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Abstract
Eleven non-conventional tropical fruits were evaluated regarding their nutritional value, antioxidant potential, carotenoid con-
tents and bioaccessibility. The fruits were chosen due to their spread through the Brazilian territory: araçá-boi, jaracatiá, cambuití,
seriguela, capeba, pitangatuba, pitanga, buriti, acerola, dovialis and abricó-da-praia. Results have shown that these fruits are in
general, i.e. depending on the fruit, rich sources of dietary fibers and minerals, high in moisture, and low in proteins. Twelve
carotenoids were analyzed by HPLC-DAD and results ranged from 0.04 to 104 μg/g wet weight. Xanthophylls stood out, being
higher than carotenes for araçá-boi, seriguela, pitangatuba and dovialis. Bioaccessibility varied both between fruits and carot-
enoids ranging from 2 to 75%. Although the fruit matrix effect, xanthophylls were more bioaccessible than carotenes, while
lycopene and γ-carotene presented the poorest bioaccessibility. The present study is fundamental to expand the knowledge about
the fruit properties, carotenoids bioaccessibility and potential benefits for health, as well to preserve natural resources and
encourage the intake of new fruits for human nutrition.
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Introduction

The great biodiversity found in South American biomes, es-
pecially the ones inside Brazilian territory (such as Atlantic
Forest, Cerrado and Amazon Forest), represents an important
source of new plants for human nutrition, flavors and mate-
rials for food industry [1]. Tropical fruits such as araçá-boi
(Eugenia stipitata), jaracatiá (Jaracatia spinosa), cambuití
(Sageretia elegans), seriguela (Spondias purpúrea), capeba
(Odontocarya acuparata), pitangatuba (Eugenia selloi),
pitanga (Eugenia uniflora), buriti (Mauritia flexuosa), acerola
(Malpighia emarginata), dovialis (Dovyalis abyssinica) and
abricó-da-praia (Mimusopsis comersonii) are widespread in
Brazilian territory, and according to the Reflora program and
herbarium [2] some of these fruits are native from biomes of

Brazil (araçá-boi, jaracatiá, cambuití, capeba, pitangatuba,
pitanga and buriti), while others were introduced in Brazil
and now can naturally occur, specially at southeast and north-
east regions and along to the Brazilian coast. Seriguela,
pitanga, buriti and acerola already have commercial produc-
tion and distribution in Brazil for internal consume in natura
and for agroindustry processing in pulp, extracts (for cos-
metics and supplements), oil (buriti), jelly and other products.
There are efforts for improvement of the commercial produc-
tion and agroindustry of araçá-boi, jaracatiá, and dovialis.
However, these fruits are still integrating only local markets,
ecotourism and ethnic foods [3].

Increasing biodiversity of fruits in diet could improve hu-
man health due to carotenoids and other bioactive compounds,
but many fruits still not being produced or consumed, proba-
bly due to unfamiliarity of consumers, mainly from urban
areas. For example, it was demonstrated that some
underutilized fruits from Southeast Asia can provide similar
or higher amounts of total carotenoids and β-carotene than
popular fruits commercialized in Malaysia [4]. There are still
limited studies on the nutritional value of unconventional
fruits, especially regarding their bioactive compounds. This
make difficult their disclosure for stimulating consumption.
Positively, pioneer studies, like the present one, are detecting
the great potential of unconventional tropical fruits from
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Brazil as source of bioactive compounds with high antioxidant
activities [1, 5]. These researches are essential for exploring
the potential of certain fruits for integrating diets, improve
health and serve as new raw-material for food technology.

Conversely, it was demonstrated great amounts of pro-
vitamin A carotenoids in buriti [6], identified a diversity of
carotenes (e.g. lycopene) and xanthophylls (e.g.
rubixanthin) in pitanga [7] and provided evidence that
araçá-boi could be used as nutraceutical ingredient in the
production of functional foods due to its carotenoid pattern
[8]. The genus Eugenia has presented many fruits with
high antioxidant activity against biological radicals and
anti-inflammatory properties [1]. Acerola presents very
high antioxidant activity due to its high contents of vitamin
C and polyphenols [9]. Nutritional value of tropical fruits
is interest to local communities that ingest these fruits reg-
ularly, for example, buriti can be source of minerals, fibers,
vitamin A and important fat acids in the diet [10].

Carotenoids are among the most important compounds in
fruits that provide the mentioned health benefits. In plants,
they are responsible for yellow to red color in fruits that also
stimulate the palate in humans. Carotenes and xanthophylls
occur in the plants in several different forms: water soluble
complexes with proteins; esterified with fat acids; solubilized
in lipids. The human digestion and absorption of carotenoids
suffer influence of the carotenoid species, the fruit matrix,
their chemical state, the amount ingested and absorption mod-
ifiers. These factors can be studied by in vitro methodologies
(including in vitro digestion) and allows to estimate their bio-
accessibility, i.e. the amount of the carotenoid released from
the food matrix during digestion and made available for ab-
sorption [11, 12]. Therefore, this research aimed to expand the
knowledge about the nutritional value, antioxidant potential,
carotenoids composition and bioaccessibility of unconven-
tional tropical fruits from Brazil. This new approach encour-
ages the inclusion of these fruits into human diet, promoting
nutritional benefits, as well as presenting new fruits that could
be used for innovation on food product development.

Materials and Methods

Reagents Violaxanthin (VioX), lutein (Lut), all-trans-α-caro-
tene (α-C), all-trans-β-carotene (trans-βC), all-trans-γ-caro-
tene (trans-γ-C) and all-trans-lycopene (Lyc) standards for
HPLC, and also the enzymes for in vitro digestion were pur-
chased from Sigma-Aldrich (St Louis, MO, USA). Only chro-
matographic grade organic solvents were used for carotenoid
extraction and HPLC analysis (Tedia, Fairfield, OH, USA).
All other reagents were of analytical grade.

Fruit Samples The tropical fruits (Supplementary material)
were chosen due to their availability, yield, yellow to red color

of their pulps when mature, and that are native and/or well
adapted to Brazilian climate. Araçá-boi, jaracatiá, cambuití,
seriguela, capeba, pitangatuba, dovialis and abricó-da-praia
were collected in the Sítio de Frutas Raras at Campina do
Monte Alegre, SP, Brazil (−23.5359370, −48.5124060).
Whole and ripe fruits were collected, washed and transported
in Styrofoam boxes with ice. Ripe pitanga and acerola were
harvested from the orchard located at the Luiz de Queiroz
College of Agriculture (ESALQ), Piracicaba, SP, Brazil.
Buriti pulp was produced by the co-op Sertão Veredas
(Chapada Gaúcha, MG, Brazil). The farmers collected ripe
Buriti fruits, peeled them, added warm water, and crushed
them to separate the seeds and pulp, which was frozen shipped
in dark plastic bags of 500 g to Piracicaba, SP. Excepting
buriti, the fruits were processed in the Department of Agri-
food Industry, Food and Nutrition (LAN/ESALQ). They were
selected, sanitized with sodium hypochlorite (200 ppm/
10 min) and pulped. Araçá-boi, jaracatiá, seriguela, capeba,
pitangatuba and dovialis had their seeds discarded and their
pulp with the peel were homogenized with liquid nitrogen in
an analytic mill (A11 Basic Mill IKA, Germany). Cambuití
was pulped in the same way, however the seeds have not been
removed, since they are too small and are ingested when they
are eaten. Abricó-da-praia had their seeds and skin removed,
and since its pulp is very soft, it was only mashed and stored.
Whole pitanga and acerola were pulped in a juicer (Philips
Walita, China) and their seeds were retained by the juicer
sieve. All samples were stored in 50 mL tubes with blanket
of nitrogen gas, sealed, packed in black bags and stored frozen
at −25 °C until the analysis and in vitro digestions.

Proximate Composition AOAC [13] protocols were used for
moisture (AOAC 930.04), ash (AOAC 930.05) and protein
(AOAC 978.04) analysis. Lipid content was determined by
gravimetry after solvent extraction [14]. The insoluble dietary
fiber (IDF) and soluble dietary fiber (SDF) were determined
by enzymatic-gravimetric method [15]. Available carbohy-
drates were calculated by difference following AOAC [13]
recommendation: 100 - (weight in grams [protein + fat + water
+ ash + dietary fiber] in 100 g of food).

Antioxidant Potential by ABTS and DPPH The analysis was
performed according to described in Rufino et al. [9] for
extractions and antioxidant assays. Briefly, samples were
extracted with solution of MeOH 50% (60 min) at room
temperature, centr i fuged (24,500 g for 15 min;
NOVATECNICA®, NT 835, Piracicaba, SP, Brazil) and
supernatants were collected. Residues were extracted with
acetone solution 70% (60 min) at room temperature and
supernatants were collected after centrifuging again. Both
extracts were combined and the volume was adjusted to
100 mL with distilled water. The ABTS and DPPH anal-
ysis were done as described elsewhere [9].
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Carotenoid Extraction and Saponification The extraction of
carotenoids was performed as described by Kimura et al.
[16]. Briefly, homogenized aliquots (0.2–1 g, depending
of the fruit color) were extracted with cold acetone (7 °C)
until colorless. The extracts were filtered under vacuum
and partitioned in separatory funnel to petroleum ether.
Saponification step was carried out to hydrolyze the xan-
thophylls esters. The extracts were kept 16 h in the dark
mixed with a solution of KOH (10%) in methanol con-
taining 0.01% of BHT and a blanket of N2. Then, the
extracts were washed five times with distilled water and
completely dried under N2 flux. Carotenoids from micel-
lar fraction were extracted as described in Berni et al.
[17]. In summary, aliquots of 5–10 mL were agitated
1 min in vortex with 10 mL of THF/MeOH (1:1, v/v)
followed by addition of 10 mL of hexane and then
centrifugated at 800 g for 10 min at 4 °C. The upper layer
was collected, saponified and dried. Extracts were resus-
pended in MeOH:MTBE (1:1, v/v) and then filtered
(PTFE 0.22 μm) before injection into the HPLC system.

Carotenoid Analysis by HPLC-DAD Fruit carotenoids were an-
alyzed by HPLC-DAD system (Shimadzu® LC-20A
Prominence, Kyoto, Japan) with a polymeric YMC™ C30
column (150 × 4.6 mm, 5 μm particle size). The analytic
condition was described by Kimura et al. [16] and consisted
in use MeOH and MTBE as mobile phase in linear gradient
starting at 90:10 (MeOH:MTBE) to 40:60 in 60min, returning
to initial conditions and kept for 15min; flow rate was 0.8 mL/
min; column temperature was 30 °C; injection volume ranged
10 – 60 μL. Standard curves of VioX, Lut, α-C, trans-βC,
trans-γ-C and Lycwere performed. For identifying carotenoid
without its respective standards, we compared their diode ar-
ray absorption spectra and elution order with the certified
reference material (CRM485) reported in Kimura et al. [16].
ZeaX, β-CX, 9-cis-βC,13-cis-βC and 15-cis-βC were calcu-
lated using the trans-βC standard, since they carry the same
chromophore and similar max absorption peak (λmax). Cis-γ-
C was calculated using the trans-γ-C curve.

Carotenoid Bioaccessibility by In vitro Digestion In vitro di-
gestions were carried out according to Garret et al. [18].
Briefly, fruit samples were homogenized with a solution of
basal salts (NaCl 120 mol/L, CaCl2 6 mmol/L and KCl
5 mmol/L). Excepting buriti, it was added 2% (w/w) of
soybean oil to the fruit samples as minimum lipids needed
for mixed micelles formation. Artificial saliva containing
106 units/mL of α-amylase (Sigma® A3176) was added
(6 mL) for simulating the oral phase. The pH was adjusted
to 2.5 and 2 mL of pepsin solution (Sigma® P7000;
50,000 units/mL) was added for simulating the gastric
phase (1 h, 37 °C). The pH was raised to 6 to stop the
gastric phase, then 3 mL of bile extract solution (Sigma®

B8631; 40 mg/mL) and 2 mL of pancreatin (Sigma®
P1750, 4000 units/mL) and lipase (Sigma® L3126,
1000 units/mL) solution were added. Final pH was adjust-
ed to 6.5. Aliquots of the digesta were centrifuged at 5000
x g, 60 min, 4 °C until aqueous phase separation. The
upper phase obtained contains the mixed micelles formed
with the bioaccessible carotenoids. The ratio between ca-
rotenoids from mixed micelles and the initial content pre-
dicts their % bioaccessibility.

Statistical Analysis Analyses were done in triplicate and data
was tested for significant differences using ANOVA and
Tukey’s test (p < 0.05). The software Statistica 13© (Dell
Inc., USA) was used.

Results and Discussion

Proximate Composition

Proximate composition is presented in (Table 1). Buriti
presented the highest lipid value (19.2%) and lowest mois-
ture (63.2%), and therefore, it was estimated the most
caloric fruit in this study. The buriti presents great poten-
tial for extraction of oil that can be used by food, cos-
metics and pharmaceutical industries [10]. Pitanga and
araçá-boi demonstrated the highest moisture content
(93.8 and 93.4%, respectively), which may be interesting
for the manufacture of their juices, since they can present
high yield due to the high amount of water. In addition,
the consumption of juices, such as the pitanga, is indicated
because it may contribute to anti-inflammatory effects
[19]. The jaracatiá was the fruit that presented the highest
ash content (1.78%), which indicates a considerable
amount of minerals that should be explored by other stud-
ies. The protein content is frequently low in fruits; and in
this study, the highest values were found from jaracatiá
and acerola, around 1%. Regarding soluble and insoluble
fibers, abricó-da-praia presented the highest concentration
of these components (0.99% for SDF and 14.12% for
IDF). The regular fiber intake is important to increase
stool weight and to reduce transit time through the intes-
tinal tract, which may help to prevent or relieve constipa-
tion [20], besides to affect the digestion and bioaccessibi-
lity of nutrients. For carbohydrates, fruits as seriguela,
pitanga and abricó-da-praia recorded higher values proba-
bly due to its high amount of sugars since these are con-
sidered the sweetest fruits among those studied (Table 1).

Antioxidant Potential by ABTS and DPPH

In relation to the antioxidant potential, acerola and
cambuití highlighted in both assays, DPPH and ABTS
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(Fig. 1). The highest result observed for cambuití in the
ABTS assay (Fig. 1) can be explained by its polyphenolic
composition. Furthermore, its antioxidant potential by
ABTS was also higher than other Brazilian fruits reported
[9]. The antioxidant potential in fruits can be determinated
by the presence of compounds such as vitamin C in acer-
ola, flavonoids in pitanga and araçá (Psidium guineenses),
and monomeric anthocyanins in açaí [21]. Besides that,
other components such as phenolic compounds also con-
tribute to antioxidant properties, as observed by Rufino
et al. [9] for yellow mombin (Spondias mombin), cashew
apple (Anacardium accidentale), umbu (Spondias
tuberosa) and açaí (Euterpe oleracea). All the other fruits
analyzed remained in a similar extent for Trolox equiva-
lents in both tests (DPPH and ABTS). The ranged observed
of 1.77–7.8 μM Trolox/g (DPPH) and 8.6–39 8 μM
Trolox/g (ABTS) also are in agreement to the literature
[8, 9, 21]. Other studies have been showing high antioxi-
dant potential for Brazilian native fruits and identifying

some fruits as sources of bioactive compounds which can
be interesting due to their health benefits [1, 5].

Carotenoid Analysis by HPLC-DAD

Overall observation on the carotenoid content of analyzed
tropical fruits (Table 2) demonstrates that carotenoids with
provitamin A activity are the majority – trans-βC, α-C, β-
CX, 9-cis-βC, 13-cis-βC, 15-cis-βC. The trans-βC was pre-
sented in every sample and was the main carotenoid of eight
fruits from the 11 analyzed. Pitangatuba, seriguela and
dovialis present xanthophylls as the major carotenoids, specif-
ically β-CX. This profile of carotenoid distribution among
tropical fruits is well demonstrated by the Database of carot-
enoid contents published by Dias et al. [23], where trans-βC
is reported in almost all tropical and subtropical fruits listed,
followed by large presence of xanthophylls, especially β-CX
and Lut, while lycopene occurs only in some fruits. Pitanga
and buriti results for carotenoids analysis are not presented in

Fig. 1 DPPH and ABTS assays of non-conventional tropical fruits. Results are equivalents of Trolox (μM/g). Different letters correspond to significant
difference (p < 0.05) between fruits

Table 1 Proximate composition results for the non-conventional tropical fruits

Fruits Moisture (%) Protein (%) Ash (%) Lipids (%) SDF* (%) IDF* (%) Carbohydrates (%)

Araçá-boi 93.41a2 0.41c 0.21g 0.24c 0.10f 2.78e 2.91f

Jaracatiá 82.4e 1.03a 1.78a 0.24c 0.45c 4.50d 9.63cd

Cambuití 80.5f 0.48c 0.48ef 0.69c 0.15ef 6.56c 11.13bc

Seriguela 77.4g 0.47c 0.62d 0.26c 0.80b 3.05e 17.43a

Capeba 88.4c 0.23d 0.58de 0.68c 0.10f 0.30f 9.68cd

Pitangatuba 93.8a 0.17d 0.10h 0.43c 0.09f 0.99f 4.40ef

Dovialis 88.6c 0.19d 0.66d 0.42c 0.23def 0.53f 9.38d

Acerola 91.2b 1.08a 0.31g 0.53c 0.24def 1.14f 5.45e

Abricó-da-praia 69.5h 0.71b 1.20b 1.17b 0.99a 14.12a 12.28b

Buriti 63.2i 0.68b 0.92c 19.20a 0.39cd 9.94b 5.70e

Pitanga 83.5d 0.62b 0.42f 0.40c 0.28de 2.71e 12.07b

Mean (n = 3), fresh basis. Different letters in the column correspond to significant difference (p < 0.05) between fruits. SF: soluble fibers; ISF: insoluble
fibers. * Soluble dietary fiber – SDF and insoluble dietary fiber – IDF

144 Plant Foods Hum Nutr (2019) 74:141–148



this manuscript because they were selected for food product
development. Capeba is the fruit presenting the higher contents
of all carotenoids that were identified and calculated. Also,
trans-γ-C, cis-γ-C and lyc were identified in capeba, these
are uncommon carotenes in fruits. A very small peak similar
to lycopene also were noted in pitangatuba fruit. However, the
absorbance spectrumwas not clear and the amount was too low
for adequate identification and calculation.

The values of trans-βC found (Table 2) coincide with the
ranges presented at Dias et al. [23] for acerola, seriguela and
araçá-boi. The other seven fruits were not found at this data-
base. No datawas found in the literature about the carotenoid
content of jaracatiá, cambuití, capeba, pitangatuba and
abricó-da-praia. We assume this is the first time that these
fruits have their carotenoid composition reported. It is im-
portant to consider that variations in the carotenoid content
may occur due to factors such as ripening, sunlight incidence
and soil composition [11]. The RAE (retinol activity equiv-
alent) was calculated according to FAO [22] and shows that
the consumption of these fruits would contribute to the vita-
min A intake, excepting cambuití and abricó-da-praia

(Table 2). The consumption of 100 g of capeba would sur-
pass 100% of RDI (recommended daily intake) of 450 μg/d
RAE for children 4–6 years of age [22].

Carotenoid Bioaccessibility by In vitro Digestion

Results of bioaccessibility (%), i.e. the efficiency of
micellarization of carotenoids as the ratio of the initial
amounts in fresh fruits and their bioaccessible fraction, are
present in Fig. 2. Digested capeba demonstrated the highest
bioaccessible amounts of all carotenoids. Among the fruits
that most provide bioaccessible carotenes the first are capeba
and jaracatiá, Brazilian native fruits, followed by seriguela and
acerola, exotic fruits. Pitangatuba appear, after capeba, as a
greater provider of bioaccessible xanthophylls (the sum of
β-CX, VioX, Lut and ZeaX). It was not found studies that
determined bioaccessibility of carotenoids from these fruits,
and then we compared the bioaccessible contents with other
common tropical fruits. While capeba provide about 33 μg/g
for trans-βC and 3 μg/g for β-CX in the bioaccessible frac-
tion, oranges provided 0.02 μg/g for trans-βC and 0.04 μg/g,

Table 2 Carotenoid composition of non-conventional tropical fruits

Fruits trans-βC* α-C β-CX 9-cis-βC 13-cis-βC 15-cis-βC

Total Bioac. Total Bioac. Total Bioac. Total Bioac. Total Bioac. Total Bioac.

Araçá-boi 2.10c 0.29b 0.65b 0.30c 2.44d 0.35d 0.18cd 0.04c 0.16c 0.03c 0.11d 0.05c

Jaracatiá 10.60b 1.91b 1.55b 0.09de 0.53ef 0.04e 0.39cd 0.03c 0.85bc 0.02c 0.63bcd 0.02c

Cambuití 0.70c 0.07b 0.36b ND 0.05e 0.01e

Seriguela 2.89c 0.84b 0.97b 0.23cd 5.94c 1.29c 0.07d ND 0.13c 0.03c 0.08d 0.02c

Capeba 104.10a 32.60a 47.50a 14.85a 13.99a 3.20a 18.37a 7.01a 12.10a 6.05a 8.81a 3.69a

Pitangatuba 3.35c 1.11b 2.45b 0.69b 4.48c 1.89b 1.83b 0.47b 1.56b 0.53b 1.29b 0.49b

Dovialis 2.40c 0.25b 9.00b 1.25c 0.90c ND 0.70bc 0.04c 0.30cd 0.04c

Acerola 11.70b 1.52b 1.24b 0.06e 1.92de 0.22de 0.73cd ND 1.44b 0.05c 1.19bc 0.04c

Abricó-da-praia 0.11c 0.01b 0.04b 0.01e

VioX Lut ZeaX trans-γ-C cis-γ-C Lyc RAE*(μ/100 g)

Total Bioac. Total Bioac. Total Bioac. Total Bioac. Total Bioac. Total Bioac

Araçá-boi 1.04b 0.24b 1.60b 0.15d 0.55b 0.25c 31.5

Jaracatiá 0.33ef 0.03de 104.8

Cambuití 0.59de 0.10c 7.5

Seriguela 1.63b 0.80b 0.22b ND 54.2

Capeba 30.98a 2.07a 2.21a 1.64a 19.41a 4.93a 11.00 0.42 7.3 0.25 6.20 0.14 1290

Pitangatuba 4.36b 0.69b 0.84cd 0.40c 4.44b 1.37b 76.3

Dovialis 65.4

Acerola 1.00c 0.03e 235

Abricó-da-praia 0.16f 0.06d 1.08

Mean (n = 3). Results are expressed in μg/g of wet weight. Different letters in the column correspond to significant difference (p < 0.05) between fruits.
ND =Not Detected. *Abbreviations: all-trans-β-carotene (trans-βC); all-trans-α-carotene (α-C); β-cryptoxanthin (β-CX); respectively 9, 13 and 15-
cis-β-carotene (9-cis-βC, 13-cis-βC and 15-cis-βC); violaxanthin (VioX); lutein (Lut); zeaxanthin (ZeaX); all-trans-γ-carotene (trans-γ-C); cis-γ-
carotene (cis-γ-C); all-trans-lycopene (Lyc); retinol activity equivalents (RAE) calculated according to FAO [22]
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mandarins 0.1 μg/g for trans-βC and 1.8 μg/g [24], mango
8.9 μg/g for trans-βC and papaya 2.4 for trans-βC [25]. A
water and pulp beverage (50:50, v/v) made with caja
(Spondias mombim), that is also a tropical fruit native in
Brazil and from the same genus of seriguela, formed mixed
micelles during in vitro digestions containing: 0.06 μg/g of
trans-βC, 0.06 μg/g of α-C, 0.15 μg/g of β-CX, 0.08 μg/g of
Lut and 0.03 ZeaX, not considering the esterified xantho-
phylls [26]. Therefore, our data of bioaccessible amounts in
the mixed micelles after in vitro digestions are slightly higher
than the found in literature, which can be explained by the
greater initial content in the fresh tropical fruits analyzed.

The carotenoid bioaccessibility of digested fruits was pre-
sented in the Fig. 2. For the araçá-boi fruit, ZeaX, 15-cis-βC
and α-C were ~45% bioaccessible, being at least 25% higher
than the other carotenoids. Jaracatiá had low carotenoid bio-
accessibility – ranging from 2% for 13-cis-βC to 18% for
trans-βC – when compared to the other fruits. No significant
differences were observed between the bioaccessibility of Lut,
β-CX and trans-βC from cambuití. Seriguela presented a

range of 18 to 49% bioaccessibility, being Lut the most bio-
accessible. The in vitro digestion of capeba revealed 75% of
Lut bioaccessibility followed by the cis-βC isomers (38–
50%), α-C and trans-βC (~31%), β-CX and ZeaX (22–
26%), and finally the Lyc, trans-γ-C, cis-γ-C and VioX had
the lowest bioaccessibility (2–6%). Pitangatuba presented the
lowest bioaccessibility for VioX (15%) and the highest for Lut
(45%). For dovialis the bioaccessibility was 13% for β-CX,
8% for trans-βC followed by the other carotenes, but not
significantly. Acerola had very low bioaccessibility of its ca-
rotenoids, being β-CX and trans-βC the most efficiently in-
corporated into mixed micelles, with 11 and 13%, respective-
ly. Finally, abricó-da-praia presented Lut as the most bioac-
cessible (39%), α-C (24%) and trans-βC (14%).

These results were consistent with literature for the range of
bioaccessibility of several carotenoids from many different
fruits [25, 27–29], and in the prevalence of bioaccessible xan-
thophylls [30] than carotenes [31], and in relation to the low
bioaccessibility of Lyc and VioX [27, 29]. It is important to
mention that the cis isomers of trans-βC and trans-γ-C found
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Fig. 2 Bioaccessibility of carotenoids of non-conventional tropical fruits
(n = 3). Results are the ratio between the carotenoid from fresh fruits and
the amounts micellarized after in vitro digestions (%). Different letters

correspond to significant difference (p < 0.05) between carotenoids. For
the abbreviation definitions please see Table 2
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in the micellar phase could be affected by the carotenoid ex-
traction and saponification steps, since at this stage the caro-
tenes are already released and can suffer stress during this long
analysis period, despite all the precautions that were taken
(BHT, light protection and room temperature controlled
26 °C). Other studies that analyzed the bioaccessibility of
carotenoids from tropical fruits reported values of 8.2% for
trans-βC, 3.4% for Lyc [32] and 35% for trans-βC in papaya;
and 24% - 39% of trans-βC for mango [25]. Lycopene bio-
accessibility both for tomatoes and papaya was <5% when
analyzed by the same in vitro digestion protocol [31].
Therefore, it was observed that in plant foods the carotenoid
bioaccessibility can be affected by factors such as foodmatrix,
maturity and growing conditions.

Conclusions

Eleven non-conventional tropical fruits were studied as
new plants for human nutrition. Some of these fruits
have their proximate composition and carotenoid con-
tents reported for the first time. The fruits presented rel-
a t ive high contents of IDF, except ing capeba,
pitangatuba, dovialis and acerola. Noteworthy, buriti pre-
sented 19.2% of lipids. Acerola and cambuití demonstrat-
ed antioxidant potential much higher than the other fruits
in the ABTS assay. Jaracatiá, seriguela, capeba,
pitangatuba and acerola highlighted due to their caroten-
oid diversity and concentration. In vitro digestions results
showed variations between fruits mainly because their
food matrix, although generally xanthophylls were more
bioaccessible than carotenes, and Lyc have very low bio-
accessibility. The scientific knowledge together with the
commercial exploitation of tropical fruits, especially the
Brazilian natives, can stimulate sustainable development,
better food habits, protection against biopiracy and the
innovation in food systems.
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