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PRACTICAL ATMOSPHERE CONTROL FOR PROLONGING

SHELF LIFE AND PREVENTION OF SENESCENT
SPOTTING IN BANANA FRUIT

Summary

INTRODUCTION

Banana (Musa spp.) is an economically important fruit in the tropical area
with all year round production. The fruits quality depend on their own
maturity and postharvest management. Banana ripe quickly after induction
of ripening by ethylene. Browning spots, which are called senescent spotting
or sugar spotting are observed just after the fruits are fully ripened and the
taste of pulp reaches the maximum of acceptability. However, the
phenomenon prevents consumers’ choice when such banana decorate on the
shelf of retail markets. Controlled atmosphere (CA) or modified atmosphere
(MA) are beneficial for maturity control of many fruits. More practical
modification of those effective treatments could useful for shipping and
markets for fruits. Holding banana fruits in N2 gas for short periods
following ripening treatments can also delay ripening of banana. However,
efficiacy of those treatments are not clear among former reports depending
probably on the banana ripeness and actual low Oz levels during application
of the methods.

Our objectives were the studies of the potential gas treatment for
prolonging shelf life of banana and the prevention of senescence spotting. We



also investigated initiation of senescent spotting by microscopic observation
and change of phenolic compounds during developing spotting.

CHAPTER 1. STUDY OF SENESCENT SPOTTING OF BANANA (Musa
sapientum L.) PEEL

There are two hypothesises on the initiation of the spots: one is the result
of infection by fungus and the other is physiological disorder during
senescence. So far the concrete mechanism of initiation of the spots is not
clear.

1.1 Optical microscopic and scanning electron microscopic (SEM) observation

Less than two millimeter diameter of senescent spots of the surface peel
(Musa sapientum L.) were observed by optical microscope and SEM. We
found that the browning parts were about 0.25 mm depth, located within 7-8
layers of cells from surface. In horizontal view, the cells in browning spots
showed 2-3 big brown particles in the cells. While no such particles were
observed in the cells at the normal part. By SEM observation, the browning
part showed sunken toward surrounding sound area like crater and wilted
cells were observed in the crater. At the center of each sunken area,
prominent stoma was observed. No hypha was observed on the senescent
spotting area.

1.2 Sanitizing of peel by ethanol

Ethanol (20% or 50%) was treated to the surface of banana peels everyday
for avoiding infection by microorganism during storage. There are no
difference on initiation of browning between ethanol and non-ethanol treated
banana. The senescent spotting of the two treatments started equally at day
7 and developed same extent thereafter.

These results in 1.1 and 1.2 section, showed that senescent spotting is a
physiological disorder.

1.3 Browning and volatile chemicals

The yellow peels were separated from the pulp at day 6 after ethylene
treatment when browning did not occur yet, and they were stored for
successive 10 days at high humidity. The senescent spots did not occur on the



peels even after 10 days after peeling. We thought that some volatiles came
out from pulp of banana, and went through the stomata and then denatured
surrounding cells.

Volatile chemicals (5-100 ul) which reported earlier as aroma of banana
were treated on the separated surface peel. The browning on the peel
appeared in wider area, although typical senescent spots on the peel could
not appear in any cases.

CHAPTER 2. PHENOLIC COMPOUND AND POLYPHENOL OXIDASE
(PPO) ACTIVITY IN THE PEEL AND PULP

2.1 Sugar and dopamine levels during ripening

The total sugar content of banana pulp increased from 0.5% on day 0 to
8.7% on day 7 at 20 . The dopamine, a catecholamine, of surface peel was
about 500 mg per 100gFW on day 0 (green color fruit) and remained at that
level until day 5 (yellow part). The brown part of senescent spotting on day 5
had lower content of dopamine (330 mg per 100gFW) than the yellow part.
On day 7, the dopamine content at the senescent spotting showed further
decrease. This indicated an inverse relationship between dopamine level and
senescent spotting.

2.2 Polyphenol and PPO activity during ripening

The tyrosine and L-DOPA of the external peel were increased, while the
dopamine was decreased during storage at 20 . Dopamine was the majority
among catecholamines. The catecholamines in pulp were low levels and not
different during storage. Activities of PPO on external and internal peel as
well as pulp were increased during ripening. These results imply that
dopamine changes to browning pigments by PPO at the senescence stage of
banana.

CHAPTER 3. MODIFIED ATMOSPHERE STORAGE IN POLYETHYLENE
(PE) BAG AND POLYVINYL CHLORIDE (PVC) WRAPPING OF
RIPENING-TREATED BANANA 'SUCRIER®

3.1 MA storage in PE bags with or without ethylene absorbent (EA)
In the PE bag (0.03 mm thickness) at 20 , the dopamine content of



surface peel kept higher level than in air (control). The sucrose levels of
banana in PE and PE with EA were almost identical and lower than the level
in the control. The concentrations of both carbon dioxide (CO2) and ethylene
(C2H4) in a PE bag were very high (@bout 27-32% CO2 and 3 ppm C2Ha,
respectively). Slight fermented smell was observed, although PE packaging
delayed ripening of the banana. The high level of CO: in the PE bag inhibited
ripening. Therefore, the PE packaging seems unsuitable for MA storage at
20

3.2 MA storage with PVC wrapping compared with PE bags

Banana in the PVC (0.01 mm thickness) wrapping at 20 produced about
2.6% of CO2 concentration on day 3, which increased to 4.7% on day 5 and
then decreased to 3.0% from day 7 to day 13. The concentrations did not
differ in wrappings with or without EA. The CHas concentration in PVC
wrappings without EA was 0.7-1.0 ppm from day 3 to day 13, while in a
wrapping with EA, the concentration was about 0.2 ppm from day 3 to day 6
and then decreased to 0.02-0.1 ppm from day 7 to day 13.

At day 7, the sucrose levels of banana in PVC with EA and the control were
higher than that in PE with EA, although the glucose and fructose contents
in all treatments were almost identical. Banana in PVC with EA had
significantly higher dopamine contents than control banana and showed
lower scores of senescence spotting.

There was a slower change of ripening in bananas held in PVC or PVC
with EA at 20 than in the control, and senescent spotting was also delayed.
Shelf life was extended to 6-7 days, while the controls had a shelf life of only
3-4 days.

CHAPTER 4. NITROGEN (N2)-GAS TREATMENT FOR SHORT TIME IN
PE BAG FOR PROLONGING SHELF LIFE OF BANANA 'SUCRIER®

N2-gas (100%) treatment of banana in dynamic system for 48 h at 20
showed lower respiration rate about 40% than that in 21% oxygen (O2)- gas
treatment. Then the rate increased to normal air level after banana was
transferred to the air flow condition after day 3. The treatment extended
shelf life of banana to 5-6 days, while control had shelf life of 3-4 days. When
the bananas were packed in PE bags with Nz gas for 24 or 48 h at 25 | the



Oz concentrations in the PE bag were 0.98 and 3.41%, respectively, at the end
of 24 and 48 h N2-gas packaging. These bananas showed less senescent spots,
high dopamine contents and 2 days longer shelf life compared to control.

A 24 h Nz2-gas packing in PE bag and then PVC film wrapping extended
the shelf life of banana to 9-11 days.

CONCLUSION

More practical controlling of surrounding N2 gas was proposed on ripening
of banana than conventional CA or MA storage. N2-gas treatment in PE bags
for short time (24 or 48 h) followed PVC wrapping made shelf life of banana
twice and suppressed senescent spotting.

It was recognized that senescent spotting was physiological phenomenon
during senescence and dopamine, a phenolic compound, decreased
accompanying with development of senescent spotting.
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