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Use of indole-3-acetic acid (IAA) in postharvest
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ABSTRACT

The caja-manga (Spondias dulcis Parkinson) is an exotic fruit originally from the Polynesian islands. It is a cli-
macteric fruit with a very short postharvest shelf-life as the result of rapid ripening. This study aimed to eva-
luate the effect of auxin concentrations on delaying the ripening process in caja-manga fruits. One hundred
and twenty cajd-manga fruits were obtained from Hidrolandia-GO, Brazil (16°55’32.35” S and 49°21'39.76”
W). A completely randomized design with a 5X2+2 factorial scheme was used. Five indole-3-acetic acid
(IAA) concentrations (0, 50, 100, 150 and 200 mg L), two evaluation days (5 and 10 days after IAA appli-
cations), and two additional treatments (ripe and unripe fruits) were evaluated. Evaluations were carried
out every 5 days, in triplicate. The physicochemical variables pulp firmness, titratable acidity, soluble solids,
ascorbic acid content, and color of pulp and peel were evaluated. The concentrations 50 and 100 mg L of IAA
presented the best results, causing a delay in ripening and the lowest sensory losses in the cajd-manga fuits.
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RESUMEN

La cajd-manga (Spondias dulcis Parkinson) se considera una fruta exdtica originaria de las Islas Polinesias. Es una
fruta climatérica, y la vida poscosecha de sus frutos es muy corta, debido a su rapida maduracién, por tanto, este
estudio tuvo como objetivo evaluar el efecto de las concentraciones de auxina en retrasar el proceso de maduracién
de las frutas cajé-manga. Ciento veinte frutos cajd-manga inmaduros obtenidos de Hidrolandia-GO, 16°55’32.35” S;
49°21’ 39.76” W) se utilizé un disefio esquema factorial 5x2+2 de AIA (0, 50, 100, 150 y 200 mg L"), dos momentos
de evaluacién (a los 5 y 10 dfas después de aplicado en AIA) y dos tratamientos adicionales (frutas maduras e inma-
duras) con cinco concentraciones. Las evaluaciones se llevaron a cabo cada cinco dias, por triplicado. Se evaluaron
las variables fisicoquimicas, la firmeza de la pulpa, la acidez titulable, los sélidos solubles, el contenido de 4cido
ascérbico y el color de la pulpa y la cscara. Las concentraciones de 50 y 100 mg L de AIA presentaron los mejores
resultados, causando un retraso en la maduracién y las pérdidas sensoriales mds bajas en los frutos de cajd-manga.

Palabras clave adicionales: auxina; almacenamiento; Spondias cytherea; hormona vegetal.
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The caja-manga (Spondias dulcis Parkinson (syn. Spon-
dias cytherea Sonn.)) is an exotic fruit originally from
the Polynesian islands that is adapted to the Brazilian
Cerrado conditions where it is grown (Fernandes et
al., 2018; Chaves Neto and Silva, 2019). It belongs to
the Anacardiaceae family, along with other species of
the genus Spondias, such as umbu and red mombin,
is an ellipsoidal shaped drupe , has pulp with rigid
and spiny fibers, and is considered succulent, bitter-
sweet and aromatic (Chaves Neto and Silva, 2019;
Guimardes er al, 2020). Caja-manga fruits are rich
in carotenoids, sugars, pro-vitamin A, and vitamin
C (Ee et al., 2019) and are climacteric based on the
respiration pattern and ethylene synthesis. The rip-
ening process changes the chemical composition and
nutritional value.

Most fruits have a short shelf-life because of high
postharvest metabolic rates that lead to senescence
(Zhang and Jiang, 2019). Several technologies are
used in the marketing chain to maintain fruit quality,
which vary based on the structure, physiology, and
metabolic transformations of plant materials since
some fruits have a specific metabolic behavior (Fa-
vorito et al., 2017; Ee et al., 2019; Ramos et al., 2019).

Plant regulators are used in postharvest fruits for
this purpose (Ramos er al., 2019), including ethyl-
ene and abscisic acid, which stimulate fruit ripening,
and gibberellins, auxins, and cytokinins, which are
inhibitors. Postharvest fruit treatments with auxin
delay ethylene-induced ripening because they inhibit
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ethylene biosynthesis in fruits (Petri et al., 2016; Ra-
mos et al., 2019). The use of auxins has also been
proposed for more precise regulation of fruit ripen-
ing processes, likely through interactions between
different hormones (Kumar ez al., 2014). The use of
exogenously applied plant regulators and hormones
is not widely reported in cajd-manga fruits. There-
fore, this study aimed to evaluate the effect of auxin
concentrations on delaying the ripening process in
cajd-manga fruits

MATERIALS AND METHODS

Unripe cajd-manga fruits obtained from the Jabuti-
cabal farm in Nova Fatima, Hidroldndia-GO (Brazil),
located at 16°55’32.35” S and 49°21’39.76” W, were
used. These fruits were wrapped in bubble wrap and
transported in boxes to the Post-Harvest Laboratory
of Fruits and Vegetables at the Federal Goiano Insti-
tute, Urutai Campus-GO. The fruits were harvested,
and 110 were visually selected based on a dark green
color, size uniformity, healthiness, and presence of
peduncle, and absence of physical damage, which
were sanitized in a chlorine solution (100 mg L™). In
addition, 10 more fruits (for the additional treatment
with mature fruits) were selected based on a yellow
color, healthiness, and presence of peduncle, and ab-
sence of physical damage, which were sanitized in a
chlorine solution (100 mg L*). The plant hormone
used in the present study was powdered indole-3-ace-
tic acid (IAA) (NEON -(C,,HsNO,) 99%), which was
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diluted in equal parts of absolute alcohol and distilled
water for the solutions. The fruits were submerged in
the IAA solution for 20 min.

A completely randomized design with a 5x2+2 fac-
torial scheme was used. 10 experiment units were
used for each treatment. Five IAA concentrations (50,
100, 150, 200 mg L*; and Control - 0 mg L*), two
evaluation days (5 and 10 d after IAA applications),
and two additional treatments (ripe and unripe
fruits) were evaluated. Evaluations were carried out
every 5 d using five fruits per day. The pulp firmness
and color (Hue and Chroma of pulp and peel) were
evaluated in at least three points of the fruits, and,
from the pool of samples, the titratable acidity (TA),
soluble solids (SS), ascorbic acid content were deter-
mined in triplicate. In addition, 10 fruits were used
at the same time for all evaluations with the same
scheme.

The fruit firmness was determined with an ENGGO
Penetrometer (Piracicaba, Sao Paulo, Brazil) with a
penetration distance of 8 mm and a speed of 7.0 mm
s, using a tip with a diameter of 1.5 mm, and the
results were expressed as kgf cm?. Staining (L*, a*,
b) was carried out with measurements at different
points on the peel and pulp of the same fruit with
a Konica Minolta colorimeter (Choma Meter—400).
The Hue angle is equivalent to [tangent arc (b*/a*)],
and the chroma was equivalent to [(a*? + b*?) *].

The soluble solids (SS) of the pulp were measured
with refractometry (Arévalo er al., 2016), with a digi-
tal refractometer (MegaBrix Refractometers, model

RHBO-50ATC manual), according to AOAC (2012)
No. 922.10. The results were expressed in “Brix. The
titratable acidity was obtained by titrating 5 g of ho-
mogenized pulp, diluted in 45 mL of distilled water,
with a standardized 0.1 N sodium hydroxide solu-
tion, using phenolphthalein as an indicator, accord-
ing to AOAC (2012) 110 No. 942.15. The results were
expressed as g 100 g of fresh pulp, with citric acid as
predominant. The pH of the pulp was measured us-
ing a benchtop pH meter (TECNOPON, model mPA
2010). The ascorbic acid content was determined

using Tillman’s method (Strohecker and Henning,
1967).

The normality (Shapiro) and homoscedasticity
(Bartlett) tests were performed in multivariate form.
After applying the assumptions of the analysis of
variance to the data, a multivariate canonical anal-
ysis verified the behavior of the variables with any
differences using 95% confidence bands. A univariate
analysis was carried out on each variable. A regres-
sion analysis was used to study the response of the
variables according to the auxin concentrations. All
analyses were performed with the R software.

RESULTS AND DISCUSSION

The canonical analysis explained approximately 99%
of the data at both times. At 5 days after application
(DAA), the concentration 150 mg L favored the vari-
ables pH and ascorbic acid. The concentrations 50 and
200 mg L favored the variable peel chroma (Fig. 1).
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Figure 1. Biplot of canonical variables, containing an average of variables analyzed in fruits with auxin treatments at 5 and 10
DAA. TA - Titratable acidity; SS - Soluble solids; Hue.peel - Hue angle of the peel; Chroma.pulp - Chroma angle of the
pulp; Hue.pulp - Hue angle of the pulp; Chroma.peel - Chroma angle of the peel.
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On the other hand, at 10 DAA, the concentration 150
mg L* favored the peel hue, the concentration 50 mg
L* favored firmness, ascorbic acid and pulp chroma,
and the concentration 200 mg L* favored pH and
soluble solids (Fig. 2). The concentration 100 mg L*
was distinct from the other concentrations and the
factors at both times (Fig. 1).

There was no influence from the interaction be-
tween the auxin concentration and the days after
applications only on the soluble solids and pulp
chroma. In the interaction of the factorial scheme
and the additional treatments, only titratable acid-
ity, pH, and peel chroma had no significant differ-
ence (Tab. 1).

In both evaluations after the application, the con-
centration 150 mg L resulted in the lowest content
of ascorbic acid. The fruits with the application of
50 mg L* had the highest content, which was com-
parable to unripe fruits, verifying the retention of
ascorbic acid in this treatment (Fig. 2). Ascorbic acid
is an easily degradable vitamin, and several factors
can interfere with the instability of vitamins in fruits
(Belisario et al.,, 2020), including pH. Under the condi-
tions of this study, the highest ascorbic acid content
was found in the fruits with the highest acidity. The
results were verified with the concentrations 50 and
150 mg L*, which had a more acidic and basic pH,
respectively (Fig. 2). Thus, under the conditions of
this experiment, pH was closely related to ascorbic
acid content.
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Figure 2. (A) Ascorbic acid, (B) Titratable acidity, and (C) Soluble solids of caja-manga fruits according to the auxin concentra-
tions at 5 and 10 DAA.

Table 1.

Summary of the analysis of variance of the factorial scheme with two additional treatments.

P-valor

FD Asco_rbic Titrgtgble Firmness Soll_JbIe oH Hue Chroma Hue Chroma
acid acidity solids peel pulp pulp peel
Fact vs. Ad 1 0.0540 0.9047 <0.001 0.0083 0.7488 <0.001 <0.001 0.0041 0.0701
Day 1 <0.001 0.0181 <0.001 <0.001 0.2710 <0.001 0.3526 <0.001 0.0190
Concentration | 4 0.0183 0.3038 <0.001 0.0013 0.3662 0.0013 0.0212 <0.001 <0.001
Day x Conc. | 4 0.0063 0.0112 0.0010 0.1590 0.0147 0.0107 0.5472 0.0420 <0.001
Additional 1 0.0092 <0.001 0.0012 0.1281 0.1083 0.7044 0.0018 0.5410 0.4628
Residual 24 3469 0.09498 5416 0.6042 0.0132 28.28 22.74 35.1 649
CV (%) 13.75 467 20.2 8.96 4.36 28.74 13.06 32.08 6.9

VS = variation source; FD = freedom degrees; Fact = factor; Ad = additional; Conc. = Concentration; CV = coefficient of variation.
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The average values of titratable acidity in the ripe
fruits were between 0.052 and 0.062 mg/100 g, and
the unripe fruits had values from 0.063 to 0.070 mg
100 mg/100 g (Fig. 2). The concentration 100 mg L
in the evaluation at 5 DAA had the lowest acidity, a
value which was close to the acidity of the ripe fruits.
In the evaluation at 10 DAA, except for the concen-
tration 50 mg L, the treatments had a similar behav-
ior, with a reduction in the titratable acidity as the
IAA concentration increased, with the assumption
that, under these conditions, higher concentrations
of auxins resulted in the degradation of organic acids
in the fruits.

Maintaining the highest levels of titratable acidity
may be a result of a reduction in the respiration rate
(Almanza-Merchéner al., 2016) or conversion to sugar
since acids are the most readily available substances
for obtaining energy in the Krebs cycle; on the other
hand, a reduction in acidity is a natural result of the
evolution of fruit ripening, where organic acids are
metabolized in the respiration process and converted
into non-acidic molecules (Evangelista et al., 2019).

The soluble solids ranged from 9.2 to 10.8 °Brix for
the ripe fruits and from 5.8 to 7.4 °Brix in the un-
ripe fruits (Fig. 2). In the evaluation at 5 DAA, as the
auxin concentrations increased, there was a reduc-
tion in the SS content, except with the concentration
100 mg L. In the evaluation at 10 DAA, as the IAA
concentration increased, the SS values increased, ex-
cept with the concentration 50 mg L. The increase
in auxin concentrations stimulated starch hydrolysis
over time; it was noted that auxin directly influenced

ripening, as explained by Mendes et al. (2018) and
Taiz and Zeiger (2017), who described the alteration
of ethylene receptors, resulting in starch degradation
and sucrose accumulation. The content of soluble sol-
ids correlated with the contents of sugars and organic
acids, a characteristic of interest in products that are
sold fresh since consumers prefer sweet fruits or mild,
less acidic ones. Therefore, the levels of soluble solids
indicate the amount of solids that are dissolved in the
fruit pulp.

Under the conditions of this experiment, a relation-
ship was observed between the variables TA and SS
because, as the acidity values decreased, there was
a proportional increase in SS and vice versa, as seen
with the concentration 200 mg L' (Fig. 2). Acidity
gives flavor to fruits and, according to Pino et al.
(2019), must be balanced with SS levels, which char-
acterizes the mildly acidic or even tasteless flavor of
fruits.

At 5 DAA, there was a pH decrease of 0.38 with the
increase in the auxin concentration. Ten days after
application, there was a linear increase in pH of 0.18
with the increase in the auxin concentration (Fig. 3).
This increase can be explained by the accumulation
of organic acid and the decrease caused by the natural
maturation process of the fruits, which leads to the
consumption of organic acids through the respiratory
activity of cells (Evangelista er al., 2019).

In the evaluation at 5 DAA, the fruit firmness had an
increase of 445.5 UN with the increase in the auxin
concentrations. However, in the evaluation at 10
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Figure 3. (A) pH, (B) Firmness, and (C) peel Hue of the caja-manga fruits according to the auxin concentrations at 5 and 10 DAA.
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DAA, there was a decrease of 247.6 UN (Fig. 3). The
fruit firmness was closely linked to the ripening pro-
cess, and the unripe fruits had more firmness than
the ripe fruits. When high auxin concentrations were
used, there was an increase in ethylene production
because high auxin concentrations induce ACC syn-
thase, causing an acceleration in fruit ripening and,
consequently, less firmness, thus explaining the ef-
fect of the concentrations at 10 DAA (Bonato, 2015).
Fruit pulp softening was observed mainly with the
concentration 150 mg L', with the hormone, under
the conditions of this experiment, instead of inhib-
iting the ethylene action, had an opposite reaction,
stimulating its action. The change in firmness was
one of the more important and notable factors ob-
served in the postharvest cajd-manga, which is a
process that is highly sensitive to the presence of eth-
ylene, which, even at low concentrations, can lead to
a rapid loss of firmness in fruits (Sancheset a/., 2017).

For the peel Hue angle at the concentration 150 mg
L, the fruit color in the evaluation at 5 DAA most
resembled the treatment without auxin in the un-
ripe fruits. In the evaluation at 10 DAA, the fruits
most resembled the ripe fruits, predominantly green
and yellow, respectively. At the concentration 100
mg L in both evaluations, the fruits had a yellow-
ish-green color (Fig 3), evidencing that auxin nega-
tively modulated the accumulation of pigments and
enzymes involved in degradation. The apparent
ripeness of fruits is based on peel color. Chlorophyll
gives the fruit peel its green color, which is degrad-
ed over time, giving rise to carotenoids and yellow

pigments that characterize maturation. The color
change in the ripening process of climacteric fruits,
such as caja-manga, is due to the transition from
chloroplasts to chromoplasts, which is dependent
on ethylene (Mendes et al., 2018).

There was a correlation between the peel hue
and fruit firmness under the conditions of this ex-
periment, where the fruits with a higher degree of
ripeness had more fruit pulp softening and a pre-
dominantly yellow color. This relationship was very
noticeable, where the fruits with a predominantly
green color had more firmness, and the fruits with a
predominantly yellow color had softer pulp, i.e. less
firmness (Fig. 3).

In the evaluation of the peel chroma at 5 DAA, there
was an increase in color intensity with the increase
of auxin concentration, except with the concentra-
tion 150 mg L?, which had a lower color intensity.
In the evaluation 10 DAA, there was an increase in
color intensity with the increase in the concentration
of auxin, except with the concentration 50 mg L,
which had a greater color intensity than the 100 mg
L' concentration (Fig. 4).

In the pulp hue evaluation at 10 DAA, the fruits
without auxin applications of auxin and those with
a concentration of 100 mg L' had a yellower color
than the other treatments. In the evaluation at 5
DAA, a green color was predominant in the fruits
that received a concentration of 150 mg L of auxin

(Fig. 4).
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Figure 4. (A) Pulp Hue, (B) peel Chroma , and (C) pulp Chroma in caja-manga fruits according to the auxin concentrations at 5
and 10 DAA.
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In both evaluations after the auxin applications,
there was a similar behavior in the pulp chroma of
the fruits treated with the auxin concentrations 50
and 100 mg L, with a color intensity greater than
with the concentration 150 mg L (Fig. 4).

During the analysis, the treatments presented a slow
darkening process, causing a decrease in luminosity.
This behavior may have been due to the limitations
of gas exchange, which slows down biochemical
changes, such as chlorophyll degradation and the ap-
pearance of carotenoid pigments responsible for pulp
browning. The fruits had a similar intensity for pulp
chroma in both evaluations after applying the con-
centration 200 mg L. The fruits treated with the
concentration 150 mg L* had the lowest pulp color
intensity in both evaluations after the auxin applica-
tion. This reduction was directly linked to the dilu-
tion of pigments in the pulp.

CONCLUSION

Based on the physical and chemical characteristics,
the concentration 50 mg L* of IAA is recommend-
ed for slowing down the fruit ripening process. The
concentration 150 mg L of IAA is recommended for
maintaining color aspects. However, the ripening of
the cajd-manga fruits was uneven even with the use
of auxin, as can be seen with the evaluated attributes.
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