would give the relative proportion found in the samples, mixed and made up to volume.
Aliquots were transferred to culture tubes and dried under N3 Immediately before
injection, the carotenoids were redissolved in HPLC grade acetone (1 mL) and filtered
through a syringe filter (0.22 um PTFE), 10 pL being injected into the liquid
chromatograph. Standard curves were constructed, consisting of five points in triplicate.
The curves passed through the origin, bracketed the expected concentrations of the
carotenoids in the samples and had coefficient of cérreiaﬁon of 0.9905, 0.9932, 0.9928,
0.9956, 0.9999, and 0.9982 for violaxanthin, lutein, neoxanthin, o~carotene, B-carotene

and B-cryptoxanthin, respectively.
Carotenoid Analysis

The carotenoid extract was prepared according to Rodriguez-Amaya (1999a). The
carotenoids were extracted from the acerola samples with cold acetone (total of about
150 mL per sample) with a mortar and pestle, the extraction and subsequent filtration

being repeated unti the residue turned colorless (5 times). The carotenoids were



partitioned to petroleum ether (70-100 mL) and saponified overnight with equal volume
of 10% K.OH in methanol with 0.1% BHT. Afier washing to neutral pH, the carotenoid
solution was concentrated in a rotary evaporator (T < 35°C) and brought to dryness
under nitrogen. The carotenoids were injected into the HPLC equipment as described
above.

The HPLC system consisted of a Waters separation module (model 2690), equipped
with an autosampler injector and 2 UV-visible photodiode array detector (Waters model
996), controlled by a Millenium workstation (version 2010)_. Detection was at the
wavelengths of maximum absorption (max plot: 420-550 nm). Reversed phase
chromatography was carried out, using 2 monomeric Cjs column (Spherisorb ODS2, 3
um, 4.6 x 150 mm). The mobile phase consisted of acetonifrile contamning 0.05%
triethylamine, methanol and ethyl acetate, in a concave gradient (curve 10) from a
proportion of 90:10:0 to 55:10:35 in 30 min, mainfaining the last proportion until the
end of the run Reequilibration took 15 min The flow rate was 0.5 mL/min The
average room temperature was 21°C.

Identification of the carotenoids was done according to Rodriguez-Amaya (1999a).
This involved the combined use of retention times, co-chromatography with authentic
carotenoids, visible spectra (Amsx and spectral fine structure) obtained with a recording
spectrophotometer (Beckman, model DU®640) and with the photodiode array detector.
Quantification was done by external standardization.

To express the spectral fine structure, the % IIVII was calculated. This is the ratio of
the height of the longest-wavelength absorption peak, designated III, and that of the
middle absorption peak, designated II, taking the minimum between the two peaks as

baseline, multiplied by 100 (Britton , 1995).



Comparison of OCC and HPLC Determination of -Carotene

Carotenoids were extracted from homogenized samples of ripe acerola (15-20 g)
and partitioned to petroleumn ether as described above. The petroleum ether solution was
reduced to a volume of 50 mL. From this solution, an aliquot (5-10 mL) was evaporated
with N, redissolved in HPLC grade acetone, filtered in a syringe filter (0.22 um PTFE)
and injected (10 pL) mto the liquid chromatograph (HPLC conditions are described
above). The rest of the solution (40-45 mL) was concentrated in the rotary evaporator (T
< 35°C) and B-carotene was separated by OCC with MgO:Hyflosupercel (1:1) as
adsorvent (Rodriguez-Amaya, 1999a). B-Carotene was eluted from the column with 0.5-
1% ethyl ether in petroleum ether and the concentration was determined

spectrophotometrically.

Statistical Analysis

The results obtained by OCC and HPLC were evaluated by analysis of Paired T-Test

using Minitab Release 14, Statistical Software for Windows.

RESULTS AND DISCUSSION

Qualitative Composition

Typical chromatograms of the carotenoids of acerola are shown in Figure 1. The

following carotenoids were identified in the fruit: neoxanthin (5°,6’-epoxy-6,7-
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didehvdro-5,6,5°,6 tetrahydro-p,B-carotene-3,5,3 -triol),  violaxanthin  (5,6,5°,6’-
diepoxy-5,6,5",6’-tetrahydro-, B-carotene-3,3”-diol), lutein (B,s-ca:ofene-3,3’-&iol), B-
cryptoxanthin (8,B-caroten-3-0l), o-carotene (P,s-carotene) and B-carotene (B,B-
carotene).

Neoxanthin: The absorption spectrum with (An., at 414, 438, 466 nm in petroleum
ether and at 415, 439, 467 nm in the mobile phase and defined fine structure, % II/II =
88) were consistent with a carotenoid having nine conjugated double bonds and an
allene group in the polyene chain.

Violaxanthin: The Ay at 416, 440, 469 nm in petroleum ether and at 417, 442, 471
nm in the mobile phase and the well defined fine structure (% I/ = 98) of the UV-
visible spectrum were characteristic of a carotenoid with nine conjugated bonds in the
polyene chain.

Lutein: The absorption spectrum (Ayx af 422, 444, 473 nm in petroleum ether and at
424, 448, 476 nm in the mobile phase and less fine structure, % I}I/H = 60) was fypical
of a carotenoid with 10 conjugated double bonds, nine in the polyene chain and one in
p-ring.

B-Cryptoxanthin: The absorption spectrum with Am.x at 425 (shoulder), 448 and 476
nm in pefroleum ether and at 428 (shoulder), 454, 480 nm in the mobile phase and much
lower spectral fine structure (% /I = 25), was that of a carotenoid with 11 conjugated
double bonds, nine in the polyene chain and two in B-rings.

a~Carotene: The absorption spectrum similar to that of lutein was compatible with a
chromophore of 10 conjugated double bonds, one of which situated in a -ring and nine

in the polyene chain.
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p-Carotene: The absorption spectrum resembled that of B-cryptoxanthin, reflecting the
11 conjugated double bonds, two of which situated in B-rings. |

The order of elution from the HPLC column and co-chromatography with the
corresponding standards completed the identification. Identification of the carotenoids
of acerola has been confirmed by HPLC-MS (mass spectrometry) by Azevedo-Meleiro

and Rodriguez-Amaya (2004).
Quantitative Composition

The B-carotene contents obtained by open column and HPLC methods are presented
in Table 1. The results for eight samples did not differ significantly (p < 0.05), attesting
to the reliability of both methods and showing that either method could be used to quan
tify B-carotene.

The quantitative composition of acerola is presented in Table 2. B-Carotene, the
principal carotenoid, comprised about 69% and 86% of the total carotenoid content of
the ripe fruits from the garden and commercial orchard, respectively (Table 2). Notably,
the P-carotene content of the commercial ripe fruits (cultivar Olivier) was three times
that of the garden fruits, demonstrating the superiority of the commercial variety, aside
from optimized conditions of production.

Ripe acerola also from the state of SHo Paulo, investigated by Cavalcante &
Rodriguez-Amaya (1992), had lower B-carotene content than the values obtained in the
present study. Since the OCC method used by Cavalcante & Rodriguez- a was
shoﬁm to be equivalent (Table 1) to the HPLC method emploved in the present study,

the differences appear to be patural variation. Because there was no preoccupation in the
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previous study to separatel the fully ripe and partially ripe cherries, stage of maturity
could be one of the influencing factors. |

Peeling of the ripe fruit resulted in lower concentrations of a-carotene and P-carotene
in both garden and commercial fruits (Table 2). Violaxanthin also decreased on peeling
in the supermarket lot. All the other carotenoids remained virtually unchanged. B-
Carotene increased 2 to 3 times from the partially ripe to the ripe fruits. There was also
an increase in o-carotene, P-cryptoxanthin and violaxanthin, Enhancement of
carotenoid formation during ripening was also observed in studies of other fruits (Gross,
1987; Rodriguez-Amaya, 1993, 1999b; Hulshof et al, 1997: Mercadante and
Rodriguez-Amaya, 1998).

The B-carotene content of the whole ripe acerola, cultivar Olivier, is higher than those
of mango cultivars Bourbon (8.1 ug/g), Haden (6.6 pg/g), Extreme (25.4 ug/g), Golden
(18.0 ug/g) (Godoy and Rodriguez-Amaya, 1989) and Tommy Atkins (5.8 pg/g)
(Mercadante and Rodriguez-Amaya, 1998), and loquat (7.8 ug/g) (Godoy and
Rodriguez-Amaya, 1995). All these values are those of fruits produced in Sdo Paulo to
eliminate geographic effects in the comparison.

Tables 2 and 3 show the concentrations of the principal carotenoids of the frozen pulp
and fruit juice of acerola, respectively. Processing altered the carotenoid composition
qualitatively and quantitatively.

For the frozen pulp, the product from Sdo Paulo (Southeastern Brazl) (brand D) had
higher carotenoid levels (Table 3). Considering the work of Cavalcante and Rodriguez-
Amaya (1992), which demonstrated high P-carotene levels in acerola from the
Northeastern region, these results indicates better quality control in the Sfo Paulo

processing plants, aside from using the 8-carotene-rich cultivar Olivier as raw material.
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Nevertheless, the B-carotene content of brand D was still only about half of that of the
fresh fruit. Since the frozen pulp was not submitted o thermal treatment, this 16w value
was apparently due to enzymatic oxidation. The food processor should consider
blanching to inactivate the enzyme responsible for carotenoid oxidation. Neoxanthin
was not detected in the brands manufactured in the Northeast. Of the three Northeastern
brands, violaxanthin was found in brand C, lutein was not detected in one brand and
brand C had the highest carotenoid levels.

The carotenoid contents of the juice were generally low (Table 4). Neoxanthin was
not detected in any one of the three brands of juice. Violaxanthin was not detected in
brand E and it was found at very low and trace levels in brands F and G, respectively.
The low levels could be due to any one or a combination of the following causes: (a)
there could be an appreciable amount of partially ripe fruits in the raw material used; (b)
the peel or at least part of the peel was removed during the pulping process; (c)
degradation occurred during the thermal processing; (d) the raw material or the juice
were stored for some time. Brand E was especially low in carotenoids, indicating lack of

quality controi at the processing plant.
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Figure 1. Typical HPLC chromatograms of the carotenoids from West Indian cherry
{Malpighia glabra L.), cultivar Olivier, fresh fruit. (A) partially ripe; (B) ripe, peeled;
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Table 1. Comparison of the B-carotene content of ripe acerola (undefined variety) fruit

determined by OCC and HPLC methods.

B-Carotene Content p-Carotene Content
Sample by OCC Method by HPLC Method
(ng/e) (ng/g)
1 10.9 10.4
2 8.8 9.6
3 11.3 10.9
4 85 8.4
5 10.1 10.8
6 11.0 113
7 72 7.9
8 108 10.6
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Table 2. Effect of peeling and ripening on the carotenoid content of acerola.

Concentration (ng/g)
Garden Lots (undefined cultivar)'  Supermarket Lots (cultivar Olivier)®
Carotenoid Partiaily Ripe, Ripe Partially Ripe, Ripe
Ripe Peeled Ripe Peeled
Neoxanthin 1.0+04 14%04 14x05 0200 02201 02+0.1
Violaxanthin 03203 07+04 06+04 0701 16x03 3.1+06
Lutein 16+09 12106 1309 0700 07x02 1.1+0.1

p-Cryptoxanthin 0501 08+02 11:04 03£00 11x04 12401
a-Carotene 0504 07+05 11+08 03+x00 04+05 07x00

B-Carotene 54+£10 B88zx1.6 124+1.7 120407 301146 381+%53

'Means and standard deviations of 5 sample lots analyzed in duplicate.

*Means and standard deviations of 3 sample lots analyzed in duplicate.
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Table 3. Carotenoid content of the frozen pulp of acerola, marketed in Campinas,

Brazil.
Carotenoid Carotenoid Concentration (ug/g)

Brand A Brand B Brand C Brand D
Neoxanthin ND ND ND 05102
Violaxanthin ND ND 0.02+0.0 04x02
Lutein ND 1.0+x04 1.0x04 1.2+03
B-Cryptoxanthin 0.5+£0.2 02+063 1.0£04 08+03
a~-Caroiene 02+01 0.1+0.1 0.51£03 0.4+0.1
B-Carotene 30+1.8 7.1£56 13.0+28 165134

Means and standard deviations of 3 sample lots for brand A, 4 sample lots for brand B
and 5 sample lots for brands C and D, each lot analyzed m duplicate. Brand A came
from Ipiaui, Bahia, brand B from Mossor6, Rio Grande do Norte, brand C from Feira de

Santana, Bahia and brand D from Jundiai, S30 Paulo. ND — not detected.
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Table 4. Carotenoid content of acerola juice, marketed in Campinas, Brazil.

Carotenoid Carotenoid Concentration (ug/g)
Brand E Brand F Brand G
Violaxanthin ND 0.04 £ 0.0 0.1£0.0
Lutein 02+02 06%0.1 0.5+£0.1
B-Cryptoxanthin 04+02 1.0x02 1.0+ 0.1
a-Carotene 03103 0704 02+0.1
B-Carotene 27 £14 8.0+1.6 10.1+£1.9

Means and standard deviations of 3 sample lois for brand E, 5 sample lots for brand F
and G, each lot analyzed in duplicate. Brand E came from Coruripe, Alagoas, brand F

from Aracati, Ceara and brand G from Belo Jardim, Pernambuco. ND - not detected.
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Principal Carotenoids of Pitanga (Eugenia unifioral.)

Fruit and _its Processed Products

The principal carotenoids of the pitanga fruit from two states and at two stages of
ripening, as well as of processed pitanga products (frozen pulp and juice) marketed in
Campinas, S3o Paulo, were determined by HPLC using external standardization.
Alterations occurred from the partially ripe to the ripe fruits, with lycopene increasing
two to three times, B-cryptoxanthin and rubixanthin increasing appreciably, and y-
carotene, P-carotene, lutein and violaxanthin increasing slightly. As compared with
pitanga from Medianeira-PR, those from Campinas-SP have higher lycopene (14.0 vs
71.1 pg/g), 13-cis-lycopene (1.1 vs 5.0 yug/g) and y-carotene (1.6 vs 3.8 pg/g) contents,
but close values of B-cryptoxanthin (12.8 vs 11.8 pg/g) and lower levels of rubixanthin
{11.5 vs 9.4 pg/g) levels in the ripe stage. The lycopene concentration was 16.6 pg/g for
frozen pulp, 23.0 pg/g for bottled juice brand B and 25.6 pg/g for bottled juice brand C,

commercialized in Campinas, S50 Paulo.

Keywords: carotenoids, pitanga, liquid chromatography, processed products,

maturity effects, geographic effects.
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INTRODUCTION

Pitanga (Eugenia uniflora 1.} belongs to the Myrtaceae family and it is also
known as Surinam cherry or Brazlian cherry. It is commonly found in Southeastern,
Southem, Ceniral-Western and Northeastern Brazil, mainly in the state of Pernambuco.

The fruit passes from green to yellow (unripe) and orange (partially ripe),
reaching intense red when totally ripe. It is largely consumed in the Northeastem region
as fresh fruit, fruit juice, frozen pulp, jam, liquor and wine (1). Consumption of this fruit
has extended to other regions of Brazil.

Cavalcante and Rodriguez-Amaya (2) quantified by open column
chromatography/spectrophotometry lycopene (73.0 pg/g), y-carotene (52.7 pg/g), B-
cryptoxanthin (47.0 pg/g), rubixanthin (23.0 pg/g), phytofluene (13.1 ug/g), B-carotene
(9.5 pg/g) and C-~carotene (4.7 pg/g), in pitanga from Pernambuco.

The present study had the objective of quantifying the principal carotenoids of
pitanga fruit from two states (S3o0 Paulo and Parand), at two stages of maturity.

Processed products (fruit juice and frozen pulp) were also analyzed.

MATERIALS AND METHODS

Sample collection. Pitanga fruits were collected from different home gardens in the
cities of Campinas (state of Sfo Paulo) and Medianeira (state of Parana), Brazil, during
the season of August/2002 to February/2003. The fruits were collected at two stages of

maturity, as shown by the color. An orange peel characterized the partially ripe stage
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and an intense red peel the ripe stage. The partially ripe fruits were firm and had an
average weight of 3.3 g and a mean size of 1.0 x 1.5 cm. The ripe fruit had similar
weight (3.6 £) and size (1.0 x 1.6 cm) but the pulp was soft and succulent. Five lots
were collected and analyzed for each state. Each lot of fruits consisted of 100 fruits,
from which 15 to 20 each were taken for partially ripe and ripe fruits. They were
deseeded and homogenized with a food processor. Samples of 3 to 5 g were taken for
analysis. |

The samples of bottled fruit juice (two different brands) and frozen pulp (one
brand only) were purchased from supermarkets in the city of Campinas. The number of
lots analyzed per brand depended on the availability of the product at the time of
analysis. Each sample lot consisted of three units (500 mlL bottles, 100 g packages) that
were combined and homogenized in a food processor. Two to 4 g for bottled fruit juice
and 3 g for frozen pulp were drawn for analysis.
Isolation of carotenoid standards and construction of standard curves. Standards of
violaxanthin and lutein were isolated from parsley, B-carotene was obtained from carrot,
and B-cryptoxanthin, y-carotene, lycopene and rubixanthin from frozen pulp of pitanga.
The carotenoid standards were isolated by open column chromatography (OCC)
according to a procedure described in detail by Kimura and Rodriguez-Amaya (3). The
carotenoids were extracted with acetone, partitioned to petroleum ether and separated in
an activated (2 b, 105 °C) magnesium oxide:Hyflosupercel (1:1) column. B-Carotene
was eluted with 0.5-1 % ethyl ether in petroleum ether (PE), y-carotene with 5-6 %
acetone (AC) in PE, P-cryptoxanthin with 8-10 % AC in PE, lycopene with 20-24 %
AC in PE and rubixanthin with 26-30 % AC in PE. When rubixanthin was obtained
with its cis-isomer, rechromatography was carried out in a Ca(OH)yHyflosupercel

colurnn (1:1) to separate this cis-isomer. Violaxanthin and lutein were eluted with 12 %
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and 18 % AC in PE, respectively. Fractions with acetone were washed (4-5 times) with
distilled water in a separatory funnel to remove this solvent. The carotenoid standard
solutions were dried with anhydrous sodium sulfate, concentrated in a rotary evﬁporator,
and taken to known volumes for spectrophotometric reading and concentration
calculation (4). The average purity of the isolated carotenoid standards monitored by
HPLC (expressed as peak area percentage of the standard related to the total of peak
areas at the wavelength of maximum absorption) was 98 %, 97 %, 91 %, 99 %, 94 %,
91 % and 98 % for violaxanthin, lutein, rubixanthin, B-cryptoxanthin, lycopene, y-
carotene and B-carotene, respectively. The concentrations of the standard solutions were
corrected accordingly. Standard curves were consiructed consisting of five points in
triplicate. The curves passed through the origm and bracketed the expected
concentrations of the carotenoids in the samples. The coefficients of correlation for the
standard curves were 0.9955, 0.9902, 0.9970, 0.9954, 0.9988, 0.9899 and 0.9972 for
violaxanthin, lutein, rubixanthin, B-cryptoxanthin, lycopene, y-carotene and B-carotene,
respectively. Cis-rubixanthin and 13-cis-lycopene were quantified, using the standard
curves of frans-rubixanthin and frans-lycopene, re#pectively,

Carotenoid analysis. The carotenoids of the pitanga samples were extracted with cold
acetone (150 mlL per sample), the extraction and subsequent filtration being repeated
unti! the residue turned colorless (3-4 times), and partitioned to petroleum ether (70-100
mL). Saponification was carried out overnight at room temperature with an equal
volume of 10 % methanolic KOH with 0.1 % of BHT. After washing to neutral pH and
adding anhydrous sodium sulfate to remove residual water, the extract was concentrated
in a rotary evaporator (T < 36 °C) and dried under N,. Immediately before the injection,

the carotenoids were redissolved in HPLC grade acetone and filtered with a 0.22 um
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PTFE syringe filter; 10 pl. was automatically injected into the HPLC equipment.
Quantification was done by external standardization.

The HPLC system consisted of a2 Waters separation module (modei 2690),

equipped with an autosampler injector and a UV-visible photodiode array detector
{Waters model 996), controlled by a Millenium workstation (version 2010). Detection
was at the wavelengths of maximum absorption (max plot: 420550 nm). Reversed
phase chromatography was carried out, using a monomeric Cys column (Spherisorb
ODS2, 3 um, 4.6 x 150 mm). The mobile phase consisted of acetonitrile contamning 0.05
% triethylamine, methanol and ethyl acetate, in a concave gradient (curve 10) from a
proportion of 90:10:0 to 55:10:35 in 30 min, maintaining the last proportion until the
end of the run. The flow rate was 0.5 mL/min. and reequilibration fook 15 min The
average room temperature was 21 °C.
Identification of the carotenoids. The identification of the carotenoids was carried out
by the combined use of the retention fimes, co-chromatography with authentic isolated
standards, and fhe visible absorption specira (Amax and spectral fine structure) obtained
with a recording spectrophotometer {Beckman DU 640} and with the photodiode array
detector. The identification of the carotenoids of “pitanga”™ was confirmed by HPLC-MS
by Azevedo-Meleiro and Rodriguez-Amaya (5).

The spectral fine structure was expressed as % IIVIL, which is the ratio of the
height of the longest-wavelength absorption peak, designated HI, and that of the middle
absorption peak, designated II, taking the minimum between the two peaks as baseline,
multiplied by 100 {6).

For mono-cis-carotenoids, identification was based on the presence of a cis-peak

at a wavelength about 142 nm below the longest-wavelength absorption maximum
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(peak III) in the spectrum of the all-rrans-carotenoid and by a slightly lower Agaxs (210 6
nm) compared to those of the trans-form (6).

The intensity of the cis-peak was expressed as % Ag/Ag, which is the raﬁb of the
height of the cis-peak, designated as Ag, and the height of the middle maximum

absorption peak, designated as Ag, multiplied by 100 (6).

RESULTS AND DISCUSSION

Qualitative composition. The carotenoids identified in pitanga were violaxanthin
(5,6,5°,6"-diepoxy-5,6,5°,6 -tetrahydro-B,B-carotene-3,3°-diol), lutein (B,e-carotene-
3,3’°-diol), rubixanthin (3R-B,y-Caroten-3-ol), cis-rubixanthin, B-cryptoxanthin (B,p-
caroten-3-0l), lycopene (y,\y-carotene), 13-cis-lycopene, y-carotene (B, y-carotene) and
B-carotene (B,B-carotene). Some parameters used to identify the carotenoids are shown
in Table 1.

Violaxanthin: The An.. at 417, 442, 471 nm i the mobile phase, the high fine
structure (% /I = 96) of the UV-visible spectrum were characteristics of a carotenoid
with nine conjugated bonds in the polyene chain. It behaved chromatografically as a
dihydroxycarotenoid with another substituent.

Lutein: The absorption spectrum, with A at 424, 448, 476 nm in the mobile
phase and less fine structure (% I/ = 60), was typical of a carotenoid with 10
conjugated double bonds, nine in the polyene chan and one in B-ring. The
chromatographic behavior was that of a dihydroxycarotenoid.

Rubixanthin: The Any.x at 438, 463, 494 nm in the mobile phase and spectral fine

structure (% II/II= 41} were consistent with a carotenoid having 11 conjugated double
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bonds, one of which situated in a B-ring. Chromatographically, it behaved as a
monohydroxy carotenoid.

Cis-rubixanthin: The absorption maxima (Amax at 351, 436, 462, 492 nm),r and the
presence of cis-peak at a wavelength 143 nm lower than that of peak IH of the all-trans
form, were consistent with a cis-isomer of rubixanthin,

B-Cryptoxanthin: According to the absorption spectrum with Am.x at 428
{shoulder), 454, 480 nm in the mobile phase and much lower spectral fine structure, %
/1 = 25, this carotenoid had a chromophore of 11 conjugated double bonds, nine in
the polyene chain and two in B-rings. It had the chromatographic behavior of a
monohydroxycarotenoid.

Lycopene: The absorption spectrum (% /I = 69, An. at 447, 473, 505 nm) was
consistent with an acyclic structure with 11 conjugated double bonds. It had the
chromatographic behavior of a carotene.

13-Cis-lycopene: The absorption maxima {Amax at 361, 441, 467, 498 nm), 5-6 nm
lower than those of frans-lycopene, and the presence of a cis-peak 144 nm below peak
111 of the all-frans-form, indicated that this carotenod was a cis-isomer of the lycopene.
The % I/ was 54 and the % Agp/Ag was 58. These characteristics were shown by
Mercadante, Steck and Pfander (7} to be those of 13-cis-lycopene, the structure of
which was confirmed by *H NMR, *C NMR, mass, and circular dichroism spectra.

v-Carotene: The spectrum (Am: at 437, 463, 494 nm, % I = 41) was
intermediate between those of lycopene and P-carotene, commensurate with 11
conjugaied double bonds, one of which in a B-ring. It also eluted between lycopene and
B-carotene, this behavior being consistent with a monocyclic carotene.

B-Carotene: The Amax at 428 (shoulder), 454, 480 nm in the mobile phase with low

spectral fine structure, % II/Il = 25, was compatible with a chromophore of 11
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conjugated double bonds, two of which smlaied in B-rings. The chromatographic
behavior was that of a dicyclic carotenoid.
Quantitative composition. The typical chromatogram of the carotenoids of -the ripe
pitanga is shown in Figure 1. The carotenoid concentrations of pitanga from two states
at two stages of maturity are presented in Table 2. Compared to the ripe fruit from
Medianeira, Paranid (Southern Brazil), the ripe fruits from Campinas, Sao Paulo
(Southeastern Brazil), had practically the same violaxanthin and lutein, slightly lower
rubixanthin and B-cryptoxanthin, and slightly higher P-carotene level. Notably, the
fruits from Campinas bad 4 to 5 times the lycopene content and twice the y-carotene
content of the fruits from Medianeira. Pitanga from Recife, Pernambuco (Northeastern
Brazil) had comparable level of lycopene (73.0 ug/g), but was higher in y-carotene (52.7
ug/e), B-cryptoxanthin (47.0 pe/e), rubixanthin (23.0 pg/e) and B-carotene (9.5 pge).

These results demonstrate geographic effects. It appears that lycopene and y-
carotene contents are distinctly higher in the fruits from the hot Pernambuco state
compared to the cold Parana state, with intermediate levels in fruits from S&o Paulo that
has a temperate climate.

When compared to other tropical fruits, the Iycopene level (71.1 pg/g) found in
ripe fruits in this work is higher than those of watermelon (36.0 pg/g) (8), guava (53.4
ug/g) (9) and papaya (cv. Formosa, 26.5 pg/g) (10), all fruits coming from S3o Paulo.

The levels of lycopene, rubixanthin and B-cryptoxanthin increased markedly
from the partially ripe to the ripe stage. There was also an increase in cis-rubixanthin,
cis-p-carotene and y-carotene contents. As would be expected the chioroplast
carotenoids, violaxanthin and lutein, decreased with ripening. The cis-rubixanthin and
13-cis-lycopene appeared in appreciable levels in fruits from both‘siates, increasing
from the partially fruit to the ripe stage.
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The concentrations of the principal carotenoids of frozen pulp and bottled juice
are shown in Table 3. Surprisingly, the lycopene content of the frozen pulp was very
low. Since this product was not thermally processed, this loss appeared to bé due to
enzymatic oxidation and/or removal of the peel during pulping. Moreover, according to
mformation from the producer, it is not uncommon to store frozen pulp for 6 months
before commercialization. Only two sample lofs were analyzed because this brand was
not readily available at the time the present work was done. More studies of this
product is needed to improve the retention of lycopene.

The bottled juice had higher iycopenercontent than ﬁ'le frozen pulp studied here.
High levels of lycopene is to be expected in terms of the raw material since the bottled
juices were manufactured in Northeastern Brazil where the fruits should have higher
lycopene content. However, variation in the carotenoid contents of processed products
could be due, aside from climatic effects and the raw material, to the stage of maturity

of the fruits and to the processing and storage conditions.
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Figure 1 ~ Typical HPLC chromatograms of the carotenoids of ripe “pitanga™ (Eugenia
uniflora L.} from Medianeira, state of Parana (A), and Campinas, state of Sdo Paulo (B).
Detection at }.,m HPLC conditions are described in the text. Peak identification: I-
violaxanthin, 2- lutein; 3- rubixanthin;, 4- cis-rubixanthin, 5- B-cryptoxanthin; 6-

lycopene; 7- 13-cis-lycopene; 8- y-carotene; and, 9- B-carotene.
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Table 1. Identification parameters of principal carotenoids of “pitanga” (Eugenia

m‘eiﬂora L.) fruit.
Carotenoid Peak Chromatogram Amix  (nM)? Amsx (nM)
(min.) % L, % Ap/Ax
Violaxanthin 7.7 416, 441, 469 417,442, 471
96
Lutein 10.9 422 443 472 424, 448, 476
60
Rubixanthin 163 435, 458, 489 438, 463, 494
4
Cis-rubixanthin 16.5 354, 436, 462, 492
54,22
B-Cryptoxanthin 192 (425), 448, 475 (428), 454, 480
25
Lycopene 21.5 442, 468, 499 447, 473, 505
69
13-Cis-lycopene 224 361, 441,467, 498
54,58
y-Carotene 26.0 432, 458, 489 437, 463, 494
41
p-Carotene 27.7 (424), 448, 475 (428), 454, 480
25
*Améx (nm) in petroleum ether.

® Amix (nm)in the HPLC mobile phase.
% I/ = ratio of the height of the longest-wavelength absorption peak, designated HI,

and that of the middle absorption peak, designated II, taking the minimum between the
two peaks as baseline, multiplied by 100 (6).
% Ap/Ay = ratio of the heigh of the cis-peak designated as Ap and the heigh of the

middle maximum absorption peak designated as Ay, multiplied by 100 (6).
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Table 2. Principal carotencids of “pitanga” from two states and at two stages of

maturity.
Carotenoid content (1g/g)
Carotenoid “Pitanga™ from Campinas “Pitanga” from Medianeira
Partially ripe Ripe Partially ripe Ripe

Violaxanthin 39+14 23+16 30+13 21+x1.2,
Lutemn 31413 1.2205 25+1.0 - 1.7x04
Rubixanthin 47120 94+1.7 65+28 11.5+53
Cis-rubixanthin 38+22 53+£25 3.7+22 44+23
B-Cryptoxanthin 7.6+2.7 11.8+24 7.0+ 1.6 128+29
Lycopene 335%3.0 71.1 £ 86 7094 140+4.6
13-Cis-lycopene 3.6+2.6 50+13 04103 1.1£0.6
y-Carotene 23+12 3816 1.1+07 1.6 +0.4
B-Carotene - 14+03 32+13 1.4+09 2.6 £0.5

Means and standard deviations of 5 sample lots analyzed in duplicate.
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Table 3. Prncipal carotenoids of frozen pulp and bottled fruit juice of “pitanga™

marketed in Campinas, Brazl.

Carotenoid Frozen pulp Bottled juice
Brand A (ug/g)  Brand B(ug/g) Brand C(ug/g)
Lutein 1.0+ 0.0 0.7+£05 04+02
Rubixanthin 145+22 113+38 10,116
Cis-rubixanthin 3.8106 3.1£0.9 32+1.0
B-Cryptoxanthin 115+ 0.0 91+£21 7.1+£16
Lycopene 166 +0.3 23.0+3.6 256+ 7.8
13-Cis-lycopene 1.1£0.1 23+04 23+09
v-Carotene 14£01 1.4+0.5 09101
B-Carotene 38+0.2 1.9+0.2 1.5+0.6

Means and standard deviations of 2 sample lots for brand A and B, and 5 sample lots for

brand C, each lot analyzed in duplicate. Brand A came from Jundiai, Sdo Paulo, brand B

and C from Aracatfi, Ceara
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CONCLUSOES GERAIS

. Nzo ha degradaciio de licopeno nos métodos utilizados no nosso laboratério,
tanto por cromatografia em coluna aberta como por cromatografia liquida de alta

eficiéncia, sendo que as duas metodologias sdo equivalentes.

. A goiaba vermelha (cultivar Paluma e Ogawa) ¢ uma fonte rica de licopeno,

superando tomate, melancia e mamdo.

. Os produtos processados de goiaba vermetha continuam sendo fontes ricas de
licopeno, porém, ocorre degradacio aprecidgvel e varidvel durante o
processamento, a perda sendo maior em “goiabada”, aparentemente devido ao

processamento mais longo e drastico.

. No processamento industrial, a perda de licopeno na goiabada foi confirmada,
porém, este produto como a polpa refinada e o guatchup mostraram-se fontes

ricas de licopeno.
. A acerola in natura tem B-caroteno como o carotendide predominante. Os niveis

de B-caroteno encontrados sfio maiores que na manga e néspera, em frufas

provenientes do estado de Sdo Paulo.
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6.

10.

11.

A cultivar Olivier produzida comercialmente tem teor trés vezes maior de B-

caroteno que a acerola proveniente de jardins,

A retirada da casca de acerola diminui os feores de o-caroteno e B-caroteno em
acerolas de jardins e de produgio comercial (cultivar Olivier), sendo que, a
violaxantina e luteina também diminuem para a cuitivar Olivier. Os demais

carotendides permaneceram praticamente inalterados.

O amadurecimento de acerola do estadio parcialmente maduro para maduro,
aumenta o teor de B-caroteno duas a trés vezes. Também aumenta em menor

grau B-criptoxantina, c-caroteno e violaxantina,

Os produtos processados de acerola continuam sendo fonte de carotenodides proé-
vitaminicos A (B-caroteno, fB-criptoxantina e a-carotenc), porém, com niveis

consideravelmente mais baixos em relacfo 3 fruta in natura.

A pitanga ¢ uma fonte riquissima de carotendides, principalmente licopeno,
fubixantina e P-criptoxantina. Dentre as frutas provenientes do estado de S#o
Paulo, a pitanga apresentou teor de licopeno superior ao de goiaba, melancia,

tomate € mamio vermelho.

A pitanga proveniente da regifio Sudeste (Campinas, estado de Sdo Paulo)
apresenta contetdo total de carotendides duas vezes maior que a pitanga da
regifio Sul (Medianeira, estado do Parand), sendo que o teor de licopeno é cinco

vezes maior e y-caroteno é cerca de duas vezes maior.
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12. Os produtos processados de pitanga disponiveis comercialmente também sio
ricos em licopeno e em carotenodides pré-vitaminicos A, particularmente, B-
criptoxantina, PB-caroteno, e y-caroteno, porém, com teores substancialmente

menores em relagéo a fruta in natura.
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