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ABSTRACT

The present work focuse on the impact of O,, CO, and ethylene concentrations on ripening rate control of bananas
as a contribution for the development of domestic equipments that could allow the user to drive the fruit shelf live. It
represented the adjustment of metabolic activity rates in order to manage the maturity process. Ripening variables
such as ethylene and CO, concentrations and temperature were adjusted to accelerate or slow down the process,
while the maturity degree was monitored through the physical and chemical parameters and sensorial analysis.
Therefore, the objective of this work was to evaluate the influence of these parameters to manage the banana
ripening. The optimum temperature was at 25 °C of storage. The presence of oxygen, CO, withdraws and ethylene
injection were relevant for the ripening process. The “ready-to-eat” quality was achieved in 6 days in confined
system. The use of ethylene as trigger was adequate to accelerate the ripening process with advantages in fruit
color.
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INTRODUCTION

Banana (Musa acuminata cv. Cavendish) is a
commercially significant tropical fruit with
innumerable varieties (Prabha and Bhagyal akshmi,
1998). Ten of the major banana producing
countries accounted for about 75% of world
production in 2003, whereas India, Ecuador, Brazil
and China provided amost 50% of the total
production in that year (Zhang et al., 2005).

For more than 70 years, the presence or absence of
a climacteric increase in respiration during
ripening has been used to classify the fruits.

" Author for correspondence

However, it has been known for some time that
certain features of the ripening process can be
separated from the climacteric. Particularly, the
timing of color development in relation to the
climacteric peak has been atered for severa fruits
(Laties, 1995; Bower et a, 2002). In climacteric
fruits, ethylene (C,H,) is produced at different
rates based on the stage of fruit development. The
fruits are characterized by a low ethylene
production during the pre-climacteric period
(unripe or green fruit), followed by a climacteric
phase where a sudden increase in the ethylene
production takes place during ripening, a
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phenomenon called autocatalytic C,H, production
(Abeles, 1973). Thisrise in ethylene concentration
is considered the main factor for the ripening of
fruits such as banana, avocado, tomato and melon
(Bower et a., 2002). After this step, the C,H,
production decreases considerably in the post-
climacteric phase (Hoffman and Yang, 1980).
Thus, the post-harvest physiology is characterized
by the pre-climacteric phase, followed by a sudden
increase in the ethylene production, signaling the
beginning of ripening, and it is represented by a
strong rise in the respiration activity (Palomer et
al., 2005). Some modifications during ripening
include changes in peel color and pulp texture,
conversion of starch into sugar, reduction of
polyphenols and synthesis of aromatic compounds
and others (Clendennen and May, 1997; Chen and
Ramaswamy, 2002).

Although banana fruit can be harvested at a wide
range of physiological ages, it still achieves high
quality after ripening process with ethylene
application. The C,H, performs an important role
during the ripening by stimulating the
development of color, texture, aroma and flavor
and by reducing the ripening variability (Moya-
Leon and Herrera, 2004; Adkins et a., 2005;
Palomer et al., 2005). Treatments using as low as
0.1 mg I™* of ethylene induces the climacteric stage
in banana (Liu, 1976), but in commercia
treatments, the use of 100 to 1000 mg I is
common (Inaba and Nakamura, 1986; Ke and
Tsai, 1988; Stover and Simmonds, 1993).

Because the storage atmosphere can affect the
fruits durability (Palomer et al., 2005; Burdon et
al., 2005), the ideal conditions of controlled and
modified atmosphere are related to the species,
degree of ripening, temperature and period of
exposure (Kader et a., 1989; Cameron et d.,
1995; Pesis, 2005). Generally, a combination of
low O, high CO, concentration and low
temperature is applied (Henig, 1975; Kader et a.,
1989; Riquelme et al., 1994). High levels of CO,
can inhibit ethylene-dependent processes, such as
autocatalytic ethylene production, and therefore,
the ripening of climacteric fruits. The CO, levels
necessary for this inhibition are much higher than
the atmospheric level (Mathooko, 1996; Wild et
al., 2005), and several authors have shown that the
exposure of banana to an atmosphere with high
CO, concentration can suppress the climacteric
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respiration (Young et al., 1962; Liu et a., 2004;
Wild et a., 2005). Besides the control of CO,
concentration, the maintenance of low O,
concentration delays the respiration increase, peel
de-greening and starch conversion into sugar
(Marriot, 1980; Kanellis et a., 1989; Marchal,
1998).

Although the banana ripening process with
ethylene is well known and established, this paper
focuses on the evaluation of banana ripening in
order to contribute to development of new
equipments able to manage and improve fruit
shelf-life at small scales. Therefore, the influence
of parameters such as CO, and C,H, concentration
and temperature were evaluated during banana
ripening. Furthermore, a set of “start up assays’
were performed to evaluate the effect of the
ethylene as atrigger factor for the ripening process
of confined bananas. Therefore, this work
evaluated the ripening control process at domestic
scale, where costs analysis would be a further
investigation.

MATERIALSAND METHODS

Material

Banana (Musa AAA Cavendish cv Naninca) was
purchased from local wholesale market in an
unripe stage (greenish) defined by Munsell® color
chart (GretagMacheth, USA) and without previous
ethylene treatment.

Ripening cells.

The ripening cells (Fig. 1) were assembled in 2.5
liter acrylic flasks (A), where some accessories
were adapted: a fan (B), for homogenization; a
septum (C), to collect the gas samples; and inlet
and outlet valves (D), to flush the flask and inject
the gas mixture for the controlled atmosphere.
Initially, a vacuum pump was used to remove the
air inside the flasks. Then, the flasks were flushed
for 5 minutes with the pre-established atmosphere
to create the gas composition inside the ripening
cells and to maintain the atmospheric pressure
ensured by a hydraulic seal. This procedure was
applied for al the experiments that used the
injection of ethylene gasinside the ripening cells.
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(D) Inlet and outlet Valves
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Figure 1 - Apparatus: (A) ripening cells; (B) fan; (C) septum; (D) inlet and outlet valves.

Experimental conditions

The study of the banana ripening control was
developed by three classes of experiments: (1)
standard assays, (2) ripening control assays, with
different process parameters, and (3) start up or
trigger assays:

1. The standard experiments were conducted
placing the fruits inside a controlled temperature
chamber (Brastemp, Brazil) without external
supply of ethylene, oxygen and carbon dioxide (no
atmosphere control). Fruit samples were collected
daily from the chamber to perform sensorial and
characterization analysis.

2. Three parameters were evaluated in ripening
control assays: ethylene treatment, carbon dioxide
treatment and ripening temperature. For the
ethylene treatment, the concentration range of
ethylene injected in the ripening cells was defined
according to literature values considering the goal
of this work to evaluate the ethylene influence in
banana ripening process (Inaba and Nakamura,
1986; Ke and Tsai, 1988; Stover and Simmonds,
1993; Dominguez and Vendrell, 1994). The levels
were established as: without ethylene (0 mg I™),
medium (100 mg I") and high (200 mg I
concentration with air in balance. Although the
conditions of 100 mg I in air and 200 mg I in air
were above the concentration to saturate the
ethylene response, the levels were defined to
observe the extreme effect of ethylene, for further
use as trigger. The mixtures were acquired from
White Martins (Air products, Brazil). Carbon
dioxide treatments were conducted placing a CO,
absorbent material — baking soda with saturation
indicator (brand) (Wilson, Brazil) — inside the
cells. The CO, absorption by baking soda was

cited by Ohm et a. (1991) and consisted
essentially of NaOH in controlled humidity to
maximize its absorption capacity. Ethyl violet was
used as indicator, measuring the absorption
capacity by color modification. The influence of
temperature on the ripening process was evaluated
at 15, 25 and 32 °C.

3. Finaly, the “ start up” assays were performed
to observe the trigger effect of the ethylene during
the ripening process. The experiments were
conducted with or without C,H, injection to adjust
the initial atmosphere inside the cells and to
evaluate its trigger effect. In the early 48 h of
“closed ripening’, O, was injected daily,
controlled with gas chromatography analysis, to
ensure the supply for fruit respiration. The cells
were then opened and remained inside the
temperature controlled chamber but without
atmosphere adjustment.

All the experiments were carried out for 7 days to
analyze the ripening development over time in
relation to changes in the process parameters. The
ripening cells were supplied with oxygen injection
to ensure the amount necessary for banana
ripening. Table 1 shows the experimenta
conditions used in this study.

Analysisfor product characterization

Weight loss

The weight loss of the fruit was evaluated by
weight the fruit submitted to controlled conditions.
Weight loss mainly indicates a water content
reduction, related to the juiciness, flavor, aroma
and other important economic characteristics.

The fruit weight was determined using a scale with
a precision of + 0.01g (Gehaka, Model BG-2000 -
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Brazil). Flesh Firmness. The fruit firmness was
analyzed using a manual penetrometer (Mark TR
Turoni — FT 327, Italy) and, in order to avoid the
influence of the fruit pee, the firmness
measurements were taken after the removal of a 2
cm peel disc. Color: The Munsell® color chart
(GretagMacbeth, USA) was used to define the
color standards during the subjective color test
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evaluation. The color was observed daily for each
fruit for all ripening procedures during the tests.
The analysis of fruit pH was carried out using a
digital pH meter (Analion Mark, Model AN2000 -
Brazil), with a specia probe for the solid and
semisolid materials. The probe was placed inside
the fruit until the stabilization of the pH
measurement value.

Table 1 - Experimental conditions for banana ripening assays.

Assay Assay kind Ethylene (mg ™) Temperature (°C) CO, absor bent
1 standard 0 15 -
2 standard 0 25 -
3 standard 0 32 -
4 —_— 0 25 -
5 e 0 25 +
6 —_— 100 25 -
7 —_— 100 25 +
8 —_— 200 25 +
9 start 0 25 +
10 start 200 32 +
11 start 200 15 +
12 start 200 25 +

“+" with CO, absorbent; “-" without CO, absorbent

Gas chromatography analysis

The chromatographic analysis was performed
using a CG35 — CG Scientific Instruments (Brazil)
with a therma conductivity detector (TCD),
equipped with Porapak Q (to analyze CO, and
C.Hy), and Molecular sieve 5 A (to anayze O,)
columns. Helium was used as the carrier gas at a
flow rate of 30 mL/min. The column was held at
70 °C and the detector at 100 °C. Standard gas
mixtures (White Martins, Brazil) containing 100
mg 1™ and 200 mg It C,H, (synthetic air in
balance) were used, as well as CO, (3%) (He in
balance).

Sensorial analyses

Sensoria analyses of the fruit were performed in
order to evaluate the efficiency of the ripening
experiments in  terms of quality. The
"Characteristics  Profile Test" was the
methodology used for the sensorial analysis. The
taste panel consisted of 10 trained individuals who
were requested to evaluate the overall color, aroma
and flavor of representative samples after storage.
The attributes were rated using an Hedonic scale
from 1 to 5, where 1 was equal to very bad, 2 was

poor, 3 was fair, 4 was good and 5 was excellent.
For comparison, Cavendish bananas were obtained
daily from a retail outlet, without ripening
induction by modified atmosphere and a a
maturity stage indicated by the Munsell® chart as
“ready-to-eat”. These were included in the test as
hidden reference. Each sample was served on a
white plate, which reduced the likelihood of the
background color affecting the perception of color.
Presentation of samples was randomized among
the pandists and sessions. Evauations were
conducted in isolated sensoria booths, illuminated
under the standard conditions.

RESULTS

Table 2 shows the results for weight loss, firmness
and pH values for the samples analyzed in the
ripening assays. Table 3 gives the results for the
gas composition inside the ripening cells. Table 4
shows the sensorial analysis results, with values
for color, aroma and flavor. All Tables presents
the average values obtained with their standard
deviation.
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Influence of ethylene concentration

Experiments 2, 5, 7and 8

The influence of ethylene concentration on banana
ripening process was evaluated comparing assays
2, 5, 7 and 8: standard, 0, 100 and 200 mg I,
respectively. The tests were carried out at 25 °C
using CO, absorbent (assays 5, 7 and 8).

For 200 mg I ethylene atmosphere (assay 8:
Table 3), the saturation of the CO, absorbent was
detected between day 3 and day 4 when the CO,
concentration in the cells increased from 0.15 to
19.39% due to increase in ripening rate caused by
the rising of the ethylene concentration, from 795
mg I™* (day 2) to 3069 mg I (day 3). For 0 mg I
ethylene injection (assay 5), the saturation of the
CO, absorbent was observed on day 6 (11.17%).
These results required the increase in the amount
of CO, absorbent material in the cells, procedure
followed in the following assays. However,
additional studies would be necessary to define the
minimal mass of absorbent necessary to avoid the
interference of CO, during the ripening process.
The results for product characterization analysis
(Table 2) indicated similar behavior between the
ripening evolution of bananas in the cells with and
without ethylene, except for the firmness
parameter, as shown in Figure 2 for assays 2, 5, 7
and 8. The resultsindicated a poor ripening degree
for the standard samples that gave on day 7 aflesh
firmness of 42.66 N, while the average for the
other three assayswas 3.27 + 0.14 N.

60
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The results for the sensorial analyses (Fig.s 3 and
4) showed that the confined samples (assays 5, 7
and 8) had a behavior close to the ready-to-eat
samples in terms of flavor and aroma, if compared
with the standard samples (assay 2). Besides,
based on the behavior of assay 2, far from ready-
to-eat samples, the sensorial and physicochemical
analyses confirmed the importance of ethylene for
fruit quality, either the one produced by the
fruitduring ripening, or the oneinjected in the cells
for atmosphere adjustment (assays 5, 7 and 8).
Sensorial analysis indicated that the samples
collected at day 6 were at better ripening stage.
The flavor and aroma development were not
affected by the C,H,4 concentration injected in the
during ripening, or the one injected in the cells for
atmosphere adjustment (assays 5, 7 and 8).
Sensorial analysis indicated that the samples
collected at day 6 were at better ripening stage.
The flavor and aroma development were not
affected by the C,H, concentration injected in the
cells and the results were related to the high
ethylene production by the fruits, when compared
with the quantities injected.

The pedl color, shown in Figures 5 and 6 (b, €, g
and h), for the samples collected in days 2, 4 and
6, presented better development in assay 5,
compared to assays 2, 7 and 8, indicating the low
influence of ethylene concentration in ped color.
The behavior of the color characteristic, apart from
other quality attributes, has also been observed for
severa fruits (Laties, 1995; Bower et al, 2002).

50

40

30

20

flesh firmness (N)
pu]

10

—@——assay 2

—O——assay 4
— 4 — assay5
— £ —assay 7

ey 3SSQY 8

time (days)

Figure 2 - Flesh firmness for experiments at 25°C: 2 (standard), 4 (0 mg |"* C,H4/- CO, abs), 5 (0
mg I* C,H4/+ CO, abs), 7 (100 mg I”t C,H4/+ CO, abs) and 8 (200 mg I"* C,H4/+ CO,

abs)
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Table 2 - Measured values of weight loss, pH and firmness for banana ripening assays during seven days valuation.

Assay number

DoM 1 2 3 4 5 6
wL® 18 0.8+0.2 3.0+04 44+04 26+0.2 21+02 27102
(%) 2" 16+0.2 58+0.2 6.9+0.2 36+0.3 46102 80+0.2
3 25+04 6.8+02 126+0.3 9.7+0.2 59+03 11.2+04
4t 3.0+0.2 95+03 146+02 7.8+0.2 73+02 19.0+03
5ih 39+03 105+02 192+02 106%02 84+04 216+0.2
e 33+03 109+02 208+03 138+02 134+02 224+04
7t 48+02 137+03 252+03 190+03 194+02 27.9+02
pH 1 59+0.3 6.2+0.2 57+0.2 5.8+ 0.4 6.1+0.2 57+0.2
2 58+0.3 6.2+0.3 56+0.2 6.1+0.2 56+0.3 56+0.2
3 57+0.2 6.2+0.2 59+ 0.4 56+0.2 56+0.2 5.6+ 0.4
4t 58+0.2 6.3+0.3 59+0.2 56+0.2 56+0.4 57+0.2
5ih 57+03 6.3+0.2 6.1+0.2 56+0.3 56+0.2 57+0.2
6 57+0.2 6.2+0.3 6.1+0.3 57+0.2 57+04 58+0.3
7 58+ 0.4 6.1+0.2 6.2+0.2 57+0.2 58+0.2 59+0.2
FN@ 1 329+02 535+02 83+02  461+04 446+02 33.8+03
(N) 2 260+02 515+02 49+02 4801+02 59+02 7.4+03
3 11.3+04 481+02 34+02 6.9+0.2 49+0.2 44+0.2
4t 98+03 436+04 1.0+02 6.4+ 0.4 39402 44+0.2
5ih 74+03 427+02 07+03 54+0.2 39+03 39+0.2
6" 64+03 397+02 03+02 54+0.2 44+04 44+0.2
7t 69+02 427+03 0.1+02 44+0.2 49+0.2 29+0.2
DoM Assay number
7 8 9 10 11 12
wL® 18 23+02 23+0.3 0.8+ 0.4 0.9+0.2 04+0.2 0.6+0.2
(%) 2 58+0.4 37+03 14+0.2 1.8+0.2 06+0.2 1.3+0.2
3 9.9+03 6.0+ 0.4 26+0.2 49+03 09+0.4 30+0.2
4t 154+02 6.6+0.2 36+0.2 71+0.2 1.4+0.2 50+0.3
5ih 190+03 9.7%03 49+04 7.8+0.3 09+0.2 7.7+03
6" 233+02 11.2+02 62+03 120+ 0.2 23+04  101+0.2
7 278+02 129+02 74+02 150+ 0.2 25+03 11.1+04
pH 1 57402 6.1+0.2 6.2+0.3 59+ 0.4 6.1+0.2 6.0+0.3
2" 56+ 0.4 58+0.2 6.2+0.2 58+0.2 6.1+0.4 57+0.2
3 56+0.2 57+03 6.2+0.2 58+ 0.4 59+ 04 55+ 0.4
4t 57+0.2 59+0.2 6.2+0.2 58+0.3 58+0.2 5.6+ 0.4
5 57+03 6.0+ 0.4 56+0.2 59+0.2 57+0.2 57+0.2
6 58403 6.1+ 0.4 6.1+0.4 59+0.3 58+0.2 58+0.3
7t 58+0.3 6.0+0.3 59+0.4 6.1+0.2 57403 59+0.2
FN®@ 18 27.0+04 412+03 554+04 481+03 549+02 481+02
(N) 2 64+04 11.3+02 51.0+02 142+02 549+02 196+04
3 44+02 64+02 520+0.2 49+0.2 51.5+0.3 10.3+0.2
4th 49+04 59+02 520+03  44+02 37.8+02 5.9+02
5t 44+02 54+0.2 8.3+04 25+ 0.4 255+02  69+0.2
6™ 49+02 49+03 50.0+0.2 15+0.2 11.8+02 49+0.3
7 25+0.3 25+0.2 432+0.2 05+0.2 8.3+0.3 49+0.2

8 DoM: Day of Maturation; Y WL: Wheight of Loss; ©® FN: Firmness.
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Experiments 4 and 6

For the injection of 100 mg |I™* of ethylene inside
the ripening cells, the maximum production of
CO, associated with the respiration rate occurred
at day 2 (24.94% CO,), while for the test without
ethylene injection, the peak of respiration was
observed at day 5 (38.05% CO,) (Fig. 7),
indicating an anticipation of respiration peak due
to ethylene injection. It was aso observed that pH
variation presented similar behavior for assays 4
and 6, indicating low influence of ethylene
concentration in this parameter; otherwise, the
firmness was more sensitive because the use of
ethylene (assay 6) indicated firmness of 2.94 N in
day 7, whereasin assay 4, it was4.41 N (Table 2).
Thus, there was an acceleration of the ripening in
the confined samples in comparison to the
standard samples, which indicated that ethylene
could act as a trigger to the ripening of climacteric
fruit.

The sensorial analysis showed that the confined
samples presented characteristics similar to ready-
to-eat fruits, in aroma and flavor during the
ripening, except for the color attribute. On day 5 of
ripening, the samples treated with 100 mg I™* C;H,
(assay 6) showed better sensorial parameters
(color, aroma and flavor) than those fruits without
ethylene treatment (assay 4) (Table 4).

Influence of CO,

Experiments 2, 4 and 5

The influence of CO, concentration on the
ripening process was evaluated comparing assays

5,0
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2 (standard), 4 and 5 (with and without CO,
absorbent) (Table 1).

The CO, concentration did not affect the physical
and chemical characteristics nor do the O, and
C,H, content (Tables 2 and 3). The exception was
the flesh firmness attribute, which reduced faster
in the presence of CO, absorbent (Fig. 4) because
CO, suppressed the climacteric respiration of
bananas (Liu et a., 2004). This behavior was
confirmed in assays with CO, absorption, where
the ethylene production was higher and the flesh
firmness decreased faster than other experiments
without CO, absorbent, an indication of earlier
maturity stage.

The maturity degree of the samples was observed
in the sensorial analyses and the results for the
attributes flavor, color and aroma were better for
the assays with CO, absorption, which presented a
profile closer to the “ready-to-eat” samples, when
compared to the assays with no CO, absorbent
(Table 4, Fig.s 3-5). The color development was
better for assays with CO, absorbent, as presented
in Figure 6 (b, d and €). This performance
indicated that CO, influenced negatively the color
development during banana ripening. Even
without systematic appraisal of sensorial, physical
and chemical evolution of the standard sample
attributes at 25 °C (assay 2), the samples reached
the ripe state in about 30 days. This behavior was
observed by color and flavor evolution of the
standard samples. Therefore, with the use of a
controlled atmosphere with CO, withdrawal, the
time for the fruit ripening apparently decreased
from 30 to 6 days.

45 __—

4,0
35
3,0

flavor

25

2,0
s /

10 —e—o—0

05

—@—assay 2
—O—assay 4
——assay 5
—H=—assay 6
—{—assay 7
—&—assay 8
—&A—assay 9
—d—assay 12
—>—read-to-eat

0,0

6 7 8 9 10

time (days)

Figure 3 - Sensorial analysis. Flavor attribute for banana samples from different ripening assays

compared to “ready-to-eat” samples.
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Figure 4 - Sensorial anaysis: Aroma attribute for banana samples from different ripening assays
compared to “ready-to-eat” samples.
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3,0 1

2,51

color
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1,0
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0,0
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\ S
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—{J—assay 7
—&—assay 8
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—O—assay 12
—>—read-to-eat

time (days)

Figure 5 - Sensoria analysis. Color attribute for banana samples from different ripening assays
compared to “ready-to-eat” samples

Experiments 2, 6 and 7

The second part of this study evaluated the
influence of CO, in banana ripening for assays
with 100 mg I ethylene injection in order to
accelerate the development of quality attributes.
The results showed no influence of the CO; initia
concentration on physical and chemical properties
or on gas concentration (O, and C,H,) during
ripening. The firmness for the confined samples
decreased with time, confirming the maturity
degree evolution, while for standard samples, only
small reduction on firmness parameter was
observed up to day 7 (Table 2).

During the ripening experiments, the samples
placed in the flasks moved towards the ready-to-
eat samples, in relation to flavor and aroma
attributes (Fig.s 3 and 4). The standard samples
did not develop the flavor and aroma attributes
similar to the confined samples and were
considered as a mature fruit only nearly 30 daysin
acontrolled temperature chamber.

Figure 6 (b, f and g) shows the pictures of the
banana ripening assay. It was observed that the
color development was better for the closed
samples with the remova of CO, produced by
respiration (with CO, absorbent: assay 7).
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45 { —m— 25°C/0 ppmC2H4/- CO2 abs
20 | —&—25°C/100 ppmC2H4/- CO2 abs

co, (%)

0 2

time fdays) 6 8

Figure 7 - CO, concentration inside the ripening cells evaluated for assays: 4 (25°C/0 mg |I*
C,Hy/- CO, abs) and 6 (25°C/100 mg I™ C;H,/- CO, abs).

Start Up
The effect of ethylene as a trigger on the ripening
was investigated in this study.

Experiments 5 and 9

Comparing assays 5 and 9 alowed the evaluation
of the influence of the ethylene produced by the
fruit as a trigger in the ripening of bananas. In
assay 9, the samples were maintained confined
only in the first 48 h of ripening, while in assay 5,
the ripening cells were closed. The “start up”
samples (assay 9) showed lower weight loss when
compared with the confined samples (assay 5),
while the firmness parameter (Table 2) indicated
that the ethylene produced by the fruit in the early
48 h ripening was not sufficient to initiate the
ripening (assay 9 in day 7: 43.15N).

Therefore, the ethylene produced up to 48 h was
not sufficient to accelerate the ripening (firmness
had little reduction) in “start up” samples, except

30

on day 5 where probably a ripened fruit was used
to initiate the experiment.

Experiments 8 and 12

In sequence, the influence of ethylene as a trigger
in the ripening of banana submitted to 200 mg |
ethylene injection was evaluated. The “start up”
samples (assay 12) presented about the same
weight loss as the confined ones (Fig. 8 and Table
2). The samples showed similar results in pH and
firmness, indicating that 48 h with 200 mg I was
enough as a trigger, considering the
physicochemica results (Table 2). The sensoria
analysis showed that “start up” samples presented
better characteristics in comparison to confined
ones, and closer results to ready-to-eat samples for
al the attributes (Table 4 and Fig. 6). Also, the O,
limitation and the CO, presence affected the fruit
color development, resulting in unsatisfactory peel
color for the previously confined samples (assay
8).

—O—assay 1
—@—assay 2
—<&—assay 3
—a&A—assay 8
—<O—assay 10
—#—assay 11
—x—assay 12

= N
3 o

weight loss (%)
s

time (days)

Figure 8 - Weight loss for samples from assays. 1 (standard 15°C), 2 (standard 25°C), 3 (standard
32°C), 8 (25°C/200 mg I C,H4/+ CO, abs), 10 (start up 32°C/200 mg It C;Hy), 11
(start up 15°C/200 mg I* C,H,) and 12 (start up 25°C/200 mg I C,H.,)
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This behavior was not detected in assay 12 (start
up), where the color attribute was well developed
due to the ethylene supply in the initia part of the
ripening process and also after opening the
ripening cells, after 48 h confinement. These
procedures reduced the negative effect of CO, and
allowed sufficient supply of O, for the ripening
process already triggered by the ethylene supply.

Influence of Temperature

The temperature effect was evaluated during
ripening process. The weight loss increased with
temperature for standard assays (1, 2 and 3) and
assays 10, 11 and 12 (Fig. 8, Table 2), while
firmness decreased with increasing temperature,
showing the acceleration of ripening with

60.00

temperature for 15, 25 and 32°C (Fig. 9). Although
an increase in temperature aided the ripening
process, the sensorial analysis results (Table 4)
showed that 25°C was the best ripening
temperature, when compared to 15 and 32°C,
presenting sensorial grades for the group of quality
attributes, closer to “ready-to-eat” fruit, especially
for the samples collected on days 5 and 6. Also,
start up samples on day 6 using 200 mg I of
ethylene (assay 12) overcome the quality grades
for “ready to eat” sample on flavor and aroma
atributes (Fig. 10).

Results at 15 °C indicated poor ripening while at
32°C indicated over-maturation, reducing the
quality. The studied temperatures promoted small
variation in the fruits pH (Table 2).

- - —assa
_ 50.00 - & 0 y
< . —m——assay
«» 4000 X
7] .
(] v
S 3000
£ N
= 8
Y— ',
< 20.00 A p\
= 100 | A\\‘b
NERAE TEEE
R S R
0.00 : —A-—p
0 2 4 6 8
time (days)

Figure 9 - Flesh firmness from assays: 10 (start up 32°C/200 mg |I™* C,H,), 11 (start up 15°C/200
mg It C,H,), 12 (start up 25°C/200 mg | C;Hy).

FLAVOR

AROMA

Figure 10 - Sensoria attributes (color, flavor and aroma) for day 6 samples. Assays: 10 (start up
32°C/200 mg I™* C,H,), 11 (start up 15°C/200 mg I C,H.), 12 (start up 25°C/200 mg

I CHy).

— @ Start 15°C/200 ppmC2H4
— —@— — Start 25°C/200 ppmC2H4
- - -A- - - Start 32°C/200 ppmC2H4
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Table 3 - Measured values of ethylene (C;H,), carbon dioxide (CO,) and oxygen (O,) gas concentrations inside the
ripening cells.

Day of Assay number
Gas _
maturation 4 5 6 7 8

C,H4 (mg 1) on 00+02 0.0+0.3 100.0+ 0.2 100.0+ 0.2 200.0+0.2

1 451.3+0.3 523.8+04 614.1+ 0.2 5754+0.2 289.3+0.3

2 5126+02 5443+04 601.4+0.2 5825+ 0.4 795.2+0.3

3 1170.7+0.2 1311.6+02  409.0+0.4 625.7+ 0.2 3069.4+ 0.5

4" 10626+ 0.3 1100.3+0.2 10305+0.2 818.8+0.3 3306.1+ 0.4

5 1691.0+0.3 19035+0.5 1809.8+0.2 18552+0.2 767.0+0.2

6" 18635+ 05 16453+0.2 1853.3+ 0.5 2089.8+05 755.6+0.3

70 14176+0.2 15182+04 1106.5+ 0.2 12959+ 04 2004.3+0.4
CO;, (%) o" 0.0+04 0.0+0.2 0.0+0.1 0.0+0.2 0.0+0.3

1 31+0.2 0.0x0.1 6.5+0.2 0.0+0.2 0.0+0.2

2n 21+0.2 02+0.1 249+04 0.0+0.2 03+0.1

3¢ 179+0.2 01+0.2 16.1+0.2 0.0+0.2 02+0.2

4" 183+0.3 0.0+0.1 195+ 0.2 0.0+0.1 19.4+0.2

5" 38.1+04 02+0.2 10.2+0.2 0.0+0.2 173+ 04

6" 16.8+0.3 11.2+03 6.5+ 0.3 0.0+0.2 39.7+0.3

™ 415+04 6.7+0.2 56+0.2 0.0+ 04 16.0+04
0, (%) o" 21.0+0.3 21.0+04 21.0+04 21.0+0.3 21.0+04

1 151+0.2 179+ 0.2 91+0.2 122+0.2 7.8+0.2

2 223+04 6.8+04 0.7+0.2 20+0.2 12+0.2

3 17+0.2 14+0.2 73x0.3 13.7+£0.3 6.5+0.3

4 6.7+ 0.2 14+0.2 1045+ 0.2 19.1+0.2 7.7+0.2

5 14+04 28+0.2 141+0.2 176+ 0.3 8.7+0.2

6" 122+0.2 135+0.3 19.7+04 9.8+0.2 14+02

7" 23+0.2 171+0.2 19.7+0.2 21.3+0.2 134+0.3
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Table 4 - Sensoria analysis: Vaues of the sensoria attributes of color, aroma and flavor for bananas submitted to
different ripening assays and compared to a“ready-to-eat” fruit.

Attribute Day of Assay number
maturation 4 5 6 7 8
Color 4 14+02 24+03 14+02 2001 22+04
5ih 15+02 26+04 17+03 18402 21+03
6" 20+02 25+03 13+02 14+03 21+04
7t _ _ _ _ _
Aroma 4 13+02 26+03 20+03 26+04 23+04
5ih 24+02 31+03 33+04 30+03 30%03
6" 31+03 33+02 29+02 32+02 27+03
7th _ . - . .
Flavor 4" 1.0+00 29403 21+03 3102 24+04
5ih 21+03 27+03 33+#03 31+03 28+03
6" 36+02 33+03 38+02 40+03 26+03
7th _ . - . .
. Day of Assay number
Attribute . Ready- to-
maturation 9 10 11 12 eat
Color 4 - 1.7+0.2 - 37+03 44+03
50 19+02 12+01 15+02 34+03 47+02
6" - 15+02 16+02 33+04 47+02
7" - - - - 46+0.2
Aroma 4 - 19+0.2 - 38+02 36+03
50 28+03 29+02 14+02 35+03 34+04
6" - 18+03 21+03 43+03 36+02
7" - - - - 37+04
Flavor 4 - 1.7+0.3 - 42+02 38+03
50 32+02 36+03 10+00 42+02 40+03
6" - 30+05 16+04 45+02 38+03
7" - - - - 40+0.3

CONCLUSIONS

Although several studies have been conducted on
banana ripening, no information has focused on
ripening tools for small scale uses, such as for the
domestic and hotel purposes. In this direction, the
present work targeted conditions useful to improve
the domestic equipments seeking the increase and
decrease in ripening process in a short period of
time, as much as 7 days of ripening. This work
was a preliminary step for the development of
domestic equipments to control the fruit ripening,
which must be followed by the cost analysis in a

future investigation. Therefore, the results of this
work indicated the optimum ripening temperature
for banana as 25°C. The process was strongly
influenced by the atmosphere control, where gases
involved in the respiration were consumed or
produced in the medium. The presence of oxygen
and the CO, absorbent material, and also the
injection of ethylene are of relevance. The gas
composition inside confined cells can be used to
speed up or slow down the ripening process. It was
possible to reduce the ripening time from about 30
to 6 days, through the CO, remova and the O,
injection in confined systems. The initial ethylene
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concentration tested (100 and 200 mg 1™) did not
influence on the ripening velocity, with exception
of the color development. A 48 h period of
confining in the “start up” assays, without further
ethylene injection (atmosphere control) not was
sufficient to initiate the fruit ripening. Otherwise,
the use of “start up” followed by the atmosphere
control with C,H, presented good results. The
aternative of using ethylene as a trigger has
shown to be adequate to accelerate the ripening
process, also with substantial advantages in terms
of the fruit quality, as observed in “start up”

assay’s.
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RESUMO

O presente trabalho foca no impacto da
concentragdo de O,, CO, e etileno no controle da
taxa de amadurecimento de bananas, como
contribuicdo para o0 desenvolvimento de
equi pamentos domeésti cos que permitam o controle
pelo proprio usuério davida de prateleira de frutas.
Isto representa o gjuste das atividades metabdlicas
para garantir o controle do amadurecimento.
Varidveis como concentracdo de etileno e CO, e
temperatura foram gjustadas para acelerar ou
reduzir o processo, enquanto que o grau de
maturacdo foi monitorado através de parémetros
fisico-quimicos e sensoriais. Desta forma, o
objetivo deste trabalho foi avaliar a influéncia
destes parémetros para  controlar 0
amadurecimento de banana. A temperatura 6tima
de amadurecimento foi 25°C. A presenca de O,, a
retirada de CO, e a injecdo de etileno foram
relevantes no processo. A qualidade “pronto-para-
consumo” foi obtida em 6 dias em sistema
confinado. O uso de etileno como gatilho é
adequado para acelerar o amadurecimento, com
vantagens para a cor do produto.

Larotonda, F. D. S. et al.
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