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Abstract

Gibberellic acid is a plant growth regulator, naturally occurring in the plant, and is indicated to prolong the
post-harvest life of bananas, increasing the storage and commercialization period. Therefore, the objective
of the present work was to evaluate the conservation period of ‘Prata-Gorutuba’ bananas with different
concentrations of gibberellic acid associated with refrigerated storage and modified atmosphere. ‘Prata-
Gorutuba’ banana fruits were used to set up two independent experiments. In the first, the fruits were stored
for 25 days in a cold room (14.5 £ 1 °C and relative humidity of 85 + 5%) and the evaluations were carried out
five days apart. In the second experiment, the fruits were removed from the cold chamber and packaging
after 25 days of storage and kept in ambient conditions (25 1 °C) for completfe ripening and evaluations
were carried out daily for five days. The experimental design for the two experiments was the DIC, with the first
experiment in a 5x6 factorial scheme (concentrations x evaluation periods) and in the second experiment in a
5x5 factorial scheme (concentrations x evaluation periods), with four replications and four fruits per repetition. In
the first experiment, concentrations of 500 and 1000 ppm of gibberellic acid were efficient in keeping the fruits
stored for 25 days, at refrigerated temperatures and a modified atmosphere, positively influencing the color,
pH and acidity characteristics. In the second experiment, gibberellic acid was efficient in delaying the color

development of fruits stored for 29 days.

Keywords: modified atmosphere, Musa spp., quality, storage

Introduction

The banana crop (Musa spp.) holds great social,
economic, and nutritional importance. Brazil benefits
from favorable edaphoclimatic conditions that allow the
production of a wide variety of fruits. The northern region
of the state of Minas Gerais stands out for producing
mainly the cultivar ‘Prata-And’ (Queiroz et al., 2019),
especidlly its clone known as ‘Prata-And Gorutuba’,
which originated from a spontaneous mutation of the
‘Prata-And’ banana (Fernandes et al., 2019).

Fruits, in general, undergo significant losses from
harvest to the moment they reach the final consumer.
The ripening process involves substantial changes in
physiological, biochemical, sensory properties,
such as increased respirafion, ethylene production,
pigment biosynthesis (carotenoids and anthocyanins),
and softening of the texture to an acceptable quality
level (Ntsoane et al., 2019). Among the factors that

and

hinder the expansion of banana exports are those
related to their high perishability, which compromises the
competitiveness of the Brazilian product abroad.

The use of the cold chain is a common strategy
fo preserve banana quality during storage and
fransportation. However, temperatures below 13°C may
cause physiological disorders, such as peel browning
and impaired ripening, which affect not only domestic
marketing but also export potential and competitiveness
in the international market. Finding a balance in storage
tfemperatures, combined with other techniques such
as specific packaging and humidity control, is essential
tfo minimize these effects and maintain banana quality
throughout the supply chain (Aguino, 2016).

In addition to refrigeration, another alternative
to extend postharvest shelf life is the use of plant growth
regulators, Gibberellic acid
is a naturally occurring plant growth regulator and is

particularly gibberellins.
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recommended to prolong the postharvest life of bananas,
increasing their storage and marketing period. Gibberellic
acid (GA;) can be applied to reduce the rate of fruit
color change from green to yellow, inhibit the action
of chlorophyllases, and suppress ethylene production.
Furthermore, GA; delays pulp softening and carotenoid
accumulation, thereby avoiding excessive postharvest
losses during commercialization (Aquino, 2016). Within
this context, the objective of this study was to evaluate
different concentrations of gibberellic acid (GA;) in the
postharvest preservation of ‘Prata Gorutuba’' bananas
stored under refrigeration and modified atmosphere.

Materials and Methods

The study was carried out at the Postharvest
Physiology Laboratory of the State University of Montes
Claros (UNIMONTES), Department of Agricultural Sciences,
located at the Janauba Campus, Minas Gerais, Brazil.

The fruits were obtfained from a commercial
plantation in the municipality of Mocambinho. The farm
is located in the far north of Minas Gerais State, at 44°
01" W longitude and 15° 05' S Iatitude, with an altifude of
449 m. The bunches were harvested sixteen weeks after
emergence, fourteen weeks after lower bud removal, at
ripening stage 2. The hands were placed in plastic crates
lined and covered with newspaper and fransported to
the laboratory. Afferwards, fruit selection was performed,
discarding those damaged or showing symptoms of
mechanical injury. The hands were divided into clusters
of four fruits, which were then immersed for five minutes
in a 1% neutral detergent solution to coagulate the latex,
followed by rinsing in running water. Subsequently, the
clusters were immersed for five minutes in a fungicide
solution containing Magnate at a dosage of 200 mL
100 L™ and Iharaguen-s at a dosage of 10 mL 100 L.
After drying, the fruits were disfributed to compose the
freatments.

To extend postharvest shelf life, thereby
increasing the storage and marketing period, gibberellic
acid (a plant growth regulator) was used. The fruits were
immersed for three minutes in solutfions with five different
concenfrations:

* 0 ppm de gibberellic acid (controle);

*500 ppm of gibberellic acid (1.25 g L' of Progibb 400);
*1000 ppm of gibberellic acid (2.5 g L' of Progibb 400);
*1500 ppm of gibberellic acid (3.75 g L™ of Progibb 400);
*2000 ppm of gibberellic acid (5 g L' of Progibb 400).

For fruit storage, 16 um low-density polyethylene
(LDPE) packaging was used. The air inside was removed
with a vacuum cleaner, and the packages were then
sealed to prevent air entry. Subsequently, they were

labeled, placed in standard cardboard boxes used
for fruit export, and stored in a cold chamber at 14.5
* 1 °C and 85 = 5% relative humidity for 25 days, which
corresponds to the period required for long-distance
fransport, such as shipping to the European market.

Two independent experiments were conducted.
In the first experiment, fruits were stored for 25 days,
and evaluations were carried out at five-day intervals.
In the second experiment, fruits were stored for 25 days
in a sealed cold chamber. After this period, the fruits
were removed from the packaging and maintained at
ambient conditions (25 + 1 °C) for complete ripening, with
daily evaluations performed over five days, representing
the commercialization period.

The experimental design for both experiments
was completely randomized (CRD). In the first experiment,
a 5 x 6 factorial scheme (concentrations x evaluation
periods) was used, and in the second experiment, a 5 x 5
factorial scheme (concentrations x evaluation periods),
with four replications and four fruits per replication.

Fruitswere evaluated for firmness using a Brookfield
CT3 10 KG digital
were performed at the median region of the fruit and
determined by the penetration force required for a 4 mm
diameter probe to penetrate 8 mm into the pulp. Resulfs
were expressed in Newtons (N). Peel color was measured
using a Color Flex 45/0 (2200) colorimeter, stdzMode:45/0,
with direct reflectance readings of the L* (lightness), a*
(red—green coordinate), and b* (yellow-blue coordinate)
processed through the HunterLab Universal
Software. From the L*, a* and b* values, the hue angle
(°h*) and chroma index (C*) were calculated.

texture analyzer. Measurements

values,

To determine fresh mass loss, fruits from each
freatment replication were weighed using an electronic
scale with 0.1 g precision. The difference in weight
between evaluations was accumulated throughout the
experiment, considering the difference between the
initial fruit mass and that recorded at each sampling
period. Results were expressed as a percentage.

For chemical analyses, composite samples of four
homogenized fruits were used. Soluble solids content was
determined by refractometry using an ATAGO bench
refractometer, model N-1 a, with a reading range of 0
to 95 °Brix, and results were expressed in °Brix. Titratable
acidity was determined by fitrimetry, using 10 g of pulp
diluted in 90 mL of distilled water, followed by titration with
standardized 0.1 M NaOH solution, using phenolphthalein
as the indicator. Results were expressed in milligrams of
malic acid per 100 g of sample. The pH was measured
with a bench pH meter equipped with a glass membrane
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electrode, calibrated with buffer solutions at pH 4.0
and 7.0. Determinations were performed directly by
potentiometry, consisting of immersing the pH elecfrode
in the homogenized sample.

The data obtained for the evaluated traits were
subjected to analysis of variance (ANOVA) using the
statistical software Sisvar. When the F-test was significant,
means were fitted fo regression models.

Results and Discussion
Experiment 1

The variable fresh mass loss showed a significant
effect only for the storage period (p <0.05), with the curve
exhibiting a linear adjustment. Fresh mass loss increased
throughout storage (Figure 1). On the 25th day of storage,
the fruits recorded a fresh mass loss of 1.5%, which is below
the 5% threshold and, in practical terms, did not affect the
final quality of the fruits after 25 days of storage. Aquino
et al. (2016), studying the effect of gibberellic acid on the
preservation of ‘Macd’ bananas, also observed a linear
increase in fruit mass loss during storage. Fruit mass loss is a
consequence of high transpirafion and respiration rates,
which lead to water loss from the fruits to the environment
(Oliveira et al., 2017).

Fruit firmness showed a significant effect only for
the storage period (p < 0.05), with the curve exhibiting
a quadratic adjustment. During storage, firmness values
firstincreased and then decreased: the initial mean value
was 40.27 N, on the 15th day of storage it reached 41 N,
and by the 25th day it had decreased to 36.3 N (Figure
2). The reduction in firmness, also known as fruit softening,
results from cell wall degradation due to increased
enzymatic activity, associated with other processes such
as starch hydrolysis and water loss, ultimately contributing
to fruit softening (Chitarra & Chitarra, 2005). Fruit firmness
is one of the main quality attributes, as it affects resistance
during transport, shelf life, and market price. Moreover,
it is a primary factor considered by consumers when
purchasing fruit (Chen et al., 2019).

Lightness, represented by the L* coordinate,
showed no significant difference for any of the factors
tested (p > 0.05). Figure 3 presents the chromaticity
values, which express color infensity. This variable showed
a significant effect only for the storage period and fitted
the quadratic model. On the first day of storage, the fruits
exhibited a color intensity of 36.81, which decreased to
35.37 on the 15th day; from that point onward, a marked
increase was observed. The chromaticity value on the
25th day was 38.01. Higher chromaticity values in the first
days after harvest may be due fo the heterogeneity of fruit
ripening stage at the time of harvest (Morais et al.,2003).

y =0,0584x-0,013
R*=0.9948

0 5 10 15 20 25
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Figure 1. Fresh mass loss of ‘Prata Gorutuba' bananas treated
with different concentrations of gibberellic acid and stored af
14.5+ 1 °C and 85 + 5% relative humidity, in Janauba, MG.
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Figure 2. Firmness of ‘Prata Gorutuba’' bananas freated with
different concentrations of gibberellic acid and stored at 14.5 +
1 °C and RH of 85 + 5%, in JanalUba - MG.
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Figure 3. Chromaticity (C*) of ‘Prata Gorutuba' bananas treated
with different concentrations of gibberellic acid and stored at
14.5+ 1 °C and 85 £ 5% relative humidity, in Janauba, MG.

Peel color, represented by the hue angle,
showed a significant interaction between storage period
and gibberellic acid concentrations (p < 0.05). The hue
angle, which indicates the progression of banana peel
color from green to yellow, presented values of 89.85,
104.09, 103.76, 97.08, and 100.23 for the concentrations
of 0, 500, 1000, 1500, and 2000 ppm, respectively, on the
25th day of storage (Figure 4). This indicates that fruits
freated with gibberellic acid at concentrations of 500

and 1000 ppm maintained a green coloratfion closer to
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that observed at harvest (hue = 102.35). It was observed
that at concentrations of 0, 1500, and 2000 ppm, there
was a reduction in hue angle on the 25th day of storage.
This change indicates the progression of banana peel
color from green to yellow.

The color changes occurring during fruit ripening
are associated with degradative and/or synthetic
processes of pigments present in the fruit (Chitarra &
Chitarra, 2005). In bananas, during ripening, chlorophyll
degradation (green color) is
preexistence of carotenoid pigments (yellow to orange
color) visible, while the synthesis of other pigments occurs
aft relatively low levels (Silva et al., 2006).

infense, making the

Soluble solids content showed a significant
effect only for the storage period (p < 0.05), with the
curve adjusted fo a quadratic model. On the first day of
storage, the fruits had an average content of 3.94 °Brix,
reaching 8.42 °Brix on the 25th day (Figure 5).

Castro et al. (2012
Atkins mango fruits freated with gibberellic acid in
preharvest, there was a trend of increasing soluble solids
content during storage. This increase is considered normal
in so-called climacteric fruits, due to changes in structural
carbohydrates such as hemicelluloses and pectin, as
well as the conversion of organic acids (Mustapha et al.,

) also observed that in Tommy

2020). The conversion of starch into simple sugars is one of
the main reasons for the increase in soluble solids content
during banana ripening (Cordeiro et al., 2014).

The pH variable showed a significant interaction
(p < 0.05) between storage period and gibberellic acid
concenfrations. During storage, there was an increase in
pH followed by a subsequent decrease in all treatments
(Figure 6). The inifial mean pH value was 5.7; on the 5th
and 10th days, there was a slight increase, reaching a
mean value of 5.9, and by the 25th day this value had
decreased to 5.3. This variafion was possibly due fo the
non-uniformity of the fruits from the field. It was observed
that the concentrations of 500 and 1000 ppm showed
higher pH values during storage.
(2003), working with gibberellic acid
at concentrations of 100 mg L™ and 200 mg L™ for
postharvest preservation of guava, observed that pH
values increased with storage time. Carvalho et al. (1998),
studying the effect of gibberellic acid on the preservation
of 'Fuyu’ persimmon, observed a slight decrease in pH

Lima

during the first two weeks of storage and a slow increase
during the final stages of ripening.

Titratable  acidity significant
interaction between storage period and gibberellic acid
concentrations (p < 0.05). An increase in acidity values

showed a
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Figure 4. Hue angle (°h*) of ‘Prata Gorutuba' bananas treated
with different concentrations of gibberellic acid and stored at
14.5 £ 1 °C and 85 + 5% relative humidity, in Janauba, MG.
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Figure 5. Soluble solids content (°Brix) of ‘Prata Gorutuba’

bananas freated with different concentrations of gibberellic
acid and stored at 14.5 + 1 °C and 85 * 5% relative humidity, in
Janauba, MG.
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Figure 6. pH values of 'Prata Gorutuba’' bananas treated with
different concentrations of gibberellic acid and stored at 14.5 +
1 °C and 85 £ 5% relative humidity, in Janauba, MG.

was observed for all concentrations during storage
(Figure 7). On the first day of storage, the fruits presented
a mean acidity of 0.205 mg malic acid 100 mL™" of juice,
which increased to 0.336 mg malic acid 100 mL™" of juice
by the 25th day of storage. The control freatment showed
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higher acidity values compared fo the freatments
with gibberellic acid, possibly because the fruits in this
freatment were at a more advanced ripening stage than
the others. At the 25th day of storage, the concentrations
of 0, 500, 1000, 1500, and 2000 ppm of gibberellic acid
reached values of 0.605, 0.260, 0.260, 0.260, and 0.297 mg
malic acid 100 mL™" of juice, respectively.

Similar values of titratable acidity were reported
by Castro et al. (2012) in Tommy Afkins mango fruits
freated with gibberellic acid in preharvest. According
fo Chitarra & Chitarra (2005), acidity can be used as
a reference point for the ripening stage of fruits, being
mainly attributed to organic acids dissolved in the
vacuoles of the cells. The level of titratable acidity is
infrinsically related to pulp quality and preservation
status, influencing characteristics such as flavor, aroma,
color, and stability. Moreover, it can serve as an indicator
of food deterioration (Oliveira et al., 2018).

Organic acids are used in respiration for ATP
production, resulting in a decrease in fruit acidity.
However, the respiratory process itself also produces
organic acids that may accumulate in the fruit, leading
to a slight increase (Pimentel et al., 2010). In the present
study, an increase in acidity was observed, probably
because the production of organic acids was greater
than their consumption during the respiratory process.

Experiment 2

Firmness was significant only for the storage period
(p < 0.05), with the curve fitting a quadratic model. A
reduction in firmness values was observed during storage
(Figure 8). When removed from cold storage (25th day
of storage). the fruits presented an average firmness of
43.083 N, and by the 29th day of storage, firmness had
decreased o 6.227 N.

Blum et al. (2011),
persimmons treated with gibberellic acid in preharvest,
observed that GA;
firmness, providing favorable
Chitarra & Chitarra (2005), the application of gibberellins
can partially inhibit ethylene action, affecting soffening
and peel color, delaying chlorophyll degradation and
carotenoid accumulation.

working with  ‘Kyoto’
application maintained higher

results.  According to

The L* coordinate, which represents lightness,
showed a significant effect only for the storage period
(p < 0.05) and fitted the quadratic model. A reduction
followed by an increase in lightness values was observed,
decreasing from 62.74 on the 25th day of storage to 60.89
on the 27th day, and reaching 66.496 on the 29th day
(Figure 9).
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Figure 7. Titratable acidity (mg malic acid 100 mL" juice) of
‘Prata Gorutuba’ bananas treated with different concentrations
of gibberellic acid and stored at 14.5 £ 1 °C and 85 * 5% relative
humidity, in JanalUba, MG.
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Figure 8. Firmness (N) of ‘Prata Gorutuba' bananas freated with
different concentrations of gibberellic acid and stored at 25 £ 1
°C, in Janauba, MG.
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Figure 9. Lightness (L*) of ‘Prata Gorutuba' bananas freated
with different concentrations of gibberellic acid and stored at
25+ 1°C, in Janauba, MG

During the ripening process, fruits undergo an
intensification of their color. As observed by Barbosa
(2019), during banana ripening, lightness values tend to
increase due to changes in peel color, which shifts from
green (lower values) to yellow (higher values). Color
plays a crucial role in food quality evaluation, as visual
perception is the first sense to be activated, playing a
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decisive role in product choice and acceptance.

The chromaticity variable showed a significant
interaction between storage period and gibberellic acid
concentrations (p < 0.05). An increase in chroma values
was observed for all gibberellic acid concentrations during
storage (Figure 10). Mean chroma values increased from
36.43, 38.03, 36.24, 36.01, and 36.38 on the 25th day to
43.50, 42.02, 41.63, 42.50, and 41.46 on the 29th day of
storage for the doses of 0, 500, 1000, 1500, and 2000 ppm,
respectively. It was observed that the doses of 1000 and
2000 ppm GA; presented the lowest chromaticity values,
indicating that these fruits remained in better preservation
status compared to the control fruits.

Chromaticity indicates color infensity,
representing saturation in relation to the pigments present.
In bananas, during ripening, chlorophyll degradation
(green color) is intense, revealing the preexistence of
carotenoid pigments (yellow to orange color), while the
synthesis of other pigments occurs at relatively low levels
(Barbosa et al., 2019).

The hue angle, which indicates the progression
of banana peel color from green fo yellow, showed
a significant interaction (p < 0.05) between storage
period and gibberellic acid concenfrations.
observed that at 25, 26, and 27 days of storage, hue

It was

angle values remained similar across all gibberellic
acid concentrations, and from the 28th day onward, a
Gibberellic acid
was effective in delaying color development, since the

reduction was observed (Figure 11).

control freatment showed lower mean hue angle values
at the end of the experiment (82.94°) compared to the
fruits treated with gibberellic acid.

The application of gibberellins delays the
disappearance of the green color in bananas and, in
some cases, slightly postpones the climacteric respiration
peak (Chitarra & Chitarra, 2005).

According fo Cordeiro (2013), during ripening,
as peel color changes from green to yellow, there is a
reduction in peel hue angle values, in agreement with
the hue angle behavior observed in the present study.

The loss of green color is due to the structural
decomposition of chlorophyll,
factors acting eitherindividually orin combination. Among
these factors are changes in pH, mainly caused by the
accumulation of organic acids and other compounds
in the vacuoles;

resulting from several

the activation of the chlorophyllase
enzyme; and the presence of oxidizing systems (Chitarra
& Chitarra, 2005).

The soluble solids variable showed a significant
effect only for the storage period (p < 0.05) and fitted
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Figure 10. Chroma (C*) of ‘Prata Gorutuba' bananas treated
with different concentrations of gibberellic acid and stored at 25
+1°C, in Janatba, MG.
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Flgure 11. Hue angle (°h*) of ‘Prata Gorutuba’ bananas treated
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£ 1°C,in Janadba, MG.

the quadratic model. A significant increase in soluble
solids content was observed, from 5.48 °Brix on the 25th
day fo 27.11 °Brix on the 29th day of storage (Figure 12).
The increase in soluble solids content is probably due
fo fruit ripening. Soluble solids content increased as fruit
colorindices indicated a more advanced ripening stage,
which, according to the hue angle, changed from green
(25th day) to yellow (29th day). Bananas are fruits with
a high starch content when green, and as they ripen,
starch is broken down info sugars to be used in respiration,
thereby increasing soluble solids content.

Soluble solids indicate the amount of solids
dissolved in the pulp and, during ripening, their content
tfends fo increase due to the biosynthesis of soluble
sugars or the degradation of polysaccharides (Chitarra
& Chitarra, 2005).

pH showed a

significant inferaction

(P <
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Figure 12. Soluble solids content (°Brix) of ‘Prata Gorutuba’
bananas treated with different concentrations of gibberellic
acid and stored at 25 £ 1 °C, in Janauba, MG.

0.05)
concenfrations. When removed from cold storage (25
days), the fruits presented a mean pH of 5.58, which
remained similar on the 26th and 27th days with values
of 5.69 and 5.68, respectively. On the 28th day, pH
decreased in all freatments, presenting mean values of

between storage period and gibberellic acid

4.49, and on the 29th day it increased again, reaching a
mean value of 4.73 (Figure 13). Similar results were found
by Carvalho et al. (1998), who, working with gibberellic
acid in the preservation of ‘Fuyu’ persimmon, observed a
decrease followed by an increase in pH values.

Titratable acidity showed a significant effect
only for the storage period (p < 0.05) and fitted the linear
model. An increase in acidity values was observed up
to the 28th day, reaching 0.606 mg malic acid 100 mL™
juice, and on the 29th day of storage there was a slight
reduction in malic acid content (Figure 14).

Silva (2018), working with gibberellic acid in the
preservation of ‘Itdlia’ grapes, also observed an increase
followed by a reduction in fitratable acidity values.
According to Chitarra & Chitarra (2005),
progresses, a reduction in titfratable acidity occurs as a

as ripening

consequence of the decline in the respiratory process.

Conclusions

In the first experiment, the concentrations of
500 and 1000 ppm of gibberellic acid, combined with
refrigeration and modified atmosphere, were effective
in maintaining ‘Prata Gorutuba’ bananas stored for
25 days, preserving a greener coloration for a longer
period, higher pH values (closer to those found in greener
bananas), and consequently lower acidity. The second
experiment demonstrated that the use of gibberellic
acid was effective in delaying the color development of
‘Prata Gorutuba' bananas stored for 29 days. This effect
had a positive impact both on the market and on shelf
life, by extending fruit longevity and providing better

control overripening. As a result, losses could be reduced
and demand increased, due to the greater freshness and
durability of the bananas.
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Figure 13. pH values of ‘Prata Gorutuba’ bananas treated with
different concentrations of gibberellic acid and stored at 25 £ 1
°C, in Janauba, MG.
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Figure 14. Titratable acidity (mg malic acid 100 mL™!" juice) of
‘Prata Gorutuba' bananas treated with different concentrations
of gibberellic acid and stored at 25 + 1 °C, in Janauba, MG.
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