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Postharvest conservation of mangaba fruit treated with 1-
methylcyclopropene and modified atmosphere!
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Abstract: The 1-methylcyclopropene (1-MCP) has been used in maintaining the quality and increase shelf-
life of many species of non-climacteric and climacteric fruits. The objective of this work was to evaluate the
efficiency 1-MCP associated to modified atmosphere (MA) on postharvest quality maintenance of mangaba
fruit. Fruits were harvested in maturation characterized by the presence of reddish spots, all over the yellow
greenish pigmentation of the skin. The mangaba fruits were submitted to application of 1-MCP in the doses of
0, 100, 200 e 300 uL L for 12 hours under room conditions (24 + 2 ° C and 83 + 2% RH) and evaluated for
soluble solids (SS), titratable acidity (TA), SS/TA ratio, ascorbic acid, mass loss, and general appearance. The
association of MA with 1-MCP did not provide additional benefits on quality. However, 1-MCP at 200 uL L*
extended the postharvest life of mangaba, stored under and room conditions, from 5 to 7 days.
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Conservacgao pos-colheita de mangaba tratadas com 1-metilciclopropeno e
atmosfera modificada

Resumo: o 1-metilciclopropeno (1-MCP) tém sido usado na manutencéo da qualidade e no incremento da
vida-util de muitas espécies de frutos ndo climatéricos e climatéricos. O objetivo deste trabalho foi avaliar a
eficiéncia de 1-MCP associado com atmosfera modifficada (MA) na manutencdo da qualidade pds-colheita de
mangaba. Os frutos foram colhidos em maturacdo caracterizada pela presenca de manchas avermelhadas, em
toda a pigmentacdo amarela esverdeada da casca. As mangabas foram submetidas a aplicacdo de 1-MCP nas
concentragdes de 0, 100, 200 e 300 pL L por 12 horas em condicdo ambiente (24 + 2 °C e 83 + 2% UR) e
avaliadas quanto aos solidos sollveis (SS), acidez titulavel (AT), relacdo SS/AT, éacido ascérbico, perda de
massa e aparéncia geral. A associa¢do de MA com 1-MCP ndo proporcionou beneficios adicionais na qualidade.
Entretanto, a dose de 200 uL. L'* de 1-MCP prolongou a vida Gtil de mangaba armazenada em condicdo ambiente
de 5 para 7 dias.

Palavras-Chave: Hancornia speciosa, 1-MCP, Qualidade, Aparéncia geral.
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1 Introduction

The mangaba tree (Hancornia speciosa
Gomes) is spontaneously found in tropical
regions. In Brazil, it is distributed in the Central
West, Southeast , and Northeast, with greater
abundance in areas of coastal plains and
tablelands of the Northeast, where is found
almost the total national production (Lima et a.,
2015a; Silva et al., 2017). Its fruit, mangaba, has
shown a growing socio economic and scientific
interest due to its high nutritional and medicinal
values (Lima et al., 2015b).

Mangaba is a climacteric fruit of high
perishability rate, making it necessary the
development of appropriate technologies for
handling and storage in order to maintain the
postharvest quality and prolong its useful life
(Lima et al., 2015a).

Studies on storage of fruit under room
conditions are necessary, since, in Brazil, almost
all fruit is sold, at the retail level, without
refrigeration  (Carnelossi et al.,, 2009).
Maintaining postharvest quality, in turn, is
related to minimizing the rate of deterioration, in
order to keep the product attractive to consumers
for a longer period (Guimardes et al., 2017).
Modified atmosphere (MA) has proven to be
effective in reducing metabolic rates and
extending the useful life of mangaba (Soares
Junior et al., 2008; Santos et al., 2009; Lima et
al.,, 2015c). The use of MA, by wrapping
products with flexible film such as polyvinyl
chloride (PVC), passively establish a gas
composition inside the package different from
the air, by reducing O, and elevating CO; levels,
which can reduce the metabolic activity (Moura
et al., 2013; Zhang et al., 2014).

Combining with MA, the use of inhibitors of
ethylene perception may allow producer and
marketer to achieve greater competitiveness in
the domestic market and, subsequently,
exportation (Martins et al., 2013). The 1-
methylcyclopropene (1-MCP) acts at cellular
level by blocking the action of ethylene and has
been successfully applied in flowers, fruits, and
vegetables (Watkins, 2006). The use of 1-MCP
has been found to be effective in controlling
ripening and, consequently, in maintaining
quality and increase the useful postharvest life of
many species of non-climacteric and climacteric
fruits (Villalobos-Acufia et al., 2010; Li et al.,

2016). Based on that, the objective of this work
was to evaluate the effect of 1-MCP on the
quality of mangaba stored under modified
atmosphere and room conditions.

2 Material and Methods

Fruits of mangaba tree were harvested from
orchard of the Experimental Station of
Mangabeira of the Empresa Estadual de
Pesquisa Agropecuaria da Paraiba S.A.
(EMEPA), located at the Mesorregion of the
Mata Paraibana, in the municipality of Jodo
Pessoa, Paraiba State, Brazil. Fruits from the
clone TOU48, with aptitude for fresh
consumption (SOUZA et al., 2007) were
harvested at maturity stage in which the skin
color was characterized by the presence reddish
spots, all over the yellow greenish pigmentation
(SANTOS et al., 2009), free from mechanical
damages and diseases. In the laboratory, fruits
were sorted by uniformity and washed in tap
water and then immersed for two minutes in a
0.4 g L* fungicide solution.

For the application of 1 - methylcyclopropene
(1-MCP), mangabas were placed inside 0.186 m®
plastic chambers. In these chambers were placed
vials of 100 mL containing septum adapted in
the caps and inside those was added the
commercial product in powder, at the equivalent
concentrations of 100, 200, 300 uL L% of 1-
MCP gaseous. Following, it was injected
through the septum, 50 mL of water at 50 °C,
stirring until complete dissolution of the product.
The vials were placed inside the chambers
containing fruits, through the side opening, and
then opened to release the gas. The chambers
then were quickly sealed and kept at room
temperature for 12 hours. As a control,
mangabas without application of 1 - MCP were
kept in similar conditions. Following treatment,
fruits were placed in polystyrene trays regular
atmosphere (RA, without film) and modified
atmospheres (MA) by wrapping with a 12um
thick PVC film and stored under room
conditions (25+2 °C e 83+2% RH). The
evaluations were performed for the initial fruit
characterization (day 0) and during storage at 2,
4, 6, 8, and 10 days, except for weight loss and
general appearance, which were performed
daily.
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It was evaluated: Soluble solids (SS - %);
titratable acidity (TA - % of citric acid); SS/ TA
ratio (IAL, 2010). Ascorbic acid (mg 100g™);
weight loss, calculated taking as reference the
initial mass of fruits using a semi-analytical
scale; general appearance, carried out at daily
basis by 12 non-trained judges, following a scale
scored from 1 (inacceptable) to 9 (excellent)
were performed according to SANTOS et al.
(2009). Also based on those authors, the score 5
corresponded to the limit of acceptability, in
which  fruit acquisition was limited by
undesirable appearance.

It was utilized a completely randomized
design in a factorial scheme 2x4x5, being two
storage atmospheres (regular atmosphere — RA
and modified atmosphere — AM), four 1-MCP
doses (0, 100, 200, 300 pL L%, and five storage
periods, in three replications of 300g fruit.rep™.
For the initial characterization, it was used three
replications of approximately 3000 g of fruits.

Data were submitted to variance analysis
(ANOVA), taking into account the significant
interaction among factors and results submitted
to polynomial regression analysis. Models for
polynomial regression were selected based on
the Test F significance and also by coefficients
of determination higher than 0.70. In case of no
significant adjustment to the tested models,
means of treatment were line-linked.

3 Results

For initial fruit characterization, mangaba
fruit of the clone TOU48 showed uniformity of
ripeness, general appearance of fresh and turgid
fruit, with bright yellow greenish color,
presenting reddish spot all over the skin, no
blemishes and/or physiological disorders,
superior quality; soluble solids (SS) on average
of 19%, titratable acidity of 1.7%, SS/ TA ratio
of 11.18, and a high content of ascorbic acid,
223 mg 100g™.

For mangabas of control (0 uL L™ 1-MCP)
and treated with of 100 e 200 pL L™ of 1-MCP,
SS did not differ between fruits maintained
regular atmosphere (RA) and modified (MA)
atmospheres during storage (Figure 1). Fruits
treated with 300 puL L* of 1-MCP showed a
more marked decline in SS, suggesting that this
dose may have caused a physiological disorder
in mangaba.

For the titratable acidity (TA), independently
of 1-MCP doses, TA was lower in fruits kept in
RA but increased during storage (Figure 1).
Mangabas kept under RA showed an increase in
the TA content from the fourth day of storage,
which was kept higher for the dose of 200 puL L
! of 1-MCP.

Mangabas kept under RA showed a decline in
the SS/TA ratio from the fourth to the eighth day
of storage (Figure 2). Under MA, SS/TA ratio
was kept stable during 6 days, increasing
afterward until the eighth day of storage.

For ascorbic acid, there was interaction
among atmosphere, doses of 1-MCP, and storage
periods and its content in mangaba was reduced
during storage in both MA and RA, showing,
however, a tendency of increasing by the end of
storage period. Followed ten days of storage, the
ascorbic acid content decreased more than 50%,
being, in an average, higher under MA. Fruits
kept under RA, in turn, showed a smooth decline
of ascorbic acid during storage and for those
treated with 1-MCP the content was higher by
the end of storage period. For fruit under MA,
ascorbic acid has declined about 75% from
initial content to the sixth day, followed by a
sharp increase (0 puL L* 1-MCP-1) until the
tenth day of storage (Figure 2).

For the general appearance, the use of 1-
MCP, mainly for the dose of 200 puL L7
positively influenced the quality of mangaba
also kept under RA, since it increased fruit’s
postharvest life, keeping the appearance by
seven days, i.e, two more days as compared with
control. When under RA, mangabas without 1-
MCP (control) showed acceptable general
appearance during five days, when fruits still
presented slightly freshness, moderate loss of
turgidity, little wrinkling, slightly fading and
attractive appearance, absence of disease, dark
spots or external damage and/or rot (Figure 3).

Mangabas kept under MA and RA, and
treated with 0, 100 and 200 puL L* 1-MCP
differed in general appearance, which under RA
remained acceptable until the seventh days of
storage (Figure 3), mainly for 200 pL L™ 1-
MCP. After nine days, more than 50% fruits, for
both RA and AM, were markedly wilted,
wrinkled surface, without flavor or apparent
brightness, with dark spots, external damage
and/or rotten.
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Figure 1 Soluble solids (SS - %) and Titratable acidity (TA-% citric acid) in mangabas, harvested in the maturity
stage yellow greenish with reddish spots, treated with 1-methylcyclopropene during storage under room
conditions (23 £ 2°C e 83 = 2 % RH) regular atmosphere (A and C) e modified atmospheres (B and D). Legend:
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Figure 2 SS/AT ratio and ascorbic acid (AA) in mangabas harvested in the maturity stage yellow greenish with
reddish spots, treated with 1-methylcyclopropene during storage under room conditions (23 £+ 2°C e 83 +2 %

RH) and regular atmosphere (A and C) e modified atmospheres (B and D). Legend: ~*— opL L%
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Figure 3 General appearance in mangabas, harvested in the maturity stage yellow greenish with reddish spots,
treated with 1-methylcyclopropene during storage under room conditions (23 + 2°C e 83 + 2 % RH) and regular

atmosphere (A and C) e modified atmospheres (B and D). Legend: ~®*ouL L%, ~ 100pL L ~*7" 200uL
L% T 73000l L.

4 Discussion films with a thickness of 15 um, and low density
polyethylene with a thickness of 30 um) and

The results related soluble solids (SS) on 4 )
refrigeration.

average of 19%, SS / TA ratio of 11.18, and a
high content of ascorbic acid, being these data In contrast to mangaba in this experiment, in
higher than those reported by Placido et al. pears Villalobos-Acufia et al. (2010), reported
(2016), mainly for ascorbic acid (AA), but inthe  that the application of 1-MCP did not influence
range reported by Carnelossi et al. (2009) and SS or starch hydrolysis, which, in some fruits
Santos et al. (2009), for similar maturity stage. and vegetables, is responsible for the increase in

These results are in agreement with Santos et soluble solids (Azerédo et al., 2016; Guimaraes

al. (2009), which in mangaba harvested in et al. 2017).

different maturity stages (green, beginning of Santos et al. (2009) also observed a tendency
yellow pigmentation and yellow fruit with slight of TA increase in mangaba of similar maturity
red spots) observed that the content of SS did not during storage at RA. Carnelossi et al. (2009),
differ among fruits kept under RA and MA  also observed an increase in TA until the fourth
(trays were wrapped with polyvinyl chloride  day, with variations in TA content until the ninth
film of 13 um thickness) through the end of  day of storage in mature-green mangabas under
storage, for the maturity stages green, red RA. After harvest, the content of organic acids
pigment initiation, and yellow with light reddish normally declines due to its utilization in the
spots. In contrast, Carnelossi et al. (2009), respiratory process or its conversion in sugars
reported an increase in the SS content until the  through gluconeogenesis (Azerédo et al., 2016),
fourth day of storage under RA (24+2°C), although these changes may vary according to
followed by a decrease in yellowish-green with  tissue, fruit, cultivar, maturity stage, and storage
red spots mangaba. Soares Junior et al. (2008)  conditions (Melo et al., 2017). Santos et al.
also observed an increase in the SS content in (2009) also observed a tendency of TA increase
“mature-green” mangaba during storage under in mangaba of similar maturity during storage at
MA (trays were wrapped with polyvinyl chloride RA and room conditions. Carnelossi et al. (2009)
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also observed an increase in TA until the fourth
day, with variations in TA content until the ninth
day of storage in mature-green mangabas under
RA.

The TA content for mangaba kept under MA
varied during storage, increasing from the fourth
day of storage, with subsequent decrease (Figure
1). In contrast, Santos et al. (2009), evaluating
the effect of MA on postharvest conservation of
mangaba at similar maturity stage, observed that
fruit stored at MA, showed little changes in TA.
In turn, Soares Junior et al. (2008) observed an
increase in TA content in mature-green mangaba
kept under MA and refrigeration.

The highest content of TA in fruits stored
under MA observed in this study probably
resulted in reduced metabolic activity due to a
possible delay of the climacteric of mangaba
(Azerédo et al., 2016), as a result of atmosphere
modification at storage (Martins et al., 2013)
and/ or the use 1-MCP (Watkins, 2006).

For the SS/TA ratio (Table 1), there was
interaction between atmosphere and periods of
storage. High values for the SS/TA ratio indicate
a smooth flavor due to an adequate sugar and
acids balance, whereas low values are correlated
to a predominant acid taste (Melo et al., 2017).
Therefore, mangabas in this study showed taste
predominantly acid. Higher values for SS/TA
ratio were reported by Soares Junior et al.
(2008), evaluating the effect of atmosphere
modification on quality of mangaba, with values
varying from 19 to 40.

For fruits treated with 1-MCP the decline of
ascorbic acid was lower (Table 1). The
degradation of ascorbic acid is due to the action
of the enzymes ascorbic acid oxidase and
peroxidase during storage (Foyer, 2017). The
use of 1-MCP and AM, in general, results in a
decreased metabolic rate in climacteric fruits,
consequently, reducing the consumption of 02
by reducing the rate of oxidative reactions,
therefore, lower vitamin C loss (Tu et al., 2017).

Reductions in the ascorbic acid content are
generally observed postharvest due to its
involvement in the antioxidant reactions that
take place during fruit senescence (Paliyath et
al., 2008). A possible increase in ascorbic acid
may also occur, since their biosynthesis is linked
to pectin degradation, which releases precursors
of ascorbic acid (Foyer, 2017). Thus, it is

suggested that the increase in ascorbic acid
found in fruits under MA starting on the sixth
day of storage (Figure 2) may be related to its
antioxidant effect in response to advances in
oxidative reactions that occur by the end of
ripening. Carnelossi et al. (2009) also reported
that mangabas maintained at 24° C had a decline
in vitamin C content that increased later.

These results are in accordance with Santos et
al. (2009) that, in mangaba harvested in similar
maturity, observed that fruits under MA
presented lower mass loss. In this experiment,
fruits kept in MA presented in average 8% of
mass loss, while those kept in RA lost about
13% after ten days. Soares Junior et al. (2008)
also showed that modification of atmosphere
with PVC film reduced the mass loss during
mangaba’s cold storage.

5 Conclusion

The use of modified atmosphere during
mangaba storage under room conditions reduced
mass loss and maintained quality acceptable for
six days. The use of 1-MCP at the dose of 200
uL L* for mangaba kept under ambient
atmosphere (regular atmosphere) extended the
shelf life from five to seven days. The
combination of modified atmosphere with 1-
MCP in mangaba stored under room conditions
did not provide additional benefits in
maintaining quality.
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