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Abstract

Article Information

Ripening is one of the most important aspects in banana postharvest handling system. A
study was conducted to investigate the effectiveness of ripening methods and evaluate their
influence on postharvest quality of banana (Musa spp. cv. Dwarf Cavendish). Banana fruits
were treated with ethephon and smoke as source of ethylene for ripening, and other groups
of fruits were kept in low density polyethylene plastic, in teff straw and in banana leaf
(control) for ripening without external ethylene source. Changes in physico-chemical
qualities, days to ripe, shelf life and fruits marketability were observed. Faster changes in
physico-chemical qualities were observed from smoke treated bananas followed by
ethephon treated ones with no significant difference in quality at fully ripe stage among
bananas of the two treatments. The major observed differences were that smoking induced
rapid ripening, fruits attaining fully ripe stage in six days, leading to a relatively reduced
shelf life of eight days as in the case of the control treatment while it was 10 days in the
case of ethephon treatment. Bananas packed in banana leaf and teff straw took longer time
(14 days) to attain fully ripe stage with dull yellow color development followed by bananas in
low density polyethylene plastic (13 days). Thus, ethephon treatment resulted in better
banana quality, shelf life and marketability. Smoke treatment can also be considered as a
simple and quick means of banana ripening in conditions where commercial ethylene
sources are inaccessible. Modifications to reduce high temperature from smoking could
improve the method with respect to maintaining better fruit shelf life.
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INTRODUCTION

Banana (Musa spp) is a climacteric fruit that shows
marked physico-chemical changes during ripening.
Banana ripening is very important aspect at commercial
levels as the fruit is harvested at its green mature stage
and subsequently induced to ripen artificially. Ethylene
gas is synthesized by ripening bananas, but unripe fruit
should be ripened by exposure to an exogenous source of
ethylene gas for the assurance of firm pulp texture, good
flavor and bright peel color (Robinson and Sauco, 2010).
Under natural conditions, banana ripens slowly leading to
high weight loss, uneven ripening and poor color
development (Subbaiah et al., 2013).

Application of ethylene gas in ripening rooms or
dipping fruits in ethylene releasing compounds such as
ethrel are the most popular methods in large scale
ripening. Extensive works have been done to study the
effect of these methods on banana ripening and quality
(Ahmad et al., 2006; Mahajan et al., 2010; Kulkarni et al.,
2011; Subbaiah et al., 2013). As these techniques are
relatively expensive to be used in developing countries

like Ethiopia, bananas in most markets are ripened with
traditional techniques. Local methods, such as keeping
the fruits in sacks and in crates covered with hay, banana
leaf and in plastic sheets are practiced by farmers and
small traders (Berhe et al., 2010). Wholesalers in Ethiopia
mainly ripen bananas in air tight rooms, smoked for 24 -
72 hours using kerosene burners. It is carried out mostly
in small rooms, utilizing combustion of gases and high
temperature generated by burning kerosene (Berhe et al.,
2010). The smoke from kerosene burning is known to
liberate ethylene with traces of other gases (Kulkarni et
al., 2011).

Methods used to ripe bananas will have an impact on
fruit quality and to the time required for ripening. However,
there is little information as to what extent the local
methods of ripening could influence the postharvest
quality and shelf life of banana. The present study was
initiated to investigate the effectiveness of ripening
methods and evaluate their influence on postharvest
quality of banana.
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MATERIAL AND METHODS

The study was conducted at the laboratory of the
department of Food Science and Technology, Haramaya
University, Ethiopia. The temperature and relative
humidity of the storage rooms were recorded daily with
digital thermo hygrometer. The average, maximum and
minimum temperature was measured to be 24.54°C,
26.8°C and 22.87°C while the relative humidity was
40.62%, 54.17% and 33.22%, respectively. Average
temperature of 27°C and relative humidity of 87.5 % was
recorded from the ripening room with smoke treatment.

Experimental Materials and Treatments

Banana (cv. Dwarf Cavendish) fruits were obtained
from commercial farm around Arba Minch Zuria district,
Gamo Gofa Zone, Southern Nations Nationalities and
Peoples Region, Ethiopia. Fruits were harvested at green
mature stage, graded and packed in plastic box and
transported to Haramaya University (about 900km
distance) using canvas covered pick up. Five ripening
treatments: dipping with ethephon, treating with smoke,
keeping fruits in low density polyethylene (LDPE) plastic,
in teff (Eragrostis tef) straw and banana leaf (control) were
used as fruit ripening methods in this experiment.
Treatments were randomly assigned to selected banana
fruits kept in plastic crates. Bananas were dipped with
ethephon solution (500 ppm) for five minutes and kept in
ambient condition after air dried. For smoke treatment,
bananas were kept in air tight room where kerosene
burner was put on for 24 hr and fruits were then held at
ambient environment. On the other hand, bananas
wrapped in LDPE plastic, covered with feff straw and
those wrapped with banana leaf were put in plastic crates
under ambient condition. Treatments were arranged in
randomized complete block design with three replications
each containing ten clusters of 6-7 fruits per cluster.

Parameters Studied

Physico-chemical qualities of banana fruits including
color, firmness, physiological weight loss, pulp to peel
ratio, total soluble solids, titratable acidity and
marketability were determined at alternate days. Ripening
period and shelf life were determined considering the
changes in the physico-chemical qualities using five fruits
randomly sampled from each replication.

Color of banana peel was visually determined using a
standard color chart. A scale of 1 to 8 was used where: 1
is hard green, 2 is green with a trace of yellow, 3 is more
green than yellow, 4 is more yellow than green, 5 is green
tipped, 6 is fully yellow, 7 is yellow flecked with brown and
8 is browning and overripe (Collin and Dalnic, 1991). Pulp
firmness of bananas was determined using a
penetrometer (model FT 011; 0-11lbs) following the
procedures of Dadzie and Orchard (1997). The pulp to
peel ratio of bananas was determined by dividing pulp
weight to the peel weight. Pulp and peel was separated,
weighed and expressed as pulp to peel ratio (Dadzie and
Orchard, 1997).

Physiological weight loss (PWL) was determined
according to the methods described by Mohammed et al.
(1999). Weight loss was calculated as the difference
between initial and final weight in relative to initial fruit
weight.

WL (% _M 1
0) = i x 100
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Where, i = jnitial weight

I = final weight

The total soluble solids (TSS) of pulp juice were
determined using a digital hand held refractometer (Palm
Abbe™) at 20 °C (Waskar et al., 1999). A 30 g of pulp
tissue from the transverse section of the fruit was blended
with 90 ml distilled water for 2 min and filtered through a
filter paper. A single drop of the filtrate was placed on the
prism of a hand held refractometer and the percentage
total soluble solids (°Brix) were recorded. The total
titratable acidity (TA) of the pulp was determined by
titration of the filtrate to the phenolphthalein end point and
calculation of acid present as malic acid (NaOH). A 25 ml
of the filtrate was transferred into a 125 ml conical flask
where 25 ml of distiled water and 4 drops of
phenolphthalein indicator were added and titrated with
0.1N sodium hydroxide until the indicator just changes
pink/red. Titratable acidity (% malic acid) was calculated
according to the following formula (Anthony et al. 2003).

Normalityof basex volumeof basex 0.067x dilutionfactor><

TA (%)= 100

volumeof sample

The percentage marketability of fruits was subjectively
assessed according to the procedure described by
Mohammed et al. (1999). The descriptive quality attributes
was determined by observing the level of decay, color,
surface defects, and shriveling. A 1 - 9 rating, considering
1 is unusable, 3 is unsalable, 5 is fair, 7 is good, and 9 is
excellent, was used to evaluate the fruit quality. Bananas
receiving a rating of 5 and above were considered
marketable, while those rated less than 5 considered
unmarketable. The percentage of marketable bananas
was calculated as in the following formula.

. Number of marketablebanana fruit
Percentage marketability = - x100
Total number of banana fruit

Ripening period was determined based on the
changes in color, firmness and TSS value of bananas
(Dadzie and Orchard, 1997). Ripening period for fruits in
each treatment was recorded as the number of days until
fruit attain full ripe stage (color stage 6). Shelf life was
assessed by visual inspection of fruits at alternate days; it
was calculated as the period between commencement of
ripening and end of marketable life (Dadzie and Orchard,
1997).

Statistical Analysis

Analysis of variance (ANOVA) for the parameters was
done using SAS statistical software and comparison of the
treatment means with significant difference was made by
LSD test at 5% probability level.

RESULTS AND DISCUSSION

Peel Color

Banana peel color expressed as score (1-8 scale),
started to show variation from day 2 and increased faster
for smoke treated bananas followed by those treated with
ethephon compared to other treatments (Figure 1).
Bananas treated with smoke and ethephon reached a
color score of 6 after 6 and 10 days, respectively,
signifying that they reach the acceptable ripening level at
different periods. Bananas ripened with teff straw and
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banana leaf attained color score of 6 with dull yellow color
after 14 days implying slow ripening. Bananas ripened in
low density polyethylene (LDPE) plastic showed reduced
change in color with lower score, the highest value being
3.8 at the end of the storage life.

In addition to the presence of ethylene, increased
temperature from kerosene heater might hasten the
ripening process in smoke treatment. Similar results with
respect to color change in smoke treated bananas (cv.
Grand Naine) were reported by Subbaiah et al. (2013).
Faster increases in color change were reported from
smoke and ethephon (500 ppm) treated banana, the
faster being from smoke treatment. The reduced change
in color development of bananas in LDPE plastic might be
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due to the modified atmosphere and the higher humidity
created resulting delay in the ripening rate. Polyethylene
plastics are noted to have the effect of reducing water
loss, reducing O2 concentration and increasing COg, all of
which extend the pre-climacteric life of fruits (Robinson
and Sauco, 2010). A similar delay in development of
yellow color was reported by Julianti et al. (2012) for
bananas in LDPE plastic. The delay in color change of
bananas from straw and banana leaf treatment might be
attributed to the reduced humidity leading to higher
moisture loss from the skin. According to Finger et al.
(1995), excessive water loss from the fruit leads to
reduced chlorophyll degradation. Similar features in color
development were reported by Hailu et al. (2012) for
bananas kept in teff straw and banana leaf.
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Figure 1: Changes in peel color of cv. Dwarf Cavendish bananas ripened at different conditions. LDPE: low density
polyethylene plastic. The bar shows LSD at P = 0.05.

Firmness

Banana pulp firmness showed a decreasing pattern
while ripening advances, the change being faster for
smoke treated bananas than in other treatments (Figure
2). Smoke treated bananas showed a drop in pulp
firmness value to 1.72 kg cm’? after 2 days storage while it
was 4.58 kg cm? for ethephon treated and above 5 kg cm’
2 for bananas in other treatments on the same day.
Ethephon treated bananas were next to smoke treated
bananas in decreasing pulp firmness. However, the
decrease in pulp firmness was slow for bananas in teff
straw and in banana leaf followed by fruits in LDPE
plastic. The faster changes observed from the smoke and
ethephon treatment might be as a result of enhanced
ripening that leads to early softening. Fruit softening is
associated with the processes of solubilization of pectic
substances, break down of starch to soluble sugars and
loss of water from peel (Turner, 2001; Kunasekaran,
2012). A similar decrease in pulp firmness was reported
for bananas ripened with smoke and ethephon (500 ppm)
treatments (Subbaiah et al., 2013). Hailu et al. (2012) also
observed a relatively slower decrease in pulp softening of
bananas kept in teff straw and in banana leaf than fruits
kept in polyethylene plastic.

Pulp to Peel Ratio

Variation in pulp to peel ratio of bananas in different
ripening treatments was observed from day 4 onwards
(Figure 3). The faster change and higher values of pulp to
peel ratio was observed from smoke treatment followed
by ethephon treatment. A relatively slower change and
lower values of pulp to peel ratio was observed for
bananas kept in LDPE plastic, teff straw and banana leaf,
the lowest being for bananas in LDPE plastic. The higher
pulp to peel ratio for smoke and ethephon treated fruits
might be due to the enhanced movement of water from
peel to pulp as ripening advances while the reduced
ripening of bananas in LDPE plastic, teff straw and
banana leaf might be the reason for the slower change in
pulp to peel ratio. Reduced water loss as a result of higher
relative humidity might also be the other reason for the
lowest pulp to peel ratio of bananas kept in LDPE plastic.
Similar reports were presented by Hailu et al. (2012) for
change in pulp to peel ratio of bananas kept in teff straw,
banana leaf and LDPE plastic. Increase in pulp to peel
ratio is related to water loss from the peel to the pulp and
to the atmosphere. The faster increase in sugar content of
the pulp leads to movement of water from pulp to the peel
as result of osmotic differences (Dadzie and Orchard,
1997).
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Figure 2: Changes in pulp firmness of cv. Dwarf Cavendish bananas ripened at different conditions. LDPE: low density

polyethylene plastic. The bar shows LSD at P = 0.05.
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Figure 3: Change in pulp to peel ratio of cv. Dwarf Cavendish bananas ripened at different conditions. LDPE: low
density polyethylene plastic. The bar shows LSD at P = 0.05.

Physiological Weight Loss

A progressive increase in physiological weight loss
(PWL) was observed for bananas from all ripening
treatments (Figure 4). However, LDPE plastic resulted in
the lowest PWL while smoke treatment followed by
ethephon treatment resulted in the highest PWL
throughout the storage period. Bananas from smoke and
ethephon treatments lost more than 13% of their weight
on day six while bananas in LDPE plastic lost only 5.12%
after 16 days of storage. Bananas in teff straw followed by
bananas in banana leaf also resulted in a higher PWL as
compared to bananas in LDPE plastic. The reduced
weight loss of bananas in LDPE plastic might be due to
lower transpiration rate in a higher relative humidity
environment as well as reduced respiration due to gradual
decline in Oz and increase of CO; in the plastic. However,
enhanced water loss as a result of increased transpiration
and respiration rate might be the reason for increased in
PWL of smoke and ethephon treated bananas. Results
related to this were also reported by Hailu et al. (2012) for

PWL of bananas kept in polyethylene plastic, teff straw
and banana leaf.

Total Soluble Solids

Ripening treatments resulted in a significant (P <
0.001) variation in total soluble solid (TSS) content of
bananas. Smoke treatment resulted in the highest TSS
values during most of the storage periods followed by
ethephon treatment indicating earlier ripening of fruits
exposed to ethylene (Figure 5). The TSS value of smoke
treated fruits rapidly increased to 10.1% on day 2
reaching its peak value of 17.9% after 8 days of storage.
A similar rapid increase in TSS to 10.5% after 4 days,
attaining peak value (18.3%) after 12 days was observed
for ethephon treated bananas. The change in TSS content
was relatively slow for bananas in LDPE plastic, teff straw
and banana leaf and reached a maximum of 12.7%,
16.1% and 15.4% after 14,16 and 16 days of storage,
respectively.
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Figure 4: Change in percent physiological weight loss of cv. Dwarf Cavendish bananas ripened at different conditions.

LDPE: low density polyethylene plastic. The bar shows LSD at P = 0.05
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Figure 5: Change in total soluble solids content of cv. Dwarf Cavendish bananas ripened at different conditions. LDPE:
low density polyethylene plastic. The bar shows LSD at P = 0.05

The faster change observed in TSS value of smoke
and ethephon treated bananas from the present study
might be attributed to enhanced ripening rate as a result
of exogenous ethylene source. Furthermore, the heat
generated from smoking process might hasten the
ripening rate and hydrolysis of starch more in smoke
treated bananas. On the other hand, the absence of
external ethylene source and reduced internal ethylene
production for bananas in other treatments might be the
reason for reduced TSS value and ripening related
changes. Changes in the TSS content of bananas could
be attributed to the breakdown of starch into simple
sugars during the ripening process (Dadzie and Orchard,
1997). Similar increase in TSS of bananas during ripening
was reported by Kulkarni et al. (2010) and Hailu et al.
(2012).

Titratable Acidity
A significant variation in titratable acidity (TA) of
bananas ripened differently was observed from day 2

onwards. A faster rate in change and higher TA values
was observed for smoke treated bananas followed by
ethephon treated bananas (Figure 6). Smoke treated
bananas showed a rapid increase in TA on day 2 and
attained peak value of 0.45% on day 4 while ethephon
treated bananas wrapped in banana leaf scored peak
values on day 6 (0.45%) and 12 (0.37%), respectively.
Peak values of TA for bananas in LDPE plastic and teff
straw were observed on day 8 and 10, respectively. The
faster increase in TA value of bananas from smoke
treatment and ethephon treatment might be as a result of
the enhanced ripening in the two treatments.

Marketability

Marketability of banana fruits from all the ripening
treatments was maintained at 100% up to day 8 of the
storage period (Figure 7). However, smoke treated
bananas showed a drop in their marketability to 38.67%
on day 10 while fruits marketability in other treatments
was above 83%.
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Figure 6: Change in titratable acidity value of cv. Dwarf Cavendish bananas ripened at different conditions. LDPE: low

density polyethylene plastic. The bar shows LSD at P = 0.05
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Figure 7: Percentage marketability of cv. Dwarf Cavendish bananas ripened at different conditions. LDPE: low density

polyethylene plastic. The bar shows LSD at P = 0.05

Marketability of bananas ripened with ethephon, teff
straw and banana leaf reduced to less than 50% on day
14 while it was on day 16 for bananas in LDPE plastic.
Blackening and softening as a result of over ripening were
the main reasons for loss in marketability of smoke and
ethephon treated bananas while decay and failure to de-
greening were the main causes for loss in marketability of
bananas kept in LDPE plastic. Bananas in teff straw and
in banana leaf were mainly unmarketable because of
shriveling and browning as a result of water loss. The
faster reduction in marketability of smoke treated bananas
might be because of increased respiration rate in fruits
enhanced by higher temperature from the smoking
process. Hailu et al. (2012) reported similar results for the
loss in marketability of bananas kept in teff straw and
banana leaf.

Days to Ripe and Shelf Life

Ripening methods resulted in a significant (P < 0.001)
variation on days to fully ripe stage of bananas. Bananas
from the smoke treatment attained fully ripe stage within 6
days while bananas from ethephon treatment attained the
same stage after 10 days storage (Table 1). Whereas,
bananas in the LDPE plastic reach to full ripe stage in 13

days storage, bananas in teff straw and those in banana
leaf came to this stage in 14 days storage indicating slow
ripening process. No significant difference in color at fully
ripe stage score was observed for bananas from all the
ripening treatments, except for the case of LDPE plastic.
Smoke treatment resulted in similar fruit qualities (color
and TSS) with no significant difference from that of
ethephon treatment except smoke treated bananas were
softer like fruits ripened in teff straw and banana leaf. No
significant difference in quality at fully ripe stage was also
observed between fruits ripened in teff straw and banana
leaf. Both ripening with ethephon and ripening with LDPE
plastic resulted in the highest shelf life of 10 days while
the shelf life for smoke ripened bananas was 8 day, with
no significant difference in shelf life to fruits ripened with
teff straw and banana leaf.

Exogenous ethylene application as in the case of
smoke and ethephon treatments might enhance the
physico-chemical changes shortening the time to reach
fully ripe stage, the process also being faster by increased
temperature from the smoke treatment. Thus, the shorter
shelf life of smoke treated bananas was possibly due to
the accelerated physico-chemical changes. On the other.
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Table 1: Effect of ripening methods on ripening period and shelf life of cv. Dwarf Cavendish bananas

Ripening Ripening period Qualities at fully ripe stage Shelf life

(days) Color Firmness TSS (days)

Ethephon 10.0° 5.67° 1.29° 16.80° 10.0°
Smoke 6.0° 5.67° 0.72° 17.40° 8.0°
LDPE plastic 12.7° 2.23° 1.312 11.60° 10.0°
Teff straw 14.0° 6.20° 0.74° 15.30° 8.7°
Banana leaf (control) 14.0° 6.10° 0.87° 15.10° 8.0°
cv 4.56 6.33 9.10 3.10 5.78

SE 0.82 0.40 0.07 0.55 0.27

TSS: total soluble solids; LDPE: low density polyethylene; CV: coefficient of variation; SE: standard error;
means followed by the same letter in a column are not significantly different at P < 0.05 (LSD test).
Shelf life was calculated as the period (in days) betweencommencement of ripening and end of salable life.

hand, the longer shelf life of bananas in LDPE plastic
might be due to the delayed ripening process as a result
of a relatively higher humidity in the plastic and change in
composition of air. Related results were presented for
reduced ripening and increased shelf life of bananas kept
in a higher relative humidity environment (Ullah et al.,
2006). The reduced shelf life of smoke treated fruits is
also in agreement with the previous findings of Maerere et
al. (2008) who reported shorter shelf life of less than 8
days for smoke treated bananas (Grand Naine) as
compared to ethephon treated and naturally ripened
bananas

CONCLUSIONS

The experiment showed that smoking and ethephon
application enhanced the ripening process considerably
than ripening with no exogenous ethylene source. Smoke
treatment resulted in the shortest ripening period of 6
days without affecting the measurable ripening qualities of
banana. Similar results in fruit quality were observed at
fully ripe stage with ethephon treated bananas except for
shorter shelf life (8 days) in case of smoke treated fruits.
Thus, ethephon treatment showed better result in terms of
fruit quality, shelf life and marketability of ripened
bananas. Smoke treatment also resulted in a rapid
ripening process, with no considerable undesirable effect
on banana quality but with reduced shelf life. Working on
ways of reducing temperature from the smoking process
could improve the efficiency of smoke treatment enabling
early ripening and longer shelf life to bananas which can
make it an available alternative where other commercial
ethylene sources are unavailable.
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