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ABSTRACT: In this research it was evaluated if the use of 1-methylcyclopropene (1-MCP), associated to different cooling times between the
harvest and storage, replaces the pre-cooling in ‘Galaxy’ apples. Treatments were arranged in a factorial scheme, combining the following
factors: application of 1-MCP (with or without) and different times between harvest and cooling (24 hours, 96 hours, 144 hours and 192
hours in 2013, and 24 hours, 48 hours, 144 hours and 240 hours in 2014). After four months of cold storage (1.0+£0.2°C/92+5% RH - Relative
Humidity) were evaluated: flesh firmness, texture, titratable acidity (TA), soluble solids (SS) and skin color. Apples treated with 1-MCP showed
greater flesh firmness, texture and SS, in both years, and more TA and lower incidence of mealy flesh compared to apples not treated with
1-MCP in 2013. The 1-MCP was effective in maintaining the fruit quality, even with the cooling delay of up to 240 hours. Cooling delay of 192
hours and 240 hours in ‘Galaxy’ apples not treated with 1-MCP should be avoided because it reduces the quality of fruits.

Key words: cooling delay, fast cooling, Malus domestica Borkh.

Qualidade pods-colheita de macas ‘Galaxy’ submetidas ao tratamento com 1-MCP e diferentes
tempos de resfriamento entre a colheita e 0 armazenamento refrigerado

RESUMO: Neste trabalho avaliamos se o uso de 1-metilciclopropeno (1-MCP), associado com diferentes tempos de resfriamento entre
a colheita e o armazenamento, substitui o pré-resfriamento em magas ‘Galaxy’. Os tratamentos foram arranjados em esquema fatorial,
combinando os fatores aplicagdo de 1-MCP (com ou sem) e diferentes tempos entre a colheita e o resfriamento (24h, 96h, 144h e 192h, em
2013, e 24h, 48h, 144h e 240h, em 2014). Apos quatro meses de armazenamento refrigerado (1,0+£0,2°C/92+5% de UR), foram avaliados:
firmeza de polpa, textura, acidez titulavel (AT), solidos soluveis (SS) e cor da epiderme. As magas tratadas com 1-MCP apresentaram maior
firmeza de polpa, textura e SS, em ambos os anos, e maior AT e menor incidéncia de polpa farinacea em comparagdo a magas ndo tratadas
com I-MCP, em 2013. O 1-MCP foi eficaz em manter a qualidade dos frutos, mesmo com o retardo do resfriamento em até 240h. O retardo do
resfriamento de 192h e 240h em magas ‘Galaxy’nao tratadas com 1-MCP deve ser evitado, pois diminui a qualidade dos frutos.
Palavras-chave: retardo do resfriamento, resfriamento rdapido, Malus domestica Borkh.

INTRODUCTION (BRACKMANN et al., 2005). Use of refrigeration

has been associated to other practices, such as pre-

The biggest part of apples production
is intended for storage, which allows the
commercialization for long periods after harvest
(MAZZURANA et al., 2016). When compared to
other fruits, apples can be stored for a longer period
of time (STEFFENS et al., 2008). However, ‘Gala’
apples and their mutant clones, due to its high
respiration rates and ethylene biosynthesis, show
a fast loss of flesh firmness, skin yellowing and

A\ reduction of titratable acidity during cold storage (CS)
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cooling, gas control in controlled atmosphere (CA)
and fruits treatment with 1-methylcyclopropene (1-
MCP), in order to increase fruits conservation quality
potential after harvest (McCORMICK et al., 2010;
MAZZURANA et al., 2016).

In order to prolong the maintenance of
quality, it is recommend the apples fast cooling or
pre-cooling (BRACKMANN et al., 2005). Slow
cooling has some advantages and disadvantages.
As a benefit it can be mentioned the reduction of
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the fruits susceptibility to injury caused by cold.
However, the delay in the fruits cooling can cause
quality loss. Although, some studies show that
fast cooling allows a better maintenance of apples
quality, such as increased flesh firmness and
retention of skin green color (BRACKMANN et al.,
2005), there are still some doubts among producers
and stores about the effectiveness of this procedure.
In addition, during the harvest the packing house
receives a large volume of fruits daily, which makes
impossible the fast cooling of the fruits (LUNARDI
et al., 2004). This problem is aggravated in smaller
companies facing difficulties involved in harvesting,
transporting and cooling capacity. In these situations,
it is common that the cooling of the fruit to take
eight to ten days before the fruit reaches storage
temperature (LUNARDI et al., 2004).

Use of I-MCP in apple storage was
intensified because the 1-MCP effectively inhibits
the action of ethylene and controls the maturation
and senescence of fruits (McCORMICK et al., 2010;
AMBAW etal.,2011; MAZZURANA et al., 2016). In
‘Pink Lady’ apples, the application of 1-MCP reduced
the ethylene synthesis and kept stable the acidity
and flesh firmness after cold storage for six months
(COCCI et al., 2014). In ‘MclIntosh’ and ‘Empires’
apples, the treatment with 1-MCP showed higher
flesh firmness, even with a delay of up to 14 days in
the installation of controlled atmosphere (WATKINS
& NOCK, 2012).

The objective of this study was to evaluate
the application effect of 1-MCP, associated to different
cooling times between harvest and cold storage of
‘Galaxy’ apples as a method to dispense the fruits
pre-cooling, without compromising the quality and
the storage potential.

MATERIALS AND METHODS

The ‘Galaxy’ apples were harvested in a
commercial orchard located in Vacaria, Rio Grande
do Sul (Brazil) (28° 30°44”S latitude, 50° 56° 02”W
longitude, 970 meters high) in 2013 and 2014. After
the harvest and transportation to the Laboratory of
Postharvest Physiology and Technology of CAV/
UDESC (Universidade do Estado de Santa Catarina
— Brazil) in Lages, SC, it was proceeded the selection
of fruits, eliminating the damaged fruits. In order to
homogenize the initial temperature of the fruits, the
samples were stored for twelve hours in a chamber
B.O.D. brand Eletrolab in a temperature of 28+1°C.

In 2013 the experiment was conducted
in bifactorial scheme 2x5 and the treatments were

originated from the combination between the factors:
1-MCP (with and without) and different cooling times
between harvest and cold storage (CS) (24 hours,
96 hours, 144 hours, 192 hours and 240 hours). In
2014 season, the bifactorial scheme was 2x4, being
the treatments the combination of two levels of the
factors: 1-MCP (with and without) and four levels of
the cooling period factor between harvest and cold
storage (CS) (24 hours, 48 hours, 144 hours and 240
hours). Cooling periods were the time until the fruits
flesh reached 1+0.2°C.

The application of 1-MCP was performed
after the homogenization of fruits temperature at
28°C. As source of 1-MCP was used the product
called Smart Fresh® (0.14% 1-MCP in a powder
formulation). The dose of 1-MCP was 1uL L. The
product was solubilized in water at environmental
temperature and the 1-MCP gas was released inside an
aluminum chamber of 0.42m* with hermetic closure.
Fruits were exposed to treatment for 24 hours.

The fruits, treated and not treated with
I-MCP, were submitted to different cooling times
after the 24 hours time required for the application
of 1-MCP. The fruits cooling was held in chamber
B.O.D. Eletrolab brand, with gradual reduction of
temperature, every day, until the flesh fruits reached
the temperature of 1+£0.2°C at the end of each period
(24 hours, 96 hours, 144 hours, 192 hours and 240
hours in 2013 and 24 hours, 48 hours, 144 hours and
240 hours in 2014). After this, the ‘Galaxy’ apples
were stored for four months at 1+0.2°C/RH 92+5%.

In 2013, it was accomplished two
assessments of fruits quality, in the chamber outlet and
after seven days of fruits exposure at environmental
conditions (18+5°C and 65+5% of RH). In 2014, the
fruits quality was evaluated after seven days of fruit
exposure at environmental conditions (18+5°C and
65+5% of RH). The variables analyzed were flesh
firmness, force to the flesh penetration and the skin
rupture, titratable acidity, soluble solids, skin color
(Hue angle), and incidence of mealy pulp.

Flesh firmness (N) was determined in
the equatorial region of the fruits, measured at two
opposite sides after the removal of a small portion
of the skin, using an electronic penetrometer (GUSS
Manufacturing Ltd., South Africa) fitted with an
11.1mm diameter head. Texture attributes (N) were
analyzed with an electronic texturometer TAXT-
Plus® (Stable Micro Systems Ltd., UK) in terms of
forces to skin rupture (FSR) and to flesh penetration
(FFP), using a probe trial model PS2 with 2mm
diameter, which was introduced into the pulp at a
depth of 10mm. Incidence of mealy pulp (%) was
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determined by the quantifying of fruits which showed
dry pulp and little juiciness in relation to the total
number of fruits.

The titratable acidity values (TA;% malic
acid) were obtained from a sample of 10mL of fruit
juice, extracted from transverse slices removed from
the equatorial region of the apples and ground in an
electric centrifuge. This sample was diluted in 90mL
of distilled water and titrated with sodium hydroxide
solution 0.1N to pH 8.1 using an automatic titrator
(Radiometer, Copenhagen, Denmark). Soluble solids
levels (SS; °Brix) were determined by refractometry,
with a digital refractometer PR2010o model (Atago,
Japan). Juice was extracted as described for the TA,
being accomplished the correction of the temperature
effect (20°C). The determination of the skin color
(Hue angle) was made with a Minolta colorimeter
CR 400 model. Readings were taken in the equatorial
region of the fruits. The Hue angle defines the basic
color, being 0°=red, 90°=yellow and 180°=green.

Apples at the time of experiments
installation, showed, respectively, in 2013 and 2014,
TA 0.330% and 0.311% of malic acid; SS level
of 11.9° Brix and 12.2° Brix; and skin color (Hue
angle) of 71.9 and 81.2. In both experiments, the
experimental design was the completely randomized
one with four replications and the experimental unit
of 20 fruits. Data were submitted to the analysis of
variance (ANOVA), and mealy pulp incidence values
were previously transformed by the formula arcsine
[(x+0,5)/100]"2 and the treatment averages were
compared by the Tukey test (P<0.05).

RESULTS AND DISCUSSION

In 2013 there was a significant interaction
between the factors application of 1-MCP and
cooling period of the fruits to force to flesh penetrate,
at the exit of the chamber, and incidence of mealy
flesh, at the exit of the chamber and after seven days
on the shelves. In 2014 there was an interaction
between treatment with 1-MCP and cooling time
for flesh firmness, strength to skin rupture and flesh
penetration, incidence of mealy pulp and TA.

The flesh firmness was higher in fruits
treated with 1-MCP than in untreated fruits, in 2013,
regardless the cooling period of the fruits (Table 1). In
2014, 1-MCP had no significant effect on flesh firmness
in cold fruits in 24 hours, but it kept the higher flesh
firmness in other cooling times, compared to fruits not
treated with 1-MCP (Table 2). Related to the texture
attributes, it was apparent the effect of 1-MCP in the
maintenance of forces for skin rupture (FSR), and forces

for flesh penetration (FFP). The effect of 1-MCP on the
maintenance of ‘Gala’ apples flesh firmness has been
reported by several authors (WATKINS & NOCK,
2012; COCCl et al., 2014; MAZZURANA et al., 2016),
corroborating with results of this research. The effect
of 1-MCP in maintaining flesh firmness and texture
attributes is due to the inhibition of ethylene action
(WEI et al., 2010), which in turn decreases the activity
of pectolytic enzymes (LUNARDI et al., 2004).

In2013, there was no effect of cooling delay
on flesh firmness (Table 1). However, in 2014, the
fruits not treated with 1-MCP had a greater reduction
of flesh firmness in fruits submitted to slow cooling
(240 hours) (Table 2). For the texture attributes in
2013, at the exit of the chamber, the cooling delay
decreased the FSR, independent of the application of
1-MCP, and reduced the FFP in fruits not treated with
1-MCP (Table 1). The FSR values were higher in the
cooling in 24 hours, when compared to the cooling
in 144 hours and 240 hours. In fruits not treated with
1-MCP, the cooling in 24 hours provided higher FFP
compared to fruit cooled in 192 hours and 240 hours.
However, when it was applied 1-MCP, the cooling
delay had no effect on the FFP in ‘Galaxy’ apples.
After seven days of fruits exposure at environmental
conditions, the fruits cooled in 24 hours showed a
higher FSR compared to fruits with cooling in 240
hours (Table 1). Possibly, these results are related
to the most intense metabolism in the beginning of
storage in fruits submitted to slow cooling, especially
those not treated with 1-MCP.

In 2014 it was not observed effect of
cooling delay on FSR and FFP in fruits not treated
with 1-MCP. However, in fruits treated with 1-MCP,
surprisingly the cooling in 24 hours showed lower
FSR and FFP in relation to the cooling times of 48
hours, 144 hours and 240 hours (Table 2). There was
no synergistic effect between the cooling in 24 hours
and the application of 1-MCP on the maintenance of
flesh firmness and texture attributes. Fruits treated
with [-MCP and submitted to cooling for 240 hours
showed higher values of flesh firmness and texture
attributes than the fruits not treated with 1-MCP and
refrigerated for 24 hours. Results observed both in
flesh firmness and in texture attributes of ‘Galaxy’
apples, showed that 1-MCP is more effective in
maintaining the flesh firmness and fruit texture than
the fast cooling.

In fruits treated with 1-MCP, in 2013, the
incidence of mealy pulp was not detected at the exit
of the chamber. After seven days in environmental
conditions there was a low incidence (<3%) in
fruits with 24 hours and 96 hours of cooling, but
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Table 1 - Flesh firmness, force to skin rupture (FSR) and force to flesh penetration (FFP) and incidence of mealy pulp in ‘Galaxy’ apples

submitted to the treatment with 1-MCP (¢/1-MCP) or without 1-MCP (s/1-MCP) and different cooling times between harvest and

cold storage (2013).

Flesh firmness (N)

Average Average

After seven days of shelf life-------------------

1-MCP
24 96 144 192 240
———————————————————————— Chamber outlet

s/1-MCP 52 50.5 49.6 46.1 46.7

¢/1-MCP 72.9 67.9 70.3 70.8 68.9
Average 62.4™ 59.2 59.9 59.5 57.8

70.6 A

Force to skin rupture (N)

45.9 50.3 48.8 48.6 47.8 483 B
70.2 67.4 71.7 70.9 69.1 69.8 A
58.1™ 58.5 60.3 59.8

4.30

After seven days of shelf life------------------

CV (%) 5.60

———————————————————————— Chamber outlet
s/1-MCP 9.3 9.6 8.8 8.8 83
¢/1-MCP 13.4 12.4 12 12.5 12
Average 114a 11 ab 104b 10.6ab 10.2b
CV (%) 5.50

12,5 A

Force to flesh penetration (N)

12.6 12 12.6 12.2 11.7 122 A
8.6 8.5 8.3 8.5 8.2 8.4B
10.6a 102ab 104ab 10.3ab 99b
4.50

———————————————————————— Chamber outlet
s/1-MCP 22Ba 19Bab 19Bab 18Bb 1.8Bb
¢/1-MCP 28Aa 29Aa 28Aa 29Aa 28Aa
Average 2.5 24 24 24 2.3
CV (%) 5.50

________________________ Chamber outlet

Incidence of mealy pulp (%)

After seven days of shelf life-----------------

1,9 1,8 1,8 1,8 1,9 1,8B
2.6 2.4 2.7 2.6 25 26A
2.3" 2.1 2.2 22 2.2
5.30

After seven days of shelf life------------------

s/I-MCP  30.2 Ab 27.5Ab 433 Aab 65Aa 40.2 Aab
¢/1-MCP 0Ba 0Ba 0Ba 0Ba 0Ba
Average 15.1 13.8 21.7 32.5 20.1
CV (%) 26.40

60.2 Aa 282Ab 47.5Aab 50.5 Aab 51.8 Aab 47.6
2.5Ba 1.9 Ba 0 Ba 0 Ba 0 Ba 0.7
31.3 15.1 23.75 25.3 25.9
21.80

Means followed by at least one common letter, lowercase in the line and uppercase in the column, did not differ significantly by Tukey test

(P<0.05). ™: No significant difference (P<0.05).

without significant differences between cooling
times (Table 1). In 2014, fruits treated with
I-MCP showed lower incidence of mealy pulp
when compared to fruits not treated with 1-MCP.
The cooling delay did not influence the incidence
of this disorder in the evaluated fruits. In both
evaluations, the incidence of the disorder was high
in fruits with no application of 1-MCP, regardless
the cooling time of the fruits. This confirmed the
results already published by other authors, showing
reduction in the occurrence of physiological
disorders associated to the senescence of fruits
by the application of 1-MCP (WATKINS et al.,
2006; MAZZURANA et al., 2016). The efficiency
of MCP-1 in reducing this physiological disorder
occurred through the inhibition of the ethylene
action, since ethylene increases the incidence
of mealy pulp since it accelerates the fruits

senescence (STEFFENS et al., 2008). At the exit
of the chamber, apples which were not treated with
1-MCP and cooled in 192 hours showed a higher
incidence of mealy pulp, differing from apples
cooled in 24 hours and 96 hours. After seven days
of fruit exposure in environmental conditions,
apples cooled in 24 hours showed higher incidence
of mealy pulp, differing only from fruits cooled in
96 hours, which had lower incidence. These results
suggested that the cooling delay of ‘Galaxy’ apples
can cause a higher incidence of mealy pulp in fruits
not treated with 1-MCP. However, the fast cooling
may raise stress by low temperature in fruits,
inducing the manifestation of the disorder during
the commercialization time.
In2013,TAwashigherinapplestreated with
1-MCP than in untreated ones at the exit chamber and
after more seven days of exposure in environmental

Ciéncia Rural, v.47, n.8, 2017.
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Table 2 - Flesh firmness, force to skin rupture (FSR) and force to flesh penetration (FFP), incidence of mealy pulp, titratable acidity, soluble
solids and skin color in ‘Galaxy’ apples submitted to the treatment with 1-MCP (c/1-MCP) or without 1-MCP (s/1-MCP) and

different cooling times between harvest and cold storage (2014).

Cooling times (h)

Cooling times (h)

1-MCP

24 48 144 240 Average 24 48 144 240 Average
—————————————————————————— Flesh firmness (N) Force to skin rupture (N)-------------------
s/ 1-MCP 54.1 Aa 53.2Ba 51.1 Ba 43.5 Bb 11.3 Aa 11.1 Ba 11.4 Ba 9.3 Bb 10.8
c/1-MCP  55.6 Aa 65.3 Aa 65.1 Aa 64.8 Aa 11.4 Ab 14.8 Aa 14.2 Aa 14.2 Aa 13.7
Average 54.8 59.3 58.1 54.2 11.4 12.9 12.8 11.7 -
CV (%) 8.81 9.62

------------------- Force to flesh penetration (N)
s/ 1-MCP 1.8 Aa 1.9Ba 1.9 Ba 1.7Ba

Incidence of mealy pulp (%)--------------------
40.2 Aab  23.5Ab 60.2 Aa 72.2 Aa 40.0

¢/ 1-MCP 2.0 Ab 2.6 Aa 2.5 Aa 2.6 Aa 33Ba 3.0 Ba 7.0 Ba 3.7Ba 43
Average 1.9 2.3 22 22 21.6 13.3 33.6 37.9
CV (%) 8.02 37.80

---------------- Titratable acidity (% of malic acid) Soluble solids (° Brix)-----------=-=--=-=-----
s/1-MCP  0.257 Aa 0.242Ba 0262 Aa 0233 Ba 12.6 12.5 12.6 12.3 12.5B
c¢/1-MCP  0.255Aa 0323 Aa 0298 Aa 0.301 Aa 12.6 13.8 13.2 13.1 132A
Average 0.256 0.282 0.28 0.267 12.6™ 13.1 12.90 12.7 =
CV (%) 9.26 3.67

Skin color (°/)

s/ 1-MCP 84.4 84.6 83.5 82.6
¢/ 1-MCP 89.3 80.8 86.6 82.2
Average 86.9™ 82.7 85.1 82.4
CV (%) 4.96

Means followed by at least one common letter, lowercase in the line and uppercase in the column, did not differ significantly by Tukey test

(P<0.05). ™: No significant difference (P<0.05).

conditions (Table 3). Several authors reported higher
TA in apples treated with 1-MCP (FAN et al., 1999;
WATKINS et al., 2000; BRACKMANN et al., 2004;
CORRENT et al., 2005), which may be related to
lower consumption of acids in the tricarboxylic acids
cycle, since the 1-MCP reduces the respiration rate of
fruits (WATKINS et al., 2000; BRACKMANN et al.,
2005). The fruits with retardation of storage 240 hours
showed TA lower than the fruits with cooling delay
of 144 hours, at the exit of the chamber. Although,
the cooling treatment of 240 hours did not show
significant difference when compared to 24 hours
and 96 hours of cooling, it is noted that there was
a decrease in TA with the increase in cooling time.
In 2014 there was no difference in the TA between

treated with 1-MCP. The greater SS level in ‘Galaxy’
apples treated with 1-MCP is possibly related to lower
respiration rate of these fruits, because sugars as well
as organic acids serve as substrates for respiration.

In 2013 there was no difference between
treatments for skin color, at the chamber exit. After
seven days of fruits exposure in environmental
conditions, the application of 1-MCP provided better
retention of skin green color (Table3). BRACKMANN
et al. (2005) reported higher retention of green color
in ‘Gala’ apples treated with 1-MCP. The cooling
delay had no effect on skin color. In 2014 it was not
observed differences among treatments for skin color
(Table 2).

'Oﬂ—v ¥

oo,

N cooling periods, regardless the application of 1-MCP. CONCLUSION
“\“ The 1-MCP provided greater TA when apples were
\)

L

cooled in 48 hours and 240 hours (Table 2).

The SS level, in both years of experimental
evaluation, was larger in ‘Galaxy’ apples treated
with 1-MCP (Tables 2 and 3). COCCI et al. (2014)
reported that the SS content may be greater in apples

The 1-MCP was efficient in maintaining
the quality of ‘Galaxy’ apples after four months of
cold storage, allowing a cooling delay in until 10
days (240 hours). When it is not done the treatment of
‘Galaxy’ apples with 1-MCP, eight days (192 hours)

Ciéncia Rural, v.47, n.8, 2017.
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Table 3 - Titratable acidity, soluble solids and skin color of ‘Galaxy’ apples submitted to the treatment with 1-MCP (c/1-MCP) or without 1-

MCP (s/1-MCP) and different cooling times between harvest and cold storage (2013).

Average 24 96 144 192 240 Average
Titratable acidity (% malic acid)

After seven days of shelf life-mmmmmnmmmmmmmm--.

1-MCP
24 96 144 192 240
Chamber outlet
s/ 1-MCP 0.26 0.25 0.26 0.23 0.22
¢/ 1-MCP 0.30 0.31 0.31 0.31 0.30

Average 0.28ab  0.28 ab 029 a 0.27 ab 0.26 b

CV (%) 6.80

Chamber outlet

Soluble solids (° Brix)

0.24B 0.22 0.22 0.22 0.21 0.22 022B
031 A 0.26 0.26 0.29 0.28 0.26 028 A

- 0.24™ 0.25 0.26 0.25 0.24 -
- 10.30 -

s/ 1-MCP 13 12.6 12.9 123 123
¢/ 1-MCP 132 13.1 134 134 13.1
Average 13.1™ 12.9 132 12.9 12.7
CV (%) 430

Chamber outlet

Skin color (°h)

After seven days of shelf life------------------

12.7B 123 12.5 12.8 12.1 12.6 12.5B
132 A 13.1 12.8 13 132 13.1 13A

- 12.7™ 12.6 12.9 12.7 12.8 -
- 5.20 -

After seven days of shelf life-mmmnmnmmmmmmmm--.

s/ 1-MCP 46.3 49.2 54.9 57.5 59.5
¢/ 1-MCP 59.6 56.3 56.9 56.9 55.2
Average 52.9™ 52.8 55.9 572 57.3
CV (%) 10.90

524 68 66.2 64.8 70.5 64.5 66.1 B
56.4™ 67.9 74.1 71.9 67.8 712 70.6 A

- 67.9™ 70.2 68.4 69.2 67.8 -
- 6.70 -

Means followed by at least one common letter, lowercase in the line and uppercase in the column, did not differ significantly by Tukey test

(P<0.05). ™: No significant difference (P<0.05).

of delay in the cooling of the fruits affects the quality
of ‘Galaxy” apples after cold storage, especially by
reduction of flesh firmness, texture attributes and
titratable acidity of the fruit.
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