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INFLUENCE OF 1I-METHYLCYCLOPROPENE
ON THE BIOCHEMICAL RESPONSE AND
RIPENING OF ‘SOLO’ PAPAYAS!

THAIS LURI OHASHI2, SOFIA FOUKARAKT, DANIEL SOUZA CORREA®,
MARCOS DAVID FERREIRAS, LEON TERRY*®

ABSTRACT-The market demand for tropical fruits has been growing steadily over the past two decades and
global papaya production has grown significantly over the last few years. This sector, however, suffers greatly
from postharvest losses due to reduced quantity and quality of fruits between harvest and consumption. The
use of ethylene inhibitors after harvest could improve the final quality of the fruit to satisfy the consumer
and also minimize waste. The physiological and biochemical responses of ‘Solo’ papayas treated with the
ethylene inhibitor 1-methylcyclopropene (1-MCP) to extend storage shelf life and maintain quality during
long-term storage are deeply discussed in this study. Papaya fruits arrived at Cranfield University (CU)
and received a 24 h 1-MCP, being stored at 20 °C for 10 days. The ethylene inhibitor 1-MCP application
significantly delayed ‘Solo’ papaya ripeness on fruit storage by reducing respiration rate and ethylene
production. There was a delay from 7 days in fruit firmness loss and the retention of green peel colour was
increased. Inhibition of ethylene perception by 1-MCP did not prevent the accumulation of sugars and the
mean values were similar and higher than those found for control fruits, which are possibly due to the lower
reaction speed, leading to a higher accumulation.

Index terms:Carica papaya L., fruit quality, fruit waste, 1-MCP, tropical fruits.

INFLUENCIA DO 1-METILCICLOPROPENO SOBRE A RESPOSTA
BIOQUIMICA E AMADURECIMENTO DE MAMOES ‘SOLO’

RESUMO-O mercado de frutos tropicais cresceu constantemente ao longo das duas ultimas décadas e a
producdo mundial de mamao tem crescido significativamente nos ultimos anos. No entanto, esse setor sofre
muito com as perdas pés-colheita devido a reduzida quantidade e qualidade dos frutos entre a colheita e o
consumo. A utilizacdo de inibidores de etileno ap6s a colheita poderia melhorar a qualidade final do fruto
para satisfazer o consumidor e também minimizar o desperdicio. As respostas fisiologicas e bioquimicas de
mamdes ‘Solo’ tratados com o inibidor de etileno 1-metilciclopropeno (1-MCP) para prolongar a vida ttil
e manter a qualidade durante o armazenamento a longo prazo sao detalhadamente discutidas neste estudo.
Os frutos chegaram a Universidade de Cranfield (UC) e receberam tratamento com 1-MCP por 24 h, sendo
armazenados a 20 °C durante 10 dias. A aplica¢do do inibidor de etileno 1-MCP retardou significativamente
o amadurecimento de mamdes ‘Solo’ no armazenamento dos frutos, reduzindo a taxa de respiracdo e a
producdo de etileno. Houve um atraso de 7 dias na perda de firmeza e a reten¢do da cor verde da casca dos
frutos foi aumentada. A inibi¢ao da percepcao de etileno pelo 1-MCP ndo impediu o acimulo de agucares
e os valores médios foram semelhantes e superiores aos encontrados para as frutas do tratamento controle,
que sdo possivelmente devido a menor velocidade de reacdo, levando a um maior acumulo.

Termos para indexacio:Carica papaya L., qualidade, desperdicio, 1-MCP, frutos tropicais.
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INTRODUCTION

The quality of fruits and vegetables is
closely associated with their physical features,
such as surface colour, shape and firmness. These
characteristics are associated with metabolism and
respiration rate during ripening, in which living
cells from harvested fruits use oxygen from its
own reserves and from the environment, releasing
ethylene and carbon dioxide (ROUPHAEL et al.,
2010; NAYIK AND MUZAFFAR, 2014). Although
the changes that take place during ripening are
important, uncontrolled ripening process can lead to
rapid degradation in quality, which that contributes
to postharvest losses. Thus, it is important to control
the ripening process during storage and distribution
in order to maintain fruit quality at the best possible
level until reaching the consumer (HAMZAH et al.,
2013). In recent years, several techniques have been
developed to regulate the effect of ethylene action
(MEYER & TERRY, 2010; GARDIN et al., 2012;
WATKINS & NOCK, 2012; ZHANG et al., 2013;
CHIARA et al., 2014; RAZZAQ et al., 2014; CAO
etal., 2015).

1-methylcyclopropene (1-MCP) is a
compound employed as inhibitor of ethylene and
plant growth regulator for many fruits, showing to
be highly effective for fruit ripening and senescence
control (CHIABRANDO & GIACALONE, 2011;
ZHANG et al., 2012). I-MCP is a gas that blocks
the ethylene action by binding to its receptor on the
cell membrane (IN et al., 2013), severely reducing
the changes associated with ripening and extending
the postharvest life of fruits and vegetables (PAUL
et al., 2010; VIEIRA et al., 2012; WAGHMARE &
ANNAPURE, 2013). This product is considered one
of the most important tools in postharvest technology,
both in storage and in the transportation of ethylene-
sensitive fruits, maintaining quality as if they were
freshly harvested (EGEA et al., 2010; TIWARI
& PALIYATH, 2011; TREVISAN et al., 2013).
The compound concentration required to promote
inhibition of the ethylene action varies according to
the species, cultivar, maturation stage, temperature
and exposure time, and the production of new
ethylene receptors on the cell membranes (WATKINS
AND NOCK, 2012; PEREIRA et al., 2013).

Thus, this research aimed at studying the
effects of 1-MCP as inhibitor in the ripening and
postharvest quality of ‘Solo’ papayas. Comparisons of
physiological (respiration rate, ethylene production,
firmness, colour measurement) and biochemical
responses (sugar analysis) of papaya edible (flesh)
and non-edible parts (peel and seed separately) were

carried out with 1-methylcyclopropene (1-MCP),
aiming at extending storage shelf life and maintain
fruit quality.

MATERIALS AND METHODS

Plant material

‘Solo’ papayas (Carica papaya L.) from
South Africa were obtained from UNIVEG Katope
Ltd. (UK) and transported properly packed in
cardboard boxes to Cranfield University, UK within
1 h. Fruits were selected according to size, colour
and external maturation stage 2 (corresponding to
Ya ripening fruit, with 15 to 25% of the yellow peel
surface) discarding those with any physical and/or
biological damage. The fruits were not pretreated
with 1-MCP.

Experimental design

The experiment was a completely randomized
design and was carried out in a temperature controlled
room at 20 °C. Samples were collected on arrival
(baseline sampling; n = 5) before the treatments.
Papaya fruits were then treated with 1-MCP (1 uL L)
for 24 h. After the 24 h 1-MCP treatment, fruits were
stored in 13 L boxes. Samples were taken at 3, 5, 7
and 10 days of storage for physiological assessments
and biochemical analysis. The 24 h 1-MCP (1 pL L")
treatment was performed in 264 L water-sealed air
tight polypropylene chambers. Electric fans (Nidec
Beta SL, Nidec, Japan) were used to circulate the
gas in the boxes. The 1-MCP was applied by adding
1.47 g SmartFresh (0.14%, Rohm and Haas, PA) to
a 100 mL conical flask. To release 1 uL L' 1-MCP
gas, 16.30 mL warm (50 °C) water was injected
into the conical flask (COOLS et al., 2011). Gas
samples were taken periodically by using 60 mL
plastic syringes, and were analyzed (TERRY et al.,
2007) by extraction and injection into a GC 8340
gas chromatograph (Carlo Erba Instruments, Herts,
UK). After 24 h of 1-MCP treatment, 5 fruits from
each box were analyzed and the remaining fruits
were distributed in 13 L sealed polypropylene boxes,
being stored at 20 °C for 10 days. The experiment was
conducted using a randomized design with 2 factorial
treatments, 6 sampling days, 5 fruits per experimental
unit, 3 types of fruit tissue (flesh, peel and seed),
3 fruit sections (top, middle and bottom), and the
duplicate samples storage at - 40 °C and - 80 °C.

Physiological parameters

Respiration rate. Respiration rate (mL kg’
h') of papaya fruits was measured using a Sable
Respirometry System (model 1.3.8 Pro, Sable
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Systems International, NV, USA). Five papayas
were used per treatment and each fruit was placed in
a 3 L air-tight glass jar. Three values were obtained
per fruit and per treatment. Respiration rates were
calculated using ExpeData (Release 1.3.8, Version:
PRO).

Ethylene production. Papaya fruits were
placed in 3 L glass jars containing air-tight lids and
septum for 1 h at room temperature. Gas samples (n
= 2 per jar) were taken with repeated withdrawal-
injection displacements using 60 mL plastic syringes
(COOLS et al., 2011) and were injected into a gas
chromatography (GC Model 8340, Carlo Erba
Instruments, Herts, UK).

Firmness. Firmness measurement was
performed using an Instron Uniaxial Testing Machine
(model 5542, Instron, Norwood, USA), equipped
with a calibrated 500 N load cell and fitted with an
8 mm diameter cylindrical flat probe. The machine
was programmed (Bluehill 2, version 2.11, Instron)
with a crosshead speed set at 50 mm min' (ERGUN
et al., 2006) and the force (N) at bioyield produced
was recorded. Three penetrations were performed on
each fruit (top, middle and bottom) after removing a
small piece of skin carefully.

Colour measurement. Objective colour
(lightness; L*), chroma (colour saturation; C*), and
hue angle (H®) of each fruit were determined as in
Meyer and Terry (2010), using a Minolta CR-400
colorimeter and DP-400 data processor (Minolta Co.
Ltd., Osaka, Japan). The colour measurement was
spatially processed, at the top, middle and bottom
of each fruit, resulting in an average of the colour
parameters. The AE, C* and /& were calculated using
the following equation (RUFIAN-HENARES et al.,
2006):

AE" = [(AL'Y +(Aa’y* + (ADY]"

C=[(Aa’)+ (Ab")]"

h = arctgb®/a*

Biochemical parameters

Sample preparation, extraction and standard
solutions preparation. Papayas were cut into 3
sectional slices divided as top, middle and bottom.
The fruits were divided into 3 types of tissue: flesh,
peel and seed, snap-frozen in liquid nitrogen and
stored at two temperatures: - 40 °C and - 80 °C
respectively. Frozen tissues (- 40 °C) were freeze-
dried (Scav Vac, Visterds, Sweden) in the dark
at - 50 °C for 10 days and they were used for the
biochemical analysis. Fresh and dry weights were

recorded before and after lyophilisation and were
subsequently ground into fine powder. Sugars were
extracted according to Downes et al. (2010). For each
150 mg of lyophilized sample, 3 mL of 62.5:37.5
methanol:water (v/v) solution (High-performance
liquid chromatography, HPLC grade) were added
and homogenized in plastic vials, which was then
incubated in a low-speed shaking water bath at 55
°C for 15 minutes, vortexing for 20 s at every 5 min.
The samples were then allowed to cool at room
temperature, filtered through 0.2 pm pore syringe
filters, and stored at - 20 °C. Samples were diluted
1:10 before injection into HPLC. The calibration
standard solution with a concentration of 2.5 mg mL"!
was prepared by weighing 250 mg of each sugar:
D-(+) sucrose, glucose and D-(-) fructose (Sigma)
into a 100 mL volumetric flask and filled up with
HPLC grade water. 1, 5, 10 and 25 mL of standard
solution were pipetted into 50 mL volumetric flasks,
which were filled up with HPLC grade water to give
final standard concentrations of 0.05; 0.25; 0.50;
1.25 and 2.5 mg L' (sucrose, glucose and fructose,
respectively). From each standard, 1.0 mL aliquots
were dispensed into HPLC vials and stored at - 40
°C until required (TERRY et al., 2007).

Identification and quantification of sugars.
Sucrose, glucose and fructose levels in papaya
extracts were determined by a HPLC equipment
(Agilent) equipped with an Agilent Refractive Index
Detector (RID, G1362A). The diluted extracts of
papaya (1:10, v/v) were injected (20 pL) in a Ca*
Rezex RCM monosaccharide column of 300 x 7.8
mm diameter, 8 um particle size (Phenomenex,
Torrance, CA; part no. 00H-0130-KO0), fitted with
a Carbo-Ca?" guard column of 4 x 3 mm diameter
(Phenomenex; part no. AJ0-4493). Thus, presence
and abundance of the selected soluble sugars
were calculated by sample peak area and standard
comparison using Chromeleon (Dionex) software
program, version 4.6. Assays were performed in
triplicate (TERRY et al., 2007).

Statistical analysis

Statistical analysis was performed using
Statistical Analysis System software (SAS
INSTITUTE, 2010). Analysis of variance (ANOVA)
was used to demonstrate the main effects to a
probability of 5%.
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RESULTS AND DISCUSSION

Physiological parameters

Respiration rate and ethylene production.
According to Table 1, 1-MCP significantly reduced
papayas respiratory rate (p <0.05), immediately on the
1**day of analysis (corresponding to Day 0, after 24 h
1-MCP). Respiration can also be affected by cultivar,
maturity, tissue, and storage temperature (TERRY et
al., 2007). For ethylene production, 1-MCP inhibitor
treatment presented lower average values compared
to control treatment, even in non-significant levels.
1-MCP inhibited this hormone production, delaying
production peak until the 5" storage day (Table 2).
Ethylene rates in ripening papayas are 6 to 10 pL kg
h' (PAULL, 1993; TREVISAN etal., 2013), showing
an effective production peak delay in all treated
fruits. Comparing to other studies, the respiratory
and ethylene climacterics were delayed in avocados
treated with 1-MCP at 1 pL L' for 24 h at 20 °C
(PATHIRANA et al., 2011), and it was also reduced
in mangosteens exposed to 1 uL L' for 6 h at 15
or 25 °C (PIRIYAVINIT et al., 2011) and tomatoes
treated with 1 uL L' for 24 h at 20 °C (WANG et
al., 2010). In addition, the maturation stage at which
the fruits were treated influenced 1-MCP effective
action. The maturation stage 2 set for papayas is
early in the ripening, and presents higher chances of
effective responses to the ethylene inhibitor 1-MCP.
Studies have shown less effective responses of this
inhibitor in fruits at advanced maturation stages (LU
et al., 2013; JUNG AND WATKINS, 2014). This
was observed for pears as more advanced stage of
the fruit development provided shorter inhibition
time of ethylene production (GAMRASNI et al.,
2010; CHIRIBOGA et al., 2013), which indicates
that fruit maturation stage interferes with 1-MCP
effective response on ethylene production. 1-MCP
is characterized as a competitor for the cell ethylene
binding site. When applied at the correct time, 1-MCP
occupies ethylene binding sites and prevents their
effects, which include for example, synthesis of
degradative enzymes, increase of respiratory rate
and ethylene production (autocatalysis). Horticulture
product conservation capability is inversely related
to respiratory rate and, in many cases, with ethylene
production rate (KELLER et al., 2013). Reductions
of respiratory rate and ethylene production explain
the higher preservation of fruits treated with 1-MCP
(ZHANG etal.,2010; YAN et al., 2011; TREVISAN
etal., 2013; SCOLARO et al., 2015).

Firmness. Fruits treated with 1-MCP tend
to keep firmness for longer periods, significantly
differing from control, as displayed in Table 3. Fruits
do not ripen uniformly, starting from its internal
tissue, and then proceeding toward external tissue,
progressing from the bottom to the calyx (KLEE AND
CLARK, 2010). Fruit flesh firmness is determined by
the cohesion strength between pectins. Pectinolytic
enzymes are released during the ripening evolution,
which transform insoluble pectin into soluble and
promote fruit softening (YOSHIOKA et al., 2011).
Fruit softening is one of the ripening processes more
sensitive to ethylene (PAYASI AND SANWAL,
2010). The greater firmness of fruits treated with
1-MCP is probably associated with a reduction of
pectinolytic enzymes activity, caused by the lower
ethylene action. Similar results were obtained with
apples (HENDGES etal., 2011), bananas (YAN et al.,
2011) and papayas (THUMDEE et al., 2010) treated
with 1-MCP inhibitor. Firmness is an important
quality attribute for papayas and direct influence
fruit storage shelf life and consumer acceptance.
Low firmness fruits present less resistance to
transport, storage and manipulation, which makes it
more vulnerable to mechanical injuries susceptible
to diseases (AHMADI-AFZADI et al., 2013). The
firmness average of treated papayas (18 N) was
higher than in control fruits, with about 10 N (Table
3). In 1-MCP treatment, there was a reduction in the
fruit firmness loss, especially until the 7" storage day,
corresponding to the analysis 4. On the 7™ storage
day, 1-MCP treated fruits showed firmness values of
about 20 N, compared to 7 N of control fruits (Table
3). In this treatment, the typical softening of papaya
fruit during ripening was impaired by the presence
of the ethylene competitor, giving papaya flesh
fruit an undesirable hardness. Although there were
changes in peel and flesh colour and fruits started to
deteriorate, no additional softening was observed.
Apparently, papaya fruit could not recover from
1-MCP treatment and became sensitive to ethylene.
Similar results were observed by Fabi et al. (2007)
and Chiriboga et al. (2013).

Colour measurement. 1-MCP treatment
significantly reduced green colour of fruits (p <
0.05), affecting the measured colour parameters.
The evaluation of ‘Solo’ papayas peel colour using
L parameter, which indicates lightness, 1-MCP
treatment yielded difference of control, and both
control and treated fruits had L values higher than
50 (Table 4). As the scale ranges from 0 to 100,
these treated fruits presented darker peel colour
than control fruits, which had higher values, being
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lighter. Chroma defines colour intensity, in which the
positive values correspond to red, O (zero) to gray
and negative values to green colour (IBRAHEEM
et al., 2012). Chroma remained lower in all fruits
treated with 1-MCP, while the hue angle remained
higher, demonstrating that there was a higher
retention of green colour in these fruits. It was
observed a trend towards reduction in the green
colour of 1-MCP treated fruits between the 3™ and
5" storage day. From then until the 10" day, chroma
parameter presented values tending to reduce
green colour, as well as hue angle values (Table
4), indicating intense process of peel yellowing.
Degreening is due to chlorophyll degradation,
mainly caused by chlorophyllase activity (WANG
et al., 2015). The increase in this enzyme activity
is generally associated with ethylene production
during fruit ripening (CHAROENCHONGSUK et
al., 2015). 1-MCP binds to the cell ethylene binding
site, avoiding hormone action on the ripening
physiological processes (SU; FINLAYSON, 2012).
Green colour reduction, which results from the
normal ripening process, was delayed by 1-MCP
application. Peel colour is a factor that has an
essential influence on papayas acceptance. The
consumer has preference for fruits with smooth and
yellow or orange bright colour peel in relation to light
and green peel fruits. Consumers usually relate fruit
colour with sweetness and other desirable attributes,
which leads the purchase preference (PATHARE et
al., 2013). Green colour retention in papaya fruits
treated with 1-MCP was also verified by Krongyut
et al. (2011) and Trevisan et al. (2013) as well as
in other fruits, such as banana (YAN et al., 2011),
avocado (MEYER; TERRY, 2010), plum (SINGH &
SINGH, 2012), mango (SIVAKUMAR et al., 2012)
and tomato (WANG et al., 2010). The reduction of
ethylene production observed in papayas treated
with 1-MCP (Table 2) may have a direct influence
on reducing the fruit green colour.

Biochemical parameters

24 h control and 1-MCP treatments. The
results for biochemical parameters, as sugar levels
quantification (sucrose, glucose and fructose) of
‘Solo’ papayas treated with ethylene inhibitor
1-MCP for 24 hours are shown in Table 5 and Figs.
1 to 3. Besides flesh softening, sugar content is
another important quality attribute of papaya fruit.
In contrast to the effect on the firmness, inhibition
of ethylene perception by 1-MCP did not preclude
the accumulation of sugars. However, the differences
observed can provide some clues regarding the
metabolism of soluble sugars during ripening.

Apparently, sucrose synthesis is operative during
ripening, although rates of synthesis were lower
than those described for fruit development (DE
OLIVEIRA AND VITORIA, 2011). Moreover,
when the results were compared to those of papaya
fruit exposed to radiation (GOMEZ et al., 2002), the
same conclusion of an operative sucrose synthesis
during ripening can be achieved. Because the trace
amounts of starch in the flesh of papayas could not
account for the accumulation of soluble sugars, it is
possible to speculate that some mechanisms of cell
wall disassembly (NOGUEIRA etal.,2012; RAZALI
et al., 2013) could provide a source of carbon for
sugar synthesis during ripening, including sucrose.
The similar profiles for glucose and fructose could
be an indication that those sugars come from the
accumulated sucrose, especially by the action of
invertases in fully ripe fruits (PAULL et al., 2011).
The intermittent sucrose level increase in 1-MCP
treated fruit would also be in agreement with this
idea. Additionally, the observed proportions between
sucrose, glucose, and fructose content increase in
1-MCP treated fruit could be an indication of an
additional source besides sucrose (FABI etal., 2007).

3 days control and 1-MCP treatments.
Inhibition of ethylene perception by 1-MCP did
not preclude the accumulation of sugars. Sugars
analysis of ‘Solo’ papayas treated with 1-MCP after
3 storage days demonstrated that higher levels of
sucrose, glucose and fructose were found in the flesh,
followed by non-edible part, such as peel and seed,
respectively. Even in non-significant levels, the mean
values obtained for papayas treated with 1-MCP were
similar and higher than those found for control fruits
(Table 6). The lowest sugar values found in control
treatment are possibly due to the faster reaction
speed, leading to a lower accumulation. Soluble solid
concentrations in treated products might be expected
to be higher than in untreated products because of
lower respiration rates, but they are also dependent on
the product and the storage conditions (MAHAJAN
et al., 2010; WANG et al., 2010; ZHANG et al.,
2012). Although the storage conditions of papayas
were equal, 1-MCP treatment reduced speed sugars
consumption for metabolism maintenance (sucrose
hydrolysis and monosaccharides consumption),
making higher levels of sucrose, glucose and fructose
in the most of tissues (Figs. 4 to 6). Thumdee et al.
(2010) also observed higher concentrations of sugar
in 1-MCP treated papayas. As discussed previously,
an additional supply of carbon could come from the
cell wall disassembly or even organic acids. From
sugar results, problems associated with fruit ripening
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interruption when using 1-MCP were not verified, 4 to 6) was similar to that observed by others (DE
contrarily to the negative and non-reversing effects ~ OLIVEIRA; VITORIA, 2011; NWOFIA etal., 2012;
on fruit softening. The pattern of sugar accumulation ~ YAO et al., 2014).

during ‘Solo’ papayas development (Table 6, Figs.

TABLE 1 - Respiration rate in ‘Solo’ papayas treated with ethylene inhibitor 1-MCP, stored at 20 °C for
10 days.

Analysis (Storage days)
1** (Day 0) 2™ (3 days) 3" (5 days) 4" (7 days) 5% (10 days) Means
Respiration Rate (mL kg' h'')

Treatments

Control  71.66aA 16.35aC  16.67aC  23.74aB 25.44 aB 30.78 a
I-MCP  26.53bA__13.87aB  13.92aB 164168 17.77bAB | 17.70b__.
Means  49.10A 15.11C  1529C  20.08B 21.61B

Means followed by horizontal and vertical different letters differ significantly by the LSD test (p < 0.05)

TABLE 2 - Ethylene production in ‘Solo’ papayas treated with ethylene inhibitor 1-MCP, stored at 20 °C

for 10 days.
Analysis (Storage days
Treatments 1t (Day 0) 2™ (3 days) 3" (5 da}}/]s) ( 4t (g7 da}?/s)) 5% (10 days) Means
______________________________ Ethylene Production (uLkg'h")
Control 1.05 5.15 343 2.68 2.85 3.03a
I-Mcp 043 074 113 219 295 . 149a
Means 0.74 A 294 A 228 A 244 A 290 A

Means followed by the same letter do not differ significantly by the LSD test (p < 0.05)

TABLE 3- Firmness in ‘Solo’ papayas treated with ethylene inhibitor 1-MCP, stored at 20 °C for 10 days.
Analysis (Storage days)

Treatments 1. ;) 2 (3 days) 3% (5 days) 4" (7 days) 5% (10 days) Means
e Firmmess (N)
Control 1877 871 731 7.52 6.28 972 b
I-MCP 2022 1559 . 22.69 . 1999 .. 11.58 . 18.0la
Means  19.49A 12158 15.00AB  13.76 AB 8.93 B

Means followed by horizontal and vertical different letters differ significantly by the LSD test (p < 0.05)

TABLE 4 - Colour measurement in ‘Solo’ papayas treated with ethylene inhibitor 1-MCP, stored at 20 °C

for 10 days.
Analysis (Storage days
Treatments It (Day 0) 2" (3 days) 34 (5 dz}llys)( 4t % da;s)) 5% (10 days) Means
_______________________________________ Lightness (L*)
Control 62.43 65.35 67.09 66.67 65.41 6539 a
I-MCP 5579 6371 | 0083 6577 ... 63.78 ... 63.18b
Means 59.11 C 64.53 B 66.96 A 66.22 AB 64.59 B
i Chroma (6
Control 56.92 62.29 67.42 70.02 68.67 65.06 a
I-MCP 4586 5861 6341 6542 65.13 ... 39.69b
Means 51.39C 60.45B 6542 A 67.72 A 66.90 A
______________________________________ HueAngle(H .
Control 91.79 84.76 80.47 74.52 72.49 80.81Db
I-MCP 100.07. 8897 8589 _.....81.04 . 75.64 .. 86.32a
Means 9593 A 86.87 B 83.18 C 77.78 D 74.07 E

Means followed by horizontal and vertical different letters differ significantly by the LSD test (p < 0.05)
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TABLE 5 - Sucrose, glucose and fructose levels of flesh, peel and seed in ‘Solo’ papayas treated with ethylene
inhibitor 1-MCP, stored at 20 °C for 24 h.

Sugars (mg g' DW)

Treatments Flesh Peel Seed Means

_________________________________ Suerose ...
Control 71.39 9.71 37.14 3042 a
I-MCP 9873 ... 7128 1489 . 6l63a
Means 85.06 A 40.50 A 26.02 A

_________________________________ Glucose . ... ...
Control 291.35 123.41 39.76 151.51a
I-MCP 28571 .. 11022 . 5087 ... 148.93a
Means 288.53 A 116.82 B 4532 C

_________________________________ Fructose ..
Control 224.29 107.59 21.17 117.69 a
I-MCP 2126 8156 3676 115192
Means 22277 A 97.58 B 2897 C

Means followed by horizontal different letters differ significantly by the LSD test (p < 0.05)

TABLE 6 - Sucrose, glucose and fructose levels of flesh, peel and seed in ‘Solo’ papayas treated with ethylene
inhibitor 1-MCP, stored at 20 °C for 3 days.

Sugars (mg g' DW)

Treatments Flesh Peel Seed Means
e .Suerose
Control 165.25 29.86 17.56 70.89 a
I-MCP 20007 62.87 . 3765 ... 100.20a
Means 182.66 A 46.36 B 27.60 B
______________________________ Glucose ..
Control 276.97 87.41 51.16 138.51a
I-MCP 25263 106.23 . 3397 137.61a
Means 264.80 A 96.82 B 52.57C
______________________________ Fructose ..
Control 204.04 75.63 32.09 103.92a
I-MCP 17999 8866 . 3186 .. 100.17a
Means 192.01 A 82.14 B 31.97C

Means followed by horizontal different letters differ significantly by the LSD test (p < 0.05)

Sucrose
140

120

100

o0
(=]

O Control
u1-MCP

Concentration (mg g' DW)
o
3

S
o

[3S]
(=}

flesh peel seed
FIGURE 1 - Sucrose concentrations of flesh, peel and seed in ‘Solo’ papayas treated with 1-MCP for 24 h.

Rev. Bras. Frutic., v. 38, n. 2: (e-791) DOI 10.1590/0100-29452016791 March/April 2016 Jaboticabal - SP



8 T. L. OHASHI et al.

Glucose
400

350
300
250
200 O Control

m 1-MCP
150

Concentration (mg g”' DW)

100

50

flesh peel seed
FIGURE 2 - Glucose concentrations of flesh, peel and seed in ‘Solo’ papayas treated with 1-MCP for 24 h.
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FIGURE 3 - Fructose concentrations of flesh, peel and seed in ‘Solo’ papayas treated with 1-MCP for 24 h.
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FIGURE 4 - Sucrose concentrations of flesh, peel and seed in ‘Solo’ papayas treated with 1-MCP for 3 days.
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FIGURE 5 - Glucose concentrations of flesh, peel and seed in ‘Solo’ papayas treated with 1-MCP for 3 days .
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FIGURE 6 - Fructose concentrations of flesh, peel and seed in ‘Solo’ papayas treated with 1-MCP for 3 days.

CONCLUSION

The use of 1-MCP for fruits significantly
increased ‘Solo’ papayas shelf life, as a consequence
of the ability to inhibit ethylene action in tissues,
delaying fruit ripening. Storage shelf life increase
under environmental conditions is important,
considering the high perishability of papaya after
postharvest. The gain of seven days of shelf life
allows fruit transportation over long distances and
an extension of the marketing period. The use of
1-MCP provides strategies to increase fruit shelf
life and improve efficiency/cost relation for fruits
in general. Despite the positive results obtained for
1-MCP treated fruits, common ripening problems
were still observed, leading for instance, to immature
fruits even with the peel completely yellow, and
fruits presenting green spots, even after 10 days
of storage, demonstrating an irregular ripening. In
contrast to the effect on the firmness, inhibition of
ethylene perception by 1-MCP did not preclude the
accumulation of sugars and the mean values obtained
for papayas treated with 1-MCP were similar and
higher than those found for control fruits, which
are possibly due to the ripening delay. Higher levels
of sucrose, glucose and fructose were found in the
flesh, followed by non-edible part, such as peel and
seed, respectively.
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