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BANANA RIPENING THROUGH ETHYLENE PRODUCTION
BY NATURAL SOURCES
[36]

Elzayat', H.E.
ABSTRACT

Three activated essential oils of orange, lemon, and garlic in a diluted concentra-
tion, 0.05%, were used to stimulate ripening. Five immature banana hands were
dipped for 60 minutes in each of the above mentioned solutions (in addition to the
control treatment which was dipped in a tap water and leR in ambient conditions for
10 days. The treatments were repeated twice every year in both seasons of 2001 and
2002. By the end of 10 days banana treated by all of the stated essential oils reached
an acceptable stage of ripening (5.66 and 6.00) when evaluated by Del monte chart,
compared to control banana whose ripening stopped at a stage between 2.00 and
2.33. Bananas treated by these essential oils were normally ripened at the end of
stay, having high TSS percentage (18.16-22.3 %), compared to control (9-10.33 %),
and with acceptable pulp firmness values (from 2.37 to 3.33 lb/in2). In the meantime
oils treated bananas lost more of their green color as shown by “a” value measure-
ments, These treated banana had a good or excellent organoleptic note if compared
with the control fruits which were unacceptable. It is recommended to use this safe
and cheap method to ripen banana and other fruits.
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INTRODUCTION ing (Lincoln and Zeiger, 2002). Ethyl-

ene is used generally in exogenous appli-

Ethylene (C,H,) is a natural product
of plant metabolism. It regulates many
aspects of plant growth, development and
senescence. Ethylene production rates by
fruit tissues increased with fruit maturity
at harvest and with incidence of physical
injuries, diseases incidence - - etc.

Exposure of climacteric fruits to eth-
ylene advanced the onset of an irreversi-
ble rise in respiration rate and rapid ripen-

cations to hasten and hormonize ripening
of some important fruits. This is espe-
cially the case for banana ripening (100 -
500 ppm), apple and pear complementary
ripening, persimmons, sweetening (50
ppm) and for other commodities also
{(Hudson er af 1988)

Ethylene gas applications may be car-
ried out through injection from cylinder
of compressed gas, into airtight rooms
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containing the fruits (bananas in particu-
lar) and for a certain time (usually 24
hours). Ethylene may be applied also
through releasing liquid agents like ethryl
(Kader et al 1985). This application may
be done for example on apple tree: one
month before harvest to enhance fruit
color and sugars formation.

There are some patents conceming
small ethylene generators, which use
thermal ethanol decomposition to pro-
duce ethylene in the presence of some
catalysts. There's a real risk concerning
the use of ethylene cylinders, as ethylene
explodes when it accumulates and consti-
tutes 3% of the enclosed air volume caus-
ing serious and lethal danger, (Seymour
et al 1993).

Using safe, cheap and biological or
natura! substances to generate ethylene
either externally or internally for stimu-
lating its synthesis in plants, may help
users to avoid disadvantages of recours-
ing to Ethylene gas cylinders or other
expensive patents.

Essential aromatic oils have many
useful properties especially as antisceptic
agents (Mishra and Dubey, 1994), They
also may be considered as a natural and
safe source to pgenerate ethylene as
they've some volatile compounds and
monoterpenes with double bond ends like
linalool, Geraniol, campene, pinene and
limonene which may be decomposed to
generate ethylene when these oils are
made more reactive and treated properly
(Librando et al 2003).

This research aims to investigate the
possibility of using natural essential oils
extracted from plants as orange, lemons,
and garlic oils in inducing ethylene syn-
thesis and enhancing fruit ripening, espe-
cially banana.

MATERIAL AND METHODS

Pure essential oils of orange, lemon,

and garlic were purchased from Camena
Company (Cairo). After dissolving oils in
alcohol, an aqueous solution of each oil
was prepared as follows:
2.5 mi. of each of the following essential
oils dissolved in about 2ml. of alcohol
before being poured in a container having
5 liters of water (constituting a solution of
a concentration 0f 0.05%) and mixed with
a tempering pH agent used to accelerate
decomposition of these volatile oils, so as
the final PH of each oil solution was as
follows:-

s PH of orange oil solution — 2.39
» PH of lemon oil solution — 251
» PH of garlic oil solution — 2385

- Banana ripening treatments

Banana hands of magrabi variety
(green immature %) were purchased from
El-Kanater El-Khairia farms, during the
years 2001, and 2002.

Each treatment consists of 5 banana
hands which subjected to dipping for 60
minutes in each of the following above
mentioned oil solutions {orange oil,
lemon oil and garlic oil solutions). In
addition to the control treatment of dip-
ping in a tap water.

Banana hands were dried, afterwards,
and stored in ambient conditions at 20 -
25°C and R.H of about 30% for 10 days.
These treatments were repeated twice in
every season. The following quality ¢rite-
ria, were evaluated after 5 days and by
the end of stay in the ambient conditions
(after 10 days):
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1. Ripening degree was estimated at
each date according to Delmont
scale

1- Full deep green.

2- Inception of light green.
3- Yellowish greea.

4- Greenish Yellow.

5- Mostly yellow.

6- Yellow.

7- Yellow with brown spots.

¢ & @ & 0 » b

2- Fruit pulp Firmness

Using a ftuit pressure tester, mod. FT
327 (3.27 lbs).

3- Peel color

Measured by Hunter colorimeter us-
ing “a*” value as a basis for comparison
of peel color change.

4- Total soluble solids

Percentage of T.S.S. of the pulp value
was evaluated by a digital refractometer
“Leica”.

$- Acidity of the pulp

[t was evaluated by a titration with a
Na OH 0.1 Normal solution, (A.0.A.C,
1985).

6- Sanitary state and extent of fungal
infection

According to this scale: - excellent (10
- 7.6), good (7.5 - 5.5), fairly acceptable
(5.4 — 4), poor (high and perceptible de-
cay (>4).

7- Organoleptic note

Taste of pulp was evaluated by a 3-
persons panel, and according to 4 grades:
- Excellent (10 — 7.6), goed (7.5 - 5.5),
fairly acceptable (5.4 — 4), and unaccept-
able (>4).

Ethylene measurement

In the second season only, ethylene
emission of the above mentioned essen-
tial oil was measured as follows: -

Five ml of each oil (orange, lemon,
garlic) were prepared as mentioned be-
fore, but dissolved in 2 10 ml. only of
water and prepared to have the pH values
mentioned above, then the container was
placed in a closed box, of 0.2 m’ in vol-
ume. Ethylene was measured after 5, 15,
75 minutes and after 24 hours inside the
closed box atmosphere. A portable Span-
ish instrument for ethylene estimation of
the model “Bioconservacion” was used to
evaluate ethylene concentration.

(For some technical reasons, measure-
ments of ethylene emission from garlic
oil were uncomplete).

RESULTS AND DISCUSSION

1- Progress in ripening: (as evaluated
by Del Monte color chart)

After 10 days in ambient conditions , it
is clear from Table (1), that all the three
oil treated bananas achieved a noticeable
progress in ripening ,but lemon and or-
ange oil treatments enhanced ripening in
both seasons (banana reached a grade of
5.66 or higher), but garlic oil effect was
much slower in the first season (4%
grade). All the treated bananas were supe-
rior to control, which advanced very
slowly in maturity to reach only grade 2
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Table i. Progress of ripening stage according to Delmonte chart

Shelf life After 5 days After 10 days
Treatments 1* year 2™ year 1* year 2 year
Lemon oil 333 3.66 6.00 5.66
Orange oil 333 433 533 6.00
Garlic oil 233 2.66 4.00 5.66
Control 1.33 133 233 2.00
Average 2.58 2.99 4.41 4.83
L.S.D. at 5% 0.9989 1.200 0.8800 0.8800

(1* year) and grade 2, 33 in the second
year. This indicates a clear stimulation of
ripening by all three used essential oils
and these results agree with Watada,
(1986).

2- Sanitary state and fungal infection
(like crown rots and anthracnose
infections)

As shown in Table (2), after 5 days all
treated bananas and control were in good
conditions. But with progress in shelf life,
after 10 days, garlic oil treated bananas
showed little signs of black spot, to be
granted a lesser note (6.6 and 5.6 in 1%
and 2™ year respectively). These signs
may be explained by a certain sensitivity
of banana peel to the predominant sulfur
compounds in garlic oil especially with
advance in ripening. Both orange and
lemon oil treated bananas were normally
evoluted after 10 days without perceptible
signs of decay.

3- Banana pulp firmness

It is clear from Table, (3) that firm-
ness decreased, in a sensible way after

treatment by activated essential oils, com-
pared to control treatment, and that in a
general accordance with the results of
ethylene treated banana by traditional
methods (Kader, 1994). Control banana
didn’t ripen normally and kept a high
firmness value (12.3 and 12.3 1b/in2 in 1*
and 2™ year respectively) owing to a very
slow rate of ripening and the high starch
content coupled with a great moisture
loss. Garlic oil treated bananas had the
lowest firmness value by the end of 10
days in both 1* and 2 season (2.4 and
2.2 1b/in2) compared to both lemon and
orange oil treated bananas, which had
little firmness values but with no signifi-
cant differences, { a range of notes 3-3.6).
It is evident that ripening operations were
well under way and caused disintegration
of cellulose and other big molecules by
active enzymes such as hydrolases , cellu-
lases and pectinases (Kays, 1991).

4- Total soluble solids percentage in
banana pulp

From Table {4), it can be concluded
that activated essential oils triggered
ripening operations in banana, and TSS
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Sheif life After 5 days After 10 days
Treatments 1* year 2™ year 1* year 2* year
Lemeon oil 8.00 7.33 7.33 7.66
Orange oil 8.00 8.00 7.00 7.66
Garlic oil 6.66 6.66 6.66 5.66
Control 6.00 6.00 4.33 3.66
Average 7.16 6.99 6.33 6.16
L.S.D. at 5% 1.153 1.105 1.970 3.052
Table 3. Fruit pulp Firmness (1b/in2)
Shelf life After 5 days After 10 days
Treatments Atstart  1¥year Atstart 2™year 1%year 2™year
Lemon oil 12.33 13.00 3.33 3.60
Ol‘a.lftge oil 19%1 9.60 182 0.6 9.80 3.16 3.00
Garlic oil 13.33 12.67 237 2.16
Control 15.00 1533 12.33 12.16
Average 12.56 12.70 5.30 523
LSD. at5% 1.091 0.9788 09371 1.185
Table 4. Fruit pulp T.8.5. (%)
Shelf life After 5 days After 10 days
Treatments Atstart  [®year Atstart 2 year [“year 2" year
Lemon oil 14.56 19.63 19.26 22.33
Orange oil 3.5:02 14.33 4£0.1 18.66 18.40 18.16
Garlic oil 15.16 13.23 17.33 16.00
Control 3.90 4.60 9.00 10.33
Average 11,95 14.01 16.00 16.70
L.8.D. at 3% 1.424 1410 2.01 1.77
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increased significantly after 5 and 10
days compared to control fruits. Lemon
and orange oils caused a pronounced in-
crease in soluble solids by comparison to
garlic oil treated fruits (19.26 and 22.33
% 1% and 2™ year for lemon oil treatment
and 18.4% in 1% and 18.16% in 2™ year
for orange oil treated fruit) ,while control
fruits total soluble solids were lagging
behind at values of 9% and 10.3% in 1*
and 2™ year).These results indicate a
clear ripening enhancement effect of es-
sential oil and are in agreement with
those mentioned by Wasef and Khalil
(1990).

5- Color Peel of banana

Bananas were at a deep green color at
start of the experiment as expressed by
Hunter colorimeter “a” value, with an
average of (-13.3), (Table, 5). Treated
bananas lost their green color more
quicker than the control , especially garlic
oil treated fruits after 5 days, recording
(-3.4 and 2.9 at 1" and 2™ year com-
pared to control with —8.66 in 1* year
and —8.33 in 2* year) orange and lemon
oil treated fruits lost green color in a less
noticeable way. After 10 days, garlic
treated bananas lost more greenness col-
oration than other treatments especially in
the 2* year with a value of 5.9 followed
by orange oil treated fruits (3.9) whereas
lemon oil came at last with (-1.1) but be-
fore the control fruits. Contro! fruits had
the slowest rate of greenness loss, even
after 10 days. Complete loss of green
color or chlorophyll disintegration is a
complex ripening operation and to be
fully achieved it needs a special thermal
treatment, but in this case fiuits were
simply kept in ambient conditions, and
there was a clear ripening stimulating
effect of the used essential oils.

6- Acidity percentage

All treated fruits lost acidity in a regu-
lar way (Table, 6). Lemon oil treated
fruits after 10 days, had a slightly higher
acidity (0.3%), in the second year, re-
cording a significant difference if com-
pared with orange oil or garlic oil treated
fruits (0.21% and 0.23%), but control
fruits had a very slow ripening evolution
and by consequence they had the highest
acidity values by the end of period in the
first and second year (0.56% and 0.4%).
These results confirm the ripening stimu-
lating action of the used essential oils,
and in agreement with (Kader, 1994).

7- Organoleptic note

After five days, (Table, 7}, Lemon oil
treated fruits had a hardly acceptable note
(5), compared to orange oil and garlic oil
treated bananas which had a superior note
and had an acceptable taste (with notes of
6.66-7.5). After 10 days, all treated ba-
nanas had a more advanced ripening rate
and acquired a better taste (values ranged
from 7.5 to 8) compared to control fruits
which were still unripened yet and had
unacceptable taste due to their low con-
tent of TSS% and high acidity% and
higher firmness, and this indicates the
importance of an ethylenic treatment to
ripen bananas from one hand, and that
treating with activated essential oils had
succeeded in triggering ripening phenom-
ena in the treated bananas.

8- Ethylene emission

As seen in Table (8), all the tested es-
sential oils produced noticeable quantities
of ethylene all over a 24 hours period in
the previously stated enclosed space of
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Table 3. Fruit pulp Acidity (%)

Shelf life After 5 days After 10 days
Treatments At start 1year  Atstat  2™year Atstart 1Fyear 2™ year
L il 0.35 0. , . .
emon o_ 0.46 3 04 30 0.43 0.20 0.30
Orange oil N 0.32 . 0.28 0.43 0.23 0.2t
Garlic oil 0.23 0.2 . ) .
arlic ot 0.08 0.03 0 0.43 0.20 0.23
Control 0.50 0.43 0.43 0.56 0.40
Average 0.35 0.30 0.43 0.29 0.28
L.S.D. at 5% 0.06318 0.08935 0.06318  0.01998

Table 6. Color peel (a* value)

Shelf life After 5 days After 10 days
Treatments Atstart  {®year Atstart 2™year {®year 2 year
Lemon oil -6.10 -533 -1.06 -1.10
Orange oil -13.33 -3.50 -1333 -4.63 1.80 3.90
Garlic oil +0.05 -3.40 +0.05 -2.90 1.50 5.90
Control - 8.66 -8.33 -2.63 -2.36
Average -541 -5.29 -0.60 2.84
L.S.D. at 5% 3.689 3.895 2930 3.386

Table 7. Organoleptic note

Shelf iife After 5 days After 10 days
Treatments 1* year 2™ year 1* year 2™ year
Lemon oil 5.00 5.00 7.50 7.50
Orange oil 7.50 6.66 8.00 8.00
Garlic oil 6.66 7.50 7.50 3.00
Control 2.00 2.33 2383 2.66
Average 5.29 5.37 6.45 6.54
L.8.D. at 5% 1.442 2.104 0.9561 1.322
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Table 8. Ethylene emission in p.p.m of the enclosed space (0.2 m)

2™ year
Period .
.. 5 min. 15 min, 75 min. 24 hours Average

Ethylene emission
Orange oil 18.46 53.53 150.33 175.66 99.49

= 0.05 +0.25 +0.57 x1.15 ’
Lemon oil 4.00 52.66 106.66 131.66 7374

+ 0.00 +2.51 +=2.88 +1.52 ’
Garlic oil 4.66 184.33

+0.57 ) +3.21 ]

Note: - For technical reasons ethylene measurement for garlic treatments were not complete

0.2 m3 in volume. Ethylene gas synthesis
attained a high value of more than 100
p.pm for all investigated oils after 75
minutes, and progressed slowly after 24
hours. Garlic oil resulted in the highest
ethylene emission after 75 minutes (183
p.p-m) followed by orange oil (150 pp.m)
and finally lemon oil {(106.6). One of the
possible explanation of these oils,is the
ability to synthesize ethylene based on
their unstable composition (Guenther,
1948) and hence the high possibility of
the occurrence of a breaking action at
their double bond ends of their constitut-
ing molecules when treated properly (by
a change of pH or of temperature per ex-
ample) .The obtained results constitute a
clear evidence of this synthesis and may
explain clearly the ripening function of
these essential oils.

Conclusion
Diluted solutions (0.05% by concen-

tration) of each of the essential oils of
orange ,lemon, and garlic were effective

in inducing ripening in banana fruits,
which was reached by the end of 10 days,
with good and acceptable levels of eat-
ing quality as pulp sugars and organolep-
tic note, and this was confirmed by their
ability to synthesize ethylene. The use of
these natural source of ethvlene is highly
recommended to stimulate ripening in
banana and other fruits, especially as an
environmentally safe method,
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