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ABSTRACT

The current study aims to evaluate the occurrence and concentration of carotenoids in the pulp and peel of 14
banana and one plantain cultivars in two ripening sta@esanalyzed the occurrence and content of lutin,
carotenep-carotenef-cryptoxanthin, and lycopene — by high performance liquid chromatography withsible
detection, the content of total carotenoids by spectrophotartrethe unripe pulp, the ‘Our@ultivar stood out with
lutein concentration 13 times higher than that of the ‘MarmaAkfor &-carotene anfl-carotene, “€rrinha’plantain
stood out with mean concentration @85.30 and 126.11 ug (100 g ME), respectivelyTotal carotenoids ranged from
159.66 to 2553.5(ig (100 g MF) in ‘Caipira’and ‘“Terrinha’, respectivelyin the ripe pulp there was 36% increase in the
lutein content in comparison to the unripe pulp and there was 7.3 and 8.5% reduaticerdtene an@-carotene
levels, respectivelyl'he total carotenoid concentration in the ripe pulp was 17% higher than that found in the unripe
pulp. The unripe peel showed lutein predominance, althouglrifiha’ stood out with higheo-carotene angl-
carotene concentrations than those found in the other cultivars. Lutein concentration hardly changed due to fruit
ripening; howeverthere was slight reduction a-carotene anf-carotene concentrations.

Keywords: Musaspp.; provitamim\; lutein; a-carotenef-carotene.
RESUMO

Carotenoides em polpas e cascas de bananas de 15 cultivares em dois estagios de maturacao

Este estudo objetivou caracterizar a dindmica, além das mudancas estruturais e floristicas em uma comunidade
arbAvaliou-se a ocorréncia e aconcentracdo de carotenoides na polpa e na casca dos frutos de 14 cultivares de
bananeira e um de platano em dois estadios de maturacéo. Latednatenof3-carotenof-criptoxantina e licopeno
foram quantificados por cromatografiguida de alta eficiéncia (CLAE), carotenoides totais por espectrofotometria.

Na polpa verde, a banana ‘Ouro’ destacou-se com concentragdo de luteinasIBaiezque a da ‘Marmelo’. Para
a-caroteno §-caroteno, o @tano “Errinha’se destacou com concentracao média de 1.193,32@,1. ug (100 g

MF1), respectivamente. Os carotenoides totais oscilaram de 159,66 a 2553190 g MF), para ‘Caipira’ e

‘Terrinha’, respectivamente. Na polpa madura, houve acréscimo de 36% no teor médio de luteina em relacéo a polpa
verde ereducédo de 7,3 e 8,5% nos teores médias-daroteno e d@-caroteno, respectivamente.concentrgdo

média de carotenoides totais na polpa madura foi 17% superior a da polpa verde. Na casca verde houve predominancia
da luteina, embora a€frinha’tenha se destacado com concentracdes-chroteno e3-caroteno supericéis dos

demais cultivareé\ concentracao de luteina praticamente nao se alterou com o amadurecimento dos frutos, no entanto
houve discreta redugéo nas concentracOas-croteno g-caroteno.

Palavras-chaveMusaspp.; provitamind; luteina;a-carotenof3-caroteno.
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INTRODUCTION Most studies evaluate just the ripe pulp and they do

: L . not provide information about the concentrations of

Carotenoids @ known for their wide distribution, . L . . .
different carotenoids in the unripe pulp, and in the unripe

structural diversity and multiple function&nimals are . . .
. . . and ripe peels. It demonstrates the need for studies with
unable to biosynthesize carotenoids. Thus, they depend . L oo
. , . , i bigger number of cultivars in different ripening stages,
on dietary provitaminA carotenoids, which can be

) L ) _ since concentrations may range depending on the culti-
absorbed and converted into vitaminafter ingestion

. . . ; .___var, on the management conditions, on the cultivation
(Rodriguez-Amaya & Kimura, 2004). Besides being V'tam"?e%ions and on the fruit ripening stage

A precursors, some carotenoids present a number of healt Thus, the current study aims to evaluate the

benefits such as the prevention of certain cancer YP¥currence and concentration of carotenoids in the pulp

the ability to prevent photosensitization in certain Ski%nd peel of 14 banana and one plantain cultivars in two
diseases, the increased immune response to Certﬁiﬂening stages

infection types as well as anti-aging properties (Kurahashi

etal, 2009).
The main carotenoids found in food frearotenea- MATERIAL AND METHODS

carotene,f-cryptoxanthin, lutein, lycopene and  gynches of Ouro (AA), Nanica (AAA), Nanic&o
zeaxanthin (Rodriguez-Amaya & Kimura, 2004nong  (AaA), Caru-Verde (AAA), Caru-Roxa (AAA), Caipira
them, onlyB-carotenen-carotene an@-cryptoxanthin - (aaa), Prata (AAB), Prata-And (AAB), Maga (AAB),
may convert into vitamis in the body (Davegt al,  \ysore (AAB), Pacovan (AAB), Marmelo (ABB), Prata-
2009; Newilahet al., 2009). The presence of lutein,graguda (AAAB) and Caju (non-defined genomic group)
a-carotene an@-carotene has been reported in bananggnana and oferrinha (AAB) plantain cultivars were
(Wall, 2006; Davegt al, 2009; Newilaet al, 2009; Ekesa harvested from 3.5m x 2.5 m spaced plants in a six-year-
etal, 2012; Lokeskt al, 2014)Thus, two provitamiA  |d experimental orchard at Federal University/igosa
carotenoids may be found in bananas, in addition to lute{syv), vicosa, Minas Gerais, Brazil, located at 648 m alti-
which is known as macular carotenoid (Daeesl, 2009). tyde.

VitaminA deficiency is a major public health issue  The bunches were harvested when the first signs of
worldwide. It is more pronounced in developingyellow peel were found in the fruits from each cultivar
countries and it mainly affects children, women inrhe second, third and fourth hands were removed from
reproductive age and pregnant women (Dagewl, each bunch and they were immediately transported to the
2009; Ekesat al, 2012). Thus, yellow and red fruits with Fruit Analysis Laboratory at the FUsampusThe fingers
high carotenoid concentration play a key role iRvere cut off the hands and the damaged, sick and
preventing this deficiencyespecially in regions where malformed fingers were discarded. Subsequetttgy
there is little food diversification or in those lackingwere washed with running water and left to rest on paper
provitamin-carotenoids-rich foods. One of theowels for a few minutes to coagulate the latex. Next, 12
sustainable ways to mitigate the vitam#indeficiency fruits in color stage 1 (dark-green peel color) were
issue is by encouraging the consumption of naturghndomly selected and six of them were immediately
carotenoids-rich foods such as fruits and dark-greeprocessed. The remaining six fruits were immersed in
leaf vegetables (Ekesdal, 2012). ethephon solution (1.2 g¥.for 8 min to achieve uniform

Banana production in Brazil is mainly concentrated ifipening.After they were air dried for 15 min, they were
approximately six cultivars: ‘Prata-And’, ‘Nanica’, dipped in Prochloraz fungicide solution (0.499 for 5
‘Nanicéo’, ‘Pacovan’ and to a lesser extent, ‘Macad’ anchinutesAfter this time, the six fruits were placed in plastic
‘Ouro’. However there is huge diversity of cultivars boxes and kept at room temperature until they reached
known by the population, which are no longer cultivated;olor stage 6 (fruits with completely yellow peel) which
or which are cultivated in subsistence scale due trcurred within approximately 4 days.
unfavorable agronomic features. Most of these cultivars, The unripe and ripe pulp and peel samples were placed
especially in Brazil, were not evaluated for the chemicdh aluminum wrap, weighted semi-analytical balance,
composition of the fruits. Thus, itis imperative to evaluatelentified, subjected to freezing in liquid nitrogen, and
the occurrence and to quantify the carotenoidglaced irultra-low temperaturéreezerat — 80 °C until the
concentrations found in a reasonable number of cultivatime of the analysis, which occurred within approximately
In addition, studies evaluating the composition of band-80 days.
na cultivars in Brazil quantify total carotenoids alone Thea-carotenef-carotene, luteirf-cryptoxanthin and
(Amorim et al, 2009; 2011). Thus, it is not possible tdycopene occurrence and concentration in the unripe and
express the vitamiA value. ripe pulp and peel of 15 cultivars were evaluated.

Rev CeresVicosa, v65, n.3, p. 217-226, mai/jun, 2018




Carotenoids in the pulp and peel of bananas from 15 cultivars in two ripening stages 219

Carotenoids were extracted according to the method The vitaminA value was calculated according to the
suggested by Rodriguez-Amaya (2001) witlrecommendations from the Institute of Medicine (2001),
modifications. Five grams of plant material were weighedherein 1 RetinoActivity Equivalent (RAE) corresponds
in appropriate extraction tubes, protected from direct light 1 g retinol, and it was calculated as follows; of 3-
with aluminum foil, added with 60 mtooled A acetone carotene/12 tig ofa-carotene/24, with data expressed in
(divided in three 20 mL volumes) and processed in Ultrarg (100 g} of each plant part and ripening stage, based
Turrax homogenizer (T18 basic model) for 6 min. Thergn the wet matter
the extract was vacuum filtered on Buchner funnel using Total carotenoids were estimated according to the
filter paperAfter filtration, the three extract fractions weremethodology suggested by Higby (1962), and the results
transferred to separatory funnel containing 20 mL coldere expressed jug (100 @) of pulp and peel.
PApetroleum etheEach fraction was washed with distiled ~ The current study adopted a completely randomized
water to completely remove aceton&, Rinhydrous designina 15 x 2 factorial scheme, being 15 cultivars and
sodium sulfate was added to the extract in petroleum ethiero maturing stages (unripe and ripe), with four
in order to remove any residual water from the extraateplications (bunches), and six fruits per sampling unit.
Subsequentlythe extract in petroleum ether wasPulp and peel was analyzed as an individual test.
transferred to a 25.0 mL volumetric flask, and the volum€&omparisons among fruit parts were made through
was completed with cold petroleum ethEne samples descriptive statistics.
were not subjected to the saponification process. Data from the variables related to the comparison
Regarding the carotenoid analysis, 5.0 mL aliquots @mong cultivars were subjected to variance analysis and
the extract from each fruit part and ripening stage wethe means were grouped according to the Scott-Knott
evaporated under nitrogen gas flamd the dry residue criterion (p < 0.01), using the System for Statistical and
was recovered using 2.0 mL HPLC grade acetone. TheBeneticAnalyses — SAEG (Sistema pamdlises Estatis-
the extracts were filtered in filtering units with 0.4%  ticas e Genéticas) 9.1.
(Millipore) porosity and 10QuL of them were injected into
the chromatographic system to be analyzed. RESULTSAND DISCUSSION
Carotenoid analyses were performed by high-
performance liquid chromatography with diode array The B-cryptoxanthin and lycopene carotenoids were
detection (HPLC-DAD), according to the chromatographigot identified in any fruit part or ripening stage. Lutéin,
conditions developed by Pinheiro-Sant’Aetaal (1998). carotene an@-carotene were identified and quantified,
The equipment used in the analysis consisted offact that was also observed in bananas by other authors
Shimadzu gas chromatograph equipped with hig{Wall, 2006; Davet al, 2009; Newilalet al, 2009; Ekesa
pressure pump (LC-10A/P model), automatic injector €etal, 2012; Lokesletal, 2014) (Rble 1)The cultivar and
(SIL-10AF model) and diode array detector (SPD-M10Ahe fruit parts, as well as the ripening stage, influenced
model), and it was controlled by the Multi Systenthe evaluated carotenoid concentrations. Figurel shows
software, Class VP 6.12. The separation was perform#te chromatographic typical profile of the carotenoids
on an RP-18 chromatographic column (Phenomendgund in the samples €frinha plantain).
Gemini, 250 x 4.6 mm, withigm internal particle) provided ~ Carotenoid concentrations in the unripe pulp varied
with guard column (Phenomenex ODS (C18), 4 mm x @reatly among cultivars. By analyzing just the overall mean,
mm), and the detection was done at 450 nm. The curréhwas possible to see that there was sligitarotene
study used mobile phase composed of methanol: ethyjledominance in comparison to the other studied
acetate: acetonitrile (80:10:10, v/v/v), HPLC gracet{@, carotenoids, agreeing with Lokegh al (2014) and
Brazil), with 2.0 mL mirt flow and run time of 13 minutes. Englbegeret al (2010) As for lutein, five mean groups
The peaks of interest were identified by comparing/ere formed. ‘Ouro’ cultivar belonged to the group showing
the retention times of both the standard and the samptbg highest mean, folowed by the group ‘Nanica’, ‘Caipi-
and, mainly by comparing the absorption spectrum of&’, ‘Mysore’ and ‘Marmelo’, which showed lutein
authentic samples and standards analyzed under the sg@rcentration around the half of the presented by ‘Ouro’.
conditions. Thex-carotene was identified by means ofln addition, lutein concentration exceeded thatef
the absorption spectrum. Quantification was performegfrotene an@-carotene in Ouro, Caipira, Prata, Macg,
by external standardization, by means of analytical cuPacovan, Prara Gratida and Caju cultivars. Newialh
ves, using regression equations obtained through t(009) also observed this trend when they evaluated 19
concentration correlatiorersushe standards’ peak areasbanana cultivars and plantains in Camerdis for a-

The results were expressedig (100 g} of each plant carotene an@-carotene, there was variation among
material, in the wet basis. cultivars. Eight cultivars showeédcarotene concentration

Rev CeresVicosa, v65, n.3, p. 217-226, mai/jun, 2018
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higher than that d8-carotene, in the unripe pulpgfile in any other human tissuediymet al, 1995). In addition,
1). lutein is linked to other benefits, such as decreased risk of
There was 36% increase in lutein concentration in tteeveloping age-related macular degeneration (AMD), and
ripe pulp (mean of all cultivars) in comparison to the unrip# also shows beneficial effects on the protection against
pulp. There was increased lutein concentration in the pupherosclerosis, cataract, cancer and other diseases (Koh
of all tested cultivars due to ripening (from stage 1 to 6§t al., 2004). Furthermore, lutein presents antioxidant
except for Ouro’, ‘Caru-Roxand ‘Caju’(Table 1). Similarly — activity, and it protects cells from oxidative damages.
Newilah et al. (2009) observed significant lutein  For thea-carotene, there was no difference in the
concentration increase in 16 out of 19 banana cultivacentent with the ripening of the pulp for any cultivar
evaluated from stage 1 to 7. The lutein content in Nanic&valuated, except for &rrinha’, where the unripe pulp
Caru-Roxa, Caipira, Maca and Caju cultivars did not diffesrontent was higher @bela 1). “Errinha’stood out with
with the ripening of fruits. In addition, the ripe pulp of allsignificanta-carotene anf-carotene concentrations in
cultivars, except for ‘Caru-Roxa’, ‘CaruextieTerrinha’ comparison to the other cultivars in both ripening stages.
and ‘Caju’, showed higher lutein concentration than thah addition, it is worth emphasizing théite &carotene
of the other evaluated carotenoidsaple 1). It andp-carotene concentrations ingirinha’unripe pulp
corroborates the study done Wall (2006), Newilahet  were, respectivelyapproximately 4 and 3 times higher than
al. (2009) and Lokesét al (2014) who also found higher those found in ‘Caru-Roxand ‘Caru-\érde’. It indicates
lutein concentrations in comparison to the otheferrinha’ cultivar great potential as source of these
carotenoids found in bananas. HoweVeaveyet al. pigments. ‘Caipirashowed the lowest-carotene anfl-
(2009) and Ekesat al. (2012) found lower lutein carotene concentrations in both ripening stages although
concentration than that of the other carotenoids in ripehad been grouped together with other cultivars. Newilah
banana pulp. et al (2009) also found in ‘Caipira’ pulp in Cameroon very
Lutein is a yellow carotenoid and it does not havew concentrations of a-carotene (62 ané (16 100 ¢,
provitaminA activity (Daveyet al, 2009). Howeveit plays unripe and ripe pulp, respectively) ghdarotene (13 61
important roles in the human bodgnown as macular and 100ug g?, unripe and ripe pulp, respectively),
carotenoid, lutein - along with zeaxanthin — accounts faompared with 18 other cultivars.
the yellowish color in the macula, which is a high visual Similarly to what was seen in the unripe pulgrfinha’
acuity region responsible for the clear view of imageshowed widex-carotene predominance in the ripe pulp
(Yeumet al, 1995). Lutein and zeaxanthin are the onlyhan the other cultivars, and its concentration was
carotenoids found in the eye in much higher amount thapproximately 144 times higher than that found in ‘Marme-
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Figure 1 Chromatographic profiles of the luteim;carotene an@-carotene carotenoids extracted fronerflnha’plantain. (A)
unripe pulp (B) ripe pulp (C) unripe peel and (D) ripe peel. The chromatographic conditions are described in Materials and Methods.
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Table 1 Mean carotenoid concentrations and retinol activity equivalents (RAE) based on fresh matter and respéciar@soétariation (C\26) of unripe and ripe fruit pulp from 15 banana

and plantain cultivars grown Wicosa CountyMinas Gerais tate

Lutein a-carotene Bcarotene Total carotenoids RAE (in 100 g)

Cultivars Unripe Ripe Unripe Ripe Unripe Ripe Unripe Ripe Unripe Ripe
——————————————————————————— Mg1l00g) ~- - - —-—--""—"—"—"—"—"="—"—"—"—"—"—"—" - - - - - — -

Ouro 442.97aA 303.15aB 137.60cA 162.39cA 142.03cB 209.00cA 809.47bA 819.34dA 17.56¢cB 24.18cA
Nanica 86.63eB 151.74cA 104.24cA 134.22dA 58.35dA 103.10eA 384.62cA 501.47eA 9.20dA 14.18dA
Nanicéo 122.35dA 142.04cA 130.61cA 106.45dA 66.37dA 63.97fA 447.21cA 476.74eA 10.97dA 9.76eA
Caru-\erde 132.05dB 219.28bA 255.25bA 281.79bA 290.79bA 307.18bA  895.10bB  1.075.53cA 34.86bA 37.34bA
Caru-Roxa 237.86bA 229.30bA 286.26bA 252.19bA 362.92bA 323.55bA 978.80bB  1.296.58bA 42.17bA 37.47bA
Caipira 65.71eA 101.26¢cA 6.95dA 13.89gA 3.61dA 15.29fA 159.66dA 183.88fA 0.59dA 1.85fA
Prata 132.16dA 133.42cA 103.78cA 57.66eA 116.68cA 61.36fB 462.50cA 398.41eA 14.04cA 7.51eB
Prata-Ana 104.34dB 238.97bA 124.59cA 75.99eA 149.41cA 65.93fB 493.71cA 563.40eA 17.64cA 8.66eB
Maca 164.31cA 205.41bA 47.63dA 8.34gA 39.16dA 17.26fA 279.66dB 496.18eA 5.24dA 1.78fA
Mysore 70.38eB 184.05cA 94.89cA 117.32dA 174.73cA 152.14dA 407.09cB 604.92eA 18.51cA 17.56dA
Pacovan 137.86dB 220.79bA 104.70cA 73.21eA 99.32cA 51.65fA 437.05cA 563.29eA 12.64cA 7.35eA
Terrinha 99.31dB 192.49bA 1.195.30aA 1.073.03aB 1.126.11aA 1.051.84aB 2.553.51aA 2.583.23aA 143.64aA 132.36aB
Marmelo 33.33eB 111.28cA 7.28dA 7.419A 91.60cA 26.76fB 167.20dA 279.79fA 7.93dA 2.53fA
Prata-Grauda 112.13dB 280.51aA 51.05dA 53.04fA 42.07dA 44.76fA 289.62dB 488.96eA 5.63dA 5.94eA
Caju 175.91cA 169.16cA 89.97cA 121.82dA 71.42dA 98.97eA 443.93cA 429.98eA 9.70dA 13.32dA
Mean 141.15 192.19 182.67 169.24 188.97 172.85 613.94 717.44 23.35 20.61
CV (%) 19.73 16.57 26.83 13.76 24.73 16.20 16.56 12.16 24.27 13.26

Means followed by the same uppercase within a column and lowercase within a line, for each variable, belong to the same group, by the Scott-Knott criterion at 5% probability
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lo’, 128 times higher than that found in ‘Mag&’, and 7Zoncentrations ranged from 183.88 to 2583183100 g
times higher than that found in ‘Caipif@ble 1). In addition, FM). There was no difference between ripening stages,
‘Nanica’, ‘Nanicéo’, ‘Prata-An&’, ‘Pacovan’,éfrinha’, ‘Pra-  except for the cultivars Caru-Roxa, Caerdé, Maca, Mysore
ta-Grauda’ and ‘Caju’ showed slighthigher acarotene and Prata-Gralda, with the highest levels observed in the
concentration than that pfcaroteneAs for the3-carotene, ripe pulp. (Bble 1). “Errinha’also showed high carotenoid
six mean groups were formed anerfinha’stood out in  concentration, which was 14 times higher than that found in
comparison to the other cultivars once more. In additiofCaipira’, and nine times higher than the concentration found
the concentrations of eight cultivars were grouped witim ‘Marmelo’, whichresulted from high-&arotene and-

the lowest means. Oliveiet al (2011) founda-carotene carotene concentratiosmorimet al (2011) evaluated 62
concentrations of 366.3; 548.6; and 153%1100g MF}  banana accessions in Brazil - including improved and wild
in other fruits, such as ‘Paluma’ guava, ‘Formosa’ papaydiploids, triploids and tetraploid hybrids - and found total
and ‘Tommy Atkins’ mango, respectivelyThey are carotenoid concentration ranging from 140 (AAA genotypes)
carotenoid sources for human diet and demonstrate toe1924ug (100 g FM) (AAB genotypes). The lowest
potential of cultivars such as ‘Caru-Roaad ‘Caru-¥rde’ concentration was found in ‘Caipira’.

- with similar concentrations - andéffinha’- with higher The current study found that the total carotenoid
concentration than that of guava and papaya. concentration in banana ripe pulp varied in a wide range
As for the ripe pulp, there was 7.3 and 8.5% reducticaccording to the cultivaras it was also observed by
in the mearu-carotene an@-carotene concentrations, Amorimet al (2009) who evaluated 42 banana accessions
respectively due to fruit ripening.There was no in Brazil and found total carotenoid concentrations

difference in theB-carotene content between ripeninganging from 106 (‘Nanica’) to 192dg (100 g FM)
stages for most cultivars, except for ‘Prata’, ‘Prata-Ané(;Saney’) in white - and orange-pulp bananas, respectively
‘Terrinha’and ‘Marmelo, with higher levels of unripe On the other hand, Englbergeral (2010) conducted a
pulp. For the ‘Ouro’, the content of the unripe pulp wastudy in Micronesia (Oceania) and found concentrations
lower, differing from the content of the ripe pulpafle ranging from 130 to 940@Ag (100 g FM}. Lokeshet al.
1). The decreased concentrations of these caroteno{@914) conducted a study in India and found total
during ripening may due to their degradation or to thearotenoids concentrations in bananas ranging from 60
synthesis of other carotenoids such as lutein (Newilab 2100ug (100 g FM).
et al, 2009). On the other hand, Matzal (2011) found The current study found that orange pulp cultivars
that ripening led to increas@ecarotene content in ‘Ub&’ showed the highest carotenoid concentration both in
mango; whose content was approximately 3.4 times lowenripe and in ripe fruits in comparison to white or cream
in the unripe fruit. pulp cultivars, similarly to what was verified by other
Similarly to what was seen in the unripe pulp, eighauthors (Amoriret al, 2009; Davet al, 2009; Fungo &
ripe pulp of the analyzed cultivars showed higher nfiean Pillay, 2011) in bananas.
carotene concentrations than thoserafarotene (@ble The RAE in the unripe and ripe puiglowed thea-
1), which was also observed by Englbergieal (2003; carotene and3-carotene concentration trend, and
2010), Ekesat al (2012) and Lokesét al (2014) (cultivars  ‘Terrinha’stood out in comparison to the other evaluated
not evaluated in this current study). HoweVeall (2006) cultivars (ble 1) The RAEs were close to those reported
and Newilahet al. (2009) found highea-carotene by Newilahet al. (2009) in unripe pulpdccording to the
concentrations than those Pfcarotene (cultivars not authors their data ranged from 16.02 to 149§ (100 g
evaluated in this study). This fact shows the importandeM-?) in the ‘Grande Naine’ cultivar and in the
of assessing carotenoids occurrence and of quantifyifgbouroukou’plantain, respectively
their concentrations in order to provide more accurate There was a difference between ripening stages only
nutritional information about each cultivar as well as téor the cultivars Ouro, Prata, Prata-Ana dedrinha, si-
encourage the consumption of cultivars with highemilar to that observed iB-caroteneThe mean vitamiA
nutritional potential. value found in the ripe pulp - expressed in RAE - was 12%
As for the total carotenoids found in the unripe pulppwer than that found in the unripe pulfie 1) due to
four mean groups were formed. The concentratiorthe reducedi-carotene ang@-carotene concentrations
ranged from 159.66 2653.51ug (100 g FMY) in ‘Caipira’ and to the change in the relationship between the two
and in “Terrinha’, respectively @ble 1).The scientific carotenoids, which have different weights in the
literature shows few studies focused on evaluating tle®nversion into vitamiA. ‘Terrinha’showed high vitamin
different carotenoids in unripe banana pulp. A value in the ripe pulp, but the concentration was 17%
The mean total carotenoid concentration in the ripe pulpwer than that found in the unripe pulfhe vitaminA
was 17% higher than that found in the unripe pulp, and talue found in most cultivars in the current study is close
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to that reported by Englberget al (2010) who found concentration was higher than thatcetarotene in all
values ranging from 8 to 435 (100 g FM'). However genotypes, except for ‘Nanicao’, ‘Macdind ‘Terrinha’
Newilahet al (2009) found values ranging from 9.74 to(Table 2).
78.63ug (100 g FMF) and Lokeslet al (2014) found values ‘Terrinha’ stood out withhigher acarotene ang-
ranging from 4 to 114.Ag (100 g FM), therefore, lower carotene concentrations than those found in other
than that found in ‘@rrinha’in the current study cultivars in the peal. In addition, the-carotene
Although it is not an eating habit, consuming 100 goncentration in the unripe peel was higher than that
unripe pulp of the ‘@rrinha’cultivar analyzed in the current found in the unripe pulp, except for ‘Caru-Roxa’, ‘Caru-
study may provide 20.5% and 16.0% Dietary Referendéerde’, ‘Prata’, ‘Prata-And’, ‘Pacovaahd ‘Terrinha’.The
Intake (DRI) of vitaminA to adult men and women, &-carotene concentration in the peel was higher than that
respectivelyThe same amount of ripe pulp from the sam#éund in the pulp, except for ‘Caru-Roxa’, ‘Carerde’
cultivar may provide 18.9% and 14.7% RDI of vitaldito  and ‘Terrinha’(Table 2). “Terrinha’and ‘Ouro’stood out
men and women, respectivehased on the RDI of 700 with high 3-carotene concentrations, whereas ‘Caipira’,
and 90Qug day* for men and women (19 to 50 years old);Prata’, ‘Prata-Ana’, ‘Maca’, ‘Pacovan’, ‘Marmelo’ and
respectively (Institute of Medicine, 2001)afile 1). ‘Prata-Gra(da’ cultivars showed the low&starotene and
Great lutein prevalence was found in comparison -carotene concentrationsgfile 2).
that of the other carotenoids in the unripe and ripe peel. As for the total carotenoids in the unripe peel, five
Lutein concentration hardly changed in the ripe peel, ontyroups were formed. ‘Ouro’ cultivar belonged to the group
in ‘Ouro’, ‘Terrinha’and ‘Caju'did the lutein content dér  that showed the highest mean concentrations, with
between maturation stages. ‘Ouro’ stood out with theoncentrations 3.19 and 3.88 times higher than that found
highest lutein concentration in the unripe peel, where#&s the unripe and in the ripe pulp of the same cultivar
‘Macd@’ and ‘Pacovan’ showed lower concentrations tharespectively The lowest concentrations were found in
the other cultivars @ble 2). Delgado-Pelai al. (2014) the peel of ‘Marmelo’, ‘Pacovartultivars (Bble 2). In
also observed this trend when they evaluated apple peetdation to the ripening stage, there was a low variation
According to Pogsomt al. (1998), lutein is the most between the contents, with the exception of the cultivars
abundant carotenoid found in the photosynthetic tissuésiro, Terrinha and Caju, where the contents of the ripe
of plants. It represents up to 50% carotenoid concentratipeel were higher and ‘Carue¥te’and Caru-Roxawith
in the leaves, and its synthesis is evolutionarily conserviiher contents in the unripe peefle 2).
in both terrestrial plants and in green algae. Mata. The total carotenoid concentration in the ripe peel was
(2009) reported that lutein was the main carotenoid fourrdgher than that found in the other fruit parts and ripening
in coffee leaves, with concentration 16% higher in leavestages, except for unripe and ripe pulp ferfinha’, which
subjected to more radiation. These results corroboraghowed higher concentration than that found in the ripe
those found by Matsubaed al (2011) who reported that peel. It demonstrates this cultivar potential as carotenoids
lutein plays an important role in the photoprotection gbrovider There was 7.2% increase in the ripe peel in
avocado leaves and that it works in heat dissipationpmparison to the unripe peel, and ‘Ouro’ cultivar stood
although its mechanisms are still unknown. out (Table 2)Ajila et al (2007) conducted a study in India
In the peel there was slight reductionartarotene and found total carotenoid concentration 4 to 8 times greater
and(-carotene concentrations due to the fruit ripenindgn mango ripe peel than that found in the unripe peel.
This reduction may due to the synthesis of other The mean vitamiA value in the unripe peel was simi-
unidentified and non-quantified carotenoids in the curretdr to that found in the unripe pulp. Four groups were
study as it can be seen in the unripe peel chromatograrfiesmed, and “€rrinha’stood out again with the highest
(C) in comparison to those of the ripe peel (D) (Figure 1yalue in comparison to the other cultivars. Howeités
The synthesis of other carotenoids due to fruit ripeningoteworthy that eight of the cultivars were grouped with
influenced the total carotenoids concentration, whictihe lowest means due to the low provitasicarotenoids
showed discreet increase from stage 1 tabl@2). The concentration presented by these cultivdfisamin A
content ofa-carotene varied considerably betweewalue was higher in the unripe peel than in the unripe
cultivars and ripening stages, and in the cultivars Nanicgaylp, except for ‘Caru-Roxa’, ‘Caruevde’, ‘Prata’, ‘Prata-
Caru-\érde, Caru-roxa, Caipira, Maca, Prata-Grauda akh&’, ‘Pacovan’and ‘Terrinha’. For the ripening stage,
Caju, there was a significant reduction in the contenthere were higher contents of unripe peel, with the
differing from the unripe peel. In addition, similarly to whatexception of ‘Ouro’. Behavior similar to that observed in
was found in the pulp, thf&carotene concentration wasthe ontents of3-carotene in thpeel and ripening stages,
slightly higher than that @f-carotene, except for ‘Ouro’, because of this carotenoid present larger weight in the
‘Nanicéo’, ‘Terrinha’and ‘Caju'cultivars.The3-carotene conversion in vitami.
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Table 2 Mean carotenoid concentrations, retinol activity equivalents (RAE) based on fresh matter and the respéctergsoéf/ariation (C\86) of unripe and ripe peel from15 banana and

plantain cultivars grown iNigosa CountyMinas Gerais @te

Lutein a-carotene Bcarotene Total carotenoids RAE (in 100 g)
Cultivars Unripe Ripe Unripe Ripe Unripe Ripe Unripe Ripe Unripe Ripe
——————————————————————————— Mg1l00g) - - - - -"-"-""—"""—""—"="—"—"=—"—"— - - - - — -

Ouro 2310.31aB 2587.93aA 222.62cA 248.77bA 209.73cB 461.98aA 2566.86aB  3182.13aA 26.75cB 48.86aA
Nanica 1832.04bA 1682.72bA  178.34cA 178.12cA 185.89cA  190.61dA 2007.93cA  2012.60dA 22.92dA 23.30cA
Nanicéo 1561.22cA 1579.17bA 201.30cA 161.66¢cB 195.79cA 159.78dA 1778.91dA  1897.14eA 24.70cA 20.05cB
Caru-\erde 1806.19bA 1587.27bA  183.01cA 106.33dB 206.78cA 201.35dA 2052.37cA  1796.38eB 24.85cA 21.21cA
Caru-Roxa 1780.92bA 1612.19bA  216.64cA 135.64dB 283.68bA 273.55cA 2328.36bA  1996.32dB 32.66bA 28.45bA
Caipira 1802.93bA 1579.95bA  113.37dA 51.34eB 146.56dA 96.81eB 1802.69dA  1785.88eA 16.93dA 10.20dB
Prata 1801.94bA 1653.52bA 82.16eA 57.27eA 118.81dA 93.05eA 1802.44dA  1723.19eA 13.32dA 10.14dA
Prata-Ana 1293.88cA 1248.62cA 80.21eA 56.80eA 163.93cA 88.76eB 1355.64eA  1438.12fA 17.00dA 9.76dB
Maca 1282.40dA 1317.00cA 89.35eA 54.34eB 118.14dA 52.22eB 1338.07eA  1453.70fA 13.57dA 6.62dB
Mysore 1593.81cA 1555.30bA 138.81dA 107.86dA 244.69bA 212.65dA 1740.63dA  1898.04eA 26.17cA 22.22cA
Pacovan 1195.89dA 1004.57cA 72.98eA 57.31eA 117.71dA 72.12eB 1106.52fA 1216.26fA 12.85dA 8.40dA
Terrinha 1121.18cB 1431.92bA 389.95aA 398.62aA 360.48aA 395.10aA  1664.55dB  2247.69cA 46.28aA 49.53aA
Marmelo 994.88cA 995.10cA 62.88eA 49.50eA 185.14cA 96.70eB 1099.68fA 1260.88fA 18.04dA 10.12dB
Prata-Grauda 1273.13cA 1400.89bA 87.27eA 40.56eB 170.25cA 89.86eB 1365.22eA  1434.67fA 17.82dA 9.17dB
Caju 1948.47bB 2529.79aA 266.70bA 154.48cB 246.05bA 268.95CcA 2264.94bB  2813.35bA 31.61bA 28.84bA
Mean 1573.27 1584.39 156.17 124.57 196.90 183.56 1751.65 1877.09 22.92 20.45

CV (%) 11.65 12.33 16.19 15.36 17.59 14.04 8.42 7.19 16.48 12.03

Means followed by the same uppercase within a column and lowercase within a line, for each variable, belong to the same group, by the Scott-Knott criterion at 5% probability
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The vitamirA value in the ripe peel was similar to thatAmorim ER Cohen O, Amorim VBO, Paes NS, Sousa HN, San-
found in the ripe pulp with 11% decrease in Comparisontos-Serejo JA & Silva SO (2011) Caracterizacdo de acessos de
. . ’ . . , . bananeira com base na concentragdo de compostos funcionais.
to thg unripe peel. ‘Oura@nd .Tgrrlnha stood out with Ciéncia Rural, 41:592-598.
‘the hjgt]eSt Valu,e‘s’ and C’alpll"a, Prata ' P':ata_Ana Amorim EP Vilarinhos AD, Cohen KO,Amorim VBO, Santos-
Mac&', ‘Pacovan’,'Marmelo’ and ‘Prata-Grauda’ cultivars serejo JA, Silva SO, Pestana KN, Santos VJ, Paes NS, Monte
showed the lowest values, since they presentedalow DC & Reis R/ (2009) Genetic diversity of carotenoid-rich ba-
carotene anfl-carotene concentrationsafle 2). nanas evaluated by Diversi#yrrays Technology (DArT).
. A Genetics and Molecular Biology2:96-103.
The results found in the current study indicated the 0%
potential use of certain banana cultivars in promoting2vey MW Bemh VD, Markham R, Swnnen R & Keulemans J
health due to the presence of important carotenoid(zoog) Genetic variability inMusa fruit provitamin A
) p P carotenoids, lutein and mineral micronutrient contents. Food
pigments. Some cultivars such as ‘Caru-Roxa’, C&®H-V  Chemistry 115:806-813.
de’ and ‘Ouro’and the “Brrinha’ pIantaln must be Delgado-Pelayo R, Gallardo-Querrero L & Homero-Méndez D
highlighted due to their high carotenoids concentration. (2014) Chlorophyll and carotenoid pigments in the peel and
In addition, the consumption of fruits from these cultivars flesh of commercial apple fruit varieties. Food Research
should be encouraged. Furthermore, they can be used ilfémational. 65:272-281.
breeding programs in order to obtain biofortified cultivar§"9/Peger L, Aalbersbeg W, Ravi R Bonnin E, Mark GC,

. . o . . Fitzgerald MH & Elymore J (2003) Further analyses on
and to help Increasing carotenoid intake by people I|V|ng Micronesian banana, taro, breadfruit and other foods for

in regions at risk of vitamin deficiency provitamin A carotenoids and minerals. Journal of Food
It is worth developing recipes using banana unripe Composition andAnalysis, 16:219-236.

pulp and peel in order to take advantage of the nutritionahglbeger L, Lyons G Foley W, Daniells J,Aalbersbeg B,

potential of those parts, which are not usually eaten byDOlOdO'OItawake Uwatoto C, 'famcl; E,Tjki_bB,f\I’Vehi F Warito f

the population. Howeveitis necessary to conduct further TP 10 % el B0 o e e

studies in order to investigate the anti-nutritional factors composition andnalysis, 23:624-632.

and the methods to inactivate them or to reduce theméﬁesa B. Poulaert M, Davey MVKimiywe J,Van Den Begh

these fruit parts. I, Blomm G & Dhuique-Mayer C (2012) Bioaccessibility of
provitaminA carotenoids in bananaM(saspp.) and derived

CONCLUSION dishes inAfrican countries. Food Chemistryl33:1471-
1477.

Lutein, &-carotene and a-carotene are the carotenoids )
in th | d | . dri Fungo R & Pillay M (2011)x-carotene content of selected bana-
present in the pulp and peel unripe and ripe. na genotypes from UgandAfrican Journal of Biotechnology

There is an increase in lutein content and reduction in10:5423-5430.
the content ofi-carotene anfi-carotene with ripening of Higby WK (1962) A simplified method for determination of some

the pulp. aspects of the carotenoid distribution in natural and carotene
fortified orange juice. Journal of Food Science, 27:42-49.

Koh HH, Murray 13, Nolan D, Carden D, Frather J & Beatty S
(2004) Plasma and macular responses to lutein supplement in

In the peel, the lutein coent hardly change due to
fruit maturation, howeverthere was a reduction in the

content ofo-carotene an@-carotene. subjects with and without age-related maculopathy: a pilot study
The mean total concentration of carotenoids increased*Pe"imental Eye Research, 79:21-27.
in the pulp and peel due to fruit ripening. Kurahashi N, Inoue M, lwasaki MTanakaY, Mizokami M &

. . . . o Tsugane S (2009Yegetable, fruit and antioxidant nutrient
Itis worthwhile to increase or implement the cultivation consumption and subsequent risk of hepatocellular carcinoma:

of the cultivarderrinha, Caru-Roxa, Caruextle and Ouro  a prospective cohort study Japan. British Journal of Cancer,
in regions deficient in vitamiA, due to the higher value ~100:181-184.

of vitaminA. LokeshVL, Divya P, Puthusseri B, Manhunatha G & Neelwarne B
(2014) Profiles of carotenoids during post-climacteric ripening
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