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Pumpkin (Cucurbita moschata Duch.) has high potential as source of carotenoids with provitamin A activity,
especially all-trans-β-carotene, and are widely consumed by the Brazilian population. Consumption may be
useful in preventing the vitamin A deficiency, which corresponds to a public health concern in Brazil. The
cooking style can affect the carotenoids retention, induce the isomerization cis-trans of the β-carotene,
bioaccessibility and bioavailability. The aim of this study was to evaluate the bioaccessibility of carotenoids in
biofortified pumpkins submitted to different cooking styles through microscopic techniques. Five biofortified
pumpkin genotypes were submitted to three cooking methods (boiled in water, steam and microwave oven).
The anatomical analyses revealed some differences regarding the integrity and morphological traits of
parenchyma cells from mesocarp, related to the type and time of cooking. In natura samples revealed intact
fragments with round shaped cells connected to each other, the middle lamella preservation and, carotenoids
preserved in the plastids. The cooking preparation with boiling water harmed most of middle lamella, resulting
in small fragments and abundant isolated mesocarp parenchyma cells. These cells had variable shapes,
round but most exhibiting flatten and collapsed cells, but still intact with preserved cell walls. Broken cells were
rare. Carotenoids were abundant within the cells. The microwave oven cooking showed that mesocarp
parenchyma cells remain mostly preserved, with most cells still connected to each other, which indicates the
integrity of middle lamella. The cells showed rounded shape, and carotenoids were abundant and preserved
within cells. Preparations with water vapor for 5 minutes exhibited sparse isolated cells and small fragments
with cells still connected to each other. Most isolated cells showed rounded and flattened shapes, mostly
collapsed but still preserved cell walls. Carotenoids were abundantly preserved within mesocarp parenchyma
cells. Those cells which retained the integrity of middle lamella were still bonded to each other. They remained
mostly rounded shaped, and carotenoids were within cells. Thus, cell walls and chromoplasts act as barriers
that retain carotenoids encapsulated avoiding their cell release and absorption during digestion, compromising
their bioaccessibility.
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1. Introduction
Carotenoids represent one of the most diverse group of natural isoprenoid pigments in nature. They may be
responsible for yellow to reddish colors in different plant organs, such as flowers, fruits, leaves, and roots, but
also in egg yolk and crustaceans (A. Rodríguez-Bernaldo de Quirós, H. S. Costa, 2009). They are also
bioactive substances, and act as vitamin A precursors.
Carotenoids are very efficient physical quenchers of singlet oxygen and scavengers of other reactive oxygen
species. They can also act as chemical quenchers undergoing irreversible oxygenation. The losing of
antioxidant-reactive oxygen species balance can result in “oxidative stress”, being a critical factor to
pathogenic processes of various chronic disorders (Fiedor and Burda, 2014). Carotenoids also serve as
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precursors for two plant hormones and apocarotenoids (Nisar et al, 2015). Several factors may affect
bioavailability of carotenoids, such as its physical state in food, the type of preparation or cooking, the
presence of other nutrients, and season and geographical variations. Additionally, several factors may reduce
bioaccessibility - the potential amount of the substance that is absorbable – which will further limit
bioavailability of target substances. Thus, the mere presence of higher amounts of carotenoids, for instance,
may not represent their nutritional availability (Frano et al, 2014).
The composition and bioavailability of carotenoids in food matrix are significantly influenced by processing,
well as well other post-harvest technologies (Fernández-García et. al, 2012).
In Brazil and other developing countries, poor people tend to suffer from hunger and malnutrition, which may
cause diseases by the shortage of proteins and calories, and micronutrients, such as vitamins and minerals.
The vitamin A deficiency represents a critical public health issue, which can be minimized by ingestion of food
rich in carotenoids, mainly beta-carotene. Thus, pumpkin (Cucurbitaceae) plays a key role, since several
species, such as Cucurbita moschata, C. maxima e C. Pepo are pumpkins rich in carotenoids, especially betacarotene, beta-cryptoxanthin, lutein and zeaxanthin. Nevertheless, studies regarding the bioaccessibility of
such carotenoids are important to evaluate the introduction of new pumpkin cultivars into the diet of local
populations (Carvalho et al, 2014). Thus, the aim of this study is to analyze morphological and anatomical
traits of biofortified pumpkin samples (Cucurbita moschata Duch.) prepared through different cooking methods
to evaluate the bioaccessibility of carotenoids.

2. Material and Methods
2.1. Preparation of pumpkin samples
Samples of in natura fortified variety of pumpkin were cultivated and harvested at Embrapa – Coastland
Tables (Figure 1). The fruits were washed with chlorinated and distilled waters, subsequently. Then, they were
divided into 4 pieces and homogenized with an IKA Ultraturrax T18 basic disperser .

Figure 1: In natura samples of Cucurbita mochata
The samples were separated in 5 g of in narura pumpkin and cooked in different types of preparation: cooking
with boiling water (1:2 – pumpkin : water), steaming and microwave oven. The samples were cooked for 5
minutes in each methods of preparation.
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After cooking, each sample was weighed and kept frozen (-20°C) and protected to light and oxygen until
morphological analyses to prevent the loss of carotenoids and/or isomerization. In natura samples were used
as control to establish usual morphological and anatomical traits. All analyses were performed in triplicates.
2.2. Morphological analyses
For anatomical studies, we used botanical material from each cooked pumpkin sample. The fixed control
samples of mature and in natura pumpkin were cut into 10–12 µm thick sections with a Ranvier microtome .
Some of them were then stained with 1% astra blue and 1% safranin (9 :1, v/v) and the other samples were
observed without staining process to establish control parameters. Sample was mounted in triplicates in
histological glass slides with glycerin 50%.
All analyzes and image records were performed with an optical microscope Zeiss Axio Scope A1 connected to
digital photographic equipment and Zen Powerlite Imaging software. The images were prepared in Adobe
Photoshop 7.0® and PowerPoint 2007®.

3. Results and Discussion
The anatomical analyses revealed some differences regarding the integrity and morphological traits of
parenchyma cells from mesocarp, related to the type and time of cooking. In natura samples revealed intact
fragments with cells connected to each other, preserving the middle lamella. Cells exhibited round shape, and
carotenoids are preserved in the plastids (Figure 2A). The preparation with boiling water for 5 minutes harmed
most of middle lamella, resulting in small fragments and abundant isolated mesocarp parenchyma cells
(Figure 2B-C). These cells had variable shapes, round but most exhibiting flatten and collapsed cells, but still
intact with preserved cell walls. Broken cells were rare. Carotenoids were abundant within the cells. The
microwave oven cooking for 5 minutes revealed that mesocarp parenchyma cells remain mostly preserved,
with most cells still connected to each other, which indicates the integrity of middle lamella. The cells showed
rounded shape, and carotenoids were abundant and preserved within cells (Figure 2D). Preparations steamed
cooked for 5 minutes exhibited sparse isolated cells (Figure 2E) and small fragments with cells still connected
to each other (Figure 2F). Most isolated cells showed rounded and flattened shapes, mostly collapsed but still
preserved cell walls. Carotenoids were abundantly preserved within mesocarp parenchyma cells. Those cells
which retained the integrity of middle lamella were still bonded to each other (Figure 2F). They remained
mostly rounded shaped, and carotenoids were within cells.
There are several differences concerning amount and profile of carotenoids between pumpkin species
(Cucurbita spp.) and varieties of the same species, as a result of genotypes variation, climate conditions,
seeding, growth and, harvesting processes . It is worth noting that biofortification program from Embrapa does
not focus only in high amounts of beta-carotene, but also in satisfactory agronomical and reproduction
features, resistance to diseases with economic viability and good market acceptance .
Ribeiro (2016) registered the high content of carotenoids pro-vitamin A in different biofortified pumpkin
genotypes, which reinforces the use of such food in replacement to the of usual commercial pumpkin to
improve the diet of local population. This study also revealed no differences regarding carotenoids loss
between in natura and cooked samples. The retention of carotenoids pro-vitamin A after cooking was high
(about 80%), despite fluctuations between cooking methods .
Ribeiro (2016) registered low bioavailability of carotenoids despite the high amount of pro-vitamin A in the
studied pumpkin genotypes. The author suggested that most of carotenoids pro-vitamin A was retained within
food matrix instead of by the transference to micelles. Furthermore, the intense orange of the precipitate after
centrifuging indicated that cooking was unable to release the carotenoids into food matrix. Our results
indicated that, no matter the cooking method applied, most cell walls remained intact. Heating was able to
degenerate pectic substances and destroy only the middle lamella in different degrees depending on the
method. Nevertheless, most of parenchyma cells kept their integrity and carotenoids were abundant within
cells. Their presence in the extracellular matrix was rare and sparse.
Tydeman et al. (2010) registered similar results between in natura and cooked samples in carrot samples .
The anatomical analyses revealed that most parenchyma cells remained intact, and carotenoids were not
released into the extracellular matrix, after cooking and in vitro digestion. Such differences in bioaccessibility
of fruits and other vegetables are due to the pro-vitamin A location in plant tissues since these compounds are
encapsulated in the cellular organelles avoiding their release and further absorption during digestion . Finally,
the morphology of chromoplasts from parenchyma cells of pumpkin samples, with microtubules retaining
proteins attached to carotenoids, has great impact over the release and absorption of such substances during
digestion .
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According Donhowe and Kong (2014), the low absorption of beta-carotene from natural sources is demand
the the development of microencapsulation methods to improve stability and bioavailability. To properly design
a gastrointestinal delivery system for beta-carotene, the processes occurring during digestion from mastication
to absorption must first be understood.
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Figure 2: Samples of pumpkin in different types of preparation. (A) In natura sample, showing parenchyma
cells adjacent to each other, with preserved chromoplasts and carotenoids within. (B-C) Samples boiled in
water, showing degeneration of middle lamella, with isolated collapsed cells. (D) Sample cooked in microwave
oven showing mesocarp parenchyma cells mostly preserved, with most cells still connected to each other,
which indicates the integrity of middle lamella. Carotenoids were abundant and preserved within the cells. (EF) Samples steamed cooked exhibited sparse isolated cells and small fragments with cells still connected to
each other. Most isolated cells showed rounded and flattened shapes, mostly collapsed but still preserved cell
walls. Carotenoids were abundantly preserved within mesocarp parenchyma cells.
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4. Conclusion
Our results revealed that most parenchyma cells remained intact, and carotenoids were not released into the
extracellular matrix, after cooking, no matter the heating cooking process. Thus, cell walls and chromoplasts
act as barriers that keep carotenoids encapsulation avoiding their release and absorption during digestion,
compromising their bioaccessibility and bioavailability. Further studies are necessary to fully understand the
morphology of plastids and cells and propose new methods of preparation to improve bioaccessibility and,
consequently bioavailability of provitam A carotenoids from pumpkin biofortified genotypes.
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