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HIGHLIGHTS:
Refrigeration combined with packaging maintained the quality of Beauregard sweet potatoes for 26 days.
The BRS-Amélia cultivar is more susceptible to dehydration during storage.
Sweet potatoes of the cultivar Beauregard are more suitable for export.

ABSTRACT: Combining refrigeration with 1[;ackalging is a commonly used technique for fruits intended for export.
Thus, the objective of this study was to adapt the post-harvest management of biofortified sweet potato cultivars, using
packaging and refrigeration, focused on reaching distant export markets while maintaining the commercial ql?alit .
Sweet potatoes of the cultivars BRS-Amélia and Beauregard were selected after harvesting, washed, and packaged.
The experimental design used was completely randomized, in a 4 x 7 factorial arrangement consisted of 4 treatments
(cultivar BRS-Amélia with and without packaging; and cultivar Beauregard with and without packaging) and 7
evaluations under storage conditions: at 0, 7, 14 (under refrigeration at approximately 8 °C), 17, 20, 23, and 26 days
(under room temperature conditions at approximately 25 °é). Each experimental unit contained 500 g of tubbers.
The results showed that the refrigerated storage combined with packaging extended the shelf life of tﬁe evaluated
sweet potatoes: 17 days for BRS-Amélia and 26 days for the cultivar Beauregard. The BRS-Amélia cultivar maintained
higher firmness, soluble solids and carbohydrate contents, chroma, and antioxidant activity (FRAP method), and
total phenolic contents, in both raw and cooked tissues. The cultivar Beauregard presented less dehydration and
greater stability in vitamin C, total phenolic, total carotenoid, soluble carbohydrate, and starch contents in raw and
cooked potatoes. Therefore, the combination of packaging and refrigeration preserved the commercial quality of
biofortified sweet potatoes for export markets.
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RESUMO: Combinar refrigeragio com embalagem é uma técnica comumente utilizada para frutas destinadas
a exportagdo. Assim, o objetivo deste estudo foi adequar o manejo pds-colheita de cultivares de batata-doce
biofortificadas, utilizando embalagem e refrigeracdo, com foco em atingir mercados de exportagdo distantes e
mantendo a qualidade comercial. As batatas-doces das cultivares BRS-Amélia e Beauregard foram selecionadas apés a
colheita, lavadas e embaladas. O delineamento experimental utilizado foi inteiramente casualizado, em arranjo fatorial
4 x 7 composto por 4 tratamentos (cultivar BRS-Amélia com e sem embalagem; e cultivar Beauregard com e sem
embalagem) e 7 avaliacdes nas condi¢des de armazenamento: aos 0, 7, 14 (sob refrigeracao a aproximadamente 8 °C),
17,20, 23 e 26 dias (sob condi¢des de temperatura ambiente a aproximadamente 25 °C). Cada unidade experimental
continha 500 g de tubérculos. Os resultados mostraram que o armazenamento refrigerado aliado a embalagem
prolongou a vida util da batata-doce avaliada: 17 dias para BRS-Amélia e 26 dias para a cultivar Beauregard. A
cultivar BRS-Ameélia manteve maior firmeza, soltveis sélidos e teor de carboidratos, croma e atividade antioxidante
(método FRAP) e teor de fendlicos totais, tanto nos tecidos crus quanto cozidos. A cultivar Beauregard apresentou
menor desidratagdo e maior estabilidade nos teores de vitamina C, fenolicos totais, carotendides totais, carboidratos
solaveis e amido em batatas cruas e cozidas. Portanto, a combinacdo de embalagem e refrigeragdo preservou a
qualidade comercial da batata-doce biofortificada para os mercados de exportacéo.

Palavras-chave: Ipomoea batatas, compostos fendlicos, vitamina C
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INTRODUCTION

Sweet potatoes are nutritious tubbers rich in starch, fibers,
vitamins, and minerals; some cultivars had a colored flesh
containing bioactive compounds (Alam, 2021). Orange- and
yellow-fleshed cultivars are rich in carotenoids, including
B-carotene, which is an important source of provitamin A
(Bergmann et al., 2021). Biofortification improves sweet
potato nutritional quality, especially regarding vitamin A
(Coelho, 2021). The cultivars BRS-Amélia (a Brazilian cultivar)
and Beauregard stand out; BRS-Amélia is rich in vitamin A
and fibers, but less resistant to pests and diseases, whereas
Beauregard is aromatic and soft, but can become very sweet and
sticky when not properly cooked (Weirich Neto et al., 2023).

Sweet potatoes exporters in Brazil use refrigerated
containers (Quintam et al., 2023). Maritime transport under
refrigeration at temperatures between 10 and 15 °C is the
most used. These products are packaged and transported
for approximately 15 days under refrigeration, ensuring
quality for international markets. Sweet potatoes are usually
marketed on shelves under ambient conditions in Brazil,
without refrigeration. Nonetheless, they can remain suitable
for marketing for approximately 10 days, depending on the
environmental conditions. The Brazilian cultivar BRS-Amélia
has an orange, sweet flesh with a good texture after cooking,
as well as significant carotenoid contents, which are similar
characteristics to those of the cultivar Beauregard, which was
developed in the United States. Therefore, the combination of
packaging with refrigeration is one of the main techniques to
extend the shelf life of these tubers while maintaining their
quality (Watanabe et al., 2021). However, some sweet potato
cultivars are susceptible to cold damage (Xia Li et al., 2018).

Studies and adaptations of post-harvest technologies are
necessary to enable export markets for these tubbers. Thus, the
hypothesis raised is that the use of packaging combined with
refrigeration can extend the commercial quality of biofortified
sweet potato cultivars to 26 days, a sufficient period for their
consumption by European consumers. Thus, the objective
of this study was to adapt the post-harvest management
of biofortified sweet potato cultivars, using packaging and
refrigeration, focused on reaching distant export markets while
maintaining commercial quality.

MATERIAL AND METHODS

Sweet potatoes (Ipomoea batatas) of the cultivars BRS-
Amélia and Beauregard were harvested from a multiplication
field in the Escola Agricola de Jundidi (EAJ) of the Universidade
Federal do Rio Grande do Norte (UFRN), in Macaiba, RN,
Brazil (5°51°36”S and 35°20°59”W, with an altitude of 15 m).
The climate of the region is tropical with a dry season, according
to the classification described by Silva et al. (2022), with mean
annual rainfall depth, annual air temperature, and relative air
humidity of 1,134 mm, 25.9 °C, and 76%, respectively.

The sweet potato tubers were washed with running
water after harvesting, left to dry at room temperature, and
then separated according to quality for the experiment. The
experiment was conducted in a completely randomized design,
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using a 4 x 7 factorial arrangement consisted of 4 treatments
(BRS-Amélia sweet potatoes with and without packaging; and
Beauregard sweet potatoes with and without packaging) and 7
evaluations under two different storage conditions: at 0, 7, 14
days under refrigeration at temperature of approximately 8 °C;
after 14 days under refrigeration, the materials were transferred
to an environment with temperature at approximately 25
°C and then evaluated at 17, 20, 23, and 26 days under this
condition. Each experimental unit consisted of a 500 g package
of tubbers; polypropylene bags (30 x 50 cm) were used for
packaging the tubers. Samples from these materials were
subjected to a cooking process in a microwave oven at 1200-W
power for 5 minutes (Vianello & Alves, 1991).

The flesh firmness of these tubers was determined using a
traction device (IMPAC, IP-AELA 50, Sdo Paulo, Brazil), with
the aid of a 5 mm diameter tool and the software Auto Forte
Teste Ver 1.0.0.181106. Three perforations were made in each
of the evaluated tuber: one in the middle and one at each end
of the tuber, at a speed of 100 mm min™.

Fresh weight loss was determined using a semi-analytical
balance, based on the percentage difference between the initial
weight (0 day) and the final weight (at 26 days), corresponding
to the evaluation days (0, 7, 14, 20, 23, and 26 days). The
percentage of fresh weight loss was determined using Eq. 1:

(Min —Mfi)
S 100 (1)

WL =

where:

WL - fresh weight loss (%);

Min - initial fresh weight (g); and,

Mfi - final fresh weight at the evaluations at 0, 7, 14, 20,
23, and 26 days (g).

Visual evaluations were performed at 0, 7, 14, 17, 20, 23,
and 26 days after the beginning of the experiment, based on
the Likert scale.

The color on the surface of the tubers was determined
using a colorimeter with an RGB system (RS-232 with RGB-
1002 serial output). The data obtained were converted to the
CIELAB color scale, represented by L*, a*, and b* (Alvarenga
et al.,, 2016), where L* corresponds to variations in sample
luminosity from 0 to 100, ranging from darkest to lightest.
The obtained values were converted using the website: http://
www.easyrgb.com/en/convert.php#R esult. Subsequently, the
a* and b* data set was converted and expressed as chroma
saturation (C*), according to the methodology of Espino-Diaz
et al. (2010), using Eq. 2:

5

C :(a*2+b*2)x% )

where:
C* - chroma, representing the intensity or saturation of
the color;

a* - corresponds to variations from green (-a) to red
(+a); and,

b* - corresponds to variations from blue (-b) to yellow
(+b).
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The starch content was determined according to Miller
(1959), with modifications. A sample of 3 g of pulp of each
cultivar was homogenized with distilled water and the volume
was completed to 100 mL. An aliquot of 3 mL of a calcium
chloride/acetic acid solution (40% calcium chloride solution
adjusted to pH 3.0 with 0.033 mM acetic acid solution) were
added to each flask. After homogenization, 1 mL of the solution
was taken and added to a test tube, sealed, and left to rest for
15 minutes. They were then cooled to room temperature, kept
on a bench at approximately 20 °C, and then 3 mL of a 0.033
mM acetic acid solution were added to each tube (1.5 mL of
deionized water for the blank). Except for the blank, 2 mL of a
potassium iodide/iodate solution (10.0 mL of 10% potassium
iodide solution, 90 mL of deionized water, and 100 mL of a
0.017 mM potassium iodide solution) were added and the
volume was completed with deionized water until it reached
100 mL. After homogenization, the absorbance of the solutions
was measured at 700 nm in an interval of 10 to 20 minutes after
the addition of the iodide/iodate solution.

The total soluble solids content was determined using a
sample of approximately 30 g from sweet potato material, which
was macerated with the aid of a porcelain mortar and pestle.
The juice obtained was added to the prism of a refractometer
and the result was expressed as percentage.

The total soluble carbohydrate content was determined
in test tubes containing 500 pL of crude pulp extract, 500
uL of 5% phenol, and 2.5 mL of concentrated sulfuric acid
(H,SO,); H,SO, was quickly added, with the flow directly
against the solution surface and not against the test tube wall,
for obtaining a good mixture. The tubes were then left to
rest for approximately 10 min. Subsequently, the tubes were
vortexed and left to rest on a tray containing water at room
temperature of 25 °C for 10 to 20 minutes. Readings were
taken on a spectrophotometer at 490 nm; a test tube containing
500 pL of deionized water, 500 uL of 5% phenol, and 2.5 mL
of concentrated sulfuric acid as a blank. The calculation for
determining the concentration of carbohydrates was based
on the spectrophotometric readings, using an engineering
approach developed from the standard curve. The resulting
concentration was expressed as mols of carbohydrates per
gram of fresh weight (mmol g).

The antioxidant potential by scavenging free radicals
DPPH (2,2-Diphenyl-1-picrylhydrazyl) was determined as
proposed by Brand-Williams et al. (1995), with adaptations.
An aliquot of 840 pL of a DPPH solution (0.1 mM) and 60 pL
of the supernatant was added to a sample, homogenized on
a tube shaker, and left to rest for 30 minutes (determined by
monitoring the test every 10 minutes to assess the reduction
of absorbance until stabilization). Subsequently, readings
were taken on a spectrophotometer (Biochrom, Libra S8,
Cambridge, UK) at 517 nm. The decrease in absorbance of
the samples corresponds to the percentage of free radical
scavenging (% DPPH) obtained using Eq. 3:

(AbS ppy; — Abs

sample ) « 100 (3)
AbsDPPH

DPPH (%) =

3/10

where:
DPPH (%) - percentage of antioxidant activity of the sample
on DPPH;

Abs_ .. - absorbance (or optical density) of the DPPH free
radical; and
Abs - absorbance of the sample.

sample

Antioxidant activity by the ferric-reducing antioxidant
power (FRAP) method was determined following the
methodology proposed by Benzie & Strain (1996), with
adaptations. An aliquot of 900 uL of FRAP reagent (25 mL of 0.3
M acetate buffer at pH 3.6, 2.5 mL of 10 mM 2,4,6-tripyridyl-
s-triazine acid (TPTZ) solution, and 2.5 mL of an aqueous
solution containing 20 mM ferric chloride) was mixed with
90 pL of distilled water, resulting in a total volume of 30 puL of
supernatant. This mixture was homogenized on a tube shaker
and left to rest in the dark at 37 °C for 30 minutes. Readings
were taken on a spectrophotometer (Biochrom, Pound S8,
Cambridge, England) at 594 nm and 25 °C after incubation. The
blank consisted of 900 puL of FRAP reagent, 90 pL of distilled
water, and 30 uL of extractant (AR methanol). The antioxidant
potential of the extracts was evaluated using a limitation that
uses ferrous sulfate (FeSO,.7 H,0) at concentrations ranging
from 0 to 1,500 uM. The results were expressed as millimoles
of Fe** per kilogram (mmol Fe** kg™).

Vitamin C and total phenolic (TPC) contents were
determined simultaneously through a Folin-Ciocalteu
(F-C) assay, according to Sanchez-Rangel et al. (2013),
with adaptations. The tuberous root extract was mixed
with the F-C reagent, reacting ascorbic acid (AA) at the
beginning of the assay. AA in the extract was quantified by
spectrophotometrically measuring the formation of blue
after adding the F-C reagent at the beginning of the assay.
Samples of 0.3 g of tissue from the tuber surface (0-5 mm)
were macerated and homogenized with 1.5 mL of methanol.
Subsequently, the samples were left to rest in the dark at 4 °C
for 24 hours. Each sample was then centrifuged at 10,000 x g
at 2 °C for 21 minutes.

In the assay, 150 uL of extract, 150 uL of 0.25 M Folin-
Ciocalteu reagent, and 2,400 pL of distilled water were pipetted
into a tube. The mixture was then homogenized on a stirrer for
3 minutes. The vitamin C readings were taken at 765 nm before
adding sodium carbonate. AA was quantified based on a curve
from 0.1 to 3 mM of AA. An aliquot of 300 pL of 1 M sodium
carbonate was added and the solution was kept in the dark for
2 hours. The blank consisted of 150 pL of methanol to replace
the supernatant. Readings were taken on a spectrophotometer
(Libra S8, Biochrom Cambridge, UK) at 725 nm. The results
were expressed as milligrams of gallic acid equivalent per gram
of fresh weight (mg 100g™), obtained by quantification based
on a standard curve of gallic acid.

The total carotenoid content was determined through
an analytical methodology for separation and extraction
of compounds using organic solvents. A 0.25-gram sample
from tuber pulp was added to 1.25 mL of acetone, 1.25 mL of
methanol, and 2.5 mL of hexane. The extract was then kept
in the dark for 24 hours. Subsequently, it was centrifuged at
9,000 rpm at 4 °C for 5 minutes. The total carotenoid content
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was determined as described by Rodriguez-Amaya & Delia
(2004), using Eq. 4:

A xVx1,000,000
Carotenoids(mg 100g™ ) = oo 4
( 88 ) A}l xMx100 )
where:
A - absorbance of the solution at a wavelength of 470
nm for lycopene and 450 nm for beta-carotene;
V - final volume of the solution;

A, ' - molar extinction coefficient or molar absorptivity;

and,
M - weight of the sample taken for analysis.

The normality of the data was assessed using the Shapiro-
Wilk test, whereas data homogeneity was assessed using
the maximum F-test, followed by analysis of variance. Data
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presenting significant differences were subjected to the Tukey’s
test at a 0.05 probability. Statistical analyses were performed
using the software SAS. Graphs were developed using Sigma
Plot 10.0 (Cohen, 2021).

RESULT AND DISCUSSION

Sweet potatoes of the cultivar BRS-Amélia, whether raw
or cooked, initially showed higher flesh firmness compared to
those of the cultivar Beauregard (Figure 1A). The pattern of
flesh firmness remained similar after 14 days of storage under
refrigeration at 8 °C; therefore, raw BRS-Amélia potatoes
presented higher flesh firmness compared to Beauregard
potatoes, regardless of the packaging condition (packaged or
unpackaged) (Figure 1A). These differences were not found for
cooked potatoes, with BRS-Amélia and Beauregard presenting
statistically similar flesh firmness means (Figure 1B). The sweet

Figure 1. Flesh firmness (raw, A; cooked, B), weight loss (raw samples; C), and visual evaluation (raw, D) in packed and unpacked
sweet potatoes of the cultivars BRS-Amélia and Beauregard (Beaur) stored for 14 days under refrigeration at 8 °C, followed by
12 days of storage at room temperature (27 °C). AnP: unpackaged BRS-Amélia sweet potatoes; APA: packaged BRS-Amélia
sweet potatoes; BnP: unpackaged Beuaregrad sweet potatoes; and BP: packaged Beuaregrad sweet potatoes. *Bars represent the
standard deviation of the mean (n = 4). Different lowercase letters indicate significant differences between the evaluated treatments

Rev. Bras. Eng. Agric. Ambiental, v.28, n.2, €275946, 2024.
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potatoes that remained presenting commercial quality at the
end of the experiment (26 days of storage, at 25 °C) where those
of the cultivar Beauregard in the treatment with packaging;
thus, only their means of flesh firmness (raw and cooked) were
presented (Figures 1A and B).

Raw BRS-Amélia potatoes showed greater firmness
during storage possibly due to a higher dehydration (Figure
1C), resulting in a rubberier texture and greater resistance to
penetration. Possibly, the periderm of BRS-Amélia potatoes
is more susceptible to dehydration for some reason (Miano et
al., 2019), which requires further investigations in subsequent
studies. Furthermore, cooking reduced flesh firmness and
starch and total soluble carbohydrate contents (Figures 1B,
2B, and C). BRS-Amélia sweet potatoes are firmer due to a
combination of factors, including a higher starch content
(Figure 2B); starch is a complex carbohydrate that contributes
to firmness in cooked vegetables (Almeida et al., 2022). Cell
structure also has an important function in promoting firm
textures to vegetables. Cooking sweet potatoes in a microwave
reduced their firmness due to water loss from cells, starch
gelatinization, and collapse of the cell structure caused by
intense heat (Gongalves et al., 2023).

Unpackaged BRS-Amélia potatoes showed a reduced
quality in the visual evaluations at 7 days of storage under
refrigeration compared to the others potatoes (Figure 1D).
All sweet potatoes presented scores higher than 3 at 14 days
under refrigeration and were considered suitable for marketing
(Figure 1D). All potatoes showed similar commercial quality at
17 days of storage, although unpackaged BRS-Amélia potatoes
had the lowest visual quality scores (Figure 1D). Only packaged
Beauregard sweet potatoes had scores higher than 3 after 20
days of storage, making them suitable for marketing (Figure
1D). These results were not found for the other treatments
due to wilting, occurrence of wrinkles, dark spots, and surface
discoloration and bruising, as well as early rotting resulting in
softer and stickier textures and areas of rot. Thus, refrigerated
storage of BRS-Amélia sweet potatoes for 14 days provided
them with 3 days of shelf life under ambient conditions,
totaling 17 days of storage (Figure 1D). Contrastingly, packaged
Beauregard sweet potatoes maintained their quality for 12
days at room temperature after 14 days under refrigerated
storage, thus totaling 26 days of storage (Figure 1D), which
were considered suitable for distant and demanding markets,
such as the European market.

The luminosity (L*) did not significantly vary between
cultivars, packaging conditions, and storage periods (Table 1),
i.e., the color on the surface of the potatoes was not affected by
the evaluated factors. However, the chromaticity was higher
for packaged BRS-Amélia potatoes, whereas the unpackaged
potatoes of this cultivar exhibited the lowest chromaticity.
High chroma values tend to make potatoes whiter and acquire
more yellow hues, with a significant color variation, which
may contribute to the chroma formula and cause issues for the
cultivar (Table 1). Larsen & Molteberg (2022) evaluated the
use of packaging for different sweet potato cultivars, including
BRS-Amélia, and found similar results. They reported that
potatoes tend to present higher chromaticity, especially when
packaged, expressing a stronger saturation in terms of color
pigments.
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Table 1. Luminosity (L*) and Chroma (C*) on the surfaces
of raw sweet potatoes of the cultivars BRS-Amélia and
Beauregard, with the use of packaging under modified
atmosphere and without packaging, stored for up to 14 days
under refrigeration (8 °C), followed by 12 days of storage at
room temperature of 25 °C

*L refers to the mean and standard deviation, and C refers to chroma and standard
deviation. Means followed by uppercase letters indicate differences between days of
storage, while different lowercase letters indicate differences between treatments (cultivars
and packaging) at a significance level of 0.05

Starch contents at the beginning of the experiment
presented no variations between treatments (cultivars and
packaging). Packaged Beauregard potatoes presented lower
contents (17%) only at 17 days of storage (at 25 °C) compared
to the other treatments (Figure 2A). Beauregard potatoes
remained presenting commercial quality at 23 days of storage,
when those subjected to packaging presented the highest starch
contents (Figure 2A). The decreases in starch contents at 17
days (Figure 2A) was accompanied by increases in soluble
solids and carbohydrate contents (Figure 2C and D). This
denotes that part of the starch was degraded and converted
into sugars, as a relative increase in total soluble carbohydrates
was found (Figure 2D). This can occur when sweet potatoes are
refrigerated, causing the starch to be converted into sugars by
the activity of enzymes such as amylase and sucrose synthase,
resulting in a sweeter taste. Furthermore, raw BRS-Amélia
potatoes presented higher soluble solids and carbohydrate
contents at 20 days compared to Beauregard potatoes (Figure
2C and D). This indicates that BRS-Amélia potatoes are
sweeter than Beauregard. Although the BRS-Amélia cultivar
presented a shorter marketing period (17 days), it is still a well-
accepted cultivar in the local market due to its flavor (Basilio
et al., 2022). However, the 17-day storage period found for
BRS-Amélia potatoes may be an insufficient time for shelf life
when considering export markets. Contrastingly, Beauregard
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Figure 2. Contents of starch (raw, A; cooked, B), total soluble solids - ° Brix (raw, C), and total soluble carbohydrates (raw, D;
cooked, E) in packed and unpacked sweet potatoes of the cultivars BRS-Amélia and Beauregard (Beaur) stored for 14 days
under refrigeration at 8 °C, followed by 12 days of storage at room temperature (27 °C). *Bars represent the standard deviation
of the mean (n = 4). Different lowercase letters indicate significant differences between the evaluated treatments (cultivars and

packaging) at a significance level of 0.05

potatoes were more suitable for export, as they reached 26 days
of storage while maintaining commercial quality.

A significant reduction in starch and total soluble
carbohydrate contents was found after cooking the sweet

Rev. Bras. Eng. Agric. Ambiental, v.28, n.2, €275946, 2024.

potatoes, regardless of the treatment (Figure 2B and E). The
microwave cooking process significantly reduced starch and
total soluble carbohydrate contents due to the intense and
rapid heat (Corréa et al., 2016). This can be attributed to
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gelatinization of starch, which is then converted into simpler
sugars, while the loss of soluble carbohydrates is due to a rapid
water evaporation during the cooking process (Alencar &
Koblitz, 2008). Cooking for a shorter time or at a lower power
can reduce these losses, as well as other cooking methods,
such as steaming and baking, may better preserve nutrients
(Formaggio et al., 2020). Therefore, cooking sweet potatoes
in a microwave changes the starch structure, resulting in a
significant decrease in starch contents (Kolari¢ et al., 2020).
The antioxidant activity (measured by the DPPH method)
in BRS-Amélia sweet potatoes (with and without packaging)
remained stable for up to 14 days under refrigeration (Figure
3A), in both cooked and raw sweet potatoes. However, the
antioxidant activity (DPPH method) in both cultivars (raw
and cooked potatoes) decreased after subjecting the potatoes
to room temperature (Figure 3A and B). Packaged Beauregard
sweet potatoes showed a less intense decrease (Figure 3A and
B). On the other hand, the antioxidant activity in BRS-Amélia
sweet potatoes (raw and cooked) significantly increased when
measured by the FRAP method (Figure 3C and D). Potatoes
of both cultivars reached their highest antioxidant activity at

7/10

17 and 20 days, regardless of packaging (Figure 3C and D).
Interestingly, the BRS-Amélia potatoes presented the highest
phenolic compound contents during this same period (Figure
4A and B). The antioxidant activity (by the FRAP method) in
Beauregard potatoes refrigerated for 14 days slightly increased
in raw tissues (Figure 4C); regarding cooked tissues, the
antioxidant activity remained more stable in packaged potatoes
(Figure 4D). Stability in antioxidant activity was found at the
end of the experiment (at 26 days) when measured by the FRAP
method and compared to the first day, for both raw and cooked
potatoes (Figure 4C and D).

The antioxidant activity measured by the DPPH method
did not decrease even after cooking (Figure 3B). This may
be due to the presence of heat-resistant antioxidants that
do not degrade even after cooking, such as anthocyanins,
carotenoids, vitamin C, and vitamin E (Fagundes et al., 2023).
The antioxidant activity in cooked sweet potatoes, measured
by the FRAP method, showed a significant increase (Figure
3D). This may be attributed to differences between DPPH and
FRAP methods in assessing the antioxidant activity of water-
soluble substances such as vitamin C and phenolic compounds

Figure 3. Antioxidant activity obtained by DPPH (raw, A; cooked, B) and FRAP (C raw, D cooked) methods, in packed and
unpacked sweet potatoes of the cultivars BRS-Amélia and Beauregard (Beaur) stored for 14 days under refrigeration at 8 °C,
followed by 12 days of storage at room temperature (27 °C). *Bars represent the standard deviation of the mean (n = 4). Different
lowercase letters indicate significant differences between the evaluated treatments (cultivars and packaging) at a significance

level of 0.05

Rev. Bras. Eng. Agric. Ambiental, v.28, n.2, €275946, 2024.
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(Morikawa & Nishinari, 2000). The DPPH method is used to
assess the potential of an antioxidant substance to donate an
electron to neutralize DPPH free radicals, whereas the FRAP
method assesses the potential of an antioxidant substance to
reduce the ferric iron (Fe?**) to ferrous iron (Fe**). However,
both methods are complementary and provide valuable
information about the antioxidant potential of a substance

Ewerton da S. Barbosa et al.

(Kaymak-Ertekin & Gedik, 2004). This was also observed in
the analyses of the present study.

Vitamin C contents in raw and cooked sweet potatoes of
both cultivars remained significantly stable (Figure 4C and D).
The transfer of the potatoes to room temperature conditions
resulted in a significant decrease in Vitamin C in both raw and
cooked BRS-Amélia potatoes (Figure 4C and D). Regarding

Figure 4. Contents of total soluble phenols (TSP) (raw, A; cooked, B), ascorbic acid (Vitamin C) (raw, C; cooked, D), and total
carotenoids (raw, E; cooked F) in packed and unpacked sweet potatoes of the cultivars the BRS-Amélia and Beauregard stored
for 14 days under refrigeration at 8 °C, followed by 12 days of storage at room temperature (27 °C). *Bars represent the standard
deviation of the mean (n = 4). Different lowercase letters indicate significant differences between the evaluated treatments

(cultivars and packaging) at a significance level of 0.05
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the Beauregard cultivar, the vitamin C content remained more
stable for up to 26 days in packaged sweet potatoes (Figure 4D).

The Beauregard cultivar exhibited higher total carotenoid
contents in both raw and cooked potatoes, and cooked potatoes
presented higher contents than the raw ones throughout the
storage period (Figure 4E and F). Total carotenoid contents in
cooked Beauregard potatoes tend to increase during storage
compared to those in raw potatoes (Tanka et al., 2017). This
may be due to release and migration of carotenoids, which are
facilitated by cooking and the breakdown of cell structures.
Furthermore, chemical transformations such as isomerization
and oxidation can lead to the accumulation of carotenoids in
cooked tissues (Vargas et al., 2017).

Overall, BRS-Amélia sweet potatoes appeared firmer
and exhibited higher results for contents of solid and soluble
carbohydrates and phenolic compounds, as well for color,
chromaticity, and antioxidant activity (by FRAP method).
However, their physiognomic characteristics were not
attractive after 17 days of storage, including 3 days at room
temperature, when simulating environmental conditions
for marketing on supermarket shelves. Contrastingly,
packaged Beauregard sweet potatoes maintained a good
visual appearance for marketing purposes during 26 days of
storage, exhibiting a striking color (assessed by instrumental
color measurement) and higher total carotenoid contents. This
may be attributed to the protection provided by the packaging
against environmental factors such as light, humidity, and
oxygen. Additionally, the packaging helped preserve their
striking color and high total carotenoid contents, contributing
to the attractiveness of the product during the storage period.
Therefore, the appropriate choice of packaging is significantly
important for maintaining the visual and nutritional quality
of sweet potatoes of the cultivar Beauregard during storage.

CONCLUSIONS

1. The combination of refrigerated storage (8° C) with
packaging for 14 days extended the quality of sweet potatoes
of the cultivar Beauregard for an additional 12 days at room
temperature (approximately 25 °C), totaling 26 days of storage
while maintaining commercial quality. This period is suitable
for marketing and consumption in European markets;

2. Beauregard sweet potatoes exhibited higher starch
contents, less dehydration, and stable contents of antioxidant
phytochemicals, including vitamin C, phenolic compounds,
and carotenoids, even after cooking;

3. BRS-Amélia sweet potatoes stored for 14 days under
refrigeration maintained their quality for an additional 3 days
under room temperature conditions, totaling an adequate
storage period of 17 days.

ACKNOWLEDGMENTS

This research was supported by the CAPES- Coordenacéo
de Aperfeicoamento de Pessoal de Nivel Superior (Proc.
88881-159183/2017-01); FACEPE- Fundagdo de Amparo a
Ciéncia e Tecnologia do Estado de Pernambuco (PQ-0795-

9/10

5.01/16); UFRPE Universidade Federal Rural de Pernambuco
(PRPPG 015/2018), Universidade Federal Rural do Semidrido
and Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (423100/2018-1).

LITERATURE CITED

Alam, M. K. A comprehensive review of sweet potato (Ipomoea batatas
[L.] Lam): Revisiting the associated health benefits. Trends in
Food Science & Technology, v.115, p.512-529, 2021. https://www.
sciencedirect.com/science/article/abs/pii/S0924224421004398

Alencar, S. M; Koblitz, M. G. B. Oxirreductases. In: Koblitz, M. G.
B. (ed.). Food biochemistry. Rio de Janeiro: Guanabara Koogan,
2008. 27p.

Almeida, E. R. L. C. de; Silva, J. da; Gomes, J. A.; Weirich Neto, P.
H.; Souza, N. M. Caracterizagdo morfoldgica de 21 genoétipos
de batata-doce. Revista AgroFIB, v.2, p.1-12, 2022. https://doi.
0rg/10.59237/agrofib.v2i.499

Alvarenga, P. C.; Mottin, M.; Caron, A.; Ayres, E. Preparation and
characterization of okra mucilage (Abelmoschus esculentus) edible
films. Macromolecular Symposia, v.27, p.90-100, 2016. https://doi.
org/10.1002/masy.201600019

Basilio, L. S. P.; Monteiro, G. C.; Vargas, P. E; Vianello, F; Lima, G.
P. P. Pluralidade da batata-doce do campo & mesa: uma revisao
narrativa. In: Open Science Research. 2022. Cap.12, p.174-190.
https://dx.doi.org/10.37885/220107403

Benzie, 1. F; Strain, J. J. The ferric reducing ability of plasma (FRAP)
as a measure of “antioxidant, power”: The FRAP assay. Analytical
Biochemistry, v.239, p.70-76, 1996. https://doi.org/10.1006/
abio.1996.0292

Bergmann, A.; Araujo, E. de; Gomes, N. R.; Frasson, S. F; Silva, C.
S. da. Beneficios do consumo de carotendides a partir de frutas
nativas do Brasil: uma revisdo de literatura. Revista Brasileira de
Obesidade, Nutrigdo e Emagrecimento, v.15, p.1158-1168, 2021.
http://www.rbone.com.br/index.php/rbone/article/view/1456

Brand-Williams, W.; Cuvelier, M. E.; Berset, C. L. W. T. Use of a
free radical method to evaluate antioxidant activity. LWT-
Food Science and Technology, v.28, p.25-30, 1995. https://doi.
org/10.1016/S0023-6438(95)80008-5

Coelho, A. R. E; Marques, A. C.; Pessoa, C. C.; Luis, I. C.; Daccak,
D.; Simées, M.; Lidon, E C. Calcium biofortification in Solanum
tuberosum L. cv. Agria: A technical workflow. In: International
Conference on Water Energy Food and Sustainability. Cham:
Springer International Publishing, p.147-154, 2021. http://dx.doi.
org/10.1007/978-3-030-75315-3_17

Cohen J. Statistical power analysis for the behavioral sciences. 2.ed.
New York: Lawrence Erlbaum Associates, 2021. 579p.

Corréa, C. V,; Gouveia, A. M. S.; Evangelista, R. M; Cardoso, A. I
I. Quality of sweet potato roots as a function of cultivars and
storage. Tropical Roots and Starches, v.12, p.26-35, 2016. https://
doi.org/10.17766/1808-981X.2016v12n1p26-35

Espino-Diaz, M.; Olivas, G. I. Desenvolvimento e caracterizagdo de
filmes comestiveis a base de mucilagem de Opuntia ficus-indica
(L.). Journal of Food Science, v.75, p.347-352, 2010. https://doi.
org/10.1111/j.1750-3841.2010.01661.x

Fagundes, M. E.; Lucchetta, L.; Souza, D. M. de; Guimaraes, A. T. B;
Kottwitz, L. B. M. Caracterizagdo fisico-quimica e de compostos
bioativos de folhas de batata-doce comum e biofortificada. Revista Faz
Ciéncia, v.24, p.1-18, 2023. https://doi.org/10.48075/rfc.v24i140.29933

Rev. Bras. Eng. Agric. Ambiental, v.28, n.2, €275946, 2024.


https://www.sciencedirect.com/science/article/abs/pii/S0924224421004398
https://www.sciencedirect.com/science/article/abs/pii/S0924224421004398
https://doi.org/10.59237/agrofib.v2i.499
https://doi.org/10.59237/agrofib.v2i.499
https://doi.org/10.1002/masy.201600019
https://doi.org/10.1002/masy.201600019
https://dx.doi.org/10.37885/220107403
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1006/abio.1996.0292
http://www.rbone.com.br/index.php/rbone/article/view/1456
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
http://dx.doi.org/10.1007/978-3-030-75315-3_17
http://dx.doi.org/10.1007/978-3-030-75315-3_17
https://doi.org/10.17766/1808-981X.2016v12n1p26-35
https://doi.org/10.17766/1808-981X.2016v12n1p26-35
https://doi.org/10.1111/j.1750-3841.2010.01661.x
https://doi.org/10.1111/j.1750-3841.2010.01661.x
https://doi.org/10.48075/rfc.v24i40.29933

10/10

Formaggio, B. D.; Almeida, K. M. de.; Gongalves, L. C.; Corréa,
F. F. Como minimizar perda de nutriente em unidades de
alimenta¢do e nutri¢do. Revista Destaques Académicos, v.12,
p-1-15, 2020. http://dx.doi.org/10.22410/issn.2176-3070.
v12i3a2020.2686

Gongalves, L. E S;; Rossa, U. B.; Gomes, E. N.; Aratjo, J. C. de;
Ribeiro, E. A. W.; Farias, D. da R.; Vischetti, C.; Casucci, C.
Use of different types of mineral fertilizers in the production
of BRS Amélia Ipomenea potatoes in vertical cultivation.
Revista de Ciéncias Agroveterindrias, v.22, p.494-503, 2023.
https://doi.org/10.5965/223811712232023494

Kaymak-Ertekin, F; Gedik, A. Sorption isotherms and isosteric
heat of sorption for grapes, apricots, apples and potatoes.
Lebensmittel-Wissenschaft & Technologie, v.37, p.429-438,
2004. https://doi.org/10.1016/j.1wt.2003.10.012

Kolari¢, L.; Minarovicovd, L.; Laukova, M.; Karovic¢ova, J.;
Kohajdova, Z. Pasta noodles enriched with sweet potato starch:
Impact on quality parameters and resistant starch content.
Journal of Texture Studies, v.51, p.464-474, 2020. https://doi.
org/10.1111/jtxs.12489

Larsen, H., Molteberg, E. L. Discolouration of potato tubers under
retail light: cultivar variations and effect of different packaging
materials for folva potatoes stored at 20 and 6° C. Potato
Research, v.66, p.1-17, 2022. https://doi.org/10.1007/s11540-
022-09585-6

Miano, A. C., Rojas, M. L.; Augusto, P. E. D,, Structural changes caused
by ultrasound pretreatment: Direct and indirect demonstration
in potato cylinders. Ultrasonics sonochemistry, v.52, p.176-183,
2019. https://doi.org/10.1016/j.ultsonch.2018.11.015

Miller, G. L. Use of dinitrosalicylit acid reagente for determination
of reducing sugars. Analytical Chemistry, v.31, p.426-428, 1959.
https://pubs.acs.org/doi/pdf/10.1021/ac60147a030#

Morikawa, K.; Nishinari, K. Effects of concentration dependence of
retrogradation behavior of dispersions for native and chemically
modified potato starch. Food Hydrocolloids, v.14, p.395-401,
2000. https://doi.org/10.1016/S0268-005X(00)00021-7

Rev. Bras. Eng. Agric. Ambiental, v.28, n.2, €275946, 2024.

Ewerton da S. Barbosa et al.

Quintam, C. P. R;; Assungdo, G. M. de. Perspectivas e desafios
do agronegécio brasileiro frente ao mercado internacional.
RECIMAZ21-Revista Cientifica Multidisciplinar, v.4, p.2675-6218,
2023. https://doi.org/10.47820/recima21.v4i7.3641

Rodriguez-Amaya, M.; Delia B. Manual do HarvestPlus para analise
de carotenoides. Washington: Instituto Internacional de Pesquisa
em Politica Alimentar (IFPRI), 2004. 58p.

Sanchez-Rangel, J. C.; Benavides, A. J.; Heredia, B.; Zevallosc, C. L.;
Jacobo-Velazquez, D. O ensaio de Folin-Ciocalteu revisitado:
melhoria de sua especificidade para determinagido do teor de
fenolicos totais. Analytical Métodos, v.5, p.5990-5999, 2013.

Silva, A. D. G. da.; Santos, A. L. B. dos.; Santos, J. M. dos.; Lucena, R. L.
Balanco hidrico climatoldgico e classificagdo climatica do estado
do Rio Grande do Norte. Revista Brasileira de Climatologia, v.30,
p.798-816, 2022. https://doi.org/10.55761/abclima.v30i18.15240

Tanka, M.; Ishiguro, K.; Oki, T.; Okuno, S. Functional components
in sweetpotato and their genetic improvement. Breeding Science,
V.67, p.52-61, 2017. https://doi.org/10.1270/jsbbs.16125

Vargas, P.; Godoy, D.; De Almeida, L.; Castoldi, R. Agronomic
characterization of sweet potato accessions. Comunicata Scientiae,
v.8, p.116-125, 2017. https://doi.org/10.14295/cs.v8i1.1864

Vianello, R. L.; Alves, A. R. Meteorologia bésica e aplicagdes. Vigosa:
UFV, 1991. 449p.

Watanabe, T.; Nakamura, N.; Sakamoto, K.; Nagata, M. Bio-electrical
impedance analysis of “silk sweet” sweet potato tissues under
low-temperature storage using a novel indicator, LTO. Biosystems
Engineering, v.206, p.1-5. 2021. https://doi.org/10.1016/j.
biosystemseng.2021.03.009

Weirich Neto, P. H.; Gomes, J. A.; Souza, N. M. de; Rocha, C. H.
A agricultura camponesa brasileira e a bioenergia: pesquisa
como demanda da extensdo. Orbis Latina, v.13, p.113-135, 2023.
https://revistas.unila.edu.br/orbis/article/view/4049

Xia, Li; Yang, H.; Lu, G. Low-temperature conditioning combined
with cold storage inducing rapid sweetening of sweet potato
tuberous roots (Ipomoea batatas (L.) Lam) while inhibiting
chilling injury. Postharvest Biology and Technology, v.142, p.1-9,
2018. https://doi.org/10.1016/j.postharvbio.2018.04.002


http://dx.doi.org/10.22410/issn.2176-3070.v12i3a2020.2686
http://dx.doi.org/10.22410/issn.2176-3070.v12i3a2020.2686
https://doi.org/10.5965/223811712232023494
https://doi.org/10.1016/j.lwt.2003.10.012
https://doi.org/10.1111/jtxs.12489
https://doi.org/10.1111/jtxs.12489
https://doi.org/10.1007/s11540-022-09585-6
https://doi.org/10.1007/s11540-022-09585-6
https://doi.org/10.1016/j.ultsonch.2018.11.015
https://pubs.acs.org/doi/pdf/10.1021/ac60147a030#
https://doi.org/10.1016/S0268-005X(00)00021-7
https://doi.org/10.47820/recima21.v4i7.3641
https://doi.org/10.55761/abclima.v30i18.15240
https://doi.org/10.1270/jsbbs.16125
https://doi.org/10.14295/cs.v8i1.1864
https://doi.org/10.1016/j.biosystemseng.2021.03.009
https://doi.org/10.1016/j.biosystemseng.2021.03.009
https://revistas.unila.edu.br/orbis/article/view/4049
https://doi.org/10.1016/j.postharvbio.2018.04.002

