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ABSTRACT: The aim of this study was to study the effect of the auxin naphthalene acetic acid (NAA) and the brassinosteroid
28-homocastasterone (28-HCS) applied every 15 days (harvest 2015/16) or every 21 days (harvest 2016/17) after full bloom, on the physical,
chemical and biochemical attributes of the ‘Galaxy’ apples. The study was performed at a commercial orchard at Vacaria county, Rio Grande
do Sul State, Brazil. The following treatments were applied: water (control), NAA (0.1%), 28-HCS (105 M) and NAA (0.1%) + 28-HCS (10°°
M). For this purpose, 300 uL of the plant growth regulator solutions were applied to the fruit peduncles. Fruits treated with NAA every 21 days
presented higher starch-iodine index and lower total soluble solids (TSS), titratable acidity (TA), lightness index (L) and hue angle (h°) than
28-HCS-treated fruits. Fruits treated every 15 days with NAA presented reduced skin rupture force (SRF), total antioxidant activities (TAA) of
the skin and flesh, and hydrogen peroxide content compared to the control fruits. In addition, NAA application every 15 and 21 days resulted
in increased anthocyanin content in the skin. Application of NAA + 28-HCS reduced superoxide dismutase activity. 28-HCS applications
increased TSS, color attributes (C and h°) of the skin, total antioxidant activity of the skin and flesh and peroxidase activity compared to control
fruits. These results are expected to help to understand how plant growth regulators affect apple quality. In addition, results described here are
also expected to help on the development of strategies to reduce post harvest losses and to increase fruit shelf life.
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Ac¢do da auxina e do brassinosteroide nos atributos fisico-quimicos
e bioquimicos de macas ‘Galaxy’

RESUMO: O objetivo deste estudo foi avaliar a agdo do dcido naftaleno acético (ANA) e do brassinosteroide (catasterona), aplicados a
cada 15 (safra 2015/16) ou 21 (safra 2016/17) dias a partir dos 40 dias apos a plena floragdo, nos atributos fisico-quimicos e bioquimicos de
magas ‘Galaxy’. O estudo foi realizado em um pomar comercial de macieiras ‘Galaxy’no municipio de Vacaria, RS. Os tratamentos avaliados
foram: dgua (controle), ANA (0,1%), catasterona (105 M) e ANA (0,1%) + catasterona (10° M). As aplicagées foram realizadas no pedinculo
dos frutos, utilizando 300 uL de solucdo por pedunculo. Frutos tratados com ANA a cada 21 dias tiveram maior indice de iodo-amido e
menores valores de solidos soluveis (SS), acidez titulavel e dos atributos de cor L e dngulo hue (h°) do que os frutos tratados com catasterona.
Aplicagoes de ANA a cada 15 dias reduziu a for¢a de ruptura da casca (FRC), atividade antioxidante (AAT) da casca, da polpa e contevdo
de peroxido de hidrogénio. Além disso, ANA aplicada a cada 15 ou 21 dias aumentaram o teor de antocianinas na casca. ANA + catasterona
reduziu a atividade da enzima superoxido dismutase. Entretanto, aplicagées de catasterona a cada 15 dias aumentou o teor de SS, atributos
de cor (C e h°) na casca, atividade antioxidante da casca e da polpa, compostos fenolicos totais (CFT) e atividade da enzima peroxidase
dos frutos de magas. Portanto, estudos adicionais devem ser realizados para confirmar a acdo desses fitorreguladores na manutengdo da
qualidade e redugdo das perdas pés-colheitas de magas ‘Galaxy .

Palavras-chave: Malus domestica Borkh., fitorménio, 28-homocatasterona (28-HCS), dcido naftaleno acético.

INTRODUCTION and Fraiburgo, in Santa Catarina State and Palmas, in

Parana State, the top producers in the country (PETRI

The apple Malus domestica is of great
economic importance worldwide (THEWES et al.,
2015). The southern part of Brazil is the largest apple
producing area in the country, being the counties of
Vacaria, in the Rio Grande do Sul State, Sdo Joaquim

et al, 2011). In southern Brazil, apple production
is essentially limited to two cultivars, Gala and Fuji
(THEWES et al., 2015), which present high post-
harvest losses, due to a combination of physiological
disorders, mechanical damage and fruit senescence.
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Due to the high post-harvest losses and
the escalating demand for high quality fruits, new
crop management techniques are being investigated
in order to ensure quality and to increase post-harvest
life of the fruits. Phytoregulators (also known as plant
growth regulators) present potential to contribute
to preserve fruit quality and to increase shelf life of
fruits. Phytoregulators are chemical messengers that
actively participate in cell division, elongation and
differentiation (BALBI et al., 2003; MOTERLE et
al., 2011), controlling physiological and biochemical
features of fruits such as fruit color, ethylene production
and enzyme activity.

Among the phytoregulators, auxins
and brassinosteroids present potential to help to
maintain fruit quality and to improve post-harvest
conservation. MIQUELOTO (2014) demonstrated
that naphthalene acetic acid (NAA) applied at 10 mg
L 50 days after full bloom (DAFB) of ‘Braeburn’
apples significantly increased fruit size through the
increase in the number and size of parenchymal tissue
cells of the flesh. Miqueloto (2014) also demonstrated
that NAA, when applied between 50 and 106 DAFB,
decreased respiration rate and ethylene production of
‘Braeburn’ apple trees, keeping high levels of total
soluble solids and titratable acidity of the fruits.

Castasterone and brassinolide induce
important ~ plant  growth-related  physiological
responses. Both castasterone and brassinolide are
polyhydroxysteroid lactones from the new plant
hormone class called brassinosteroids (BRs) (YOKOTA,
1997). These plant hormones may stimulate genes that
encode enzymes responsible for the increase in the cell
number and size, as well as plant flowering (TAIZ &
ZEIGER, 2013). In addition, BRs boost both the fruiting
capacity of plants, and the antioxidant activity that
supports the maintenance of fruit quality (NAGATA et
al., 2001). The BRs also protect plants and fruits from
biotic and abiotic stresses (LIU et al., 2018). Although,
BRs are very important for plants, only a few studies
have been performed to study their effect on anti-
oxidative stress enzymes, hydrogen peroxide radical
level, antioxidant activity and content of phenolic
compounds and anthocyanin in fruits. Therefore, we
carried out this study in order to evaluate the effects of
naphthalene acetic acid (NAA) and the brassinosteroid
28-homocastasterone (28-HCS), applied every 15 or
21 days after full bloom, on physical, chemical and
biochemical attributes of ‘Galaxy’ apples. Findings
described here may help to understand the effects these
two phytoregulators on apple quality and also help on
the development of strategies to reduce post-harvest
losses and increase shelf life of apple fruits.

MATERIALS AND METHODS

This study was carried out at a ‘Galaxy’
apple commercial orchard grafted on ‘Marubakaido’
rootstock, using a ‘M9’ filter in the Vacaria county,
Rio Grande do Sul State, Brazil (28° 28’ 11.50” S and
50° 48” 47.12” W, 946 m altitude). Apple trees were
conducted in a central leader system, with a spacing
of 4x0.72 m, and covered with black hail net (7x4 mm
mesh). ‘Galaxy’ apple fruit peduncles were painted
with 300 pL of naphthalene acetic acid (NAA, 0.1%),
28-homocastasterone (28-HCS, 10-° M), NAA (0.1%)
+28-HCS (10°° M) and distilled water (control) every
15 days (harvest 2015/2016) or 21 days (harvest
2016/2017), between 40 and 127 DAFB.

Fruits were analyzed for skin color,
flesh firmness and texture attributes, iodide-starch
index, titratable acidity (TA), and total soluble
solids (TSS) at 136 (harvest 2015/16) and 132
(harvest 2016/17) DAFB, as well as total phenolic
compounds (TPC), total antioxidant activity
(TAA), total anthocyanins and hydrogen peroxide
(H,0,). Lipid peroxidation, peroxidase (POD) and
superoxide dismutase (SOD) activities were also
assessed but at the 2015/16 harvest only.

Fruit skin was analyzed for hue angle
(h°), lightness (L) and chroma (C) system using a
Minolta CR 400 colorimeter (Konica Minolta Inc.,
Tokyo, Japan). Measurements were carried out at
the equatorial zone of the fruits, on the side most
and less exposed to the sun. Flesh firmness (N) was
evaluated using an electronic penetrometer (GUSS
Manufacturing Ltd., South Africa) on both sides of
the fruit, in the equatorial zone.

Texture attributes (N) were determined
with the Texture analyzer TAXT Plus® model (Stable
Micro Systems Ltd., Surrey, UK), using a PS2 model
probe, with a 2 mm tip. The tip was inserted into the
flesh until a 5 mm depth with pre-test, test and post-
test speeds of 30, 5 and 30 mm s™', respectively.

The starch-iodine index was determined
using a metal iodine and potassium iodide solution.
Fruits were cut along the largest diameter and the
resulting cuts were dipped into the metal iodine and
potassium iodide solution for 2 min. Afterwards,
starch staining was recorded and scored on a 1-5
scale, according to WERNER (1989), as following:
1=fully green fruits (low starch degradation) and
S=fruits with a high degree of maturation (high
starch degradation).

TA [Malic acid content (%)] was
determined by titration. For this purpose, 10 mL juice
sample diluted in 90 mL of distilled water, using a
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0.1 N NaOH solution to reach pH 8.1. Total soluble
solids content (%) was determined using a digital
refractometer (model PR201a, Atago, Tokyo, Japan),
using correction for temperature (20 °C).

Total antioxidant activity (TAA) and
concentration of total phenolic compounds (TPC)
were determined for fruit skin and flesh. Fruits were
peeled (1-2 mm thick) and both skin and flesh were
frozen, separately, in liquid nitrogen. Afterwards, 5
g of flesh and 2.5 g of fruit skin were fully macerated
in liquid nitrogen. After that, 25 g of the extract
from the skin or flesh was placed in a glass tube
containing 40 mL of 50% methanol, and centrifuged
at 15,000 rpm for 15 minutes. The supernatant
was withdrawn and stored. After, 40 mL of 70%
acetone was added to the first extraction pellet and
homogenized. Following a 60 minutes rest at room
temperature the homogenate was centrifuged at
15,000 rpm for 15 minutes. The supernatant was
once again collected and transferred to a volumetric
flask in which the first supernatant was stored and the
volume filled up with deionized water until reached
100 mL. The resulting extract was used for TAA
and TPC determination. The TAA was determined
using ABTS [2,2’-azino-bis (3-ethylbenzothiazolin)
6-sulfonic acid] according to RE and co-workers
(1999), with the help of a microplate reader (EnSpire
model, PerkinElmer) at 734 nm wavelength. Results
were expressed as Trolox equivalent antioxidant
activity (TEAC, uMol of trolox equivalents per 100
g of fresh sample weight). The TPC was determined
using the Folin—Ciocalteu method, with the help of a
microplate reader operating at a 765 nm wavelength.
The results were expressed in mg equivalents of
gallic acid per 100 g of fresh sample weight (mg
EAG 100 g' FW).

Total anthocyanins (TAN) were determined
according to FULEKI and FRANCIS (1968), with the
help of a microplate reader at the 535 nm wavelength.
TAN was expressed in mg of cyanidin 3-glycoside
per 100 g fresh weight.

The H,O, determination was performed
according to the method proposed by HERMES-
LIMA et al. (1995). Readings were compared to a
H,0, standard curve and results expressed in pumol g™
of fresh weight. Determination of lipid peroxidation
in cell membranes was performed according to
the method described by HEATH and PACKER
(1968). Results were expressed in nmol g! FW of
malondialdehyde (MDA) formed.

Peroxidase (POD) and superoxide
dismutase (SOD) activities were determined
according to KAR and MISHRA (1976) and DEL

LONGO and co-workers (1993), with modifications.
The POD activity was determined after a 1 minute
reaction, with the help of a microplate reader
wavelength (420 nm) and expressed in pmol min
mg! of protein. The SOD activity was performed at
25 °C in a reaction chamber, under light provided by
a 15 W fluorescent lamp located inside the reaction
chamber. After 10 min of exposure to light, the lamp
was turned off and the amount of the blue compound
produced by the reduction of Nitro Blue Tetrazolium
(NBT) was quantified using a microplate reader at the
wavelength of the 560 nm. The activity was expressed
in umol min™' mg™! protein.

The randomized block design for 4
treatments and 5 replicates (4 plants with 50 fruits
per plant) was used for the experiments. Data were
submitted to the Bartlett test (BARTLETT, 1937)
and to the Shapiro-Wilk test (SHAPIRO & WILK,
1965) to confirm homogeneity of the variances
and normality of the residues, respectively. After
confirmation of a normal model, data were submitted
to the analysis of variance (ANOVA). Afterwards
means were compared by the Tukey test (P<0.05).
All the analyses were performed using the statistical
software SAS, version 9.1 (SAS INSTITUTE, 2009).

RESULTS AND DISCUSSION

This study demonstrated the effect of
NAA and 28-HCS several physical, chemical and
biochemical attributes of ‘Galaxy’ apples. No
statistically significant difference was reported for
the iodo-starch index in the fruits treated every 15
days with NAA, 28-HCS or NAA + 28-HCS (Table 1).
However, compared to both control and NAA +28-HCS
treatments, higher iodine-starch index was observed for
fruits treated with NAA every 21 days and harvested at
132 DAFB (Table 1). These results might indicate that
NAA application raises the starch degradation rate,
most likely because of the increased ethylene output
and the enhanced activity of hydrolytic enzymes
responsible for breaking down starch. This hypothesis
is supported by findings by YU and YANG (1979),
who confirmed an escalation in the conversion of
methionine to ethylene and high activity of hydrolytic
enzymes in the vegetable tissues that were subjected
to NAA application.

Fruits treated with NAA every 15 or 21
days exhibited lower TSS than those treated with 28-
HCS (Table 1). The TSS is an estimate of the amount
of sugars and organic acids present in fruits, which are
responsible for taste and acceptance of fruits by the
consumers. During ripening, TSS level increases and
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Table 1 — The starch-iodine content, total soluble solids (TSS), titratable acidity (TA; % malic acid) in the ‘Galaxy’ apple fruits treated
every 15 or 21 days with 0.1% naphthalene acetic acid (NAA), 28-homocatasterone (28-HCS) 10° M and NAA 0.1% + 28-
homocatasterone (28- HCS) 10 M and harvested at 136 and 132 days after full bloom (DAFB) in the 2015/16 and 2016/17

harvest, respectively.

Treatment Index of iodine-starch (1-5)  --------—-- TSS (° Brix)-------- ---TA (% malic acid)--
2016 2017 2016 2017 2016 2017
Control 426a 2.06b 10.00 ab 993 a 0.64 a 0.66 a
NAA 0.1% 4.10a 3.62a 9.58b 9.55b 0.63 a 0.63b
28-HCS 10°M 422a 2.70b 10.78 a 10.12 a 0.64 a 0.67 a
NAA 0.1% +28-HCS 10°M 450a 2.55b 10.13 ab 9.43b 0.63a 0.63b
Coefficient of variation (%) 8.37 23.87 5.46 7.35 3.11 3.38

Means followed by the same letter in the columns do not differ significantly by the Tukey test (P<0.05).

therefore, it can be used as a physiological indicator
for right harvesting time and fruit quality. The XU and
co-workers (2015) observed that 24-Epibrassinolide
(EBR), a brassinosteroid, significantly increased
soluble sugar content in grape berries, being the
effect attributed to the ability of BRs to regulate
some physiological processes in plants, including
carbohydrate metabolism. Therefore, findings from
this study suggested that 28-HCS applied at intervals
of 15 and 21 days can increase TSS and thus contribute
towards the maintenance of fruit quality.
Applications of NAA and 28-HCS every
15 days had no effect on the titratable acidity of the
‘Galaxy’ apples. However, applications of NAA and
NAA+28-HCS every 21 days caused a significant
reduction in TA (Table 1). Application of growth
regulators like auxins, depending on the number and
range of application, has been reported to decrease
TA in fruits (MIQUELOTO, 2014). This decrease
may be related to the increased respiratory rates in
auxin-treated fruits. Breathing involves three steps:
glycolysis, Krebs cycle and electron transport chain
(TAIZ & ZEIGER, 2013). Malic acid, which is the
principal organic acid present in apples, may function
as a substrate in the Krebs cycle. Fruits accumulate
organic acids (mainly malic acid) in the vacuole. As
the respiration rate increases, malic acid is withdrawn
from the vacuole and imported into the mitochondrial
matrix via transporters and metabolized to oxalacetate
or pyruvate, which is the acetyl-CoA acceptor in the
Krebs cycle (TAIZ & ZEIGER, 2013). Thus, the
Krebs cycle, as an alternative carbon pathway, uses
malic acid to produce oxalacetate or pyruvate that
will be used to produce NADH, FADH, and other
compounds. Therefore, it is very likely that the NAA

applications induced an increase in the respiratory
rate and in the consumption of organic acids in
‘Galaxy’ fruits, which might have resulted in the
observed drop in TA.

Bi-weekly 28-HCS applications induced
a higher skin rupture force (SRF) in the fruits,
compared to the NAA and NAA + 28-HCS-treated
fruits (Table 2). No significant effect was observed
for either flesh firmness (FF) or flesh penetration
force (FPF) when fruits were treated with NAA, 28-
HCS or NAA + 28-HCS (Table 2).

Fruits treated by-weekly with 28-HCS,
on the side most exposed to the sun, presented
higher C and 4° values than fruits treated with NAA
and NAA+28-HCS, respectively. However, fruits
treated with NAA every 21 days had lower L and
h° values compared to fruits treated with 28-HCS
(Table 3). Fruits, on the side less exposed to the
sun, treated every 15 days with 28-HCS had higher
L and C values than fruits treated with NAA and
NAA + 28- HCS, respectively (Table 3). However,
fruits treated with 28-HCS every 21 days had higher
values of L and /4° compared to fruits treated with
NAA (Table 3).

Fruits treated with NAA every 15 or 21
days revealed a higher anthocyanin content in the
skin compared to the control (not treated) fruits
(Figure 1E and IF). Anthocyanins, compounds
reported in plant cell vacuoles, are the largest group
of water-soluble pigments (TNAAKA et al., 2010;
LIN-WANG et al., 2011). Some phytoregulators,
like auxins, may stimulate anthocyanin biosynthesis,
when applied to fruits. This occurs because auxins
may increase gene expression or activity of some
enzymes, like the chalcone synthase, that are
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Table 2 - Flesh firmness (FF), skin rupture force (SRF) and flesh penetration force (FPF) of the 'Galaxy' apple fruit treated every 15 or
21 days with 0.1% naphthalene acetic acid (NAA), 28-homocatasterone (28-HCS) 10° M and NAA 0.1% + 28-
homocatasterone (28- HCS) 10° M and harvested at 136 and 132 days after full bloom (DAFB) in the 2015/16 and 2016/17

harvest, respectively.

Treatment FF (N) SRF (N) FPF (N)
2016 2017 2016 2017 2016 2017
Control 74.20 a 80.56 a 12.42 ab 12.67 a 353a 3.82a
NAA 0.1% 7547 a 77.00 a 12.05b 11.14a 3.6la 383a
28-HCS 10°M 7433 a 77.30 a 1324 a 12.26 a 342a 370 a
NAA 0.1% + 28-HCS 10° M 74.63 a 77.87 a 11.46 b 11.66 a 351a 396 a
Coefficient of variation (%) 241 6.41 7.57 17.02 5.05 9.76

Means followed by the same letter in the columns do not differ significantly by the Tukey test (P<0.05).

involved in the biosynthesis of these pigments. Not
surprising, NAA application to apples resulted in
increased red color of the fruit epidermis (lower
h° angle) in this study. This increased red color
was paralleled by enhanced anthocyanin content.
Similar results were obtained by AMARANTE and
co-workers (2009), leading to the conclusion that
accumulation of anthocyanins resulted in lower L
and /° values, which triggered color change from
green to red in fruits during ripening.

Fruits treated with 28-HCS bi-weekly
exhibited higher total antioxidant activity (TAA)

in skin and flesh than NAA-treated fruits (Figures
1A and 1C). However, no difference was observed
for TAA in the skin of fruits treated every 21 days
with 28-HCS (Figure 1B). The TAA was higher
in the flesh when fruits were treated with 28-HCS
every 21 days (Figure 1D). BRs are phytoregulators
with the capacity to activate the antioxidant defense
system of fruits (BAJGUZ, 2000; CAO et al., 2005).
Fruits are constantly exposed to environmental
stresses that can induce formation of reactive
oxygen species (ROS) which ultimately damage
the plasma membrane and cause loss quality of

Table 3 - Skin color attributes (L, C and %°) on the sides, most and less exposed to the sun, in the 'Galaxy' apple fruit treated every 15 or
21 days with 0.1% naphthalene acetic acid (NAA), 28-homocatasterone (28-HCS) 10° M and NAA 0.1% + 28-
homocatasterone (28-HCS) 10°M and harvested at 136 and 132 days after full bloom (DAFB) in the 2015/16 and 2016/17

crops, respectively.

Skin color on the side most exposed to the sun

Treatment 2015/2016 2016/2017---=----------
L C h° L C h°
Control 494 a 36.8 ab 40.7 a 52.6a 36.4a 424 a
NAA 0.1% 46.6 a 3520 35.6 ab 46.8 b 36.5a 3440
28-HCS 10°M 48.7 a 38.8a 37.6a 52.8a 373a 41.8a
NAA 0.1% + 28-HCS 10° M 46.8 a 37.9 ab 33.1b 50.2 ab 36.7a 37.5 ab
Coefficient of variation (%) 591 5.8 13.5 9.02 5.10 14.97
Skin color on the side less exposed to the sun:

Control 70.6 ab 36.1 ab 96.1 a 72.3 ab 344a 92.8 ab
NAA 0.1% 67.6b 35.2 ab 922a 67.6 ¢ 33.0a 82.2b
28-HCS 10°M 723 a 37.7a 95.1a 74.5a 37.7a 97.5a
NAA 0.1% + 28-HCS 10°M 70.8 ab 335b 89.8a 70.9 be 334a 87.8 ab
Coefficient of variation (%) 3.69 5.69 6.29 4.82 6.75 10.78

Means followed by the same letter in the columns do not differ significantly by the Tukey test (P<0.05).
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Figure 1 - Biochemical evaluation of ‘Galaxy’ apples treated at 15 (A, C,

and E) and 21 (B, D, and F) days with water (Control), 0.1%
naphthalene acetic acid (NAA), 28- Homocatasterone 10° M
(28-HCS), NAA 0,1% + 28- Homocatasterone 10°M (NAA+28-
HCS) and harvested at 136 and 132 days after full bloom
(DAFB): total antioxidant activity in the skin (A and B), total
antioxidant activity in the flesh (C and D) and total anthocyanin
in the skin (E and F). Means followed by the same letter did
not differ significantly by the Tukey test (P<0.05). Vertical bars

indicate the standard error of the mean.

fruits. Antioxidants are substances with the ability
to dissipate and/or reduce ROS and contribute
towards the maintenance of fruit quality. Since we
demonstrated that 28-HCS application is able to
enhance TAA in ‘Galaxy” apples, it is reasonable to
consider that this BR might be useful to contribute
to the maintenance of fruit quality and consequently
conservation of ‘Galaxy’ apples.

The TPC in the skin was not affected by
the phytoregulators (Figures 2A and 2B). However,
bi-weekly applications of 28-HCS and NAA+28-
HCS enhanced TPC in the fruit flesh, when compared
to control fruits (Figure 2C). In addition, fruits treated
with NAA and 28-HCS every 15 days had lower H,O,
levels when compared to the other treatments (Figure
1E). For treatments applied every 21 days, only the
single NAA treatment lowered H,O, content (Figure
2F). At 136 DAFB, fruits treated every 15 days

with 28-HCS and NAA + 28-HCS showed lower
malonaldehyde levels, an indicative of membrane
lipid peroxidation (Figure 3A). Fruits treated with
28-HCS presented higher peroxidase activity (Figure
3B), while SOD activity was lower in the NAA +
28-HCS-treated fruits, when compared to the other
treatments (Figure 3C).

Higher malonaldehyde content indicates
higher degree of lipid peroxidation at the plasma
membrane level. In the membrane, oxygen
peroxidation takes place due to the accumulation of
some ROS, such as H,0,, singlet oxygen, superoxide
and hydroxyl radicals, which induce oxidative damage
in the plant cell membranes (OGWENO et al., 2008).
In order to remove the ROS, plants increase activity
of antioxidative stress enzymes like catalase, POD
and SOD, besides inducing activity of antioxidant
compounds. SOD is the first line of enzyme defense
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of the means.

Figure 2 - Biochemical evaluation of the ‘Galaxy’ apples treated every 15
(A, C, and E) and 21 (B, D, and F) days with water (Control),
0.1% naphthalene acetic acid (NAA), 28- Homocatasterone
10°M (28-HCS), NAA 0,1% + 28- Homocatasterone 10-°
M (NAA+28-HCS) and harvested at 136 and 132 days after
full bloom (DAFB): the total phenolic compounds in the skin
(A and B); total phenolic compounds in the flesh (C and D),
hydrogen peroxide concentration (H,0,) (E and F). Means
followed by the same letter do not differ significantly by the
Tukey test (P<0.05). Vertical bars indicate the standard error

against ROS as it has the capacity to convert the
superoxide anion (O*) into H,0,. However, H,O,
is a highly toxic compound that also needs to be
removed. Peroxidases help to convert H,0O, to H,O,
also contributing to the complete removal of the
ROS. Another line of defense for the dissipation of
ROS is the increase in the concentration of phenolic
compounds in the fruits. The ripening process and
senescence are oxidative phenomena and O, H,0,,
hydroxyl radical (OH"), peroxy radical (ROO-) and
singlet oxygen (O,) are the main ROS which cause
oxidative fruit damage (BHATTACHARIJEE, 2005).
Results from this study indicated that 28-HCS-
treated fruits have a lower lipid peroxidation in the
plasma membrane due to the decreased H,O,, which
is produced by the increased action of peroxidase.
The ROS reduction retards ripening and senescence,
besides helping on the maintenance of post-harvest

fruit quality. When growth regulators are applied
together they can act antagonistically, as observed in
this study (Figure 3C), where the associated use of
NAA + 28-HCS decreased SOD activity compared to
the other treatments.

CONCLUSION

The bi-weekly applications of 28-
HCS resulted in increased total soluble solids and
maintenance of the skin rupture force of the ‘Galaxy’
apple fruits. Furthermore, 28-HCS also boosted
antioxidant activity in the skin and flesh, as well as it
increased peroxidase activity, which might result in
reduced degree of oxidative damage to the fruit plasma
membranes. In addition, NAA applications every 21
days decreased starch content, titratable acidity, and
color attribute / in the fruit skin. However, application
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Figure 3 - Biochemical evaluation of ‘Galaxy’ apples

treated every 15 days with water (Control),
0.1% naphthalene acetic acid (NAA),
28- Homocatasterone 10° M (28-HCS),
NAA 0,1% + 28- Homocatasterone 10°M
(NAA+28-HCS) and harvested at 136 days
after full bloom (DAFB): lipid peroxidation
(A); enzymatic activity of peroxidase (B)
and superoxide dismutase (C). Means
followed by the same letter did not differ
significantly by the Tukey test (P<0.05).
Vertical bars indicate the standard error of

the mean.

of NAA every 15 or 21 days was reported to increase
anthocyanin level in the skin of the ‘Galaxy’ apples.
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