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ABSTRACT: Sprouting and mass loss in sweet potato tuberous roots stored at room temperature compromise the quality and
commercialization; nevertheless, sprouting control methods are very limited. The objective was to evaluate the control of sprouting
and metabolic changes in tuberous roots of sweet potato cv. BRS Rubissol treated with ethylene (10 L L"), amino-oxyacetic acid
-AOA (1 mg L") and 1-methylcyclopropene - 1-MCP (1 mg L") during storage for five weeks at 25 °C and 90% relative humidity.
The following variables were evaluated: mass loss, number and length of sprouts, activity of peroxidase and polyphenoloxidase
enzymes, total soluble sugars, starch, anthocyanins, flavonols, malonaldehyde content and total proteins. During storage the
mass loss, number and length of sprouts were lower in roots treated with AOA and 1-MCP. The activity of peroxidase and
polyphenoloxidase enzymes was higher in roots treated with ethylene. Total soluble sugars increased and the starch contents
decreased in all treatments. Levels of anthocyanins and total proteins reduced, while flavonoids and malondialdehyde increased
during storage. Sprouting was controlled in roots treated with AOA and 1-MCP, extending shelf life and improving marketing
potential.
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Brotacao e metabolismo de raizes de batata-doce cv. BRS Rubissol
durante armazenamento

RESUMO: A brotagcdo e perda de massa em raizes tuberosas de batata-doce armazenadas a temperatura ambiente
comprometem a qualidade e comercializagdo, ainda assim, métodos de controle de brotagdo sdo muito limitados. O objetivo
foi avaliar o controle da brotagéo e alteragdes metabdlicas em raizes tuberosas de batata-doce cv. BRS Rubissol tratadas com
etileno (10 uL L"), acido amino-oxiacético - AOA (1 mg L) e 1-metilciclopropeno - 1-MCP (1 mg L") durante o armazenamento
por cinco semanas a 25 °C e 90% de umidade relativa. Foram avaliadas as variaveis: perda de massa, numero e comprimento
de brotacgdes, atividade das enzimas peroxidase e polifenoloxidase, aglcares sollveis totais, amido, antocianinas, flavonois,
teor de malonaldeido e proteinas totais. Durante 0 armazenamento a perda de massa, nimero e comprimento de brotagdes
foram menores em raizes tratadas com AOA e 1-MCP. A atividade das enzimas peroxidase e polifenoloxidase foi maior em
raizes tratadas com etileno. Os agucares solUveis totais aumentaram e os teores de amido reduziram em todos os tratamentos.
Os niveis de antocianinas e proteinas totais reduziram, enquanto os de flavonois e malondialdeido aumentaram durante o
armazenamento. A brotag&o foi controlada em raizes tratadas com AOA e 1-MCP, prolongando a vida util e melhorando o
potencial de comercializagéo.

Palavras-chave: carboidratos; etileno; Ipomoea batatas; decadéncia da raiz; controle da brotagéo
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Introduction

Sweet potato has wide adaptability to the tropical
environment, where Brazil stands out as the main producer
in the Latin American continent, with emphasis on human
nutrition, industrialization, animal feed and fuel alcohol
production (Cavalcante et al., 2009; Foloni et al., 2013). Its
consumption is mainly due to the composition of the roots rich
in carbohydrates, minerals, vitamins and antioxidants, source
of dietary fiber, carotenoids and anthocyanins (Musilova et
al., 2017).

Despite the growing importance due to increased
consumption and market value, sweet potato roots have a
short postharvest shelf life, of about two to four weeks at
room temperature. The economic losses of sweet potato
during the postharvest chain are estimated from 35% to 95%
in most developing countries. These losses are attributed
mainly to decay and weight loss. In addition, the dormancy
period is readily abbreviated by storage under favorable
growth conditions, followed by excessive sprout growth, which
reduces the marketable value; nevertheless, any information
on sprout control is very limited (Rees et al., 2003; Cheema et
al., 2013; Amoah & Terry, 2018).

At sprouting, there is a highly dynamic hormonal crosstalk,
affected by endogenous factors related to the development of
cell and tissue specificity (Van de Poel et al., 2015). Ethylene
regulates many physiological and biochemical mechanisms in
plant tissues, including growth, cell division and cell expansion
(Dubois et al., 2018). Continuous presence of ethylene may be
an alternative to control potato and sweet potato sprouting.
However, so far, there is no conclusive explanation regarding
the mechanism by which continuous exogenous ethylene
slows sprout growth (Cheema et al., 2013; Amoah et al., 2016;
Foukaraki et al., 2016a, 2016b).

1-Methylcyclopropene (1-MCP) blocks the ethylene action
by binding to its receptor on the cell membrane (In et al.,
2013). The effects of 1-MCP on fruits and vegetables include
prolonging shelf life, preventing physiological disorders, such
as the development of superficial scalding in ‘d’Anjou’ pears
(Yuab et al., 2017), and control of senescence by inhibiting
the production of ethylene in durian fruits - Durio zibethinus
(Amornputtia et al., 2016). Furthermore, the application of
1-MCP can also control sprouting in potato and sweet potato
(Cheema et al., 2013; Foukaraki et al., 2016b).

Amino-oxyacetic acid (AOA) inhibits 1-carboxylic acid-
1-aminocyclopropane synthase (ACC synthase), considered
limiting enzyme of ethylene biosynthesis, by competing for
the binding with pyridoxamine 5’-phosphate on the active
site of the enzyme (Mathooko et al., 2001). AOA inhibits the
ethylene production and increases antioxidant activity in
carnation petals, indicating various physiological functions
(Karimi et al., 2012).

In most regions of Brazil, the storage and distribution of
sweet potato roots occurs at room temperature and these
conditions accelerate sprouting and root decay considerably,
compromising the marketing value of the roots. Thus, the
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study reported here investigated the effects of ethylene, AOA
and 1-MCP on weight loss, sprouting, decay and physiology of
sweet potato roots cv. BRS Rubissol during storage.

Material and Methods

Sweet potato seedlings cv. BRS Rubissol were acquired
from Frutplan (Pelotas, Rio Grande do Sul, Brazil). They were
cultivated following standard commercial practices (100 g m2
of limestone; at planting fertilization with 100 g m? of NPK
8-28-16 and 50 g m2 of NPK 8-28-16 every 30 days). Irrigation
was performed using sprinkler system when needed during
six months in the experimental field of Federal University of
Vigosa (UFV), Vigosa, Minas Gerais, Brazil (20°45’20”S and
42°52°40”W, 651 m of altitude).

The harvest was manual and roots free of apparent
damage and disease were standardized by mass between 300-
700 g. Root curing was done in B.0.D incubators at 30 °C and
90% relative humidity for 7 days (Amoah et al., 2016).

The following treatments proposed by Cheema et al. (2013)
were applied in the roots, with some adaptations: control (air);
fumigation with 1 mg L? of 1-MCP (SmartFresh®, Rohm and
Haas, Pennsylvania, USA) in 90 L sealed chamber for 24 hours;
immersion of the roots in 1 mg L* of AOA solution (Sigma-
Aldrich, Missouri, USA) for 1 hour and subsequent drying with
absorbent paper; injection of 10 uL L of ethylene in 90 L and
kept in sealed chamber for 48 hours. The roots were stored in
B.0.D incubators at 25 °C and 90% relative humidity.

The accumulated fresh mass loss was determined in an
analytical balance of 1200g with 0.1g accuracy (Bel Engineering
M1003), with the results expressed as percentage. The
cumulative root decay was determined according Amoah et
al. (2016), and the results were expressed in percentage. The
number of sprouts was determined considering sprouts larger
than 1 mm and the results expressed as number of sprouts
per root. Sprouts length was measured with a digital caliper
and the results expressed as mm root.

Peroxidase activity was based on a modified method
described by Khan & Robinson (1994), wherein 0.1 ml of
enzyme extract from the root flesh was added to the reaction
medium containing 0.5 ml of hydrogen peroxide (1.80%),
0.5 mL of guaiacol (1.68%), 0.4 ml of deionized water and
1.5 ml of 0.1 M phosphate buffer (pH 6.0). Polyphenol
oxidase activity was based on a modified method described
by Benjamin & Montgomery (1973), where in 0.1 ml of
enzyme extract from the root flesh was added to the reaction
medium containing 0.5 ml of catechin (5 mM), 0.9 mL of
deionized water and 1.5 mL of 0.1 M phosphate buffer (pH
4.5). The reactions were quantified based on the alteration
of the absorbance in UV-1601 spectrophotometer (Shimadzu,
Kyoto, Japan), at wavelength of 470 nm (peroxidase) and 420
nm (polyphenoloxidase) at 25 °C, for 3 minutes. The activity
was expressed as absorbance units (AU) mint mg? protein.
The total protein concentration was determined in the crude
extract using bovine serum albumin as standard (Bradford,
1976).
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The total soluble sugars (TSS) were extracted from the
root flesh with 80% ethanol at 65 °C and the quantification
was carried out by the phenol-sulfuric method (Dubois et
al.,, 1956) using 0.02% sucrose as the standard solution,
the reading was done at 490 nm and the results expressed
as percentage of fresh mass. The residues obtained during
extraction of TSS were dried at 70 °C and hydrolyzed with 52%
perchloric acid for quantification the of starch content. The
quantification was carried out by the phenol-sulfuric method
(Dubois et al., 1956) using 0.02% sucrose as the standard
solution, the reading was done at 490 nm, with obtained
values multiplied by the correction factor 0.9, and results
expressed as percentage of dry mass, readings were taken in
Genesys 10S UV-VIS spectrophotometer (Thermo Scientific,
Massachusetts, USA).

Extraction of skin anthocyanins and flavonols was done
under dark environment with 95% ethanol and 1.5 M
hydrochloric acid in the ratio 85:15. The quantification was in
Genesys 10S UV-VIS spectrophotometer at wavelengths of 532
nm (anthocyanins), 374 nm (flavonols) and 653 nm (maximum
absorbance of chlorophyll). The results were expressed as pg
anthocyanins/flavonols g* MF by equations 1 and 2 (Murray &
Hackett, 1991):

Anthocyanin content(p,g mL™! ) =As53-024-Ags; (1)

Flavonols content(ug mL ! ) =A374—0.24-Agsy (2)

The malondialdehyde content (MDA) from the root flesh
was determined using thiobarbituric acid method (Hodges
et al.,, 1999). Readings were taken on Genesys 10S UV-VIS
spectrophotometer at 520 nm for specific absorbance and
600 nm for non-specific absorbance. The MDA concentration
was based on the equation 3.

ABS = {[(Abssy, + TBA)—(Absg, +TBA)]-
- [(Absm ~TBA)—(Absgg — TBA)]}
MDA content = {{[(ABS/155)x2]x(CV/V)} /MF}x

1 3)
x 1000 =nmol g~ FM

where: TBA = thiobarbituric acid; 155 mM* cm™ = extinction
coefficient of the MDA-TBA at 532 nm; CV = centrifuged
volume (mL); SV = sample volume (mL); FM = fresh mass (g).
Data were analyzed in split plot scheme, wherein the
parcels correspond to the treatments and sub-plots to storage
times (0, 1, 2, 3, 4 and 5 weeks), in a randomized block design
with five replicates, the experimental unit was composed of
a root. The results were submitted to regression analysis,
where the models were chosen based on the significance of
the regression coefficients and the biological phenomenon.
The treatment means were compared with the control by
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the Dunnett test at 5% probability. Statistical analyzes were
carried out using statistical Sisvar 5.6 software and the graph
design was made in SigmaPlot 10.0 software.

Results and Discussion

Accumulated fresh mass loss, number and length of
sprouts, and root decay increased during storage in all
evaluated treatments (Figures 1A, 1B, 1C and 1D). However,
these variables were significantly reduced due to the 1-MCP
and AOA application, and by the fifth storage week these
treatments showed reductions of 13 and 18%; 69 and 70%;
70 and 81%; and 60 and 50% in accumulated fresh mass loss,
number and lengths of sprouts and root decay, respectively,
when compared to control.

The accumulated fresh mass loss was low in all evaluated
treatments, probably due to the root curing process, but it
was related to the incidence of sprouting, since respiration
and evaporation increase rapidly with the onset of sprouting
and continuous sprout growth, resulting in a rapid mass loss
increase on stored roots and impairing the nutritional status
and quality aspects of products (Mani et al., 2014). Cheema
et al. (2013) also observed relation between mass loss and
sprouting when evaluating sweet potato roots of cultivars
‘Bushbuck’ and ‘Ibees’, having greater fresh mass losses
and number of sprouts in the control and lower in 1-MCP
treatment.

The use of ethylene inhibitors was efficient in inhibiting
sprouting (Figure 2), because ethylene regulates some
processes related to cell stretching, such as cytoskeletal
rearrangement, cell wall relaxation and water uptake to
establish turgor pressure (Van de Poel et al., 2015).

The effects of ethylene accumulation on cell division
and cell expansion can be either positive or negative,
depending on the environmental context and the organ
(Dubois et al, 2018). It was demonstrated that continuous
exposure to ethylene inhibits sprout stretching in sweet
potato (Cheema et al., 2013; Amoah et al., 2016). The use of
ethylene in potato cv. ‘Marfona’ showed an increase in the
endogenous concentration of abscisic acid (ABA), suggesting
an explanation for the inhibition of sprout growth (Foukaraki
et al.,, 2016a). In sweet potato cv. ‘Covington’, ethylene
continuous supplementation reduced levels of endogenous
ABA and increased levels of cytokinins (zeatin riboside),
without sprouts growth. The authors suggested the presence
of a cytokinin sequestering substance (cytokinin riboside
phosphorylase) acting during ethylene exposure, while a
single application ethylene stimulated sprouting (Amoah et
al., 2016).

Although ethylene inhibits sprout growth in sweet potato,
there is growing evidence that it promotes both weight loss
and decay (Amoah et al., 2016). Generally, two distinct types
of root decay were observed: tip (proximal) rot and end
(distal) rot. Both types of rot initiated from the respective
root ends and progressed through the middle to the opposite
ends (Amoah & Terry, 2018). As observed in this study, 1-
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Figure 1. Fresh mass loss (A), root decay (B), number of sprouts (C) and sprouts length (D) of sweet potato roots (BRS Rubissol)

stored for five weeks at 25 °C.

MCP and AOA may therefore be expected to counteract
ethylene-induced decay (Figure 1B and Figure 2). Cheema et
al. (2013) found no diseases when 4-week-old sweet potato
cvs. ‘Bushbuck’ and ‘Ibees’ were treated with 1-MCP and AOA
during storage at 25 °C for only 4 weeks. Amoah & Terry (2018)
reported that 1-MCP treatment may have an anti-decay effect
and reduce weight loss.

The activities of peroxidase (POD) and polyphenoloxidase
(PPQO) showed linear increases during storage in all evaluated
treatments (Figures 3A and 3B). Increases in POD and PPO
activities are due to biodegradation reactions related to the
senescence and decay processes of sweet potatoes roots (Tang

et al., 2014). The highest values were obtained from ethylene
treated roots during storage because the ethylene potentiates
the accumulation of reactive oxygen species (ROS), increasing
POD and PPO activities during tissue stress responses (Xia et
al., 2015). The major activity of antioxidant enzymes may be
related to the process of root decay. In sweet potato roots, cv.
‘Beauregard’ (B-14) ethylene supplementation increased the
process of root rot during storage at 18.3 °C (Arancibia et al.,
2013).

Total soluble sugars (TSS) increased up to the fourth week,
followed by decreases up to the fifth week of storage in all
evaluated treatments (Figure 4A). Increases in TSS up to the

Figure 2. Sweet potato roots appearance (BRS Rubissol) before and after being stored for five weeks at 25 °C, depending on the

applied treatments (Control, 1-MCP, AOA and ethylene).
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Figure 3. Peroxidase activity (A) and polyphenoloxidase activity (B) of sweet potato roots (BRS Rubissol) stored for five weeks

at 25 °C.

fourth week of storage may be due to lower hydrolysis and
higher synthesis of sucrose by enzymes sucrose-phosphate
synthase (which converts UDP-glucose and fructose-6-
phosphate into sucrose-6-phosphate) and sucrose-phosphate
phosphatase (which converts sucrose-6-phosphate into
sucrose). Moreover, the decrease shown in the fifth storage
week may be associated with sucrose-cleaving enzymes
to generate energy for cell expansion and biosynthetic
processes, such as invertases, converting sucrose into glucose
and fructose and sucrose synthase, which converts sucrose
into UDP-glucose and fructose (Wind et al., 2010).

ABA and sucrose play important roles in sprout control,
but biochemical and molecular factors are also involved.
Sucrose acts as a signaling molecule for the control of
hormonal dormancy and increases in mobilization of sucrose
to meristem occur prior to dormancy interruption (Foukaraki
et al., 2016a).

The starch content reduced during storage in all evaluated
treatments (Figure 4B). The increase of sucrose demand in
the sprouts development and respiratory processes causes

reductions in the levels of soluble sugars in the parenchyma
cells, and can act as a signal to trigger the starch degradation
to supply assimilates (Hajirezaei et al., 2003). Thus, the
reductions in starch contents are related to senescence and
decay processes, which increase starch degradation and were
negatively correlated with total soluble sugars (Hu et al.,
2016).

Anthocyanins contents decreased during storage in
all evaluated treatments (Figure 5A). This result is due to
deterioration processes during storage that were positively
correlated with enzymes activity of B-glucosidase (B-GLC),
polyphenoloxidase (PPO) and peroxidase (POD), which are
mainly responsible for the degradation of anthocyanins,
these may become gradually less intense due to saturation
loss and/or change tonality by the formation of degradation
compounds (Marszalek et al., 2017).

The content of flavonols increased during storage in all
evaluated treatments (Figure 5B). The increases are due the
ability of flavonols to detoxify ROS produced by oxidative
stress. It has been reported that quercetin is a better

Figure 4. Total soluble sugars (A) and starch (B) of sweet potato roots (BRS Rubissol) stored for five weeks at 25 °C.
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Figure 5. Anthocyanins (A), flavonols (B), malondialdehyde content (C) and total proteins (D) of sweet potato roots (BRS

Rubissol) stored for five weeks at 25 °C.

superoxide scavenger than kaempferol, whereas the ability of
kaempferol to scavenge hydroxyl radicals is better than that of
quercetin (Markovic et al., 2014).

The malondialdehyde contents (MDA) increased during
storage in all evaluated treatments (Figure 5C). The highest
values were shown in control and in ethylene treated roots
due to the higher sprouting rate during storage, which leads to
lower membranes stability, leading to higher leakage solutes
rates (Kumar et al., 2014).

Lipid peroxidation is a common consequence of oxidative
stress, promoting electrolyte leakage and MDA accumulation,
which are indicators of oxidative stress (Li et al., 2018). Lipid
metabolism, such as unsaturated fatty acids biosynthesis and
glycerophospholipid metabolism, is very important for reduce
cell membrane damage and improve the storage of sweet
potato roots (Ji et al., 2017).

The total proteins increased until the second week and
then decreased in all evaluated treatments (Figure 2A). The
reductions are related to the sporamin degradation, which
are storage proteins with trypsin inhibitory activity on sweet
potato and represent 85% of the soluble proteins of the
storage roots, in which its degradation provides nutritional
resources for sprout growth (Liu, 2017).

Table 1 shows the results of the analyzed variables,
comparing the applied treatments to the reference level

Rev. Bras. Cienc. Agrar., Recife, v.14, n.3, e6204, 2019

Table 1. Means of fresh mass loss (%), root decay (%), number of
sprouts per root, sprouts length (mm/root), peroxidase activity
- POD (AU min mg! protein), polyphenoloxidase activity - PPO
(AU min® mg?! protein), total soluble sugars (%), starch (%),
anthocyanins (ug.g?* FM), flavonols (ug.g* FM), malonaldehyde
content — MDA (nmol.g* FM) and total proteins (g.100g™ FM) in
sweet potato roots (BRS Rubissol) stored for five weeks at 25 °C,
depending on the applied treatments.

Means with asterisks differ significantly from the control on the same line by Dunnett’s
test at 5% probability (**p < 0.05; *p < 0.01).

(control). Significant changes were observed in the fresh mass
loss, number and length of sprouts, root decay and peroxidase
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activity. Treatments with 1-MCP and AOA showed the lowest
fresh mass loss, number and length of sprouts and root decay.
The ethylene and 1-MCP treatments showed the highest and
lowest peroxidase activity, respectively.

Both the market value associated with the product and the
economic losses in sweet potato postharvest are attributed
mainly to sprouting, decay and weight loss. According to the
data, in the third week of storage, the commercial quality of
control and ethylene treatment was very poor; therefore, AOA
and 1-MCP are efficient treatments in reducing postharvest
losses enabling sweet potatoes roots storage for up to five
weeks at 25 °C, extending the shelf life up to 40%.

In relation to the temporal flux and physiological
aspects, only the variable peroxidase activity showed
significant variations in relation to the applied treatment.
Polyphenoloxidase activity, total soluble sugars, starch,
anthocyanis, flavonols, malondialdehyde content and total
proteins did not show significant variations among the
evaluated treatments. Moreover, according to the biological
phenomenon, the slight variations during storage did not
promote physiological disorders, maintaining the consumption
quality.

Conclusions

1-MCP and AOA treatments had an anti-decay effect
by reducing sprouting and weight loss, with significant
improvement in the shelf-life of the stored roots up to five
weeks. The study reveals that ethylene treatment induced
decay of sweet potato and 1-MCP minimizes peroxidase
activity. The physiological quality was kept during storage,
not having physiological disorders. Therefore 1-MCP and
AOA treatments are better to improve marketing potential of
tuberous sweet potato roots during storage at 25 2C.
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