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Abstract

Biofortification is an important technique where the nutritional quality of food crops is enriched through the increase of nutrient
content. Provitamin A deficiency is still a public health concern mainly in developing countries. Since beta-carotene is a vitamin
A precursor, the increase of this compound in foods through biofortification is a manner to reach people under hidden hunger
condition. This work aimed to evaluate the effect of different cooking styles on carotenoids content and antioxidant activity of
two different genotypes of biofortified Cucurbita moschata. In the present study, biofortified pumpkins submitted to different
cooking conditions were assessed for antioxidant activity by ABTS, DPPH, B-carotene/linoleic acid systems and have polyphenols
and carotenoids content compared. The cooking style affected the antioxidant activity. Pumpkins from genotype 1 showed
high levels of carotenoids, a-carotene and all-E-[-carotene compared to samples from genotype 2. There was an increase of all
carotenoids in both cooked pumpkins, and steam cooking showed the highest retention percentages. Steam cooking presented
a higher percentage of carotenoid retention. Pumpkin consumption in developing countries, especially in the Northeast Brazil

may be promoted to combat vitamin A deficiency.

Keywords: pumpkin; antioxidant activity; carotenoids; cooking; biofortification.

Practical Application: The biofortified pumpkins are a low coast and easy cultivation crop with high carotene content which
can be easily incorporated to diets of people experiencing hidden hunger.

1 Introduction

Vitamin A (retinol) deficiency is a public health problem
that affects mostly children and poor women in developing
countries. It occurs after prolonged lack of adequate dietary
supply. The Carotenoids are probably the most frequent
natural pigments. They can be found in animals, plants and
microorganisms. Due to the presence of multiple conjugated
double bonds, they are highly colored and lipophilic, featuring
a variety of colors from yellow to intense red (Cardoso, 1997;
Krinsky & Johnson, 2005). The Z isomers of provitamin
A are known for having lower vitamin A activity than the
corresponding E isomers. 3-carotene occurs naturally in the
all-E form, which is thermodynamically more stable and less
soluble. Furthermore, it was found that all-E-B-carotene is
absorbed preferentially to the 9-Z-p-carotene in humans.
BioFORT Project is coordinated by the Brazilian Research
Agriculture Corporation (EMBRAPA) and responsible for
scientific activities concerning food biofortification in Brazil
which intends to contribute do undernutrition decrease and
assure food and nutrition security to vulnerable populations.
In Brazil, biofortification is applied consisting solely of
genetic-enhancement techniques aiming at increase the
micronutrients contents (including vitamin a) in the diet

of people under vulnerable situation for micronutrient
deficiency (BioFORT, 2018). Thereby, the interest in foods
with high content of carotenoids with provitamin A activity
(B-carotene, a-carotene e B-cryptoxanthin), such as pumpkins
of Cucurbita genus, has increased substantially in recent years
(Rodriguez-Amaya et al., 1988). Pumpkin is an excellent
source of carotenoids with provitamin A activity. Cucurbita
moschata is a widely cultivated specie, consumed in different
regions of the world. However, its antioxidant potential is yet
not well described and reported in the literature. Biofortified
pumpkins genotypes (more nutritious) have been developed
and cultivated focusing on decreasing malnutrition rates and
ensure greater food security by increasing levels of vitamin
A in the diet of vulnerable populations (BioFORT, 2018).
The aim of this study was to evaluate the effect of different
cooking techniques on carotenoids and antioxidant activity
of biofortified pumpkins (C. moschata) aiming at providing
scientific-based recommendation of the biofortified genotypes
of pumpkins for cultivation towards food and nutrition security
achievement of the target population of the BioFORT project
(i.e. women and children) in the Northern and Northeastern
Brazil.
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2 Materials and methods
2.1 Reagents and standards

Chromatographic grade solvents (acetone, petroleum ether,
methanol, methyl tert-butyl ether and chloroform), Tween® 40 and
Celite 454 were purchased from Tedia (Fairfield, OH - USA). Analytical
grade solvents (methanol, ethanol and ethyl ether) were purchased
from Vetec (Rio de Janeiro, RJ - Brasil). 2,2-diphenylpicrylhydrazyl
(DPPH), 2,2'- Azobis(2-methylpropionamidine) dihydrochloride
(AAPH), potassium persulfate, fluorescein, sodium
carbonate, gallic acid, trolox and Folin-Ciocalteau reagent
were purchased from Sigma-Aldrich (St. Louis, MO - USA).
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS),
B-carotene and linoleic acid were purchased from MP Bio (Solon,
OH - USA). Nitrogen gas was purchased from White Martins
(Rio de Janeiro, R] - Brazil). BHT was purchased from Spectrum.
The catalyst mixture for protein determination (Selenium Reagent
Mixture GR for the determination of nitrogen) was purchased
from Merck (Darmstadt - Deutschland).

2.2 Samples

Two different pumpkins genotypes (Cucurbita moschata)
were cultivated in an experimental field of EMBRAPA Table
Coastlands, located in Frei Paulo city (SE), from July to
November of 2013. Fruits were harvested, and agronomic and
nutritional characteristics were measured by the Biofortication
program EMBRAPA. A sample of each genotype of biofortified
pumpkins were forwarded to the Technology and Instrumental
Analysis Laboratory in the Faculty of Pharmacy from the Federal
University of Rio de Janeiro, Brazil. Genotype 1 presented the
following measurements: 3.875 kg; 13.8 cm in length and a width
of 25.0 cm, whereas genotype 2 was larger weighing 4.834 kg,
had 16.0 cm in length and 25.0 cm in width.

2.3 Preparation of samples

Pumpkins were washed with chlorinated water, dried and peeled.
Each pumpkin was cut into small pieces (approximately 3 cm?)
and randomly divided into three separate portions. One portion
was kept raw, another was cooked in boiling water, and the third
portion was steamed.

2.4 Home cooking styles

One portion of each pumpkin was cooked in boiling water
(100 °C) and the other was steam cooked. In both cases, 200 g
of pumpkin flesh without seeds and 250 mL of boiling water
were used. Samples were cooked for 5 minutes, since this is
the usual time used in home cooking preparations. Cooked
samples were water drained off, grinded and cooled (-15°C)
before extraction process.

2.5 Nutritional composition

The contents of moisture, fat, protein and ash were evaluated
according to the Analytical Standards of Adolfo Lutz Institute
(Instituto Adolfo Lutz, 2005) and total carbohydrates were
determined by difference (NIFEXT). Results were expressed
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as g/100 g of sample. The soluble solids were measured in an
Abbe refractometer Biobrix 2WAJ (Shanghai, China) at 20 °C
(Instituto Adolfo Lutz, 2005).

2.6 Total carotenoids, a-carotene, 3-carotene and isomers

Procedures used for the carotenoids extraction and
determination of Alpha-carotene, B-carotene and isomers by
HPLC-DAD were based on the method of Rodriguez-Amaya and
Kimura (Rodriguez-Amaya & Kimura, 2004). Total carotenoids
were estimated spectrophotometrically (at 450 nm). A Waters
2695 Alliance chromatographic unit (Milford, United States) was
coupled to a Waters 996 detector, network Diode UV/Visible 350 nm
to 600 nm, operated by Empower software. YCM Carotenoid
C30 S-3 (4.6 mm x 250 mm) reversed phase column was used
to separate the compounds. The chromatographic analyses
were performed using the following conditions: temperature
of the jacket for the chromatographic column, 33 °C; flow rate,
0.8 mL/minute; injection volume, 15 pL; analysis time 28 minutes.
Results were expressed in pig/g of sample fresh weight (FW.).

2.7 Total phenolics

Total phenolic content of the extracts was determined by the
Folin-Ciocalteu assay. Folin-Ciocalteu reagent (2.5 mL previously
diluted 1: 10 in water) was added to 0.5 mL of extract, followed
by addition of 2.0 mL of sodium carbonate (75 g/L). Absorbance
was measured at 760 nm using a Thermo Scientific Evolution
60 Spectrophotometer (Madison, United States).

2.8 Antioxidant activity

DPPH free radical scavenging activity was determined
according to Scherer and Godoy (Scherer & Godoy, 2009)
using methanol is as solvent (Brand-Williams et al., 1995).
ABTS radical scavenging activity was performed according to
Reetal. (Reetal., 1999). The B-carotene/linoleic acid assay was
performed as previously described by Marco (Marco, 1968) and
modified by Miller (Miller, 1971). Absorbance was measured at
760 nm using a Thermo Scientific Evolution 60 Spectrophotometer
(Madison, United States).

2.9 Statistical analysis

Each assay was independently carried out three times with
the same extract. One-way analysis of variance was used to test
any difference in outcome resulting from the different cooking
techniques tested (p < 0.05). Tukey’s test was used to determine
significant differences between obtained means.

3 Results and discussion

The results of the nutritional composition of pumpkins
are expressed in g.100 g of sample (Table 1). According to
Pedrosa (1981) the variety of genotype 1 is a high quality fruit,
with a high dry matter content (19.49%), whereas genotype 2
is considered as having a low dry matter content (9.49%).
The moisture content of both pumpkins are similar to that
previously reported (Jacobo-Valenzuela et al., 2011). However,
Brazilian Table of Food Composition — TACO (Universidade
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Estadual de Campinas, 2011) lists a higher moisture content
for other varieties of Cucurbita moschata Duch (Menina
Brasileira and Pescogo). High dry matter contents give fruits
greater value as raw materials (Ramos et al., 1999). In regard to
previously reported data, genotype 1 showed the highest ash and
carbohydrates contents, while genotype 2 showed higher protein
concentration (Jacobo-Valenzuela, et al., 2011). Genotype 1
showed the highest values for soluble solids between the cooking
styles (p < 0.05) (Table 1). Soluble solids content was higher in
the raw samples of both pumpkin genotypes in comparison
to cooked samples, probably due losses by dissolution in the
cooking water or steam. Maximum soluble solids content occurs
at more advanced stages of maturation. Amounts (mg/g) of
total carotenoids, a-carotene, all-E-, 13-Z- and 9-Z--carotene
present in raw and cooked pumpkins genotypes 1 and 2 are
shown in Table 2. Total carotenoid content of genotype 1 is
higher than in genotype 2. The relatively high content of
carotenes in genotype 1 is in accordance to that reported by
Jacobo-Valenzuela et al. (2011) and markedly higher than other
previously reported (Carvalho et al., 2012a, b). Considering that
pumpkins genotypes were grown under the same cultivation
conditions, the difference in total carotenoids content between
genotypes 1 and 2 are most likely due to the differences in stage

of maturity since genotype 1 has higher soluble solids content.
E-B-carotene content exceeded a-carotene content in pumpkins,
and relatively minor amounts of 9- and 13-Z B-carotene were
present in raw and cooked samples. Steaming had higher amount
of E-BC and aC than in boiled samples (p < 0.05). B-carotene
content in pumpkins genotypes 1 and 2 are within the range
reported by Jacobo-Valenzuela et al. (2011). Alpha-carotene
content in genotype 1, but not in genotype 2, was higher than
previously reported for C. moschata. (Carvalho et al., 2012b;
Jacobo-Valenzuela et al., 2011) . In general, 13-Z-B-carotene
contents were higher in cooked samples than in the raw ones,
which is expected because cis-trans (Z-E) isomerization is
promoted by heating. The effects of cooking on the carotenoids
content in vegetables is controversial, some authors report that
cooking may result in carotenoids losses while others report
their increase (Lessin et al., 1997; Rodriguez- Amaya & Kimura,
2004; Rodriguez-Amaya & Amaya-Farfan, 1992). This increase
has been attributed to higher extraction efficiency since the heat
treatment can inactivate oxidative enzymes and denature the
complex between carotenoid and protein that exists in plant
cells. Total phenolic compounds content in raw and cooked
pumpkins are shown in Table 3. Total phenolic content was
higher in raw genotype 2 in comparison to cooked samples

Table 1. Centesimal composition (in wet basis, g.100 g*) and soluble solids (°Brix) performed in triplicate in groups of preparations of pumpkins.

Pumpkin Cooking Style Moisture Ash Protein Lipids Total Carb. Soluble Solids
1 Raw 80.83* + 0.01 1.26* + 0.06 1.12% + 0.04 0.8* +0.04 15.99 13.17 £ 0.06
Boiled 84.51°+0.18 0.85° + 0.04 0.83* +0.12 0.47° £ 0.00 13.34 9.80 + 0.10°

Steamed 82.25°+0.26 1.06° + 0.07 0.89* + 0.04 0.81* +0.03 14.99 12.13 £0.12°

2 Raw 90.51¢ £ 0.09 0.85° + 0.02 1.41% +0.04 0.27¢+0.00 6.96 8.10 +0.10¢
Boiled 91.44¢+0.16 0.78° + 0.03 1.30% £ 0.12 0.73* +0.02 5.75 6.20 + 0.00°

Steamed 89.944+ 0.04 0.89" +0.02 1.47° +0.04 0.79* + 0.06 6.91 7.73 + 0.06°

Each value represents the mean + standard deviation in triplicate; Different letters in the same column differ statistically (P < 0.05) by Tukey post-test.

Table 2. Total carotenoids, a-carotene and p-carotene isomers (all-E, 13-Z and 9-Z) (ug/g) in raw and cooked pumpkins.

Pumpkin Cooking Style Total Carotenoids a-carotene All-E- B-carotene  13-Z- B-carotene 9-Z- B-carotene
1 Raw 589.1° + 6.74 207.1° £ 6.99 317.1* £ 5.46 7.8°+0.11 6.5"+0.31
Boiled 638.7* + 1.81 214.5° + 3.80 330.6® + 4.03 17.6* +1.22 7.1*£0.12
Steamed 655.3* +10.73 229.9*+2.41 339.6* + 8.06 16.3* £ 0.31 5.2¢+0.20
2 Raw 23444+ 1.26 49.6°+ 1.21 161.2¢ + 4.48 3.2¢+0.25 2.9¢+0.25
Boiled 242.50¢ £ 8.53 48.2°+ 1.52 164.7¢ + 4.19 7.3*+0.19 2.2°%0.15
Steamed 274.9°+10.12 55.6°+1.91 191.60° + 7.88 7.04° +0.24 2.3¢+0.07

Each value represents the mean + standard deviation in triplicate. Different letters in the same column differ statistically (p < 0.05) by Tukey post-test.

Table 3. Total phenolic content in raw and cooked pumpkins (mg of Gallic acid per g of dry sample), and antioxidant capacity of methanolic
extracts of raw and cooked pumpkins in dry basis using Trolox as standard.

Pumpkin Cooking stvle T:(t)z;llp Ele;?ilslc DPPH % ABTS (3-carotene / linoleic acid
p g sty (g gAE/g) (scavenging activity) (1M trolox/g) (Oxidation inhibition %)
Genotype 1 Raw 3.07 £0.11° 3.91 +0.09¢ 24.79 + 3.03" 38.631(+0.31)
Boiled 1.70 £ 0.04¢ 6.01 +0.23* 22.89 +1.01° 45.13¢ (+0.20)
Steamed 1.75 £ 0.01¢ 5.46 +0.26° 23.83 +1.78" 44.59% (+0.28)
Genotype 2 Raw 4.10 £ 0.01* 4.20 + 0.09¢ 34.56 £ 1.39° 46.91% (+0.16)
Boiled 3.14+0.01° 5.06 +0.23° 34.15 £ 1.30* 42.94¢ (+0.17)
Steamed 3.10 £0.01° 5.41 +0.17° 35.05 £ 2.76* 43.82¢ (+0.15)

Each value represents the mean + standard deviation in triplicate. Different letters as superscripts in the same column differ significantly (P < 0.05) as determined by ANOVA followed
by Tukey post-test; ABTS 2-2"-azino-bis (3-etilbenzotiazolin) 6-sulfénic acid; DPPH - 2,2-difenil-1-picrilhidrazil and GAE - Galic Acid Equivalent.
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regardless of cooking style. Phenolic contents similar to those
obtained for genotype 2 (raw) were reported for the same
pumpkin species (Jacobo-Valenzuela et al., 2011). Results for
antioxidant activity are depicted in Table 3. DPPH scavenging
activity of extracts from pumpkins ranged from 3.9 to 6.0%
with the lowest activity being found for raw samples. In general,
there was no significant difference (p < 0.05) between similar
preparations of genotypes 1 and 2 (Table 3). Genotype 2 had
higher antioxidant activity than genotype 1, and this feature was
not affected by cooking. Zhou & Yu (2006) reported values for
antioxidant activity assessed by the ABTS method for various
vegetables. Finally, antioxidant activity was monitored using the
B-carotene/linoleic acid model (Table 3). Genotype 1 showed a
higher carotenoid content compared to genotype 2 and cooked
preparations also had a higher content of these compounds.
Therefore, it is possible that the antioxidant behavior exhibited
in the B-carotene/linoleic acid system may be related to the
carotenoid content in the samples. On the other hand, genotype 2
showed higher contents of phenolic compounds, especially the
raw samples, also showing increased protection activity against
oxidation compared to the preparations of cooked genotype 2.
It is possible that carotenoids were the compounds that most
contributed to the antioxidant activity of genotype 1 in the
B-carotene/linoleic acid system, whereas for genotype 2, total
phenolics may contributed to antioxidant activity obtained by
ABTS method. This would explain the fact that cooked rather
than raw genotype 1 had a higher antioxidant activity, while the
inverse was true for genotype 2.

4 Conclusions

In conclusion, the content of soluble solids of pumpkin
genotypes allowed its classification as very mature (1) and
mature (2), respectively. Genotype 1 presented the highest contents
of B-carotene, probably due to the more advanced maturation
stage. The antioxidant capacity (DPPH) increased after cooking
although the levels were low. Results from the ABTS assay
revealed higher antioxidant activity in samples of genotype 2.
Antioxidant activity of the biofortified pumpkin genotypes was
higher to that reported in the literature for many other vegetables.
The B-carotene/linoleic acid system method revealed that boiled
samples of genotype 1 and raw genotype 2 were the ones with
the highest antioxidant activities. The methods performed for
the assessment of antioxidant activity presented different profiles
according to the pumpkin sample and its preparations, which can
be explained by the changes caused by cooking, by degradation
of some compounds such as the phenolics or by increasing the
availability of others like carotenoids as well. Considering that
each method was more sensitive to different compounds, it was
not possible to state that one methodology is better than another,
since all have advantages and limitations. After cooking, there was
an increase of all carotenoids in the two pumpkins samples. Steam
cooking presented a higher percentage of carotenoid retention.
The contents of polyphenols were reduced in all samples after
cooking and genotype 2 presented the highest levels. Pumpkin
consumption in developing countries, especially in the Northeast
Brazil may be promoted to combat hidden hunger through
vitamin A deficiency. Biofortified pumpkins may be consumed
either steamed or boiled to enhance carotenoids accessibility.

Food Sci. Technol, Campinas, 40(2): 302-306, Apr.-June 2020

The results of this study are promising, considering that 3-carotene
has 100% pro-vitamin A activity and may contribute to food
and nutrition security achievement of vulnerable people in
developing countries.
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